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The COVID-19 crisis will exacerbate maternal
and child undernutrition and child mortality in
low- and middle-income countries
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The economic crisis and food and health system disruptions related to the COVID-19 pandemic threaten to exacerbate under-
nutrition in low- and middle-income countries (LMICs). We developed pessimistic, moderate and optimistic scenarios for
2020-2022 and used three modelling tools (MIRAGRODEP, the Lives Saved Tool and Optima Nutrition) to estimate the impacts
of pandemic-induced disruptions on child stunting, wasting and mortality, maternal anaemia and children born to women with
a low body mass index (BMI) in 118 LMICs. We estimated the cost of six nutrition interventions to mitigate excess stunting and
child mortality due to the pandemic and to maximize alive and non-stunted children, and used the human capital approach to
estimate future productivity losses. By 2022, COVID-19-related disruptions could result in an additional 9.3 million wasted chil-
dren and 2.6 million stunted children, 168,000 additional child deaths, 2.1 million maternal anaemia cases, 2.1million children
born to women with a low BMI and US$29.7 billion in future productivity losses due to excess stunting and child mortality. An
additional US$1.2 billion per year will be needed to mitigate these effects by scaling up nutrition interventions. Governments
and donors must maintain nutrition as a priority, continue to support resilient systems and ensure the efficient use of new and

existing resources.

ven before the COVID-19 pandemic hit, the world was already

not on track to achieve Sustainable Development Goal 2—to

eliminate hunger and all forms of malnutrition by 2030'. The
pandemic and related global economic recession are severe setbacks
to already insufficient progress towards meeting the global nutri-
tion targets set for 2025 for stunting, wasting, maternal anaemia
and breastfeeding'. Pandemic-related economic contractions and
disruptions to food and health systems now threaten to exacerbate
maternal and child undernutrition across low- and middle-income
countries (LMICs)?%

Measuring the effects of COVID-19 disruptions on the delivery
of essential health and nutrition interventions has proven challeng-
ing, as resilient, real-time information systems were not well estab-
lished in many countries before the crisis’. However, several efforts
from major organisations have begun to yield some evidence.
The World Health Organization’s Pulse Survey on Continuity
of Essential Health Services During the COVID-19 Pandemic
reported health service disruptions between March and June 2020
in 90% of the 105 countries surveyed across five regions. More than
half of the surveyed countries documented disruptions in antenatal
care, sick child services and management of malnutrition in 2020,
and 70% reported disruptions in routine immunization®. Similar
findings were reported in January 2021 by UNICEE including a
30% overall reduction in the coverage of essential nutrition ser-
vices, including school feeding, micronutrient supplementation and
nutrition promotion programmes in LMICs, as well as programmes
for the treatment of severe wasting in children in 2020°. The World
Bank’s high-frequency monitoring phone surveys also found that a

large percentage of households surveyed in four African countries
reported not having received medical attention during the pandemic
owing to fear of contracting the virus or government restrictions
on mobility and social distancing requirements’. Experience from
previous pandemics suggests that health system recovery could be
slow; for example, it took more than a year for health care services to
recover fully after the 2014 Ebola outbreak in West Africa®.
Evidence on the economic and food security impacts of
COVID-19 is likewise beginning to emerge. Global estimates from
mid-2020 (economic growth forecasts have since worsened) sug-
gested that economic contractions and food supply chain disrup-
tions had led to 95 million people falling into extreme poverty and
had contributed to increased household food insecurity”*. Updated
projections from the World Bank suggested that, ultimately, up to
150 million additional people would be pushed into extreme pov-
erty in 2020 as a result of the pandemic’. Evidence from house-
hold phone surveys in Asia and Africa also points to disturbingly
large increases in poverty and food insecurity throughout 2020'°-".
Disruptions in supply chains for perishable nutrient-rich foods,
such as fruits and vegetables and animal-sourced foods, have been
reported at local levels, especially during lockdowns, leading to
price volatility and declining consumption of these foods*'*. The
pandemic and pandemic response have resulted in millions of peo-
ple losing their sources of income. To cope with this, households
have shifted to less expensive sources of calories, including starchy
staples, cereals, oils and/or non-perishable ultra-processed foods,
and reduced their consumption of nutrient-rich fruit and vegeta-
bles and animal-sourced foods, such as dairy, meat and fish'*>'*".
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These shifts probably lead to poorer-quality diets, which can in
turn increase the risks of undernutrition, especially micronutrient
deficiencies. Social protection programmes, including cash and
food transfers, and school meals were disrupted early in the pan-
demic'¥, and although many countries have adapted, modified or
later scaled up their programmes'*”, these are likely to fall short
of needs and to be insufficient to sustain pre-crisis living stan-
dards'. Comparisons with historical evidence on the impact of the
pandemic on poverty and food security are challenging, due to the
unprecedented nature and scale of the current pandemic. However,
the 2007-2008 world food price crisis showed how global trade
shocks can translate into volatility in domestic food markets, result-
ing in longer-term declines in the consumption of nutrient-dense
foods and a worsening of nutritional status and health for the most
vulnerable populations®.

