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A new nutrition manifesto for a new nutrition reality

Malnutrition is a global challenge that all countries
need to address. Despite some progress, the world is
not on track to meet globally agreed goals and targets
for nutrition.* While more than 149 million children
have stunted growth, childhood overweight and obesity
are increasing almost everywhere,” and suboptimal
diets are responsible for one in five (22%) adult deaths
globally.? The Lancet’s Series on the Double Burden of
Malnutrition*” highlights this new nutrition reality: we
can no longer characterise countries as low-income and
undernourished or high-income and only concerned
with obesity.

Good nutrition is fundamental to human health and
for achieving sustainable development. The Sustainable
Development Goals (SDGs) enshrine the dual targets
of ending malnutrition in all its forms and ensuring
access to nutritious food for all people by 2030 as
major global priorities.®? These goals reinforce human
rights to adequate food, nutrition, and health,>* and
build on the growing momentum for ending hunger
and malnutrition.” Going forward, the UN Decade of
Action on Nutrition (2016-2025) seeks to accelerate
action to achieve these goals.

Malnutrition has an important common denominator:
food systems that fail to provide all people with healthy,
safe, affordable, and sustainable diets. The economic,
social, and environmental costs of inaction will hinder
the growth and development of individuals and societies
for decades to come.*’** As this new Series shows, the

complex interconnected biological and social pathways
of all forms of malnutrition are difficult to disrupt
through siloed interventions and require societal shifts
that can be scaled up and sustained over decades.””

Prevention of malnutrition, especially in the first
1000 days, has lifelong health and economic benefits.”
For food systems to deliver healthy, safe, affordable,
and sustainable diets for all, we must address the
underlying drivers that incentivise endless market
and consumption growth over human and planetary
health.**”” Meaningful change will require action across
food systems—from production and processing,
through trade and distribution, pricing, marketing, and
labelling, to consumption and waste—driven from the
bottom up by communities, cities, regions, and nations.
All relevant policies and investments must be radically
re-examined.

Silos must be broken down. Magic bullets do not
exist. The message of a 2013 Lancet Comment that
only collective action will end undernutrition remains
true today.” But given the political economy of food,
the commodification of food systems, and growing
patterns of inequality worldwide, a broader response is
now required. New stakeholders need to join existing
ones to power a food system revolution if ending all
forms of malnutrition is the goal (table).* Among
these stakeholders are advocates for planetary health;
faith-based leaders; innovators and investors who are
financing fair and green companies; and city mayors

and avoid stigma

Philanthropy and
multi/bilaterals

Private sector

Regional economic
platforms

Stakeholder groups  Role and responsibility

Governments Prioritise solving the problem; regulate to set standards and their enforcement; implement policies that are equitable, inclusive, and
financed; collect and use data to inform action; and mobilise public investments

UN Convene and connect actors; demonstrate cost-effective solutions; monitor implementation of commitments and achievement of
targets

Civil society Advocate, organise, mobilise people; monitor commitments; and create a generation of activists

Academia Generate a diverse evidence base; build capacity and conduct research to solve problems, create sustainable solutions, and promote
interdisciplinary systems thinking and research

Media Inform public opinion, tell stories, create debate; facilitate demand for public accountability; focus on structural drivers not individuals

Foster innovation; embrace complexity; fund systems-based problem solving; and convene stakeholders

Commit to responsible business by production and distribution of affordable nutritious foods; prioritise population health and
wellness agenda over profits; consent to appropriate conduct by removal of undue influence on relevant policy and research; and abide
by national and international marketing and other codes and regulations

Reshape trade and investment policies in line with public health policies and protect policy space for nutrition

Table: Roles and responsibilities of stakeholder groups who must create the systemic changes needed to end malnutrition
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with responsibility for enabling access to nutritious and
affordable food for the world's increasingly urbanised
populations. There is a role for food producers. Farmers
are increasingly affected by extreme weather events and
small and medium enterprises are central to efforts to
achieve environmental sustainability and more inclusive
growth. Consumer associations also have a role in
demanding transparency and accountability. Needless
to say, the meaningful engagement of children,
adolescents, and young people is vital.

Although new strategic partnerships are essential,
we must recognise the damage and mistrust that result
from incompatible partnerships with stakeholders whose
behaviour runs counter to human or planetary health.*
The food industry has an important role in implementing
and delivering change. However, companies cannot
be allowed to influence and interfere in public policy
making or bias the science that underpins this process.”
While constructive dialogue is necessary, a default seat at
the table for private-sector representatives should not be
assumed and policy development processes need to be
firewalled from vested interests.

This multistakeholder effort to end malnutrition
must prioritise the engagement, inclusion, and
empowerment of rights-holders, such as women,
smallholder farmers, young people, and marginalised
groups. Any policy action or governance arrangement
must begin with the question: whom does our food
system ultimately serve, and for what purpose?

More than 60 countries have joined the Scaling Up
Nutrition (SUN) Movement, committing to accountable
actions and measured results. The SDGs, the UN
Decade of Action on Nutrition (2016-2025), and the
2020 Nutrition for Growth Summit in Japan offer
further opportunities for stakeholders to expand their
commitments. Sustained accountability is crucial to
ensure these commitments are translated into actions
that deliver good nutrition for all, everywhere. Empty
promises fail populations and risk delaying progress.

The new nutrition reality calls for a broadened
community of nutrition stakeholders who occupy
common ground, speak a shared language, work in
mutually reinforcing and interconnected ways, and
act on a global scale. Such work can draw inspiration
from the contributions of grassroots actors as well as
non-state actors, and can be guided by existing goals,
targets, frameworks, and action plans.>*"*

In this nutrition decade, a new global nutrition
movement is emerging that needs to take the lead in
demanding food systems change locally, regionally, and
globally. It is within our collective power; we owe it to
our children and future generations.
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Dynamics of the double burden of malnutrition and the

changing nutrition reality

Barry M Popkin, Camila Corvalan, Laurence M Grummer-Strawn

The double burden of malnutrition (DBM), defined as the simultaneous manifestation of both undernutrition and
overweight and obesity, affects most low-income and middle-income countries (LMICs). This Series paper describes
the dynamics of the DBM in LMICs and how it differs by socioeconomic level. This Series paper shows that the DBM
has increased in the poorest LMICs, mainly due to overweight and obesity increases. Indonesia is the largest country
with a severe DBM, but many other Asian and sub-Saharan African countries also face this problem. We also discuss
that overweight increases are mainly due to very rapid changes in the food system, particularly the availability of
cheap ultra-processed food and beverages in LMICs, and major reductions in physical activity at work, transportation,
home, and even leisure due to introductions of activity-saving technologies. Understanding that the lowest income
LMICs face severe levels of the DBM and that the major direct cause is rapid increases in overweight allows identifying
selected crucial drivers and possible options for addressing the DBM at all levels.

Introduction

The global health community has been slow to
acknowledge the challenge of the large proportion of low-
income and middle-income countries (LMICs) facing the
double burden of malnutrition (DBM), which is the
coexistence of undernutrition (ie, micronutrient defi-
ciencies, underweight, and childhood stunting and
wasting) and overweight, obesity, and diet-related non-
communicable diseases. 2-28 billion' or more children
and adults worldwide are estimated to be overweight and
more than 150 million children are stunted.”

Several studies describe the double burden of nutri-
tional deficiencies (childhood stunting or wasting, and
micronutrient deficiencies) and overweight and obesity
affecting countries, households, and individuals.
Included are the first studies that measured the DBM at
the household level,“* now this is represented by growing
literature that has focused on wunderstanding the
dimensions of the problem, causes, consequences, and
possible solutions. " The analysis has pinpointed several
reasons for this health crisis, many related to the stage of
the nutrition transition dominated by reduced physical
activity and increased access to less healthy, highly
processed foods and beverages. However, how to
translate this evidence into effective actions is unclear.

Building on the 2013 Lancet Series on maternal and
child undernutrition®? and complementing other major
scientific initiatives such as the EAT-Lancet Commission
on healthy diets from sustainable food systems” and the
Lancet Commission on the global syndemic of obesity,
undernutrition, and climate change® this Series
highlights the new nutrition reality: that there are
multiple forms of malnutrition that overlap in different
ways and in different places.” Additionally, addressing all
forms of malnutrition will require new ways of designing,
targeting, and implementing programmes and policies
to accelerate progress in improving nutrition globally.

www.thelancet.com

We also want to acknowledge that the effect of
undernutrition over the past four to five decades will
affect our health for many future years. Although
stunting has declined greatly from the early 1990s, the
stunting from the past three to four decades will
subsequently have a great effect decades later on
increases in visceral fat and greater risks of major non-
communicable diseases as discussed by Wells and
colleagues,” in the second paper in this Series,” and in
the key cohort studies.””

This 2019 Series is timely, with the recent UN Decade
of Action on Nutrition and the Sustainable Development
Goals shifting focus from predominantly undernutrition,
or single sides of malnutrition, to all forms of mal-
nutrition.”* Further, major UN and other international
institutions and donors are revisiting their strategies to
reconsider the scope of nutrition priorities, developing
strategy documents, and formulating initiatives to focus
on overweight and obesity as well as undernutrition.”

The papers in this Series take this concern for
malnutrition in all forms a step further and focus on not
only the epidemiology and larger societal changes in the
food system and other major demographic and economic
dimensions, but also the biological underpinnings of
stunting and subsequent adiposity and the risk of non-
communicable disease.”

The papers in this Series also take the issue of the DBM
into the programme and policy area® by building on the
work of double-duty interventions,"” which focus on
reducing both undernutrition and overweight and obesity.
This Series also shows how ignoring obesity in
programmes focused on preventing malnutrition at
various ages has affected obesity and the DBM* and
focuses on the economic effects of health programmes
and policies.* This Series paper introduces the
epidemiology of the DBM, presents changes in global
estimates of the DBM and its components, and uses
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Key messages

+ Inlow-income and middle-income countries (LMICs), stunting and wasting, and
thinness in women are declining while overweight is increasing in most age groups.
According to the most recent surveys, a severe double burden of malnutrition (DBM)
is defined as wasting in more than 15% and stunting in more than 30% of children
aged 0-4 years, thinness in women (body-mass index <18-5 mg/kg®) in more than
20% of females aged 15-49 years, and adult or child overweight, was found in
48 countries using the 20% overweight prevalence threshold, 35 countries using the
30% overweight prevalence threshold, and ten countries using the 40% overweight
prevalence threshold of all LMICs.

«  Severe levels of the DBM have shifted to the countries in the poorest income quartile.
Although, in the 1990s, the DBM was typically seen in the highest income bracket
countries among the LMICs, today the DBM predominates in poorest LMICs that have
much lower gross domestic product per capita, particularly in south and east Asia and

sub-Saharan Africa.

« Increases in overweight are the result of changes in the global food system that make less
nutritious food cheaper and more accessible, as well as to the decrease in physical activity
due to major technological shifts in the workplace, home, and transportation. In south
Asian and sub-Saharan African countries, the risk of overweight and obesity is greater
among the higher-wealth households and urban areas, and in many other LMICs the risk
of the DBM is starting to concentrate among people with low incomes and in rural areas.

»  LMICs face a new nutrition reality. The shifts in the global food system are accelerating
increases in overweight. Concurrently these same shifts have changed the diet of children
aged 0-4 years but the effect on stunting needs further research. LMICs need to
implement interventions to improve diet quality to address undernutrition and
overnutrition across the lifecycle.

See Online forappendix  repeated household surveys to explore aspects of the

DBM. We then provide an overview of the nutrition and
food system transitions that explain the large increase in
the DBM, particularly among the lowest-income LMICs.
The final section of this Series paper discusses the
consequences of the problem and possible solutions.”*"*

The DBM and its prevalence: country and
household epidemiology

In this paper and the subsequent papers in this Series we
use the word malnutrition to refer to both wasting,
stunting, and thinness, and overweight and obesity.
Although micronutrient malnutrition is recognised as a
component of undernutrition, we have not been able to
include this form of malnutrition in our DBM estimates,
because of insufficient data.

Country-level DBM

The DBM at the country level is defined as having a
high prevalence of both undernutrition and overweight
and obesity in at least one population group. We
examined which LMICs had a DBM (ie, a prevalence of
wasting of >15%, stunting of >30%, and thinness in
women of >20%, and an adult or child overweight
prevalence of >20%, >30%, or >40%). The cutoffs for
undernutrition are defined as follows: a weight-for-
height Z score of less than -2 for wasting; a height-for-
age Z score of less than -2 for children aged 0—4 years

for stunting; and a body-mass index (BMI) of less than
18- 5 kg/m2 for thinness in adult women. For overweight,
the cutoffs are a BMI Z score of greater than 2 in
children younger than 18 years, and a BMI of greater
than 25 kg/m2 in more than 20%, 30%, or 40% of the
adult (older than 18 years) population® (figure 1;
appendix pp 6-11). We use a combination of overweight
and obesity because extensive epidemiological research
associates BMI of 25 kg/m2 or higher (or possibly
an even lower threshold) with the risks of non-
communicable diseases across LMICs.**

Of the 123 LMICs with data from the 1990s, the number
of countries facing the DBM was 45 (37%) based on a
20% overweight prevalence cutoft, 22 (18%) based on a
30% cutoff, and 15 (12%) based on a 40% cutoff (figure 1A;
appendix pp 6-8). Of the 126 LMICs with data from the
2010s, the number of countries facing the DBM was
48 (38%) based on a 20% overweight prevalence cutoff,
35 (28%) based on a 30% cutoff, and ten (8%) based on a
40% cutoff (figure 1B; appendix pp 9-11).

The DBM is especially prevalent in sub-Saharan Africa,
south Asia, and east Asia and the Pacific. In countries
with data for both time periods, increases and decreases
were roughly balanced, using the 30% and 40% cutoffs.
Increases in the DBM were observed particularly in Asia,
whereas improvements were observed in Latin America
and the Caribbean, and the Middle East and north Africa.

Economic development and the DBM at the national level
Examining the changes in the DBM status by quartile of
gross domestic products (GDP) per capita in 1990, we
can see that increases in the number of countries
with a DBM from the 1990s to the 2010s are within the
lowest income quartile, whereas the number of countries
with a DBM has declined in the top three income
quartiles (figure 2). The largest increases in number of
the DBM countries were observed using the 20% and
30% adult overweight prevalence cutoffs.

This highlights the driving role of overweight in shaping
countries now facing a high DBM, with the greatest effect
among the countries in the lowest quartile of GDP per
capita. Figure 3 further highlights these changes in the
DBM by income quartile. At the same time, the total
number of countries with a severe DBM (ie, defined using
the 40% overweight cutoff) declined, related mainly to
substantial declines in wasting and stunting.

Household-level DBM

The DBM at the household level was defined as one or
more individuals with wasting, stunting, or thinness
and one or more individuals with overweight or obesity
within the same household. The DBM can occur in one
of four ways: a child is both stunted and overweight; the
mother is overweight and one of her children younger
than 5 years has wasting the mother is overweight and
one of her children younger than 5 years is stunted;
or the mother is thin and one of her children is

www.thelancet.com
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Figure 1: The global DBM in low-income and middle-income countries based on weight and height data from the 1990s (A) and 2010s (B)

DBM at the country level was defined as a high prevalence of both undernutrition (wasting and stunting in children aged 0-4 years, and thinness in adult
women) and overweight and obesity (defined according to three different overweight prevalence thresholds: 20%, 30%, and 40%) in at least one population
group. Data sources are UNICEF, WHO, World Bank, and NCD-RisC estimates, supplemented with selected Demographic and Health Surveys and other country

direct measures. DBM=double burden of malnutrition.

overweight. Appendix pp 14-15 shows the prevalence of
each of these scenarios and the total prevalence of
household DBM.

Household-level DBM is driven primarily by the
combination of women with overweight and children
with stunting (highest prevalence of all four possible

www.thelancet.com

combinations in every country with the highest level of
change where increases in the prevalence of the DBM are
occurring). By contrast, the contribution of the fourth
category of the DBM (mother with thinness and child
with overweight) is extremely small, with less than 1%
prevalence in most countries.

For more on the Demographic
and Health Surveys see
https://dhsprogram.com/
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Figure 2: Countries with a high DBM in the 1990s and 2010s, by overweight
prevalence threshold and income quartile

DBM at the country level was defined as a high prevalence of both
undernutrition (wasting and stunting in children aged 0-4 years, and thinness in
adult women) and overweight and obesity, defined according to three different
overweight prevalence thresholds: 20% (A), 30% (B), and 40% (C), in at least
one population group. Countries were only included here if they had DBM data
available for both time periods (1990s and 2010s). Q1 is lowest wealth and Q4 is
highest wealth according to gross domestic product per capita (purchasing
power parity). Data sources are UNICEF, WHO, World Bank, and NCD-RisC
estimates, supplemented with selected Demographic and Health Surveys and
other country direct measures for the 1990s. DBM=double burden of
malnutrition. Q=quartile.

The prevalence of total household-level DBM ranges
from less than 3% to nearly 35%, with over a quar-
ter of households experiencing a DBM in Azerbaijan,
Guatemala, Egypt, Comoros, and Sio Tomé and
Principe. The total household-level DBM is shown in
appendix p 22 for 22 countries with at least two surveys
of more than 15 years apart. Comparing the earliest and
the latest surveys in these countries, five countries
showed reductions in their DBM and 15 (including
India, China, and Indonesia) showed increases
(appendix p 22).

Economic development and the DBM at the household level

In appendix pp 12-15, the GDP per capita and household-
level DBM relationship is similar in the two time periods
examined (1990s and 2010s), with the highest levels of
household DBM seen in the middle of the income range
(figure 4). However, the entire curve has shifted slightly
upward (about 2-3 additional percentage points) in the
most recent time period at all income levels.

Individual-level DBM

The second paper in this Series* addresses the underlying
developmental origins biology that can lead to a child
having both stunting and overweight. The prevalence of
individual-level DBM for children aged 0-4 years is
shown in the appendix (pp 14-15, 22). The proportion of
children who have both stunting and overweight ranges
from less than 1% in Myanmar, Colombia, and Nepal to
more than 15% in Albania. Among the 20 countries with
earliest-to-latest-year data spanning 15 or more years,
about half showed that the DBM was declining in
children at the individual level and half showed that it
was increasing (appendix p 22).

Changes in malnutrition over time: equity
considerations

Nearly all countries saw declines in child wasting or
stunting, with a third declining by more than one per-
centage point per year (appendix pp 16-17). Conversely,
nearly all countries saw an increase in overweight among
women, with over a third of countries increasing by more
than one percentage point per year (appendix pp 18-19).