Early insights into the disruptions to economic, food and
health systems suggest a range of potential implications for nutri-
tion*’. There have been separate estimates of the impacts of health
system shocks on child wasting and maternal and child mortal-
ity**** and of the economic shocks on poverty in the early stages
of the pandemic'-'>"*. To date, however, there has been no com-
prehensive assessment of the combined effects of the disrup-
tions to economic, food and health systems on maternal and
child undernutrition.

The aim of this paper is to fill in some of these gaps using several
modelling tools (that is, the MIRAGRODEP computable general
equilibrium model, Lives Saved Tool (LiST) and Optima Nutrition
model) to present a multi-year picture of the potential consequences
of the pandemic-triggered economic, food and health systems cri-
sis for maternal and child nutrition in 118 LMICs and the cost of
interventions to mitigate these impacts. We estimated the potential
impacts under optimistic, moderate and pessimistic scenarios for
the 3-year period of 2020-2022 on: (1) child stunting, wasting and
mortality, maternal anaemia and children born to women with a
low body mass index (BMI); and (2) associated human productivity
losses due to longer-term impacts of early life malnutrition, includ-
ing lost years of schooling and economic productivity®. Mitigating
the impact of these disruptions requires extra financial resources,
so we also estimated the effects of the pandemic on: the domes-
tic and donor financing landscape for nutrition; the additional
costs of interventions to mitigate the rise in maternal and child
undernutrition; and the potential benefits of optimizing budget
allocations for nutrition.

Results

Maternal and child undernutrition and child mortality. Child
wasting. Based on predicted declines in gross national income (GNI)
in the 118 included countries included in the study, and the relation-
ship between the GNI and the national prevalence of wasting, the
number of children under 5years with wasting (weight-for-height
zscore (WHZ) < —25.d.) in 2020-2022 will increase in the moderate
scenario by an additional 9.3 million (optimistic scenario = 6.4 mil-
lion; pessimistic scenario=13.6million) (Table 1). Two-thirds of
these additional wasted children in the moderate scenario will be
in South Asia (6.2million) and one-fifth (1.9 million) will be in
sub-Saharan Africa.

Child stunting. In the moderate scenario, an estimated 2.6 million
additional children (optimistic=1.5million; pessimistic=3.6 mil-
lion) will be stunted in 2022 compared with 2019 owing to interrup-
tions in nutrition services and deteriorations in household poverty
status (Table 1). Of these, almost 1.2 million will be in sub-Saharan
Africa and 790,000 will be in South Asia (Supplementary Table 1).

Mortality in children under 5years of age. In the moderate sce-
nario, there will be roughly 168,000 additional deaths of children
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Table 1| Modelled changes in undernutrition and mortality in children under 5 years of age, as well as anaemia during pregnancy, across 118 LMICs by scenario

Optimistic

Moderate

Pessimistic

3-year impact
+6,440,000

2020 2021 2022

3-year impact
+9,300,000

2021 2022

2020

3-year impact

2021 2022

2020

+310,000 +350,000

+5,780,000

+2,980,000 +530,000

+5,780,000

+5,780,000 +5,200,000 +2,630,000 +13,620,000

Cases of

wasted children

(0-59 months)

Cases of

+1,540,000 +1,540,000

+2,620,000 +2,620,000

+3,550,000 +3,550,000

stunted children

(0-59 months)?

+47,000

—61,000

+12,000

+96,000

+43,000 +283,000 +108,000 +54,000 +6,000 +168,000

+114,000

Deaths in children +127,000
under 5years of

age

+1,000,000

—400,000

+100,000 +500,000

+4,800,000 +1,400,000 +700,000 +2,100,000

+2,700,000 +1,400,000 +700,000

Cases of anaemic

pregnant women
(15-49 years)
Number of

+1,300,000  +700,000 +100,000 +2,100,000 +1,300,000 +100,000 -100,000  +1,400,000

+3,000,000

+1,300,000 +1,100,000 +600,000

children born to

women with a low

BMI

2Given the cumulative nature of stunting, we report only the number of children aged 6-59 months who were stunted at the end of the 3-year period, to avoid double counting. Plus signs indicate a relative increase in cases, whereas minus signs indicate a relative decrease.
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under 5years (optimistic=47,000; pessimistic=283,000) in the
118 surveyed countries in 2020-2022 due to predicted increases in
child wasting and declines in nutrition intervention coverage (Table
1). Consistent with wasting, most of these additional deaths will
be in South Asia and sub-Saharan Africa (Supplementary Table 1).
However, under the optimistic scenario, a 10% increase in the treat-
ment of moderate acute malnutrition (MAM) in 2022 relative to
2019 would contribute to 61,000 lives saved in 2022 and a net reduc-
tion of 47,000 deaths over the 3 years (Table 1).

Maternal anaemia and low BMI. The moderate scenario projects
there will be an additional 2.1 million pregnant women with any
form of anaemia (optimistic=1.0million; pessimistic=4.8 mil-
lion) in the 118 countries in 2020-2022 compared with 2019
(Table 1). Furthermore, an additional 2.1 million children will be
born to women with a low BMI (optimistic = 1.4 million; pessimis-
tic=3.0million) in 2020-2022 (Supplementary Table 1).

Adverse birth outcomes. Two maternal nutrition interventions intro-
duced in 2022 under the optimistic scenario would have a posi-
tive impact on small-for-gestational-age and preterm births and
stillbirths: multiple micronutrient supplements (MMS) in place of
iron—folic acid (IFA); and balanced energy and protein supplemen-
tation for malnourished pregnant women. A 10-percentage-point
increase in coverage for both interventions in 2022 would prevent
an estimated 400,000 cases of small-for-gestational-age births,
296,000 preterm births and 7,600 stillbirths across the 118 countries
(Supplementary Table 1).

Future productivity losses. The estimated additional burden of
childhood stunting and child mortality would result in future
productivity losses (between the ages of 18 and 65years, using
country-specific life expectancy) of US$14.9 billion, US$29.7 billion
and US$44.3 billion under the optimistic, moderate and pessimistic
scenarios, respectively. Additional cases of anaemia during preg-
nancy would result in US$79 million in lost productivity (optimis-
tic=US$36 million; pessimistic=US$177 million) in 2020-2022
(Fig. 1). Across the three outcomes, these losses represent between
0.1 and 0.3% of current GNI in the 118 sample countries.

Financing landscape for nutrition. Using the MIRAGRODEP
moderate scenario, our dynamic model implies that official devel-
opment assistance (ODA) to nutrition-specific and -sensitive sec-
tors will decline slightly through 2021 before a lagged effect fully
manifests in 2022 with a decline of 8.9%. Under this scenario, ODA
would not recover to pre-crisis levels until 2028. Domestic financing
for health (including nutrition-specific financing) is projected to fall
(or have fallen) by 7.2% in 2020, 4.2% in 2021 and 2.2% in 2022, and
will not recover to pre-crisis levels until the end of the decade unless
there is strong recovery of economic growth in LMICs. Relative
to no-COVID projections, all three disruption scenarios project a
significant ODA shortfall to nutrition-specific and -sensitive sec-
tors through 2030 (pessimistic=19%; moderate=14%; optimis-
tic=9%), accompanied by a similar decrease in domestic health
budgets. While adding the debt-to-gross domestic product (GDP)
ratio as an explanatory variable does not change these projections
significantly (the debt ratio and GDP growth are strongly correlated
in the study years), the model may underestimate the impact of
the crisis on nutrition financing, because debt levels in the after-
math of the global crisis are expected to reach levels not observed
over the past two decades (Supplementary Methodology 2).
In contrast, it remains to be seen what mitigating effects debt
forgiveness and other global developments (innovative financ-
ing and new commitments made at the 2021 nutrition summits)
that cannot be accounted for in our panel regressions may have on
nutrition financing.
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Fig. 1| Future productivity losses due to additional cases of child
stunting, mortality and maternal anaemia. To estimate lost productivity
from nutrition-related impacts, the human capital approach was used. This
involved calculating the present value of future productivity based

on potential wages and potential time in the workforce, as outlined

in the Methods.