From a public health perspective, where this overweight
is emerging and whether the burden is now, or in the
future, and greater among people living in poverty is
important to know. To provide some sensitivity to where
increased overweight is occurring, we looked at the
prevalence and annualised changes in prevalence in all
countries with 2 years of anthropometric data and
examined the differences in the changes in the prevalence
of overweight and obesity between the poorest and the
highest-wealth quintiles in the earliest and most recent
survey periods (figure 5).

A positive annualised difference indicates that people
in the poorest quintile face a greater prevalence of
overweight and obesity than do those in higher wealth
quintiles and suggests increasing disparities between the
lowest and the highest wealth quintiles (see appendix
p 19 for the data and appendix pp 1-5 for the
methodology). We show a growing prevalence of
overweight and obesity among lower-wealth households
in most countries in Latin America and the Caribbean,
eastern Europe and central Asia, and east Asia (led by
China and Indonesia). By contrast, sub-Saharan Africa
and south Asia have the largest increases in prevalence of
overweight and obesity among higher-wealth households
(appendix p 19). We cannot predict with existent data
whether these regions will see a shift toward greater
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overweight among lower-wealth households in the
future. A study shows that in all LMICs other than
south Asia and sub-Saharan Africa, rural overweight
and obesity is growing faster than in urban areas and
highlights the need for shared solutions targeted to both
urban and rural areas.”

The next section explores the global food systems
linked with a new nutrition reality now affecting even the
poorest LMICs.

Transitions that explain the current shifts in the
DBM towards lower-income countries

We found that of the countries that have a new DBM at
any overweight or obesity prevalence threshold, the
largest proportion were in the lower quartiles GDP per
capita purchasing power parity (figure 3). At the same
time, the number of countries in the upper income
quartiles with a DBM decreased. This result reflects
increasing overweight among lower-income countries
that have not reduced stunting, wasting, or thinness
below the WHO-UNICEF cutoff levels. We focus the
following discussion on the changing food system and
new nutrition reality that these poorest LMICs are facing.

Economic change certainly has been crucial to the
reductions in wasting, stunting, and thinness as well as
declines in physical activity and major shifts in the food
system that have resulted in an increase in consumption
of ultra-processed foods.***“* In longitudinal studies
in China, the increases in overweight were fuelled by a
massive reduction in physical activity and most probably
also in energy expenditure derived from the introduction
of modern technology in market economic work, home
production (eg, rice cookers, refrigerators, stoves), and
transportation systems."* >

However, very rapid changes in the diets and the food
systems of most LMICs are where most of the recent
change in energy imbalance that causes weight gain is
focused. Offsetting the effects of any ultra-processed
food is difficult—eg, by drinking a 355 mL bottle of
sugar-sweetened beverage, the consumer would be
required to undertake a 1-5 mile walk or run for at least
15 min.” Thus, we discuss later on mainly the shifts in
the food system and diet changes over time. We
conceptualise the food system as the entire process from
production to the consumer.”

This system includes the activities, infrastructure, and
people involved in feeding the global population. Over
the past several decades the relative influence and power
among the various actors who affect and direct food
production has increased, as has the penetration of
modern food retailing and marketing throughout most
LMICs. In this Series paper we touch on these dramatic
changes only briefly. A more in-depth discussion of these
changes can be found elsewhere® and in more detail for
Latin America and the Caribbean.” These food system
changes are clearly important for weight gain and
overweight status but the literature on how these changes
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Figure 3: Number of countries that changed DBM status from the 1990s to 2010s, by gross income quartile
DBM at the country level was defined as a high prevalence of both undernutrition (wasting and stunting in
children aged 0-4 years, and thinness in adult women) and overweight and obesity (defined according to

three different overweight prevalence thresholds: 20%, 30%, and 40%), in at least one population group.
Countries were only included here if they had DBM data available for both time periods (1990s and 2010s).

Q1 is lowest wealth and Q4 is highest wealth according to gross domestic product per capita (purchasing power
parity). Data sources are UNICEF, WHO, World Bank, and NCD-RisC estimates, supplemented with selected
Demographic and Health Surveys and other country direct measures for the 1990s. DBM=double burden of

malnutrition. Q=quartile.

affect undernutrition is unclear and this association is
understudied.

The general concept of the nutrition transition is that in
each region of the world (not only countries but subregions
within countries), a transformation in the way people eat,
drink, and move at work, at home, in transport, and in
leisure has affected the distribution of body composition
and created nutritional problems.**

The transition has produced remarkable shifts in
physical activity and diets in LMICs and a rapid increase
in overweight, obesity, and nutrition-related non-
communicable diseases.”*** As we have noted we only
have suggestive information on ways that this transition
affects infant diets for those facing a high risk of stunting
and wasting.®#** In the past decade, no studies have
been done on the exact causes of country-level or even
household-level DBM. But we will describe briefly a new
nutrition reality that is rapidly becoming the major driver
of overweight and obesity among lower-income countries
and also has wunclear but increasing effects on
undernutrition.

The new nutrition reality

The new nutrition reality is particularly important to
acknowledge, because diet is an important driver of the
DBM.”* Although we understand that changes in the
past several decades in food marketing, access, and
purchase of packaged processed foods have demarcated a
new nutrition reality across the globe, this Series paper
focuses on the effect on all LMICs while attempting to
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Figure 4: The association between GDP per capita (purchasing power parity) and regressions relating GDP per capita to prevalence of household-level DBM

DBM at the household level was defined as one or more individuals with wasting, stunting, or thinness and one or more individuals with overweight or obesity within
the same household. Data sources are the Demographic and Health Surveys with the exceptions of China (China Health and Nutrition Survey), Indonesia (Indonesian
Family Life Survey), Mexico (Mexico National Survey of Health and Nutrition), Brazil (Brazil National Health Survey), and Vietnam (Vietnam Living Standards Survey).

DBM=double burden of malnutrition. GDP=gross domestic product.

understand the effects on countries in different regions
and with varying income levels.”*' The growth in retail
food®** and the control of the entire food chain in
many countries by agribusinesses, food retailers, food
manufacturers, and food service companies have changed
markedly.”* This change has been accompanied by the
increased consumption of ultra-processed food purchases
in LMICs.®% Ultra-processed, packaged foods rich in
refined carbohydrates, fat, sugar, and salt are relatively
inexpensive and often ready to eat.”

Evidence suggests these ultra-processed foods play a
major role in increased obesity and non-communicable
diseases. A randomised controlled trial done by a team at
the US National Institutes of Health showed that adults
with normal weight lost 0-9 kg in 2 weeks when fed a real-
food diet and gained 0-9 kg when fed a diet composed of
ultra-processed foods, following a cross-over design."

Whether the hyperpalatability of ultra-processed food
or the much higher energy density of these foods
causes such a weight gain is unclear from this study.
Additionally, two large European cohorts have shown a
strong positive relation between ultra-processed foods
and cardiovascular disease and all-cause mortality.®”
The role of ultra-processed foods on stunting remains
less clear, although, we would expect a negative effect if
they are replacing nutrient-rich, energy-dense foods."*”
Intake of ultra-processed foods during the first 1000 days
of life is increasing and represents a newly emerging
probable contributor of stunting,“***”” therefore
perpetuating the DBM.

The retail revolution

The retail revolution, which has led to fresh markets
increasingly disappearing and large and small food
retailers replacing them, has swept the globe, as a series

of studies by Reardon and others shows.?®%¢7 [n Latin
America and the Caribbean, sales of packaged processed
food increased from about 10% of all food expenditures
(both in-cash and in-kind sales) in 1990 to 60% in 2000.
The bulk of this increase appears to be in ultra-processed
unhealthy foods and beverages and the growth continues
in this region.”®” Similar increases in the penetration of
modern food retailers emerged at different rates across
Asia, Africa, and the Middle East.®

The Persian Gulf states® have not been studied as
carefully, although increased penetration of modern food
retailers in this region presumably occurred even earlier
than in other regions, because the area urbanised and
had rapid growth in incomes. The changes vary across
sub-Saharan Africa, north Africa, east Asia, southeast
Asia, and south Asia but are accelerating in most
countries in these regions.”®” Urban areas were already
dominated by a modern food retail sector in the
mid-1990s, but most growth in the sub-Saharan African
market has occurred in the 21st century.”

Controlling the food supply
The actors who control the food supply are changing. At
the time of the green revolution and the growth of the
global agricultural research sector between 1950 and
1969, countries, large agribusiness firms in the seed and
fertiliser sector, and global foundations generated the
change 36777 Although these players still have major
roles in producing new technology, control of the food
chain is transforming. Case studies from China,
Bangladesh, and India were the first to remark on this
transformation® and later research showed similar trends
in Africa.®

These studies showed that the global and national
public sectors were no longer the major influences of
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diets in LMICs. Rather, food retailers, food agribusinesses,
global food companies, and the food service sector and
their domestic local counterparts have contracts directly
with farmers.

Non-essential foods and beverages

Sales of non-essential foods and beverages are growing
rapidly. Sales volume data from Euromonitor Inter-
national shows trends in increasing sales of non-essential
or junk foods and sugar-sweetened beverages in Chile,
South Africa, the Philippines, and Malaysia (appendix
p 23).” Appendix pp 20-21 present the sales data from
Euromonitor International used to model the GDP
relationship with both sales volumes and annualised
changes in sales of sugar-sweetened beverages (appendix
p 24) and junk foods (appendix p 25) in LMICs using data
regressions.”

These results show that sales of sugar-sweetened
beverages were already high in lower-income countries
by 2017 The rapid growth of junk foods and sugar-
sweetened beverages in these countries exemplifies how
aggressive this food sector is. India and China are two of
the top five markets for sugary beverage manufacturers
(appendix pp 26-27) and sugary beverages are expected
to become these countries major markets in the next
decade. The speed of change is particularly important in
understanding how this nutrition reality is shifting.

Key drivers of the new nutrition reality
In LMICs, urbanisation, migration to cities, income
growth, infrastructure improvements, and global trade
policy liberalisation have spurred private investment in
the food sector.**” The roles of income growth™ and
other drivers associated with diet changes should not be
downplayed. Equally important is how the increase in the
number of women working outside the home™” and the
value of their time in work have shaped the demand for
food that is ready to eat or ready to heat.* Monteiro calls
this convenience in food preparation and consumption
the ultra-processed food revolution.®

Modern marketing and access to mass media have
added to changes in conceptions of the ideal set of foods.
Although power is shifting to large-scale food retailers,
manufacturers, and food-service companies,** the
informal sector and smaller local companies remain
understudied components of the food sector who are
often important sources of food for low-income and rural
populations.

Conclusion

This Series paper has shown that LMICs continue to have
a high DBM; however, countries with a high DBM have
lower incomes than the countries that had a high DBM
in the early 1990s. The analysis of the dynamics of
undernutrition and obesity suggest that the high DBM is
being driven by the rapid increases in the prevalence of
overweight and obesity occurring in these lower-income
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countries that are also experiencing a slower decline in the
prevalence of undernutrition. A greater number of new
countries with a high DBM were in the lowest GDP per
capita (purchasing power parity) quartile of LMICs than in
the 1990s. We show that this new nutrition reality is driven
by important and rapid changes that have taken place in
the food system. Conversion of the global and domestic
retail food, food service, and agribusiness sectors of the
economy, along with other transformations,”*“* have
resulted in an important increased availability of ultra-
processed foods in LMICs.

Ultra-processed food consumption has been linked to the
risk of overweight and obesity, and non-communicable
disease, and preliminary evidence shows that the
consumption of these foods during the first 1000 day
(pregnancy and infancy) early-life window could be also
linked to stunting. Understanding and tackling the drivers
of the food system shift, and enacting effective policies that
address the challenges of the DBM, are urgently needed.
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The double burden of malnutrition: aetiological
pathways and consequences for health

Jonathan C Wells, Ana Lydia Sawaya, Rasmus Wibaek, Martha Mwangome, Marios S Poullas, Chittaranjan S Yajnik*, Alessandro Demaio™

Malnutrition has historically been researched and addressed within two distinct silos, focusing either on
undernutrition, food insecurity, and micronutrient deficiencies, or on overweight, obesity, and dietary excess.
However, through rapid global nutrition transition, an increasing proportion of individuals are exposed to different
forms of malnutrition during the life course and have the double burden of malnutrition (DBM) directly. Long-
lasting effects of malnutrition in early life can be attributed to interconnected biological pathways, involving
imbalance of the gut microbiome, inflammation, metabolic dysregulation, and impaired insulin signalling. Life-
course exposure to early undernutrition followed by later overweight increases the risk of non-communicable
disease, by imposing a high metabolic load on a depleted capacity for homoeostasis, and in women increases the risk
of childbirth complications. These life-course trajectories are shaped both by societal driving factors—ie, rapidly
changing diets, norms of eating, and physical activity patterns—and by broader ecological factors such as pathogen
burden and extrinsic mortality risk. Mitigation of the DBM will require major societal shifts regarding nutrition and
public health, to implement comprehensive change that is sustained over decades, and scaled up into the entire

global food system.

Introduction

Undernutrition and overweight have historically been
considered separate challenges affecting distinct popu-
lations, and with contrasting risk factors. Undernutrition
was linked with poverty, food insecurity, and infection,
whereas obesity was linked with affluence, dietary richness,
and sedentary behaviour. Increasingly, the two forms of
malnutrition co-occur within communities, families, and
even individuals, such as those who are both stunted
and overweight.' The current manifestation of this global
double burden of malnutrition (DBM) is summarised in
the first paper of this Series.> Obesogenic environments
are expanding while the causes of undernutrition persist,’
and an increasing proportion of individuals who are
overweight were undernourished earlier in life’ To
understand the implications of the DBM for health at the
individual level, the explanatory framework must shift
from descriptive epidemiology to biology.

In their Lancet Commission on the global syndemic of
obesity, undernutrition, and climate change, Swinburn
and colleagues*' reconceptualised the two extremes of
malnutrition within a single ecological framework,
relating them to common drivers that also underlie
climate breakdown. Here, we develop this overarching
perspective, focusing on the biological interconnections
between undernutrition and overweight. First, we
describe the cause of malnutrition across life courses and
generations. Both undernutrition and overweight can
propagate long-term effects, especially if they develop
early in life, and each might increase risk of the other
occurring. Moreover, increasing numbers of people are
being exposed to both forms of malnutrition at different
points in the life course, due to the rapid nature of global
nutrition transition. Second, we show that individuals
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who experience the DBM through their life course have
increased risk of diverse forms of ill health. Third, we
examine why the DBM is affecting more people
worldwide, and highlight populations with high
susceptibility. We provide an evolutionary perspective
that can help to understand these biological interactions
and their health consequences in different settings. Our
framework might help to identify effective strategies for
double-duty actions that address both forms of
malnutrition, as discussed in subsequent papers in this
Series.>

Life-course manifestation of malnutrition
Malnutrition is a complex phenotype that manifests
across the life course in different ways (appendix pp 2-5),
yet its categorisation remains unsophisticated. Regard-
ing undernutrition, simple anthropometry is used to
categorise low birthweight, stunting (low height for
age) or wasting (low weight for age) during infancy or
childhood, and short stature or low body-mass index
(BMI) in adulthood. Assessed thus, undernutrition is
most prevalent among younger age groups. Under-
nutrition can also be assessed in terms of depleted stores
or circulating concentrations of nutrients, reflecting
dietary inadequacy. Micronutrient deficiencies remain
prevalent in adults and are of particular concern among
women of reproductive age.”

Excess weight can likewise emerge in late fetal life
(macrosomia), but usually develops from early childhood
through cumulative exposure to obesogenic factors
acting on both individuals and societies.* Many studies
link elevated adiposity, especially abdominal fat, with ill
health. Despite being weakly associated with adiposity,
the simple anthropometric BMI provides a useful
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Key messages

Malnutrition has historically been researched and addressed in two distinct silos,
focusing either on chronic or acute undernutrition, energy inadequacy, and
micronutrient deficiencies, or on overweight, obesity, and dietary excess. Through
rapid changes in food environments and living conditions, global nutrition transition
is generating a new double burden of malnutrition (DBM) in which undernutrition
and overweight are impossible to separate; however, the recognition of this double
burden should reveal opportunities to address both issues simultaneously.
Malnutrition harms health throughout the life course, but the emergence of
malnutrition early in life is particularly harmful. A variety of physiological mechanisms
propagate effects of early-life malnutrition across the life course, and adolescent and
adult malnutrition can transmit effects to the next generation.

Different forms of malnutrition can interact through the life course and across
generations. In some settings, early stunting might predispose an individual to a more
central distribution of adiposity at later ages, and the extent to which maternal obesity
adversely affects early growth and development of the offspring might be exacerbated
if the mother was undernourished in early life.

Life-course exposure to the DBM (early undernutrition followed by later overweight)
increases the risk of non-communicable disease, by imposing a high metabolic load on
a depleted capacity for homoeostasis. The health costs of adult obesity are therefore
exacerbated among individuals who have previously had undernutrition. In women,
life-course exposure to the DBM increases the risk of childbirth complications.
Exclusive and appropriate breastfeeding protects infants against all forms of
malnutrition, and protects mothers against diabetes and breast cancer, in part through
healthy-weight benefits. However, maternal obesity, diabetes, and micronutrient
deficiencies alter the biology of lactation, and should be addressed to maximise the
success of breastfeeding.

Exposure to the DBM can only be fully understood in the context of broader societal
drivers acting across culture, behaviour, and technology. Various groups are at high risk
of the double burden through elevated exposure to these drivers, often exacerbated by
biological susceptibility.

Developmental responses to malnutrition in early life are shaped by ecological factors,
such as pathogen burden and extrinsic mortality risk. An evolutionary perspective,
focusing on how our biological plasticity was shaped in ancestral environments to
promote survival and reproduction, might help design interventions that promote
linear growth and lean tissue accretion rather than excess adiposity.

Intergenerational cycles of malnutrition have proven difficult to disrupt through
public health interventions. Major societal shifts are required regarding nutrition and
public health to implement comprehensive change that is sustained over decades,
and scaled up into the entire global food system.

metabolic risk marker for populations.* The main
limitation of BMI is its inconsistent association with
non-communicable disease risk across populations.’ As
with undernutrition, indices of nutritional excess extend
beyond the body to traits such as diet composition and
physical inactivity, both of which can perturb metabolism.