Additional financing needs and optimizing existing financing.
Based on the projected increases in stunting, wasting and anaemia
during pregnancy in the moderate scenario, we estimate that an
additional US$1.2billion per annum (optimistic =US$763 million;
pessimistic=US$1.7 billion) will be needed to mitigate the impacts
of COVID-19 on maternal and child undernutrition (Table 2).
Scaling up nutrition interventions with direct and indirect effects
on child mortality will also prevent additional child deaths.
Improvements in the allocative efficiency of six nutrition inter-
ventions (Fig. 2) could avert some of the pandemic’s indirect effects
on nutrition. Our multi-country analysis suggests that realigning
financing from the provision of complementary foods towards a
more targeted and balanced mix of interventions could lead to as
many as 8.2million (4.9%) fewer stunted children under 5years of
age in 2022 and 339,000 (2.2%) deaths in children under 5years
averted in 2020-2022 compared with a scenario without optimiza-
tion (Fig. 2). The illustrative intervention mix includes an expansion
of severe acute malnutrition (SAM) treatment and infant and young
child feeding counselling for children between 6 and 23 months of
age in food-secure populations, combined with provision of com-
plementary foods in food-insecure populations, increases in vita-
min A supplementation, breastfeeding promotion and balanced
energy and protein supplementation to women with a low BMI.

Discussion

While women of reproductive age and young children are largely
spared COVID-19s direct effects (that is, serious disease and
death), our projections demonstrate that, regardless of the sce-
nario, the COVID-19 crisis is expected to have dramatic indirect
effects on maternal and child undernutrition and child mortality
in the current generation. The disruptions to health and food sys-
tems caused by the pandemic, and especially the global economic
recession it has triggered, will probably continue at least until the
end of 2022, jeopardizing the efforts of both LMICs and donors
to achieve global nutrition targets and Sustainable Development
Goal 2. The nutritional impacts of the COVID-19 crisis could have
massive, long-term productivity consequences that could extend
to future generations. Poor nutrition during early life stunts both
physical and cognitive development, affects schooling performance
and adult productivity, increases the risks of overweight/obesity
and diet-related non-communicable diseases later in life, and trig-
gers the intergenerational transmission of malnutrition”. These
longer-term and irreversible impacts of early life malnutrition on
human capital formation lead to very high estimated returns on
investment (ROIs), up to US$35 for every dollar spent®. This is
one of the highest ROIs in development and it compares favourably
with the ROIs of other global health initiatives, including recent
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estimates for childhood vaccinations (US$21 ROI). In addition,
there could be immediate impacts on the effectiveness of pandemic
mitigation efforts in populations with high rates of undernutri-
tion. The association between undernutrition and reduced immune
function is well documented, and undernutrition during pregnancy
and early childhood is known to impair the immune response*” and
possibly also the response to vaccinations®.

If we consider the moderate scenario used in our analyses,
the changes in GNI per capita due to the COVID-19 crisis could
result in an additional 9.3 million wasted children between 2020
and 2022—quite a large increase relative to the 47 million wasted
children reported in 2019%. Reductions in the coverage of nutri-
tion services and increases in household food insecurity could add
2.6 million stunted children by 2022 to the estimated 144 million in
2019. After two decades of global decline in stunting, this would
effectively reverse the past year or two of progress. Under the mod-
erate scenario, these increases in child undernutrition and declines
in the coverage of essential nutrition services are expected to lead
to roughly 168,000 additional deaths of children under 5years by
2022; and the increases in child stunting and mortality are expected
to lead to future productivity losses of US$29.7 billion—enough to
impact national economies.