The concept of malnutrition should also incorporate the
gut microbiome, representing millions of genes from
microorganisms. The microbiome generates a collective
metabolic activity that affects and responds to the human
host. Diverse forms of malnutrition are associated with
dysbiosis, propagating adverse metabolic consequences
(appendix pp 6-9), although findings for obesity are
heterogeneous. The microbiome shows resilience within

individuals, with implications for health maintenance and
disease risk,® but can also respond to interventions
(appendix pp 6-9)."

Malnutrition harms health throughout life, but its
early emergence has particularly harmful consequences.
Development is characterised by a succession of sensitive
periods or so-called critical windows, when phenotype
is particularly responsive to nutritional influences.
Physiological mechanisms characterising these periods
include the differential growth of organs and tissues,
establishment of hormonal set points and epigenetic
variability, telomere attrition, and microbiome matur-
ation (panel 1). Crucially, these mechanisms respond to
both inadequate and excessive levels of nutritional supply
in early life, meaning that they contribute to inter-
generational effects in both contexts. Such physiological
sensitivity explains why early nutrition and growth have
major implications for immediate survival, long-term
health, and human capital.**

Many critical windows close early during development,
reducing the sensitivity of specific traits to environmental
influences. For example, some epigenetic effects are
restricted to the periconceptional period,” others to early
infancy.® Likewise, from late infancy linear growth
becomes less sensitive to nutritional intake,” hence the
environmental contribution to short adult stature is
primarily attributable to early stunting. However, other
traits subsequently become plastic, and adolescence
represents a key period of sensitivity to nutritional
factors, especially relating to reproductive biology.

At the individual level, the DBM can thus be assessed
through diverse somatic, dietary, and behavioural traits,
as well as the microbiome, all of which might be targeted
by appropriate interventions. Through the mechanisms
of plasticity we have highlighted, different forms of
malnutrition interact through the life course and across
generations.

Intergenerational emergence of the DBM
Although malnutrition manifests within the life course,
the causes of this condition span generations. For example,
early sensitive periods fall within pregnancy and lacta-
tion, making maternal phenotype the key nutritional
factor shaping early development.®** Through rapid
nutrition transition, increasing numbers of people in low-
income and middle-income countries (LMICs) are
exposed to both nutritional deficiencies and fuel excess at
different ages, a scenario termed double teratogenesis.”
Many LMIC populations have experienced chronic
undernutrition, characterised by intergenerational cycles
of disadvantage. Maternal undernutrition compromises
fetal growth and increases the risk of childhood under-
weight, stunting, and micronutrient deficiency (figure 1;
appendix pp 13-18). Stunting is a cumulative process,
often apparent by birth but worsening until around the
age of 2 years when growth becomes canalised.” Faltering
of linear growth during infancy is exacerbated by
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episodes of wasting,” which helps explain why stunting
is associated with an elevated risk of mortality. Such
intergenerational cycles have proven difficult to disrupt
through interventions: maternal supplementation from
mid-pregnancy to term with both macronutrients and
micronutrients has modest effects on birthweight, but
does not benefit growth in the longer term.”

Intergenerational effects are equally relevant to
mothers with obesity or perturbed metabolism. Maternal
obesity is associated with elevated fetal adiposity,
especially when compounded by gestational diabetes
(figure 1; appendix pp 13-18). More generally, a high
amount of nutrition in early life (greater gestational
weight gain, higher birthweight, faster postnatal weight
gain) is associated with greater risk of obesity, abdominal
adiposity, and insulin resistance in adulthood.

However, changes in food systems are breaking down
the separation between these intergenerational cycles of
nutritional deficiency and excess; we summarise evi-
dence for interactions between these cycles (figure 1 and
appendix pp 13-18). We highlight numerous ways in
which exposure to undernutrition alters the consequences
of subsequent exposure to obesity; for example rapid
gain in BMI following early undernutrition might
predispose an individual to central adiposity and non-
communicable diseases. We show that the reverse
pathway is also relevant; for example, the offspring of
mothers who are obese might have poor growth and
development in early life,” although heterogeneity within
each of these examples is substantial.

Whether early undernutrition predisposes to later
adiposity depends on postnatal patterns of growth and
nutrition, including complementary feeding patterns.
Growth faltering in early pregnancy might induce a
catch up in fat mass for the fetus before birth,” and
individuals who were small when born often undergo
accelerated weight gain in infancy or childhood.” This
catch up might induce elevated adiposity, and in high-
income countries rapid infant weight gain is associated
with later obesity.” However, studies in LMICs typically
associate faster infant weight gain with greater adult
height and lean mass,* and in these settings, rapid
weight gain seems to promote adiposity after about age
2 years,” although the pattern of association might
change in concert with nutrition transition.

Associations between stunting and later body com-
position are complex. In the short term, compensatory
weight gain immediately following undernutrition might
prioritise accretion of fat over lean body mass, through
mechanisms of energy sparing.” In some studies in
South America, early stunting was found to predict excess
abdominal adiposity, mediated by changes in fuel
metabolism (panel 2)." However, stunting was not
associated with impaired fat oxidation in young children
aged 2-6 years from Cameroon,” and in Peru, the height
of children aged 3-0-8-5 years was positively associated
with adiposity at low altitude, but inversely associated at
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Panel 1: Physiological mechanisms through which exposure to undernutrition or
nutritional excess during early life is associated with long-term phenotypic
variability

Early nutrition generates long-term effects on organ size, structure, and function.
Mammalian growth in fetal life and early infancy comprises hyperplasia (cell
proliferation), crucial for the development of organ structure, whereas from late
infancy, growth comprises hypertrophy (increases in cell size).” Early growth
variability has long-term effects—eg, infants with a low birthweight have altered
cardiac structure and small liver, kidneys, and spleen,* whereas macrosomic infants
might have organomegaly.

Early nutrition affects hormonal axes requlating growth and appetite.

Both undernutrition and excess nutrition in the perinatal period affect insulin
metabolism and hypothalamic circuits regulating food intake.” Infants with low
birthweight might be insulin-sensitive at birth, but are susceptible to insulin
resistance in association with faster weight gain in childhood.

Both interuterine growth retardation and maternal diabetes expose the fetus to
oxidative stress, affecting cardiac and vascular structure, haemodynamics,

and endothelial function.

Gene expression in the offspring is shaped by maternal nutrition in pregnancy and by
nutritional experience after birth. For example, periconceptional exposure to maternal
famine has been associated with epigenetic changes in IGF1 expression that persisted
into early old-age,”® while when the offspring was conceived in rural Africa was
associated with diverse epigenetic effects in infancy.” Gestational diabetes is associated
with epigenetic effects on genes associated with metabolic disease. Some epigenetic
changes might have adverse long-term health effects.

Early exposure or lack of exposure to different food tastes might shape food
preferences and diet choices at later ages.

Telomere length provides a marker of cellular ageing that is sensitive to early nutritional
experience. For example, placental and neonatal telomere length are both associated
with some components of maternal nutritional status, and predict postnatal body
composition,**and exclusive breastfeeding might reduce telomere attrition.

The gut microbiome rapidly matures in early life, and early undernutrition can disrupt
this process. For example, among twins discordant for kwashiorkor the affected
sibling developed narrower gut microbiome diversity, and transplanting this biota to
germ-free mice induced weight loss.”

Collectively, these mechanisms contribute to a profound imprint of early
malnutrition on later phenotype, affecting both the risk and the metabolic effects of
subsequent overweight.

An expanded, fully referenced version of this panel is available in the appendix (pp 10-12).

high altitude.” In malnourished young children aged
6—23 months from Burkino Faso, 93 -5% of weight gained
during a food supplementation programme consisted of
lean tissue.* These findings indicate complex develop-
mental links between growth patterns and adiposity,
whereby growth might either be accelerated across all
traits, or characterised by trade-offs between traits.
Regardless of whether early stunting elevates abdominal
adiposity, a consistent finding is that early undernutrition
permanently reduces lean mass and its functional
correlates such as grip strength.*

Although maternal obesity is associated with higher
birthweight, it is also associated with micronutrient
deficiencies that might impair offspring development,
and maternal hypertension is associated with increased
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Figure 1: Complex interconnections between intergenerational cycles of undernutrition and nutritional excess and the effect of nutrition transition

The intergenerational cycle of undernutrition (blue) associated with energy-inadequate diets and micronutrient deficiencies constrains growth and reduces the metabolic capacity for homoeostasis.
The intergenerational cycle of overnutrition (red) associated with energy-dense diets is characterised by excess metabolic fuel and elevated adiposity, each of which challenges homoeostasis.

Both cycles of malnutrition contribute to a wide range of adverse health outcomes (grey boxes), and specific diseases also increase the risk of malnutrition (black arrows). Through nutrition transition,
individuals shift between these cycles within the life course, both increasing the risk and exacerbating the magnitude of health consequences. This framework helps identify how nutrition transition
generates biological connections between many different forms of ill health (eg, low birthweight, stunting, central obesity, diabetes, and caesarean delivery).

For more on the Demographic
and Health Survey data see
http://www.dhs.org/
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risk of offspring having a low birthweight, a scenario
exacerbated by antihypertensive pharmaceutical agents.*®
Obesity is generally associated with worse micronutrient
status,” mediated by chronic inflammation and nutrient-
poor diets, and maternal obesity might also contribute to
dysbiosis in the offspring.*

Using Demographic and Health Survey data from
12 LMICs we analysed how markers of maternal
malnutrition (short stature, overweight, and obesity)
interact in association with the risk of stunting in the
offspring. Although short maternal stature (defined as
having a height in the bottom quartile of the population
sample) increases the risk of stunting, maternal over-
weight or obesity typically reduces this risk relative to
normal BMI, providing the mother does not have a
short stature. However, this protective effect disappears if
the mother is both overweight and short (figure 2A). The
consequences of maternal obesity for the next generation
therefore depend on the mother’s own developmental
experience. In a Swedish study, the intergenerational
transmission of obesity was three times greater among
mothers who were obese and born small for gestational
age than in mothers of normal birthweight.*

Although evidence remains scarce, paternal metabolic
phenotype can also affect offspring development. For
example, paternal smoking and dietary intake during
adolescence have been associated with offspring BMI,*
mediated by imprinting of the sperm.”® Paternal genes
might be especially relevant in early life because they
contribute to placental function. Bariatric surgery in men
has been associated with remodelling of sperm DNA
methylation, in particular of genes associated with appetite
control.® However, beyond father—child correlations in
height and BMI,* the understanding of paternal biological
contributions to the DBM in LMICs is minimal.

The life-course and intergenerational physiological
pathways that we have summarised underlie associations
of the DBM with several forms of ill health, as we discuss
next.

The DBM and the risk of non-communicable
disease

Associations of adult obesity and unhealthy lifestyle with
non-communicable diseases are well recognised,” but
the evidence that exposure to undernutrition in early
life exacerbates these relationships is compelling.

www.thelancet.com



**Strictly embargoed until 23.30 UK time/6.30pm New York

time on Sunday 15th December 2019**

Series

To elucidate this interconnection, we present a capacity-
load conceptual model.**¥

Initially, associations of the risk of non-communicable
disease with birthweight were attributed to long-term
consequences of fetal undernutrition. The so-called thrifty
phenotype hypothesis proposed that inadequate fetal
nutrition reduced growth of some organs (eg, pancreas,
liver, kidney) to protect the brain. Later, such individuals
would be more likely to develop ill health as a result
of obesity and energy-dense diets, elevating the risk of
non-communicable diseases.”® However, birthweight is
inversely associated with the risk of non-communicable
disease across most of its range,’®” although infants
who are macrosomic have an increased risk of non-
communicable disease.” This variability refutes the notion
that fetal undernutrition is the primary developmental
mechanism of non-communicable diseases. The capacity-
load model addresses continuous associations of both
developmental and adult traits with the risk of non-
communicable disease, and can be applied to diverse
traits through the life course and to various non-
communicable disease outcomes (appendix pp 22-26).
Metabolic capacity refers to traits that are strongly
dependent on growth and metabolic exposures during
early life, and that have life-long implications for the
capacity for homoeostasis.* Relevant traits include
pancreatic f-cell mass and function, nephron number,
organ and tissue mass, airway and blood vessel diameter,
and cardiac structure. All these traits scale with the
magnitude of growth during the period of hyperplasic
growth. Environmentally induced epigenetic variability
and microbiome development can be considered within
the same conceptual framework,®* although the extent
to which early variability in these traits persists long term
remains uncertain.” Size at birth and early postnatal
growth patterns act as useful, though imperfect, com-
posite markers of metabolic capacity.

Metabolic load refers to traits that challenge homoeo-
stasis, including excess adiposity, physical inactivity, lipo-
genic diet, smoking, infection, and psychosocial stress.*”
These traits broadly show dose-response associations
with the risk of non-communicable disease, and are all
associated with increased oxidative damage. Metabolic
load can increase early in life in association with catch-
up growth, which elevates not only adiposity but also
molecular markers of non-communicable disease risk
(epigenetic effects, telomere attrition).* Macrosomic
infants already have elevated adiposity (high metabolic
load), and potentially also low metabolic capacity, by
birth.

According to this conceptual model, the risk of
non-communicable disease decreases in association with
metabolic capacity and increases in association with
metabolic load. Substantial evidence supports the
model,*** but the majority is from studies in high-income
countries. Evidence from Asian and sub-Saharan African
populations is summarised in the appendix (p 27-31),
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Panel 2: Developmental links between stunting, obesity,
and cardiometabolic risk in Brazil

+ Undernutrition in early life promotes survival by energy
sparing, selectively preserving some tissues and organs
over others.”** This adaptation is achieved by endocrine
changes affecting growth, energy expenditure, and body
composition, which then interact with the composition
and energy content of the diet.

+  Among children from shanty towns in Brazil, stunting is
associated with reduced lean mass but greater adiposity,
especially central abdominal fat. These physical traits are
associated with increased insulin sensitivity, reduced
insulin production, higher cortisol, and a reduced capacity
for fat oxidation.*

+ Byadulthood, the adverse effects of overweight on
cardiometabolic traits are exacerbated among individuals
who are also stunted. Among adults who are overweight,
stunting is associated with lower tri-iodothyronine, higher
insulin resistance, and higher glycated haemoglobin.

In women who are overweight, stunting is also associated
with dyslipidaemia and higher blood pressure.*

+ Adequate treatment of undernutrition during childhood
with recovery in height and weight might lead to
normalisation of insulin activity, leptin, cortisol stress
response, body composition, and bone mineral density.*

An expanded, fully referenced version of this panel is available in the appendix (pp 19-20).

focusing on anthropometric markers of low capacity
and elevated load.

One caveat is that the specific role of linear growth in
this model varies by outcome. For cardiovascular disease,
diabetes, and hypertension, linear growth promotes
metabolic capacity, indicated by elevated risk of these
non-communicable diseases among individuals with
poor early growth or short adult stature (appendix p 32).
This association is probably explained by height being a
good proxy for organ growth and development through
the life course. However, for many forms of cancer, linear
growth might better be considered a marker of metabolic
load than of metabolic capacity, because faster growth
and taller height are associated with elevated cancer risk
(appendix pp 33-34).%% These associations indicate that
efforts to reduce low birthweight and stunting in LMICs
might increase future cancer incidences.

This conceptual model helps explain why the DBM is
strongly associated with the risk of non-communicable
disease. Low birthweight, childhood stunting, and wasting
all deplete components of metabolic capacity, whereas
overweight and unhealthy environmental exposures
exacerbate metabolic load. Importantly, the extent to which
early undernutrition leads to overt non-communicable
diseases depends strongly on subsequent nutritional
status. For example, survivors of severe malnutrition
during early life in Malawi had long-term deficits in height,
lean mass, and grip strength; however, the risk of
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Figure 2: Risk of stunting and caesarean delivery according to maternal phenotype in selected LMIC populations relative to mothers of normal height and normal BMI

(A) Associations between stunting and maternal nutritional phenotype in 12 populations. (B) Associations between caesarean section and maternal nutritional phenotype in 11 populations. Based on
Demographic and Health Survey data. All models adjust for wealth, parity, and offspring sex. Full details are given in the appendix (p 21). BMi=body-mass index. LMIC=low-income and middle-income
countries. OR=odds ratio.
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non-communicable disease was negligibly affected, most
probably because these children remained relatively thin
and had low metabolic load.” The combination of poor
early growth and subsequent elevated BMI associated with
nutrition transition appears to be the important factor
contributing to the risk of adults developing non-
communicable diseases.”

Figure 3 illustrates how nutrition transition is driving
the epidemic of non-communicable disease in Pune,
India, combining data from three cohorts at different
stages of economic development.®” Following multigen-
erational exposure to energy scarcity and micronutrient
deficiencies, the rural cohort (recruited 1993-96) has
shown a secular increase in adult size compared with
parents, but 190 (28-7%) of 663 young adults have
developed prediabetes, and 15% of 100 young mothers
have gestational diabetes. These trends are more extreme
in the matched urban cohort of 357 offspring (recruited
1987-89), with 75 (21-0%) developing overweight or
obese, 66 (18-5%) developing prediabetes, and 8 (2-2%)

developing diabetes by the age of 21 years. Finally among
an urban cohort born to mothers with diabetes in
pregnancy (recruited 1990-2010), 48 (24%) of 200 children
were overweight or obese, 30 (37%) of 81 tested had
prediabetes, and 4 (5%) had diabetes at mean age of
15 years.

The increased toxicity of obesity among individuals
who were initially undernourished has been shown
in diverse populations (appendix pp 27-31).*” Studies
in Brazil have revealed some of the physiological
mechanisms through which childhood stunting might
predispose that individual to central fat deposition and
the risk of non-communicable disease (panel 2). Notably,
however, a combination of better diet quality and preven-
tion of infections appears to be able to reverse these
effects.”

Likewise, nutritional supplementation in early life
might potentially promote metabolic capacity and thus
reduce the risk of non-communicable disease. Supple-
mentation during pregnancy reduces the risk of low
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Figure 3: Rapid transition and evolution of the double burden of malnutrition in Pune, India, over the past 40 years, based on data from rural and urban

cohorts

Average age in index pregnancy, height, and BMI of mothers and fathers are shown for three cohorts set up in Pune, India in the 1980-90s.%*”*Rural mothers

(F, generation, cohort 1: PMNS, recruited 1993-96) show the legacy of multigenerational undernutrition (stunted and underweight, low energy intake and excess
physical activity from subsistence farming, multiple micronutrient deficiencies, and low prevalence of gestational diabetes). Parents in the contemporary urban
cohort (cohort 2: PCS, recruited 1987-89) were somewhat taller and had a higher BMI. Parents in the diabetic pregnancy cohort (cohort 3: GDM, recruited
1990-2010) were the tallest and heaviest, almost half being overweight or obese (BMI>25 kg/m?), reflecting the effects of socioeconomic transition. F, babies born to
cohort 1 mothers had low average weight and a characteristic thin-fat composition (ie, low lean mass but high fat mass compared with European babies). F, babies in
cohort 2 had somewhat higher birthweight but 35% were still SGA by INTERGROWTH criteria.” Babies born to mothers in cohort 3 were the heaviest (11% LGA), but
22% were still SGA. F, young adults in cohort 1 were taller and heavier than their parents, although still thin (low BMI) but adipose (high body fat). F,babies were

200 g heavier at birth than their mothers’ birthweight, highlighting an intergenerational effect of the DBM. In cohort 2, F, children were similarly taller and heavier
than their parents, with 75 (21%) of 357 being overweight or obese. In cohort 3, these intergenerational effects were more marked, with 48 (24%) of 200 F, children
being overweight or obese. BMI=body-mass index. DBM=double burden of malnutrition. GDM=gestational diabetes. LGA=large for gestational age.

NA=not available. PCS=Pune Children’s Study. PMNS=Pune Maternal Nutrition Study. SGA=small for gestational age. *Husbands of women with gestational diabetes.

birthweight®” but propagates few beneficial effects into
childhood,”” whereas a community food supplemen-
tation programme provided to both pregnant women and
their offspring in early childhood improved childhood
growth and was associated with greater height and lean
mass but not adiposity in early adulthood.” However, the
longer-term consequences of this intervention for the
risk of non-communicable disease were mixed,” possibly
because the intervention spanned several different
developmental stages and might have affected both
metabolic capacity and load.

The optimal timing in early life for interventions to
prevent the DBM therefore needs further research. We
suggest that alongside the preconception period and
pregnancy,” early infancy might be another crucial
window of opportunity’ For example, the period of
exclusive breastfeeding is simultaneously a developmental
period when many mechanisms of plasticity respond to
nutritional influences (appendix pp 35-36), an important
period for the development of metabolic capacity, and
a period when metabolic load can be suppressed.”
However, the success of breastfeeding is itself threatened
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by maternal malnutrition (panel 3), indicating that inter-
ventions targeting mothers who are breastfeeding might
simultaneously improve maternal health while also
mitigating the DBM in the next generation.

Although malnutrition damages health in all popu-
lations, the manifestation and physiological consequences
of the DBM vary. First, the prevalence and consequences
of malnutrition often differ between the sexes. Low adult
BMI and childhood stunting tend to be slightly more
common in male individuals than female individuals in
LMICs,** whereas adult women show higher prevalence
than men for obesity and anaemia.®® Moreover, the life-
course development of the risk of non-communicable
disease also differs by sex.”

Second, ethnicity contributes to variability in the health
consequences of the DBM. Human morphology and
physiology vary with geography, in ways that also change
through the life course.” For example, south Asian
populations have a high prevalence of low birthweight
and stunting and relatively short adult stature, all
indicative of reduced metabolic capacity, but also a high
fat-to-lean ratio and abdominal adiposity, indicative of
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elevated metabolic load for a given BMI value.”** These
traits are strongly implicated in the elevated suscepti-
bility of non-communicable disease in south Asian
populations, although whether these traits arise from
genetic factors or mechanisms of intergenerational
plasticity is unclear. However, these traits are also
overlaid by economic and cultural factors, including diet
preferences, migration patterns, and social inequality.

Malnutrition and inflammation

The full consequences of the DBM for ill health relate
not only to physical phenotype (growth and nutritional
status), but also to the local ecological setting. The life-
course manifestation of malnutrition varies markedly
across ecological settings. In high-income countries, the
obesity epidemic developed in the context of low burdens
of communicable disease and childhood undernutrition.

Panel 3: The pivotal role of breastfeeding in mitigating the double burden of
malnutrition

Breastfeeding has the potential to reduce the risk of both components of malnutrition
in the offspring, and to promote maternal health. First, breastfeeding is strongly
protective against diarrhoea and infections in the offspring, and therefore reduces the
risk of mortality, stunting, and wasting in early life.* Second, breastfeeding constrains
excess body-mass index in the offspring during early sensitive periods, and is
suggested to protect against later obesity, as well as non-communicable diseases such
as diabetes, although it is not associated with all non-communicable disease risk
markers.*Third, breastfeeding might be considered to mitigate some of the maternal
metabolic stresses induced by pregnancy. For example, prolonged breastfeeding is
associated with increased maternal insulin sensitivity that persists for at least 2 years
after weaning, and reduces long-term risk of diabetes in mothers and the risk of breast
cancer.” Given these beneficial effects, breastfeeding is an ideal target for
interventions, as explored in the third paper of this Series.®

Successful breastfeeding is challenged not only by societal constraints on women’s
autonomy and employment, but also by both forms of maternal malnutrition.

Among mothers who are severely undernourished, low breastmilk volume and
micronutrient status might affect growth and micronutrient status of the offspring.*
Poor maternal diet reduces the diversity of the maternal microbiome, which is then
transmitted to the offspring and is associated with increased risk of severe malnutrition.
Human milk oligosaccharides, unique to our species, play a key role in the establishment
of a healthy gut microbiome. Animal studies have shown that promoting specific types
of oligosaccharides increases lean tissue accretion in early life.®

At the other extreme, maternal obesity is associated with lower likelihood of
breastfeeding and reduced duration of any or exclusive breastfeeding. At the level of
physiology, glucose intolerance during pregnancy might impede milk synthesis and
contribute to delayed lactogenesis, and excessive gestational weight gain is associated
with raised inflammatory markers in breastmilk.® Studies of women with diabetes show
that a longer duration of breastfeeding than in women without diabetes is necessary to
achieve the beneficial protective effects against childhood obesity (appendix pp 37-38).*
Both social support and metabolic health of the mother are therefore crucial to
maximising the success of breastfeeding and capturing the health benefits to both
mother and offspring. Maternal dietary intake, non-communicable disease status,
and the composition of the maternal microbiome are all potential targets for
interventions, but further work is required to better understand the mechanisms and
to develop effective solutions.

In LMICs, however, both extremes of malnutrition coexist
with persistent burdens of infections. Both undernutrition
and overweight are associated with inflammation,”®
effectively generating a triple challenge to metabolic
health with major implications for the risk of non-com-
municable disease.

Poor nutrition in early life (fetal growth faltering,
postnatal stunting, suboptimal breastfeeding) has been
associated with elevated markers of inflammation in
childhood and young adulthood, and obesity is also a
chronic inflammatory condition.”** Although research
from LMICs is scarce, studies from high-income countries
indicate that the inflammatory load of obesity might be
exacerbated by undernutrition in early life.”*

An unfavourable gut microbiome might contribute
to these associations (appendix pp 6-9). Microbiota
immaturity, increased enteropathogen burden, and gut
barrier dysfunction are inter-related factors associated
with inflammation in early life.” The microbiota of
Indian children with stunting was depleted in probiotic
species and enriched in inflammogenic taxa, relative
to controls.” In adulthood, dysbiosis contributes to
associations of obesity with insulin resistance and
systemic inflammation.”" Among adults who are
obese with similar BMI, those with greater dysbiosis
have a higher risk of non-communicable disease, and
dysbiosis also contributes to the inflammatory process
associated with sarcopenia. Thus, in LMICs the
nutrition transition could exacerbate the inflammatory
burden of malnutrition.

Manipulation of the microbiome—eg, by providing
probiotics or faecal transplantation—might beneficially
modify markers for the risk of non-communicable
disease (appendix pp 6-9), but further research is needed
to understand how this treatment could achieve long-
lasting effects mitigating both forms of malnutrition.

The DBM and childbirth complications
Although much emphasis has been placed on the
implications of the DBM for the risk of non-commu-
nicable disease, both short stature and overweight are
also independent risk factors for obstructed labour,
related to maternal mortality.” The DBM might therefore
affect health outcomes of mothers and offspring related
to childbirth. For women who are short, the primary
underlying mechanism is likely to be reduced pelvic
dimensions, whereas for women who are overweight a
key mechanism is perturbed fuel metabolism, increasing
birthweight.'” Globally, many mothers who were stunted
in early life become overweight before reproducing, and
women who are overweight are also more likely to develop
gestational diabetes if previously stunted."” The combined
effectis predicted to increase the risk of obstructed labour.
We analysed Demographic and Health Surveys from
11 LMICs. Both maternal stunting and overweight each
increase risk of caesarean delivery (a correlate of
obstructed labour); however, the risk tends to be further
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amplified among women who are stunted and overweight
or obese (figure 2B). Although increases in the number of
caesareans have been linked with indices of wealth, the
financial incentives of health-care providers, and defensive
medicine to minimise litigation,™'" the emerging DBM
might be an additional factor.’

Given the profound health consequences of the DBM in
individuals, we need to understand what is driving
the global epidemic. We show in the next section that
biological susceptibility interacts with societal factors and
provide an evolutionary perspective to help understand
how we might combat the DBM most effectively.

Societal driving factors
The biological interlinkages between undernutrition and
overweight that we have described can only be fully
understood in the context of broader societal drivers,
which mediate differential exposure to the causes of
malnutrition. The global DBM is closely associated with
rapid economic development and increased income per
capita,? but also incorporates a constellation of societal
trends acting across culture, behaviour, and technology.*
Many of the individuals most exposed to these trends are
not the wealthiest and are the least empowered to resist
adverse societal and corporate influences.”” The meta-
bolic consequences of unhealthy diets that are both
energy dense and micronutrient poor™ are exacerbated
by increases in sedentary behaviour,™ and exposure to
psychosocial stress has been associated with unhealthy
food choices and eating patterns, and with perturbed
appetite, weight gain, and central adiposity.">"

Many factors reduce individual agency. For example, at
a societal level, gender inequality exacerbates female
exposure to the DBM.""™ From a political perspective,
governments struggle to restrain commercial activities
in the interests of population health, but might also
contribute to the DBM through the promotion of
international trade and national economic development,
and the opening of domestic markets to multinational
corporations. Policy makers are increasingly exploring
strategies to reduce malnutrition that place less
emphasis on economic growth, by addressing issues
such as food sovereignty, gender equality, education, and
healthy food systems.™""* Nevertheless, the emerging
DBM is a stark indication of how a large proportion of
the global population, especially in LMICs, is poorly
protected from multiple factors driving malnutrition in
all its forms.

Groups at high risk
Although the DBM affects many countries,* various
groups are at high risk of both undernutrition and
overweight and merit attention. This susceptibility
relates to diverse factors spanning both biology and
environmental stressors.

In high-income countries such as Canada, Australia,
and the UK, for example, First Nation, Indigenous, and
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ethnic minority populations, respectively, typically show
higher levels of low birthweight and childhood under-
nutrition than do the general population, but also
increased risk of obesity and non-communicable diseases
in later life (appendix pp 39-42). Similarly, African
Americans show persisting deficits in birthweight
relative to people of European ancestry, additionally,
Hispanic and African Americans have greater prevalence
of adult obesity than Americans of European descent.™
Similar patterns increasingly apply to minority groups
within LMICs, such as tribal populations in India.”

To track such population-specific susceptibility, ethnic
differences in physique and metabolism should be
addressed. In the UK, for example, adjusting for ethnic
differences in the relationship between BMI and adiposity
reveals that obesity is most prevalent and increasing
fastest in children of south Asian ethnicity compared
with other ethnic groups.” Moreover, body fat is more
toxic in children of south Asian descent than in those of
European descent, since it has a stronger association with
insulin resistance.”” These patterns help explain why
some ethnic groups show high susceptibility to non-
communicable diseases in early adulthood, even at
relatively low BMI thresholds.

As noted in the first paper of this Series,” within LMICs,
rural to urban migration exposes increasing numbers
of people to drastic changes in diet, physical activity,
and living conditions. Rural populations have a high
prevalence of childhood stunting,” whereas migration to
cities is typically associated with rapid increases in BMI
and abdominal fat. This adiposity elevates the risk of
non-communicable disease in comparison with the rural
population, but typically to lower levels than in established
urban populations.” These health consequences might
increase through lengthier urban residence and at older
ages; however, research on malnutrition in older people
(aged >65 years) in LMICs remains very scarce.’'

Adolescents are another particularly important group
because of the imminence of reproduction. Surveys indi-
cate high prevalences of underweight, overweight, and
anaemia in adolescents aged 10-19 years, although they
vary by country.”'”Adolescents are also among the first
groups to adopt new diets and lifestyles, in part through
their tendency to migrate in search of new economic
opportunities. The combination of overweight and
anaemia in adolescent women is difficult to address,
because obesity-mediated inflammation might impede
iron absorption and reduce the efficacy of supplementation
programmes.'” Finally, infants are susceptible to com-
plementary foods that are fattening and also deficient in
micronutrients."”

An evolutionary perspective

The profound health risks associated with life-course
exposure to the DBM might seem puzzling. First, why
does nutrition transition not resolve the effects of
multigenerational undernutrition? Why do children with
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stunting often remain short in adulthood and become
overweight, rather than growing tall and remaining lean?
Second, why is the combination of early stunting and later
overweight so detrimental to health? An evolutionary
perspective might help explain why different forms of
malnutrition interact and shape the risk of non-
communicable disease. Evolutionary life-history theory
assumes that every organism allocates energy between
four competing functions: maintenance, growth, repro-
duction, and defence, resulting in trade-offs between these
functions.™ The optimal allocation strategy for maximising
reproductive fitness is expected to vary in association with
developmental trajectory and ecological conditions.”

A key factor influencing these allocation decisions is
extrinsic mortality risk. In high-risk environments, selec-
tion favours discounting the future, diverting energy away
from maintenance and growth towards defence (short-
term survival) and reproduction. This insight helps
understand the combination of high fertility and lower
birthweights in chronically undernourished populations
with high infectious burdens: fitness is maximised by
producing more offspring, but investing less in each.
Suboptimal fetal nutrition not only constrains the
development of metabolic capacity, but also is associated
with long-term central adiposity and inflammation,
promoting immune function through the life course.”**
Economic development increases dietary energy avail-
ability and alters life history strategy; however, the nature
of this change depends on both extrinsic mortality risk
and diet composition. In high-pathogen and food-insecure
environments, if energy supply increases during
childhood it is too late to allocate this energy to main-
tenance because the physiological critical window has
already closed. Instead, the surplus is primarily diverted to
survival (pro-inflammatory state, energy stores) and
reproduction (gaining weight during adolescence). This
strategy helps to explain why individuals who were initially
undernourished do not entirely resolve their growth
deficit, and are prone to central adiposity and elevated
inflammation.”*** Reduced fertility among women who
are obese™ suggests that these trade-offs evolved in
ancestral environments characterised by energy scarcity,
and in contemporary settings they might be exacerbated
through exposure to processed foods high in energy but
low in protein and micronutrients. Inflammation disrupts
many components of homoeostasis relevant to the
risk of non-communicable disease, such as appetite,
sleep, insulin metabolism, arterial health, and oxidative
balance.” The result is a high metabolic load
superimposed on a depleted capacity, provoking non-
communicable diseases at relatively low thresholds of age
and overweight.

In food-secure and low-pathogen settings, conversely,
lower infant mortality means that mothers can maximise
fitness by producing fewer offspring, and investing
more in each during early life. This strategy allows each
offspring to divert more energy to maintenance and early

growth, promoting life-long homoeostasis and health,
and probably a lengthier reproductive period.

This perspective helps explain why in high-income
countries with long-term efforts to reduce infectious
disease, economic development has induced prolonged
secular increases in height and lifespan,” whereas in
many LMICs where poor quality diets and high infectious
burdens persist, economic development is more strongly
associated with trends in BML,* and an escalating burden
of non-communicable disease. Secular trends in stature
in LMICs remain weak;"*" instead, a secular decline in
menarchal age has occurred, especially in urban settings
(appendix pp 43—44).” The mechanisms of developmental
plasticity described in panel 1 might play a key role in
orchestrating such life history trade-offs in association
with ecological conditions.

Trade-offs between biological functions might prove
especially rewarding targets for interventions aiming to
reduce malnutrition and associated adverse health effects.
Whether efforts to reduce the risk of non-communicable
disease in adults in LMICs are successful might be
contingent on reducing both early undernutrition and
the burden of infection. This proposition is supported
by evidence that, independent of nutritional supply,
childhood vaccination benefits linear growth.”®

Conclusion

Examining the DBM from the perspective of individual
health is very different from approaching it at the
population level. Beyond the common driving factors,*
undernutrition and overweight show multiple physio-
logical connections and interactions. As LMICs undergo
economic development and nutrition transition, the
resulting DBM is exposing growing numbers of indi-
viduals to various forms of ill health, including growth
retardation, dysbiosis, inflammation, obesity, non-
communicable diseases, and childbirth complications.
Recognising these interconnections might reveal new,
shared opportunities to improve metabolic health.

The evolutionary perspective helps explain why the
DBM is so harmful to health. Exposure to malnutrition
during early critical periods results in the body reducing
its valuation of the future, diverting energy from growth
and health to survival and potential reproduction. If the
only substantial environmental change through the life
course is increased dietary energy, these trade-offs might
simply intensify. This scenario could explain why some
programmes aiming to prevent undernutrition have
inadvertently increased obesity and the risk of non-
communicable disease.” High-energy diets that are low
in protein, fibre, and micronutrients might drive over-
consumption of fat and carbohydrate.”” High burdens
of infectious disease also constrain linear growth and
favour inflammation, which is further exacerbated by
overweight.

The programme of treatment for childhood malnu-
trition in Brazil (panel 2) highlights where efforts should
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be directed to break this cycle.” The programme improves
dietary quality while also cutting the burden of infection.
This composite improvement makes the long-term future
more attainable, and the body responds by promoting
linear growth rather than adiposity, while restoring
metabolism to lower the risk of non-communicable
disease.

To be effective, the double-duty actions proposed in
the third paper in this Series’ should achieve two goals.
First, the actions need to affect each generation early in
life, so that the trajectory of development can be shifted
beneficially through the physiological mechanisms listed
in panel 1. This approach highlights the importance
of optimising nutrition among adolescents, whose
metabolism constitutes the developmental niche for the
next generation. Secondly, interventions need to be
sufficiently comprehensive to affect the functional trade-
offs that we have outlined. Successful interventions might
need to begin before conception and continue through
pregnancy and lactation. A cautionary note is that these
interventions still need to balance health benefits and
costs. For example, research is required to optimise the
balance between promoting fetal growth and maintaining
maternal metabolic health during pregnancy. Such
interventions should be supported by the sustained
provision of healthy complementary foods, and effective
reductions in the burden of infection during childhood.

No single intervention can solve the DBM, and efforts
must also be sustained over decades to realise their full
benefits. Even if stunting is reduced, adults already
overweight will bear additional health consequences
if they were undernourished during development. On the
positive side, effective double-duty actions®* might benefit
health across the lifespan and into the next generation. To
achieve these goals, major societal shifts are required
regarding nutrition and public health. Ultimately, the
global DBM reflects many adverse trends through which
individuals are disempowered and their nutritional status
and health undermined. The fourth paper in this Series®
shows that specific interventions to reduce the DBM can
be cost-effective, but substantial progress requires that
this approach be scaled up into the entire global food
system, while also meeting the need for human food
systems to maintain planetary health."
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Double-duty actions: seizing programme and policy
opportunities to address malnutrition in all its forms

Corinna Hawkes, Marie T Ruel, Leah Salm, Bryony Sinclair, Francesco Branca

Actions to address different forms of malnutrition are typically managed by separate communities, policies,
programmes, governance structures, and funding streams. By contrast, double-duty actions, which aim to
simultaneously tackle both undernutrition and problems of overweight, obesity, and diet-related non-communicable
diseases (DR-NCDs) have been proposed as a way to effectively address malnutrition in all its forms in a more holisitic
way. This Series paper identifies ten double-duty actions that have strong potential to reduce the risk of both
undernutrition, obesity, and DR-NCDs. It does so by summarising evidence on common drivers of different forms of
malnutrition; documenting examples of unintended harm caused by some undernutrition-focused programmes on
obesity and DR-NCDs; and highlighting examples of double-duty actions to tackle multiple forms of malnutrition. We
find that undernutrition, obesity, and DR-NCDs are intrinsically linked through early-life nutrition, diet diversity,
food environments, and socioeconomic factors. Some evidence shows that programmes focused on undernutrition
have raised risks of poor quality diets, obesity, and DR-NCDs, especially in countries undergoing a rapid nutrition
transition. This Series paper builds on this evidence to develop a framework to guide the design of double-duty
approaches and strategies, and defines the first steps needed to deliver them. With a clear package of double-duty
actions now identified, there is an urgent need to move forward with double-duty actions to address malnutrition in
all its forms.

Introduction

Most countries, at all levels of development, experience
multiple forms of malnutrition.! The coexistence of
nutritional deficiencies and overweight or obesity and
associated diet-related non-communicable diseases
(DR-NCDs)—ie, the double burden of malnutrition
(DBM), which is observed within communities, house-
holds, and individuals.” In high-income countries, where
overweight and obesity affects more than half of the
population, food insecurity among people with low
incomes manifests as low-quality diets often dominated
by high consumption of foods, snacks, and beverages
high in energy, sugar, fat, and salt.’ These diets lead to
excessive intakes of energy, DR-NCDs, and deficiencies
in protein and essential micronutrients such as iron,
folate, vitamins B6, B12, C, D, and calcium.** At the
other extreme, low-income and middle-income countries
(LMICs) still struggling with persistent problems of
maternal undernutrition, child stunting and wasting,
and widespread micronutrient deficiencies are having a
rapid rise in overweight and obesity at lower levels of
national income than previously seen.?

The DBM presents new challenges for policy and
programming. In LMICs, national nutrition policies
and donor funding have historically focused on under-
nutrition. Yet there is no longer just undernutrition, but
also overweight, obesity, and DR-NCDs to deal with.
There has been increasing global recognition that all
types of malnutrition need to be addressed (panel 1).
Target 2.2 of the Sustainable Development Goals is to
“end malnutrition in all its forms™ and the Lancet
Commission on the global syndemic of obesity,
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undernutrition, and climate change highlights the need
to tackle these interconnected problems simultaneously.”

Nevertheless, actions to address the different mani-
festations of malnutrition are still isolated from each
other and implemented through different governance
and funding mechanisms (panel 1). Studies over a decade
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Key messages

Actions to address undernutrition, and overweight and obesity have historically been
developed and delivered separately from one another. Some evidence shows that
programmes addressing undernutrition have unintentionally increased risks for obesity
and diet-related non-communicable diseases (DR-NCDs) in low-income and
middle-income countries where food environments are changing rapidly. Yet policies
and interventions to address undernutrition typically fail to consider these risks.

By contrast, double-duty actions aim to simultaneously prevent or reduce the risk of
both nutritional deficiencies leading to underweight, wasting, stunting or micronutrient
deficiencies, and obesity or DR-NCDs, with the same intervention, programme, or policy.
Double-duty actions are based on the rationale that all forms of malnutrition share
common drivers that can be leveraged for double impact. These drivers include early
life nutrition, diet diversity, food environments, and socioeconomic factors.

The available evidence indicates that there are ten strong candidates for double-duty
actions across different sectors. These actions include interventions delivered through
health services, social safety nets, educational settings, agriculture, food systems,

and food environments

Putting a double-duty approach into operation involves assessing the potential harm
of existing actions and redesigning programmes and policies with a focus on
double-duty actions. Changes in governance, financing, and capacity building will be
needed to put the approach to use.

Double-duty actions are urgently needed as part of a holistic approach to ending
malnutrition in all its forms by 2030.
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Panel 1: The pathway to double duty

International and national policy response to the double burden of malnutrition
(DBM)

In 1992, in the World Declaration on Nutrition, 159 countries pledged to reduce all forms
of malnutrition.® However, the nutrition plans developed by low-income and middle-
income countries following the Declaration still tended to focus on undernutrition.
Nevertheless, at the global level, the existence of the DBM continued to be discussed and
recognised. In 2000 the Commission on the Nutrition Challenges of the 21st Century
proposed what it termed a new paradigm of a DBM.” The UN System Standing Committee
on Nutrition (UNSCN) hosted a conference on the DBM in 2005, and UNSCN News
published a special issue dedicated to the topic.? In 2012, the member states of WHO
endorsed a Comprehensive Implementation Plan for Maternal, Infant and Young Child
Nutrition, which introduced six global nutrition targets (stunting, wasting, overweight in
children younger than 5 years, breastfeeding, low birthweight, and anaemia in women of
reproductive age).’ This plan was the first time that childhood overweight had been
included as a global goal in an international strategy also including undernutrition.

The development of strategies focused on obesity and non-communicable diseases took

a separate path. In 2004, the member states of WHO endorsed The Global Strategy on Diet
and Physical Activity and an NCD Global Monitoring Framework in 2013, introducing
nine reduction targets for non-communicable diseases, including one on no increase in the
prevalence of overweight and obesity or diabetes in adolescents and adults. The first Global
Action Plan for the Prevention and Control of NCDs was adopted in 2013."

In 2014, the Rome Declaration on Nutrition emerging from the second International
Conference on Nutrition became the first to use the term malnutrition in all its forms.”
The Global Nutrition Report then brought the Maternal, Infant and Young Child Nutrition
targets and diet-related non-communicable diseases targets from the NCD Monitoring
Framework together in its tracking.” Ending malnutrition in all its forms became

target 2.2 of the Sustainable Development Goal* and central to the work programme of
the UN Decade of Action on Nutrition 2016-25.%

During this period, nation states increasingly recognised the importance of addressing
the DBM. For example, 42% of countries (from a sample of 162 countries) now have
between six and eight nutrition targets, including both undernutrition and obesity-
related targets and 84% of countries now have targets for adult overweight or obesity.!
Nevertheless, in their policies and interventions, countries continue to take disparate
approaches to different forms of malnutrition.” For example, in Bangladesh, Indonesia,
and Guatemala (three countries identified in the first paper in this Series? as having a
high DBM) all acknowledged the existence of the DBM. Yet these countries have
separate strategies and different actions to tackle different forms of malnutrition.

The Tanzania National Multisectoral Nutrition Action Plan (NMNAP) published in 2016
is a rare example of a strategy that explicitly states it is a double-duty action plan but
nevertheless lists separate actions for different forms of malnutrition.”

In this context, the Global Nutrition Report 2015® noted a gap in efforts to combat both
undernutrition, and obesity and non-communicable diseases at once, with its authors
calling for a package of what they termed double-duty actions “that address both
undernutrition and unhealthy diets in an internationally agreed-upon package”.**

See Online forappendix ~ ago raised the concern that taking a siloed approach to
tackling food insecurity and undernutrition could do
harm to obesity,” and miss opportunities to use the same
platforms for shared action.”

The objective of this Series paper is to explore the
potential for a more holistic approach to address
the DBM. Double-duty actions, a term coined in the
2015 Global Nutrition Report,**® are interventions,

programmes, and policies that simultaneously prevent
or reduce the risk of both nutritional deficiencies leading
to underweight, wasting, stunting and micronutrient
deficiencies, and problems of obesity and DR-NCDs.
Instead of narrowly focusing on one problem at a time,
these actions aim to maximise the benefits of taking
action on one form of nutrition for another, and mini-
mise the risks of any form of malnutrition.** The term
triple duty has also been used to refer to actions that
address additional development problems, such as
climate change."®*

This Series paper answers the call to identify priority
double-duty actions.”® It does so, firstly, by setting out
the rationale for double-duty actions (that different forms
of malnutrition share common drivers) and using this
evidence to develop a simple framework of the factors
that need to be considered when designing actions to
address more than one form of malnutrition. Second,
using this framework as a guide, we review the literature
to identify existing evidence that actions focused on
undernutrition introduce risks or cause harm for obesity
and DR-NCDs (see appendix pp 2—4 for method); and
third, we identify the opportunities to retrofit existing,
established actions focused on undernutrition to also
address obesity and non-communicable diseases.” The
Series paper ends by setting out the next steps for using
the double-duty approach and identifying research
priorities.

Rationale: common drivers of the DBM

The common drivers of different forms of malnutrition
have been identified as biology, epigenetics, early-life
nutrition, diets, socioeconomic factors, food environ-
ments and food systems, and governance.**% The first’
and second* papers in this Series provide evidence that
biological and epigenetic factors, and global food systems
policies are common drivers, and the Lancet Commission
on the global syndemic of obesity, undernutrition, and
climate change identifies shared systems drivers.”

Four intermediate (and modifiable) drivers for which
there is evidence of influence on multiple forms of
malnutrition are early-life nutrition, diet quality, food
environments, and socioeconomic factors. The evidence
shows that actions that promote healthy growth in early
life and nutritious diets throughout the life course,
combined with healthy food environments, adequate
income and education, and the knowledge and skills
that support these goals have the potential to benefit
multiple forms of malnutrition. The figure provides a
simple depiction of how interventions could leverage
these common drivers to deliver on multiple forms of
malnutrition.

Early-life nutrition

Nutrition in mothers during pregnancy and lactation,
and in infants and young children during their first few
years of life, has profound implications for malnutrition
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Effect on interconnected common drivers

Early life nutrition
Diet quality

Double-duty actions
delivered through:

« Health services
« Social safety nets
« Educational settings

« Agriculture, food systems, >
and food environments

Food environments

Opportunities for double impact

« Growth and healthy taste preferences
optimised in early life

- Diets through the life course are rich in

nutritious foods, balanced, and healthy Lower all forms of

I—p| «Food environments around peopleatall | —p| malnutrition atall
stages of life make healthy diets available, stages of the lifecycle
affordable, and appealing

« Income, knowledge, attitudes, and skills
to maintain a healthy diet are enhanced
at all life stages

Figure: Framework to assess opportunities for double-duty effect of nutrition actions

in all its forms throughout the life course. Inadequate
nutrient intake in early life not only leads to under-
nutrition among infants but also predisposes them to a
more central distribution of body fat if they gain weight
later in life. This early undernutrition increases the so-
called toxicity of obesity—ie, compared with adults who
did not experience early undernutrition, DR-NCDs
manifest at lower body-mass index (BMI) thresholds for
those who did.* This finding might explain, at least in
part, the recent explosion of DR-NCDs in LMICs as
they continue to develop. Extensive evidence shows
that rapid weight gain during early life (which might
occur in response to interventions aimed at treating or
preventing undernutrition) increases the risk of adult
obesity and DR-NCDs.* Another way early life is
important is through the tastes that infants are exposed
to, because a varied exposure has been shown to
facilitate acceptance of nutritious foods both at the time
and in later life.* Promotion of good nutrition during
early life is thus a unique opportunity to tackle all forms
of malnutrition.

Diet quality

High-quality diets reduce the risk of malnutrition in all its
forms by promoting healthy growth, development, and
immunity, and preventing obesity and DR-NCDs at all
stages of the lifecycle. The components of healthy diets
are: optimal breastfeeding practices in the first 2 years;
a diversity and abundance of fruits and vegetables,
wholegrains, fibre, nuts, and seeds; modest amounts of
animal source foods; and minimal amounts of processed
meats, and foods high in energy, free sugar, saturated fat,
trans fat, and salt®” A diverse diet combining starchy
staples, vitamin A-rich and other fruits and vegetables, and
animal source foods is associated with lower levels of
stunting,® and diets containing plenty of wholegrains,
nuts, vegetables, and fruits, and modest amounts of
animal source foods along with low levels of salt can make
substantial contributions to reducing the burden of diet-
related diseases.” Conversely, inadequate consumption of
fruits and vegetables is a risk for both micronutrient
deficiencies and DR-NCDs. High consumption of fast
foods and sugary drinks is associated with increased risks
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of obesity in children, adolescents, and adults and with
gestational diabetes in pregnant women in high-income
countries.”* Evidence on the association between the
consumption of foods, snacks, and beverages high in
energy, sugar, fat, and salt and undernutrition is still
emerging. Studies from LMICs indicate that high
consumption of these foods is associated with lower
micronutrient intake, micronutrient deficiencies in
children, lower length-for-age Z scores, and the coexistence
of child stunting and maternal overweight.”* Actions that
reduce intake of these foods while promoting fruits,
vegetables, wholegrains, nuts, seeds, and adhering to
recommended levels of animal source foods, therefore
provide an opportunity to tackle multiple forms of
malnutrition.

Food environments

The foods available to people, the cost of these foods, and
how they are marketed and promoted (often termed food
environments) emerge as a common driver of the DBM
owing to their role in shaping what people eat. Evidence
shows that healthier food environments are associated
with greater intake of nutritious foods.” Yet as described
in the first paper in this Series,? worldwide availability of
unhealthy processed foods, snacks, and beverages high
in energy, sugar, fat, and salt has soared since 2004. Sales
of breastmilk substitutes, including follow on formulae,
are also growing at an unprecedented pace.
Manufacturers, supermarkets, food vendors, and restau-
rants make these foods easily accessible and affordable,
often using aggressive marketing techniques.” Heavy
promotion of breastmilk substitutes and follow-on
formulas, and of inappropriate complementary foods,
snacks, and sweetened beverages targeted to children
influences consumption.“* Companies promote foods
such as biscuits, snacks, instant noodles, sugary breakfast
cereals, and drinks fortified with micronutrients as
healthy by including a nutrient claim, or other suggestive
indicators on the food packaging.“* Very young children
in LMICs are regularly consuming these snacks and
foods high in fat, added sugar, and salt, and little nutri-
tional value.®**=* Acting on food environments to ensure
that they make healthy diets available, affordable, and
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appealing and discourage promotion and marketing is
thus a shared opportunity to prevent malnutrition in all
its forms.

Socioeconomic factors

Income and education are important drivers for the risk
of both undernutrition, and obesity and DR-NCD. Rises
in income per capita are associated with reductions in
child stunting.** Wealth, however, is a double edged
sword for malnutrition since its effects on increasing
overweight or obesity are larger than its effects on
reducing childhood stunting.* The first paper in this
Series? describes how the effects of wealth on different
forms of malnutrition differ by the countries’ economic
development. Education is closely associated with
income and wealth and generally has positive influences
on nutrition” Enhancing both education and income
while mitigating the risks associated with the latter will
be a key element of addressing malnutrition in all its
forms.

The evidence: what are the opportunities and
risks of undernutrition-focused actions for
obesity and DR-NCDS?

We now present evidence on how interventions already
designed to address undernutrition through multiple
sectors—health, social safety nets, education, agriculture,
food systems, and food environments—could be designed
to take account of the four reviewed drivers to leverage
opportunities and manage risks to do no harm.

Health services
Opportunities
The table summarises the basic preventive health inter-
ventions targeting undernutrition delivered through
health service facilities and networks of community-
based health workers at different stages of the lifecycle.”*
Since most interventions target maternal and early-life
nutrition, they offer a prime opportunity to prevent and
treat malnutrition in all its forms especially given that
they require regular contact between health workers and
caregivers.

Antenatal care during pregnancy is a key intervention
designed to support optimal growth of the fetus and

Intervention

Mothers during pregnancy
and postnatal period
Lactating mothers and their

infant or young child
(0-24 months)

Infants and young children
(aged <5 years)

Infants and young children
(aged <5 years)

Promotion of and support for healthy maternal diets; supplementation with
food or micronutrients in food insecure environments

Promotion of optimal breastfeeding and complementary feeding practices
(including food or micronutrient supplementation for children aged
0-24 months; promotion of healthy maternal diets)

Growth monitoring and promotion

Detection and treatment of acute malnutrition

Table: Health system interventions to promote and support maternal and child nutrition during the first

1000 days
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positive birth outcomes. The 2017 WHO antenatal care
recommendations include a focus on dietary inter-
ventions to promote healthy diets and prevent both
undernutrition and obesity, making these interventions a
double-duty action (panel 2).”

For lactating mothers and their infants, one very widely
adopted intervention around the world is the protection,
promotion, and support of optimal breastfeeding
practices.” Evidence shows that breastfeeding helps to
prevent undernutrition and stimulates immunity and
cognitive development, while also reducing the risk of
overweight and obesity in childhood, obesity and
DR-NCDs later in life, and, for the mother, delays future
pregnancies and reduces the risk of breast cancer.”*
Scaling up efforts to promote and protect optimal
breastfeeding practices is thus a second, unequivocal
opportunity for a double-duty action, providing benefits
(and no risks) to both mother and child in both the short
and long term (panel 2). Proven interventions to promote
breastfeeding through the health system include social
behavior change communication strategies combining
facility-based and community-based nutrition coun-
selling interventions and mass media.”*

Promotion of complementary feeding practices is
also a widespread intervention in LMICs,* for which well
designed strategies for social behaviour change
communication (with or without food and micronutrient
supplementation) have been shown to be effective.”””
The timely introduction of nutritious, diverse fresh foods
in sufficient quantity and quality at 6 months not only
fosters children’s growth and cognitive development but
can also prevent overweight and obesity during early
childhood, and obesity and DR-NCDs at adulthood.”
However, guidance on complementary feeding has
tended to focus on undernutrition and ignored the
emergence of unhealthy food environments that promote
the consumption of processed sweet and salty snacks
among young children. A third double-duty action is
thus to redesign complementary feeding guidance and
actions to ensure that they include not only the foods that
should be consumed, but also those to be avoided
(panel 2).

Another primary health-care programme designed
originally to address undernutrition is growth monitoring
and promotion.” The main purpose of growth moni-
toring is to identify children who are failing to thrive by
regularly measuring their weight and then provide
nutrition and health counselling to promote optimal
growth. WHO recommends some modifications of
growth monitoring and promotion programmes to
include detection of overweight and related counselling,
making it a fourth option for a specific double-duty
action (panel 2). The feasibility of adding these
components should be carefully assessed, given the well
documented operational challenges and inconclusive
evidence of effectiveness of growth monitoring and
promotion programmes on child growth.””

www.thelancet.com
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Panel 2: Ten priority candidates for double-duty actions

Health services

1. Scale up new WHO antenatal care recommendations

New WHO antenatal care recommendations® focus on:

+ Counselling about healthy eating and keeping physically
active during pregnancy to stay healthy and prevent
excessive weight gain

+ Inundernourished populations, behaviour change
communication on increasing daily energy and protein
intake is recommended to reduce risk of low birthweight

+ Inundernourished populations, balanced energy and
protein dietary supplementation is recommended to reduce
risk of stillbirths and neonates who are small for gestational
age; cash or food vouchers might be tested to improve
maternal diets

An additional recommendation for double-duty actions:

+ Carefully monitor targeting of protein and energy
supplements (or cash or food vouchers) to prevent
unintended excess weight gain during pregnancy

2. Scale up programmes to protect, promote, and support

breastfeeding

+ Scale up interventions to promote and support breastfeeding
initiation, exclusive breastfeeding for 6 months and
continued breastfeeding up to age 24 months or beyond

+ Eliminate the promotion of breastmilk substitutes
(infant formula and follow-on formula)

3. Redesign guidance for complementary feeding practices and

related indicators

+ Incorporate messages to emphasise healthy and diverse
diets, including daily intake of vegetables and fruits

+ Include recommendations to avoid feeding young children
foods, snacks, and beverages high in energy, sugar, fat,
and salt

+ Include specific guidance on the selection of healthy snacks

+ Revisit guidance on energy density in complementary foods
taking into account the risks of excessive energy density,
especially in countries and regions where energy intake is
not limited in the diet

+ Include new training curricula for primary health-care
workers to provide double-duty nutrition counselling

4. Redesign existing growth monitoring (GMP) programmes

For ongoing GMP programmes in contexts where childhood

overweight is, or is becoming, a problem:

+ Include the measurement of child weight and height or
length in primary care centres, if feasible*

+  Usethe weight-for-height or weight-for-length
(or body-mass-index-for-age) indicators and growth charts
to diagnose the risk of overweight and obesity, if feasible*,
alongside wasting

+ Include referral and appropriate counselling on healthy diets
and snacks to address all types of malnutrition

www.thelancet.com

5. Prevent undue harm from energy-dense and micronutrient-fortified

foods and ready to use supplements

» Promote healthy diets as the default measure to prevent
undernutrition

« Establish clear criteria on when the distribution of
energy-dense and micronutrient-fortified foods and
supplements targeted to mothers during pregnancy and
lactation, and children aged up to 24 months is justified;
and establish targeting guidelines based on household food
insecurity and individual nutritional status

« Include nutrition counselling on healthy diets and snacks for
mothers and young children in all supplement distribution
programmes

«+  Ensure careful choice and targeting of high-energy,
micronutrient-fortified foods and supplements provided to
treat moderate and severe acute malnutrition or to prevent
stunting or wasting

» Manage duration of food supplementation to avoid excessive
or rapid weight gain beyond needed for recovery or
prevention of moderate or severe acute malnutrition;
limit sharing of food supplements with siblings; and
incorporate nutrition counselling on healthy diets and snacks
as components of prevention programmes for undernutrition

Social safety nets

6. Redesign cash and food transfers, subsidies, and vouchers

« Include strong education and behaviour change
communication focused on healthy diets, physical activity,
and preventive use of health services

« Include regular health check-ups for all household
members and early detection of overweight or obesity,
and DR-NCDs

« For subsidies or food vouchers, focus on and link to retailers
providing nutritious foods; exclude foods, snacks, and
beverages high in energy, sugar, fat, and salt

« Introduce rewards for transfers or vouchers spent on
nutritious foods

+ Implement complementary measures to rebalance food
environments towards healthier food choices and
outcomes, such as restrictions on marketing, taxes, and
nutrition labelling

Educational settings

7. Redesign school feeding programmes and devise new nutritional

guidelines for food in and around educational institutions

+ Ensure that guidelines for school feeding programmes and
food provided by the commercial sector in day care,
preschools, and schools meet energy and nutrient needs
and restrict foods, snacks, and beverages high in energy,
sugar, fat, and salt

« Involve parents and children in planning meals and food in
and around schools

(Continues on next page)
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(Panel 2 continued from previous page)

+ Eliminate the promotion and sale of foods, snacks,
and beverages high in energy, sugar, fat, and salt around
schools

« Build knowledge and skills to create awareness, shape
tastes, and motivate consumption of healthy diets through
education, school gardens, and mainstreaming food
throughout the curriculum

« Incorporate the promotion of nutritious foods and healthy
diets using innovative communication tools tailored to
youth

Agriculture, food systems, and food environments

8. Scale up nutrition-sensitive agriculture programmes

« Promote diversity in food production and consumption
among poor households living in remote areas with little
access to markets

+ Include approaches to empower women in agricultural
programmes

+ Provide counselling and behaviour change communication
focused on nutritious foods and healthy diets for all
household members; for small producers of nutritious
foods, educate on benefits of saving some of the
production for own consumption or purchasing other
nutritious foods

« Carefully design and support urban and periurban
agriculture to promote and support the growing demand
for nutritious foods in urban areas

Risks
Supplementation with energy, protein, and micronutrients
is another action with proven benefits on maternal or
child micronutrient status, birth outcomes, and child
growth, especially in food insecure environments.””
A study of food supplementation during pregnancy and
early childhood in Guatemala found that supplemen-
tation improved early child nutrition and growth and had
long-term positive effects on many outcomes later in life,
including height, cognitive development, schooling
achievement, economic productivity, and reproductive
health in women, and significantly lowered the risks of
diabetes at adulthood.® However, the study showed that
the group who received the high energy supplement with
protein, had greater BMI, body fat, and central adiposity
at adulthood (37-54 years) than did a group that received
a low energy supplement without protein in early life.”
The study signals the potentially negative effects of
food (energy) supplementation in populations who have
poverty and food insecurity in early life but who might be
exposed to rapidly changing and increasingly obesogenic
food environments as they move into adult life in
countries undergoing rapid income growth and an
accelerated nutrition transition.

Concerns have also been raised about food supple-
ments designed to treat and prevent acute malnutrition.

9. Design new agricultural and food system policies to support

healthy diets

+ Refocus agriculture towards the production of nutritious
foods such as fruits, vegetables, nuts, leqgumes, and
wholegrains, and making these foods more affordable for all

+ Align actions through the food system to ensure that
diversity of nutritious foods produced by agriculture reach
consumers through the value chain

10. Implement policies to improve food environments from the

perspective of malnutrition in all its forms

In addition to the actions in 1-9 that aim to improve food

environments, implement policies such as:

+ Eliminate the promotion of breastmilk substitutes and
follow-on formula and reduce the marketing of foods,
snacks, and beverages high in energy, sugar, fat, and salt,
including those which are fortified

+ Monitor and restrict nutrition and health claims on foods,
snacks, and beverages high in energy, sugar, fat, and salt

+ Use well targeted taxes on foods, snacks, and beverages high
in energy, sugar, fat, and salt and subsidies for nutritious foods

+ Improve the nutritional quality of the food supply through
incentives to community food production, fortification,
biofortification, and reformulation

+ Setincentives and rules for retailers and traders to ensure a
healthier community food environment

*The operational feasibility of these changes should be tested, given the added complexity
of incorporating length measures and messaging on overweight and obesity.

Ready-to-use therapeutic foods (a type of lipid-based
nutrient supplement high in energy, fat, and sugar, high-
quality protein, and micronutrients) is a proven life-saving
treatment for severe acute malnutrition.®* Other lipid-
based nutrient supplement products with lower concen-
trations of energy, fat, and sugar are used in small doses
as a preventive measure to improve nutrition and growth
in young children in food insecure areas, or to treat
children with moderate acute malnutrition. Four con-
cerns have been raised, which are still to be fully sub-
stantiated, about the potential risks associated with the
intake of these products. First, rapid weight gain during
early childhood, which these products might trigger,
might lead to excess adiposity, and metabolic syndrome
later in life, especially in countries undergoing a rapid
nutrition transition.** Second, intake of these
supplements over several months might affect the gut
microbiome of the recipient and might also influence
their taste preferences and later life consumption
patterns.®* Third, potential mis-targeting of supplements
because of errors in the detection of moderate acute
malnutrition or severe acute malnutrition in children, or
sharing with siblings, might lead to excess energy intakes
among children who are not energy deficient or acutely
malnourished.® Fourth, the distribution of supplements
might displace nutrition counselling programmes aimed
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at promoting optimal complementary feeding practices
and healthy diets.

Research on the long-term effects of the regular use
of these different products in early childhood is needed
to better evaluate the risks. However, no alternative
product that is equally safe, convenient, and effective
for use at the community level is available for treating
severe acute malnutrition. A fifth double-duty action
would thus be to continue treatment for severe acute
malnutrition but to establish clear criteria and manage
the potential long-term risks of energy-dense micro-
nutrient-fortified foods and supplements used for
prevention and treatment of different forms of under-
nutrition (panel 2).

Social safety nets

Opportunities

Social safety net programmes include income support
(cash transfers and benefits or welfare programmes)
and food transfers or subsidy programmes (providing
vouchers or subsidised prices on select foods). The goal
of these programmes is generally to reduce poverty
among poor and marginalised groups and reduce food
insecurity. Some, particularly the conditional cash trans-
fer programmes, target women and promote the use of
health, nutrition, and education services as conditions
for receipt of income, in an effort to build human
capital.”

Social safety net programmes have had positive effects
on undernutrition outcomes. As described in detail in the
appendix (pp 5-7), conditional cash transfer and food
transfer or subsidy programmes in Mexico, Egypt, and
the USA improve elements of diet quality, food insecurity,
poverty and undernutrition outcomes and, in some
cases, the use of health and education services.”* These
programmes reach millions of poor people and provide
cash that can be spent on nutritious foods, increase access
to education on healthy eating, and provide direct food
subsidies or packages. Therefore, they present an impor-
tant opportunity for a sixth double-duty action to enhance
diets, education, and resources that could reduce the risk
of obesity and non-communicable diseases while also
improving undernutrition outcomes (panel 2).

Risks

From the evidence presented earlier, social safety net
programmes are clearly an important and effective tool to
reduce poverty and food insecurity. However, despite
their benefits, some programmes have had unintended
negative effects on some aspects of diet quality and the
risk of obesity and DR-NCDs (appendix pp 5-11).%*
These effects appear to be either because the programme
directly provided or subsidised foods, snacks, and
beverages high in energy, sugar, fat, and salt, or because
they provided income that could be used to purchase
these types of foods, which had become readily available
and affordable in transitioning food environments. For
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example, the conditional cash transfer programme in
Mexico (Oportunidades) was associated with excessive
weight gain among women in urban areas who were
already overweight or obese before entering the
programme,”™ and the PAL programme increased total
energy intake in a population that already consumed
excess energy at baseline (appendix p 5).”*" Similar
evidence from Guatemala shows that a food assistance
programme that provided food rations to mothers and
children during the first 1000 days reduced child stunting
by 11% but increased women’s weight (by 600 g) at
24 months post partum in a population in which more
than 42-5% of women (non-pregnant or non-lactating)
were overweight or obese at baseline.” Further evidence
of harm comes from non-experimental evaluations of
conditional cash transfer programmes in Brazil and
Colombia and various food assistance programmes in
Peru (appendix pp 8-11).

For food subsidy programmes, in Egypt, mothers in
urban areas receiving food rations under the national
food subsidy programme (providing bread and flour, and
a targeted ration card that provided subsidies for rice,
sugar, cooking oil, and black tea) had higher BMI and
their children were more likely to be stunted or obese
than non-beneficiaries (appendix p 6)."”” Beneficiaries in
urban areas also had poorer diet diversity and lower
frequencies of vegetable, meat, and fish consumption
than did non-beneficiaries. The evidence, therefore,
suggests that the subsidy programme might have caused
double harm by increasing both chronic undernutrition
and overweight in children and exacerbating the existing
problem of overweight and obesity in women.

Despite their documented unintended negative
effects, these safety net programmes also provide prime
examples of how redesigning programmes can leverage
opportunities for double duty. For example, the Mexico
conditional cash transfer programme incorporated a
new health component designed to track both child
undernutrition, and overweight and obesity; regular
check-ups for the detection of diabetes, hypertension,
overweight, and obesity in adults; and a revamped
social behaviour change communication strategy that
includes counselling on healthy diets to prevent the
risk of obesity and DR-NCD (appendix p 5). In Egypt,
the government reform of the programme in 2014,
expanded the variety of subsidised foods to include
micronutrient-rich foods such as lentils, fava beans,
meat, chicken, fish, milk, and cheese, and restricted the
bread subsidy to ration-card holders (appendix p 6).
Enhancements have also been made to the PAL
programme in Mexico and the SNAP programmes in
the USA to reduce the risk of exacerbating obesity
and DR-NCD (appendix p 5 and p 7). These examples
confirm the large potential of social safety net pro-
grammes to serve as a double-duty approach if they are
designed to address malnutrition in all its forms
(panel 2).
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Educational settings

Opportunities

School feeding programmes that offer meals, snacks,
or take-home rations exist in at least 150 countries,
serving 368 million children.” In LMICs, these
programmes are established to improve nutrition,
cognitive and psychosocial development, and dietary
behaviours."”® In higher-income countries, direct
provision of nutritious foods or standards to limit the
availability of foods, snacks, and beverages high in
energy, sugar, fat, and salt has been shown to improve
targeted dietary behaviours.”

By giving the opportunity to provide a healthy diet
directly to children, combined with the possibility of
school-based food and nutrition education, healthy
school meals emerge as a seventh opportunity for double-
duty action.” However, this opportunity has yet to be
fully leveraged. Nutritional guidelines for schools in
LMICs rarely appear to consider malnutrition in all its
forms, having been developed either for contexts where
undernutrition historically dominates or those with high
prevalence of obesity."™"

Risks

Providing food or meals in schools becomes a risk if it
increases the accessibility of unhealthy snacks and foods
high in fat, added sugar, and salt and provides little
nutritional value. There is surprisingly little information
on the quality of school meals in LMICs but some evidence
shows that foods eaten in schools and sold in the vicinity
are of poor nutritional quality. Evidence from Brazil, Iran,
Mexico, Haiti, Guatemala, India, South Africa, and the
Philippines shows that foods sold by vendors in and
outside of schools include chips, cookies, crackers, ice
cream, fried foods, sugary drinks, hamburgers, pizza, and
confectionary.”"™ A review of school food policies in
eight countries in Latin America also reported widespread
availability of these foods in kiosks in and out of schools.™
Studies also found that substantial proportions of students
consume snacks and sugar sweetened beverages on and
off school property,”* and that promotion of snack foods
and drinks inside schools is widespread,”” such as
signage boards with the school’'s name advertising a food
or beverage.” Double-duty actions for schools thus need
to consider not only the quality of the food available
through official channels in schools, but also the unhealthy
food vending practices in and around schools.

The review identified one example in which schools
had taken the opportunity to retrofit an established
programme to a double-duty approach. The National
Nursery Schools Council Program (JUNJI) in Chile is a
free day-care programme that provides two meals and a
snack to children younger than 6 years from low-income
backgrounds. Concerned by the high rates of obesity, the
programme reduced the energy content of the meals by
100 kcal.* The intervention was unsuccessful in reducing
obesity, but a follow-up pilot study tested a new approach

involving parents and focusing on improving diets at
home and at school. Significant reductions in energy and
fat intakes and snack consumption were achieved, as well
as increases in fruit and vegetable intakes and physical
activity.”™ The example emphasises the potential of using
educational platforms for double-duty action by focusing
on both home and school environments (panel 2).

Agriculture, food systems, and food environments
Opportunities

In the past decade, there has been a concerted effort in
LMICs to build nutrition goals into agricultural develop-
ment programmes. Such programmes (often termed
nutrition sensitive agriculture) include biofortification,
homestead food production, aquaculture, livestock and
dairy programmes, agriculture extension services, nutri-
tion-sensitive value chains, and irrigation interventions."”
The aim of these programmes is typically to promote
diversity in production of nutritious foods for direct
consumption and possibly for income from the sale of
surplus production. A recent review found that these
programmes consistently improve food environments by
enhancing household access to nutritious foods, thereby
leading to increased quality of mothers’ and young
children’s diets.” Thus, these agricultural development
programmes have the potential to promote nutritious
diets that benefit multiple forms of malnutrition, making
the scale-up of these programmes an eighth candidate for
double-duty actions.

School gardens also have the potential to shape
attitudes and behaviours of school aged children around
diet and indirectly by influencing attitudes at home,
and improving food environments.** In cities,
agricultural programmes such as urban agriculture and
direct farm-consumer markets could also play a role in
improving food environments and food security if
provided with sustained support.'

Risks

The review by Ruel and colleagues™ identified no risks
from nutrition-sensitive agricultural programmes,
although the programmes reviewed were implemented
in extremely poor rural communities. One potential risk
of these types of programmes for obesity and DR-NCDs
is their potential effect on increasing income from the
sale of agricultural products. If this additional income is
used to purchase foods, snacks, and beverages high in
energy, sugar, fat, and salt available in food environments,
the programmes could inadvertently increase the risks of
obesity."

Larger agricultural development investments have
typically been implemented without any specific nutri-
tion objectives, and their historical focus has been on
delivering enough dietary energy to prevent hunger and
food insecurity.”" Historically, policies have incentivised
the production of grains, oilseeds, and sugar."” Breeding
programmes designed to increase yield of staple crops
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initially funded in the 1940s took off in Latin America
and Asia to become the so-called Green Revolution.
Still today, the Consultative Group of International
Agricultural Research Centers (CGIAR) allocates about
half of its resources to research on rice and maize.”® The
concern has been voiced that the narrow focus on dietary
energy has created risks for other aspects of diets.” For
example, the Green Revolution is credited with boosting
overall energy consumption from basic cereals (rice,
wheat); however, it did little to improve dietary diversity
and micronutrient intake, and might have even worsened
trends.” Overall, increasing productivity of cereals and
oilseeds provided cheap feed for livestock and inputs for
processed foods, arguably introducing a risk for obesity
and DR-NCDs by providing low-cost ingredients used by
manufacturers in industrially processed foods."™*™ A
ninth double-duty action is thus to explore how agriculture
and food systems policies can incentivise larger scale
shifts to transform the dynamics of the food supply that
underpins food environments.”’

Food environments are also a key component of food
systems. The evidence presented on double-duty actions
1-9 show that healthy food environments are crucial to
any double-duty approach. Unhealthy food environments
that make foods, snacks, and beverages high in energy,
sugar, fat, and salt, readily available, affordable,
appealing, and aspirational undermine the benefits of
providing adequate incomes through social safety nets,
making nutritious foods more available through
educational settings and agricultural programmes, and
offering the provision of guidance and counselling to
promote healthy diets. Yet, advice on how to avoid these
foods is rarely featured in guidance, education, or
counselling in health service programmes. A tenth
double-duty action, cross-cutting actions 1-9, therefore
relates to policies to reduce the availability, affordability,
and appeal of foods, snacks, and beverages high in
energy, sugar, fat, and salt in food environments, and
vice versa for nutritious foods (panel 2). To date, such
policies have typically been proposed and implemented
to address obesity, notably the taxation of sugar-
sweetened beverages. The evidence in this Series paper
shows that double-duty food environment policies should
be designed to address malnutrition in all its forms,
including the risks of low protein and micronutrient
intake that are caused by high consumption of foods,
snacks, and beverages high in energy, sugar, fat, and salt.
Such policies introduced by governments to tackle
obesity now need to be adapted to promote diets that
benefit all forms of malnutrition. Research to better
understand the effects of these foods on undernutrition
is also urgently needed (panel 3)."¢

Next steps: putting a double-duty approach
into operation

The evidence presented in this Series paper indicates
that continuing with business as usual with existing
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Panel 3: Research priorities to advance the double-duty agenda

Diets, food environments, and food systems

Development of simpler tools to measure dietary intake; and design and validation of
indicators of diet quality that capture both risks of undernutrition and of obesity and
diet-related non-communicable diseases (DR-NCDs) for use across populations
Detailed assessment of dietary intake of individuals at different stages of the lifecycle
in populations living in different contexts including urban and rural areas, and
low-income and middle-income countries

Analyses of the association between consuming foods, snacks, drinks high in energy,
sugars, fat, and salt and undernutrition, and concomitant association with obesity
and DR-NCDs

Analysis of the role of food environments in dietary intake and patterns in the context
of other drivers (eg, socioeconomic status) in different contexts and their influence on
different forms of malnutrition

Assessment of how food systems processes and policies influence both sides of the
double burden of malnutrition, including the role of different system sectors

(eg, agricultural production, trade, processing, retail) and environmental aspects such
as climate change

Impact assessments

Assessment of short-term and long-term effects of interventions focused on
undernutrition during early life (eg, food supplements, fortified foods and products
[eg, lipid-based nutrient supplements and ready-to-use therapeutic foods], follow-on
formula) on diets, undernutrition, and obesity and DR-NCD outcomes

Assessment of the effects of redesigned or newly designed double-duty actions in
health, social safety nets, education, and agriculture on short-term and long-term diets,
undernutrition, and obesity and DR-NCD outcomes at different stages of the lifecycle
Assessment of the effects of food environment policy innovations to improve access
to healthier diets on changes in diets, undernutrition, and DR-NCDs

Operational issues

Assessment of the feasibility and quality of implementation of redesigned or newly
designed double-duty actions in health, social safety nets, education, and agriculture
to identify bottlenecks that might prevent efficiency and effectiveness given increased
complexity

Assessment of cost and staff workload of redesigned or newly designed double-duty
actions

Assessment of operational issues related to scale-up of double-duty actions

nutrition programmes and policies is not fit for purpose
in the new nutrition reality. The ten identified double-
duty actions are a means of leveraging shared opportunity
and reducing risks of established programmes and
policies currently addressing undernutrition (panel 2).
Two steps are needed: designing a double-duty strategy;
and then delivering it.

Designing a double-duty strategy

The design of a double-duty strategy should include the
three following processes.” First, existing programmes
and policies targeting undernutrition should be reviewed
to assess whether they are presenting risks or doing
harm, and what opportunities they provide to be
retrofitted as double-duty actions. The framework in the
figure provides a starting point for how this assessment
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could be done. Following the framework, this assessment
should explore how existing actions are influencing—or
failing to influence—the common drivers, as a means of
identifying the risks and opportunities created. Second,
existing programmes and policies should be redesigned
to take a double-duty approach using the ideas laid out in
panel 2. Third, new actions should be designed, as
needed, purposively to tackle malnutrition in all its forms
at all stages of the lifecycle and especially for women
during pregnancy and lactation, infants, preschoolers,
school age children, and adolescents. Evaluations should
be built into the design and redesign of double-duty
actions to ensure their effects on outcomes related to the
DBM can be assessed, including possible unintended
consequences (panel 3).

Delivering a double-duty strategy

To enable the delivery of the double-duty strategy, more
fundamental changes will be needed in governance,
funding, capacity, and research. Signs that countries are
improving the governance of nutrition are encouraging,
with an increasing number of countries having created a
nutrition coordination mechanisms in high govern-
mental offices, many of which are in the president or
prime minister’s office.! These actions now need to
incorporate malnutrition in all its forms and one minister
or ministry must be made responsible for all.

The stimulus for a change in governance is unlikely
unless there are changes in funding. Financing of action
for nutrition is still largely channelled to undernutrition
programmes, and obesity is typically excluded from
global estimates of the cost of eliminating malnutrition.””
At the national level, if and how actions designed to
address overweight and obesity are costed in nutrition
plans in countries with the DBM is unclear.”® In
countries with costed nutrition plans that include
overweight and obesity and DR-NCDs, funding does not
appear to be available to deliver these actions.' Double-
duty actions provide an opportunity for donors to
continue with existing programming while building in
considerations for the new nutrition reality.”? This
approach will require new strategic alignments by
donors towards malnutrition in all its forms along with
different funding streams. Understanding the costs of
double-duty actions, as well as their cost-effectiveness,
could help to inform this process, as addressed in the
fourth paper in this Series.”™

Given the entrenched nature of existing approaches,
individual and institutional capacity strengthening will
be needed to change mindsets and enable action. For
example, educational institutions and professional
bodies should teach the knowledge and build the skills
needed to tackle malnutrition in all its forms simul-
taneously. Policy makers (nutrition policy leads and
those working in other ministries responsible for
relevant programmes) and implementers, such as health
workers delivering nutrition counselling, will also need

training on the double-duty approach. The capacity to
deliver double-duty actions does not yet exist and will
need to be built and appropriately funded. To guide and
justify the allocation of resources, research will also be
needed to assess what works and at what cost, and how
capacity can be most effectively built, as indicated in
panel 3.

To accelerate progress, the nutrition community
needs to take ownership of the double-duty agenda and
adopt a new paradigm and mindset that favours a more
holistic approach to designing actions to simultaneously
address the whole spectrum of malnutrition problems.
The evidence presented in this Series paper highlights
the urgency of moving forward with double-duty actions
if the world is to have any hope of attaining the
sustainable development goal of ending malnutrition in
all its forms.
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Economic effects of the double burden of malnutrition

Rachel Nugent, Carol Levin, Jessica Hale, Brian Hutchinson

Observations from many countries indicate that multiple forms of malnutrition might coexist in a country,
ahousehold, and an individual. In this Series, the double burden of malnutrition (DBM) encompasses undernutrition
in the form of stunting, and overweight and obesity. Health effects of the DBM include those associated with both
undernutrition, such as impaired childhood development and greater susceptibility to infectious diseases, and
overweight, especially in terms of increased risk of added visceral fat and increased risk of non-communicable
diseases. These health effects have not been translated into economic costs for individuals and economies in the
form of lost wages and productivity, as well as higher medical expenses. We summarise the existing approaches to
modelling the economic effects of malnutrition and point out the weaknesses of these approaches for measuring
economic losses from the DBM. Where population needs suggest that nutrition interventions take into account the
DBM, economic evaluation can guide the choice of so-called double-duty interventions as an alternative to separate
programming for stunting and overweight. We address the evidence gap with an economic analysis of the costs and
benefits of an illustrative double-duty intervention that addresses both stunting and overweight in children
aged 4 years and older by providing school meals with improved quality of diet. We assess the plausibility of our
method and discuss how improved data and models can generate better estimates. Double-duty interventions could

save money and be more efficient than single-duty interventions.

Introduction

The double burden of malnutrition (DBM) in low-
income and middle-income countries was recognised
by economists as important by 2001, but has not been
extensively studied. The DBM is now receiving greater
attention as it appears to be more permanent and
widespread than earlier perceived, which implies
greater economic effects.’ More than two decades ago,
Popkin and colleagues® identified costs of 1% and
2% of gross domestic product (GDP) from undernu-
trition, overweight, and associated non-communicable
diseases in China and India, respectively. Popkin
projected that the cost could reach 9% of GDP in
China by 2025.> The World Bank estimated economic
costs of 2-3% of GDP in Indonesia in 2012.° Yet
major challenges remain in assessing the economic
effects of the DBM, and the return on investments in
reducing it.

In this Series paper, we examine methods for doing
economic evaluations of the DBM, identify gaps, and
recommend improvements to economic modelling
while additional empirical data are awaited, and
provide an example of how to evaluate the costs and
benefits of an intervention designed to address the
DBM in three developing countries. The cost-benefit
analysis is intended purely as an illustration of what
can be learned by doing economic evaluations of actual
double-duty interventions, which is not yet feasible
with available evidence. Our primary goal is to consider
the challenges to economic modellers of estimating the
effects of the DBM. Our secondary goal is to draw
attention to the need for better programmatic evidence
for so-called double-duty interventions that can address
the DBM.

www.thelancet.com

Measuring the economic costs of malnutrition
Reasons for the few studies on the economic effects of
the DBM include challenges in harmonising different
long-term outcomes for chronic undernutrition and
obesity, diffuse and not easily measured health and
economic effects of poor nutrition, scarcity of data on
all forms of malnutrition within the same population,
and limited economic modelling for nutrition. A subtle
but important consequence of this point is that the
DBM falls between distinct and largely separate under-
nutrition and obesity advocacy and expert communities
and is not the priority of either community. Therefore,
differences exist in the methods used by nutrition
economists to measure economic effects of multiple
forms of malnutrition.

Key messages

«  Existing economic models for nutrition are not designed to
measure the effects of the double burden of malnutrition

+ Adding up the separate economic effects of undernutrition,
and overweight and obesity is a second-best approach to
measuring economic effects of the double burden of
malnutrition

+ Economic models need to be enhanced to incorporate
effects for both undernutrition and overweight in the
same population

+ Using a double-duty intervention to reduce the double
burden of malnutrition might be economically
advantageous compared with addressing malnutrition
with separate interventions for undernutrition and
overweight, but of intervention evidence is insufficient and
limitations of economic models prevent a firm conclusion
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See Online for appendix 1

Those studying the effects of undernutrition generally
use structural models and microlevel longitudinal data
to examine the cognitive and productivity effects of early-
life nutritional deficiencies.*” The economic effect of
overweight and obesity is generally measured with a
cost-of-illness approach that measures direct medical
exiture for obesity treatment, or for treatment of obesity-
related diseases such as cardiovascular disease and
diabetes. Few studies focus on reduced productivity and
earlier retirement related to overweight in low-income
and middle-income countries.®” Thus economists have
resorted to measuring the economic burden of each form
of malnutrition separately and added the individual
burdens to find a combined burden. However, this
method does not account for possible interactions that
could either diminish or exacerbate the combined effects,
compared to effects when only one form of malnutrition
is present. This possible interaction is a challenge for
measuring the effects of double-duty interventions for the
DBM, which we note but do not resolve in our analysis.

We did a scoping review of the best-known models that
provide economic outcomes of nutritional status, for
both undernutrition and overweight. We assessed the
key characteristics of those models for purposes of
analysing the economic effects of the DBM. Although
the review was not exhaustive, it was comprehensive
enough to highlight the main features of and differences
in models that impede economic analysis of the DBM.
Appendix 1 provides selected results of that review
emphasising obesity models because they are more
diverse than economic models of undernutrition.

Models that measure the economic effects of
undernutrition

Models of the economic effect of stunting take the
number of children who are stunted in a given
population as a starting point, and then estimate the
effect of undernutrition on economic productivity and
mortality via changes in linear growth. Some models
also take into consideration the economic costs of
chronic undernutrition on cognitive development,
schooling, and earnings. Results are typically presented
as either share of GDP lost to stunting or as benefit—cost
ratios for investments to reduce stunting.

The Lives Saved Tool (LiST) is an epidemiological
model that analyses the effect of health and nutrition
interventions on maternal, newborn, and child health.*
To measure the economic effect of interventions, the
model draws from well-designed cohort and experimental
studies with both direct measurement of the long-term
economic effects of poor childhood nutrition and proxies
for poor nutritional status, usually height or growth
faltering, which are then linked to educational attainment
or wages to measure aggregate economic effect.*®" The
second paper of this Series” highlights the biological
long-term outcomes of early malnutrition, but these are
rarely linked to long-term economic outcomes.

Other econometric approaches look at stunting as a
function of individual, household, and environmental
factors, but these economic analyses are not amenable
to integrating with the existing set of obesity micro-
simulation models. These models focus only on children
younger than 5 years and do not include undernutrition
in other key demographic groups (adolescent girls,
pregnant and lactating mothers) or associated with other
risks, such as micronutrient malnutrition.

The economic effects of stunting include cognitive
and other developmental deficits that affect lifetime
productivity, greater incidence of infectious and parasitic
disease that cause physical impairments, and greater risk
of chronic diseases in adults, with their attendant high
medical and indirect costs.**"** Horton and Steckel”
provide a global estimate of the economic costs of chronic
undernutrition using deficits in mean height due to
stunting. They find GDP losses of up to 12% in some low-
income and middle-income countries, and totalling 8% of
global GDP during the 20th century. This study projects
lower GDP losses between 2000 and 2050 because of
improvements in nutrition in Latin America and Asia.
Hoddinott® summarises the costs of malnutrition from
a study of seven African countries and finds losses of
3-16% of GDP, with an average loss of 7-7% of GDP.
Other country-level estimates of economic effect show
decreases in earnings and household consumption
from childhood stunting (1-4% lower wages in Mexico,
10% lower earnings in low-income countries, and
66% lower household consumption in Guatemala).***

Models that measure the economic effects of obesity

In contrast to economic measures of undernutrition,
empirical studies of economic burden of overweight
generally look at the cost-of-illness from obesity and
related non-communicable diseases, direct medical
costs and indirect costs, or productivity losses, associated
with early mortality and morbidity. Sometimes other
indirect costs are included, such as transportation costs
from seeking treatment and human capital costs due to
lower investment in education and training.” Caution
is needed in interpreting these estimates because the
economic burden from overweight is only a fraction
of the cost attributable to overweight-related non-com-
municable diseases. The indirect costs or productivity
losses from absenteeism, disability, presenteeism (work-
ing while sick), and worker’s compensation in the USA
and other high-income settings typically account for
70% of the total global cost of obesity.””” Economic
microsimulation and macrosimulation models are
used to evaluate the effect of an intervention or policy
on health outcomes, disability, or premature death
associated with hypertension, diabetes, cancer, stroke,
and other obesity-related disease.**”" The models
typically simulate food intake in a given population and
look at the effect of changes in policies or interventions
on food security, body-mass index (BMI), diabetes risk,
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and mortality from cardiovascular disease. Key to most
of these models is their ability to model changes in food
intake on the basis of available estimates of price and
income elasticities of demand. Not all models have the
same features; however, they all model distal, inter-
mediate, and proximal risk factors on disease outcomes,
disability, and death. The models require substantial
demographic, epidemiological, disease burden, and
economic data. We describe the characteristics of some
example models next.

The UK Foresight obesity model, applied in Brazil,
Mexico, and other country settings, is a dynamic
computer microsimulation model applied to different
populations.®”** The model tracks individuals through
their lifecycle and applies a probability of being over-
weight, obese, or normal BMI. The model runs over an
extended period and makes predictions of individuals
having a risk of getting a particular disease, surviving, or
dying, based on their BMI. The model is able to simulate
the effect of interventions to prevent disease or death and
compare the effectand costs of hypothetical interventions.
Similar obesity models have been developed and mostly
applied in high-income and middle-income settings.

Basu and colleagues” developed a metabolic-epide-
miological microsimulation model to assess what
population level changes in calorie intake and physical
activity would be required to meet US federal guidelines
to reduce the prevalence of obesity. Other obesity models
use economic-epidemiological approaches to assess the
effects of health-related food taxes or subsidies on health
outcomes related to dietary risk factors. Most of these
models have been developed to assess fiscal policy
options, such as taxes on saturated fat, salt, sugar, and
sugar-sweetened beverages, or subsidies on fruits and
vegetables.”?%

The Organisation for Economic Co-operation and
Development (OECD) and WHO developed the most
comprehensive microsimulation model to date that
includes the causal chain of lifestyle risk factors for
cancer, stroke, and ischaemic heart disease. The model
captures a range of risk factors, from more distant
exposures (dietary intake and physical activity) to
proximate risk factors, such as hypertension and
diabetes. Cecchini and colleagues® applied this model to
seven countries exploring the effects of school-based,
workplace, population based, fiscal, and regulatory
interventions on health outcomes and expenditures.”
A broader set of countries and outcomes is modelled in
more recent work.”

Models that measure the economic effects of the DBM

Few studies have measured the economic costs of the
DBM per se. Popkin and colleagues looked at the cost
of diet-related non-communicable diseases from under-
nutrition and overweight in China and India in 1995 and
2025.% Later, Popkin and colleagues®* proposed a model
to measure the direct effects of childhood stunting on
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overweight and obesity, and chronic diseases. The World
Bank estimated GDP losses from the DBM in Indonesia.’
However, the focus of those studies was on cost of non-
communicable diseases, rather than the DBM itself.

An exception to the non-communicable disease focus
is a model developed by the Economic and Social
Commission of Latin America and Caribbean (ECLAC)
and World Food Programme (WFP).* The modelling
perspective is broad, aiming to account for multiple
drivers of the DBM and to reflect the transitional and
lifecycle aspects of malnutrition. For that purpose, this
model introduces a multicohort life stage analysis based
on each country’s demography and epidemiology.

The ECLAC-WFP model separately measures effects of
undernutrition and obesity in the standard ways described
above. The model contemporaneously measures the
economic costs of the DBM, accounting for the age
structure of the countries, and then projects them over
the 65 year anticipated life for the entire national
populations of the countries studied. The ECLAC-WFP
model measures lifetime effects of childhood under-
nutrition through multiple pathways; notably, increased
risk of multiple diseases, lower educational attainment,
and reduced lifetime earnings. Economic effects of over-
weight and obesity include medical costs and productivity
losses. These two types of economic burden are then
aggregated for total cost of the DBM.

The ECLAC-WFP model results range from a
total cost of 0-2% of GDP in Chile to 4-3% of GDP in
Ecuador (2014). For Chile, all of the economic burden of
malnutrition derives from overweight and obesity; in
Ecuador, the total economic burden is derived from a
2-6% loss of GDP due to undernutrition and a 1-7% loss
of GDP due to overweight and obesity; and in Mexico,
the undernutrition burden is 1.7% of GDP and the
overweight and obesity burden is 0-6% of GDP (2014).

The ECLAC-WFP model, unlike other studies, adds the
economics costs of undernutrition and overweight to
reach a total economic cost of the DBM. There are several
important advances from this analysis, first, it applies
consistent assumptions to measure the economic burden
of both undernutrition and overweight and obesity.
Second, the lifecycle analysis that connects childhood
malnutrition to adult malnutrition with projections of
future economic costs based on population demographics
and epidemiology captures the important transitional
aspect of the DBM. The result is that overweight and
obesity are shown to be bigger threats to economic
wellbeing over time compared with undernutrition. The
economic costs of obesity and overweight are projected
to range from 0-4% (Chile) to 3-1% (Ecuador) of GDP
between 2015 and 2078. Additionally, undernutrition is
projected to result in only a 0-03% GDP loss in Mexico
and 0-06% GDP loss in Ecuador during the same period.

A weakness of the ECLAC-WFP approach, which is
clearly acknowledged, is the model’s inability to capture
interactions between undernutrition and obesity that
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See Online for appendix 2

could affect economic impacts. Such interactions are not
well established, and further research is needed to
determine whether they are significant and in which
direction they would influence economic effects.
Authors of the ECLAC-WFP study recommend that
cohort studies be conducted with the aim of measuring
interactions between different forms of malnutrition. A
recent cross-sectional study in Burkina Faso provided
evidence of persistent micronutrient deficiencies (iron
and vitamin A) concurrent with a high prevalence of
overweight among women, suggesting that economic
studies should be enhanced to consider such interactions
when modelling the DBM.*

Improvements needed in economic modelling to assess
the DBM effects

We found that most economic models of malnutrition
evaluate costs and outcomes associated with either
stunting or overweight and obesity, but not both, with
the exception of examples noted earlier.>” Additionally,
the two bodies of literature (stunting, and overweight
and obesity) use different methodologies and answer
different economic questions. We did not review the
many models that assess economic effects of micro-
nutrient deficiencies as we are focused on models that
can be adapted for the DBM.

Although Popkin and colleagues** have modelled the
direct effects of childhood stunting on overweight and
obesity and chronic diseases, none of the other obesity
microsimulation models noted earlier has looked at
cohorts of children younger than 5 years to incorporate
both stunting and overweight in the same model or used
microsimulation models to evaluate the effects of policies
and interventions on food consumption, dietary intake,
changes in weight or anthropometric measures (wasting,
stunting, underweight), and effects on nutrition related
illnesses and premature death. By contrast, most of the
stunting models use epidemiological estimates of the
number of stunted children for a given population and
then estimate the effect of nutrition on economic
productivity and mortality. Some models also take into
consideration the economic costs of chronic undernutrition
on cognitive development, schooling, and earnings. New
models are needed that can evaluate the effects of policies
and interventions on both undernutrition and overweight
and obesity for continuous population cohorts from birth
to adulthood, and for extended periods to predict effects on
health and economic costs over time. There are no models
that address the DBM along the full causal pathway from
distal to proximate risk factors and to ultimate health and
economic consequences.

lllustration of potential economic effects of

a double-duty intervention to reduce theDBM
The third paper of this Series® shows the unintended
negative consequences of undernutrition programmes
on obesity and recommends leveraging common drivers

and programme platforms to achieve improved outcomes
in both undernutrition and obesity. The second paper of
this Series” points to the beneficial effects that arise
from biological connections between improving nutrition
and educational attainment. The economic benefits of
such leveraging have not been established. In the absence
of evidence either from modelling or from actual
measurement of the DBM-specific interventions, we
separately estimate the effects on stunting and obesity by
applying the same intervention on simulated populations
in three countries. This example is purely illustrative and
the results do not apply to any specific context.

Interventions that address the DBM

Many effective and cost-effective interventions exist to
reduce undernutrition and a smaller number of proven
interventions exist to reduce overweight.”* Hawkes and
colleagues in the third paper in this Series™ advocate for
policies and programmes to address malnutrition in all its
forms and use the term double duty to characterise such
policies and programmes. While double-duty interventions
might simultaneously reduce undernutrition and
overweight, these interventions might imply higher cost
or lower efficacy than separate interventions that focus on
either undernutrition or overweight.

We reviewed policy and programmatic interventions
that show promise for reducing the DBM.** We sought
examples of interventions that have been implemented in
one or more developing countries to address both under-
weight and overweight and for which we could obtain
costs of implementation. We found no generalisable
examples of double-duty interventions with measured
effects on the outcomes that met those criteria.

Instead we chose a school feeding intervention that has
been shown to have positive effects on both stunting and
obesity and drew the effect sizes and costs from different
studies. An advantage of choosing a school feeding
programme is that they exist in many countries and
show strong potential to improve healthy eating and
positive nutrition behaviour among those exposed to the
programme through the school platform. Our search
strategy for school feeding interventions is detailed
in appendix 2 pp 1-2. Appendix 2 pp 3-6 shows the
key features of the relevant studies we reviewed.
We recognise, as Hawkes and colleagues® showed in the
third paper in this Series, that many school feeding
interventions focus only on undernutrition and might
adversely affect overweight. This means potentially that
our cost estimates might be underestimated compared to
an intervention designed to affect both.

Modelling the costs and benefits of school feeding on
the DBM

We modelled the economic effects of school feeding
programmes on the DBM in developing countries. We
selected the intervention because multiple studies show
effectiveness of school feeding in providing health and
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nutrition benefits; some studies provide outcome mea-
sures translatable into economic benefits; and school
feeding is well-defined, widely implemented, and
applicable to any setting. Given the imprecision implied
in taking effect sizes from different studies to capture the
effects on both stunting and obesity, we have not tried to
produce a more exacting economic model or quantify
statistical uncertainty around the point estimates. We
conduct a cost-benefit estimate of our selected double-
duty intervention to prevent the DBM, loosely adopting
the Copenhagen Consensus approach that has been
applied to a wide array of development challenges,
including, separately, undernutrition and non-commu-
nicable diseases.*** The method allows for a comparison
of costs and benefits, usually in the form of a benefit—
cost ratio.” For methods and data sources, see appendix 2
pp 7-13.

Undernutrition and obesity effects of the school feeding
programme

We sought high-quality illustrative evidence of the effect
of school feeding on undernutrition and obesity. We were
unable to locate studies measuring obesity effects from
school feeding in a developing country. We found only
one study by Sekiyama and colleagues®™ that examined
the simultaneous effect of school feeding programmes
on stunted and overweight fourth grade school children
(mean age, 9 years and 6 months). For purposes of the
analysis, we chose a school breakfast programme in a
population of 407 second to fifth grade school children
(mean age, 9 years) in Jamaica for stunting outcomes
and a school breakfast programme in the USA for
children in grades 1-12 for child obesity outcomes. We do
not claim that the results of these studies are generalisable
to all settings, especially lower-income settings but the
study results are useful for the illustrative exercise we
conducted.

The Jamaica study is a well-designed, randomised study
of a school breakfast programme that measured height
change in cm among stunted children. This outcome
aligns with the primary outcome of linear growth used in
the economic effect literature. The children who received
breakfast each day gained 0-25 cm on average during the
8 months of the intervention, or, by extrolation, up to

0-40 cm per year compared with children in the control
group.” Standardising this effect to a school year
(consisting of 200 feeding days) resulted in a 0-3125 cm
gain in school age child height. For obesity effects, we
used a school breakfast programme based in the USA in
which children were provided daily breakfast. This study
found a decrease of 0-149 in BMI for every increase in
intake of one breakfast per week.” We standardised this
effect to a school year of 200 feeding days and found a
decrease of 0-827 in BMI in 1 year.

We applied both these effect sizes to the height and
BMI distributions of children aged 4-5 years in three
double-burden countries: Guatemala, Indonesia, and
Nigeria. We chose those countries for geographical
diversity and because we could obtain country-specific
cost data for school feeding programmes. We had to
apply the effects to cohorts of children aged 4-5 years as
a proxy for their primary school counterparts aged
6-11 years because stunting information is not available
for older children, who would normally be the target
population for the school breakfast intervention. We
acknowledge that the effects of the programme on
younger children might vary from that on school
children. Specifically, we might expect the effects of a
good school feeding programme to be larger for older
children who have greater autonomy in their dietary
choices than do younger children who generally eat
within the household and whose diet quality is managed
by adults.

Estimation of the economic benefits of school feeding
We modelled the effects of height and weight changes
from the school breakfast programme to the child
populations in our chosen countries to obtain the
number of cases of stunting and obesity averted as a
result of the interventions. We then translate these health
outcomes into economic outcomes, placing a monetary
valuation on changes in health. The figure shows the
analytical approach, underlying assumptions and effect
sizes used in this analysis.

The economic benefits of lower stunting arise from
higher human capital. Stunted children can gain years
of education from improved nutrition. Following Fink
and colleagues,” we calculate that 1 additional year of

Interventions

|—>| Measurable effect

|—>| Intermediate outcome |—>| Final outcome

Economic benefits*

|_,|

School breakfast
programme

Height (cm) and

weight (BMI) prevalence

Stunting and obesity

Years of education Higher labour earnings

Economic value of averted
premature mortality

Obesity-related
deaths (NCDs)

Figure: Steps used in measuring economic effects of school feeding interventions on the DBM
BMI=body-mass index. DBM=double burden of malnutrition. NCDs=non-communicable diseases. *Other positive outcomes result from the intervention (eg, school
feeding programmes lead to higher school attendance and health-care savings from avoiding obesity).
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education results in additional annual earnings (9-3%
higher wages in Guatemala, 3-8% in Nigeria, and 5-8%
in Indonesia).We apply the increased earning potential
to individuals who avoid stunting, assuming that their
average income is equivalent to two-thirds of GDP per
capita.

The economic gains from lower obesity or overweight
arise from lower premature mortality and from reducing
disability. Using the before and after population-attri-
butable fractions, we calculate the number of obesity-
related deaths in the affected cohorts for each year after
the cohort turns 20. We value each additional year of life
at 1 times GDP per capita multiplied by a region-specific
factor of the value of a statistical life-year, as obtained
from Jamison and colleagues.*

Cost of school feeding programme

In 2008 US$, the estimated per-capita costs of
school feeding programmes is $35-26 (Guatemala),
$19-94 (Indonesia), and $55-82 (Nigeria).” The costs
were specific to these countries and standardised to a
200 feeding-day programme. Using the school feeding
population of 4-5 year olds, the per child costs provided
in this study were multiplied by the population in each
country to provide the final cost estimates. The pro-
gramme was costed from 2018 to 2025.

Net economic benefits of school breakfast programmes
(2018-90)

In Guatemala, Indonesia, and Nigeria the school
breakfast programme intervention provides significant
benefits that outweigh the costs of implementation. Net
benefits range from 206 million to 3-1 billion US$,
with the highest return on investment in Indonesia,
driven in part by a high school attendance that allowed
the programme to reach a high proportion of the cohort
of children aged 4-5 years in Indonesia (table).

The benefits of the breakfast programme include the
economic value of increased education (and future
earnings) for children who avoid stunting and the
economic value of averting premature mortality due to
obesity related causes. Combining the benefits from
reducing stunting and obesity, 54% of the benefits are
derived from the economic value of increased education
as a result of avoiding stunting, and 46% is derived from
the economic value of averting premature mortality due
to obesity. By measuring the effect on all forms of
malnutrition, we find that the benefits from the

Benefits Costs Return on
(2016 US$) (2016 US$) investment
Guatemala 206 million 97 million 21
Nigeria 2.3 billion 2-1billion 11
Indonesia 3-1 billion 753 million 42

Table: Costs, benefits, and return on investment for a school breakfast
programme in three countries

intervention are doubled. Removing either form of
malnutrition from the analysis would have lowered the
return on investment for Guatemala and Indonesia and
would have lowered it to below one in the case of Nigeria,
changing the perception of whether the intervention
should be carried out or not.

Discussion

Earlier studies of the economic burden from stunting and
obesity have shown substantial costs from both forms of
malnutrition, but only a few estimates demonstrate the
economic effects of the DBM. In the absence of models
that can measure the economic effects of the DBM and of
interventions designed to reduce the DBM we separately
estimate the nutrition and health effects of a double-duty
intervention. We then used an economic modelling
approach to estimate the costs and benefits of a school
breakfast programme to prevent the DBM in Guatemala,
Indonesia, and Nigeria. We find that a school breakfast
programme provides substantial benefits that outweigh
the costs of implementation, with return on investment
between 1-1and 4-2.

This analysis has substantial limitations, including the
absence of a model and data for analysing the economic
effects of the DBM. Instead we applied a sophisticated
microsimulation model for undernutrition (LiST) and
a simple model to obtain the obesity effects of double-
duty interventions. The intervention effect data were
derived from separate populations. We made important
assumptions about those populations, transferring the
intervention benefits and costs from the literature for
other settings and assuming a normal distribution of
malnutrition in those populations. We applied the
intervention to children aged 4 years and older in three
DBM countries based on an effect size taken from
children aged 4-5 years. As such, our results are merely
illustrative of the economic benefits that could be
achieved from addressing the DBM in those populations.
We measure the effects of reduced mortality and
acknowledge that our estimates exclude disability for
which we lack measures in low-income and middle-
income countries.

Our analysis was challenged by the insufficient evidence
from actual DBM interventions from a range of low-
income and middle-income countries because of (often
highly) incomplete information and from differences in
measuring outcomes and costs across sectors. These
challenges hampered our ability to generate harmonised
effects of our selected intervention.

To advance research in this field, several prerequisites
are needed First, a standardised definition of the DBM is
needed for each of the relevant levels of society such as
individual, household, and national. While we now have
improved epidemiological estimates of the DBM at
different levels of the population (Popkin and
colleagues,® the first paper in this Series), there is no
global consensus as to which forms of malnutrition are
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included, or what measure individually or collectively
leads to the designation of the DBM. This Series focuses
only on stunting and overweight and excludes micro-
nutrient deficiencies that have been shown to have
additional major economic and health costs.

Well-designed studies are needed of nutrition inter-
ventions that collect synchronous undernutrition and
obesity outcomes from multiple different populations
and contexts. We recommend identifying a small number
of outcomes that are meaningful for multiple populations
over time, such as a change in BMI, or specific nutrient
intake. This approach can strengthen understanding of
the emergence and persistence of the DBM in some
contexts and not others.

Models that incorporate nutrition epidemiology, demo-
graphics, and economic measures should be developed to
capture the costs and benefits of interventions to address
the growing burden. A DBM economic model should
be designed to test the proposition that a double-duty
approach can achieve the same reductions in both
undernutrition and overweight simultaneously at lower
cost than reducing them separately.

Conclusion

This paper highlights the need to create a stronger
empirical framework and suitable population-based
models for guiding the economic assessment of double-
duty interventions to mitigate the consequences of the
DBM in low-income and middle-income countries. We
demonstrate how double-duty interventions can reduce
the economic effects of both forms of malnutrition.
We anticipate that better definitions, combined with
effect and cost data from real experience in the coming
years, will input into a range of models that will provide
better estimates of economic effects and the cost-benefit
of employing double-duty interventions to reduce the
DBM.

Existing frameworks map well the effect of nutrition-
specific interventions for addressing undernutrition to a
set of health outcomes related to stunting, micronutrient
deficiencies, morbidity, and mortality. Similarly, frame-
works exist to evaluate the effect of interventions to
address overnutrition on BMI and obesity-related health
outcomes, such as cardiovascular disease, stroke, and
diabetes. The absence of a combined framework has
hindered the development of comprehensive models to
assess the economic effect of country experiences in a
changing nutrition environment.”

We recommend the following future research to
address these gaps. First, research is needed to under-
stand the DBM, its drivers, and consequences. Second,
validate a data-driven modelling tool that can project
trends in the DBM (that includes both undernutrition
and overweight in the same model) and related health
outcomes for use by national and global policy makers.
Third, identify and model cost-effective strategies to
support investments to address the DBM. A starting
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point is to do a landscape analysis of the existing micro-
simulation models that are currently focused on health
outcomes related to overweight and obesity, and identify
models that could be modified to integrate information
on underweight, stunting, and related morbidity and
mortality. Finally, identify countries that are rich in
epidemiological, health, agriculture, nutrition, and
demographic data that can be used to populate and
validate the models. These case studies should be used to
introduce the framework and modelling approach to a
broader set of researchers and decision makers for
adoption and application in global and country settings.
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