Our estimates for increased stunting may be conservative. First,
to avoid double counting due to the progressive and cumulative
nature of child stunting, we calculated estimates for stunting in chil-
dren under 5years of age only in 2022—the final year of our projec-
tions. These estimates therefore exclude additional stunting cases
that developed among children who were under 5years of age in
2020-2021 but older than 5years of age in 2022. Second, the pro-
jected increases in maternal anaemia (2.1 million cases by 2022) and
children born to women with a low BMI (3 million by 2022) sug-
gest that stunting may increase further after 2022, as poor maternal
nutritional status is a major risk factor for adverse birth outcomes
and subsequent child malnutrition®. Third, all of our estimates
used the 2019 prevalence data as a baseline, not taking into account
that without COVID-19 the world may have seen similar rates of
improvement in stunting in 2020 as those observed before 2019.

The projected deteriorations in nutritional status, child mortality
and productivity are sobering and demand immediate cross-sector
action. The optimistic scenario signals the potential for the health
sector to mitigate short- and long-term negative impacts by focus-
ing on rapid recovery and expanding the coverage, even modestly, of
essential maternal and child nutrition services, including the man-
agement and treatment of MAM. The optimistic scenario further
suggests that this crisis could be used as an opportunity to accelerate
the introduction and scale up of two maternal nutrition interven-
tions—providing pregnant women with MMS (rather than IFA) and
providing low-BMI pregnant women with balanced energy and pro-
tein supplements. United Nations agencies have specifically called
for the provision of MMS to pregnant women to ensure adequate
micronutrient intake during the COVID-19 crisis®. Such an effort
would follow an earlier example of using a crisis to scale up a new
intervention—the introduction of multiple micronutrient powder
during the 2006 tsunami response in Aceh, Indonesia®. Similarly,
countries could consider introducing small-quantity lipid nutrient
supplements as part of their COVID-19 response strategies, given
the promising evidence that they may improve child growth* and
reduce the risk of child mortality*.

Our costing and optimization estimates illustrate that allocative
efficiency gains can be achieved using existing nutrition resources.
It is notable that breastfeeding promotion (which reduces mortal-
ity) and improved complementary feeding (which reduces stunting)
would also serve as double-duty actions that could help to reduce
both obesity and micronutrient deficiencies®. Further improve-
ments may be possible through technical efficiency gains, such
as reducing the cost of SAM treatment or, as noted previously,
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Table 2 | Additional per-annum cost of interventions to mitigate
COVID-related increases in malnutrition outcomes under
various modelled scenarios

Outcome Pessimistic Moderate Optimistic
Stunting 1,258,000,000 930,000,000 545,000,000
(0-59 months)

Wasting 454,000,000 310,000,000 215,000,000
(0-59 months)

Maternal anaemia 14,000,000 6,000,000 3,000,000
(15-49 years)

Total 1,726,000,000  1,246,000,000 763,000,000

All values are given in US$. Additional resources needed to address expected increases in stunting,
wasting and maternal anaemia were calculated by multiplying the additional burden of each
outcome (estimated using the LiST) by the cost of each case of stunting averted or severe wasting
treated, as outlined in Supplementary Methodology 2.

switching from IFA to MMS during pregnancy. However, our find-
ings should not be interpreted as prescriptive at the country level.
While it is not clear how feasible allocative efficiency gains would
be during a crisis situation such as the COVID-19 pandemic, our
analysis demonstrates that this is an avenue worth exploring to save
lives and reduce stunting, especially when financing is constrained.
The optimal results and allocative efficiency gains will vary across
countries, depending on demographics, epidemiological factors and
baseline intervention coverages, as well as context-specific costs,
priority targets, delivery platforms and other constraints. Therefore,
while these global estimates demonstrate that large efficiency gains
are feasible, countries need customized analyses to help decide how
to deliver more nutrition for the money available.

To mitigate the effects of COVID-19 on child stunting, child
wasting and maternal anaemia, we estimated that at least an addi-
tional US$762 million to US$1.7 billion per annum will be needed
to achieve the global nutrition targets on top of the additional
US$7billion per annum estimated in 2017. While there may be
some deferred costs that were not incurred in 2020, even before
COVID-19, funding was well short of what was needed. Furthermore,
these deferred costs would be insufficient to address the additional
cases of adverse nutritional outcomes. Previous evidence shows
that before COVID-19, ODA flows towards nutrition-specific and
-sensitive sectors were already substantially below recommended
levels of donor financing'. Our results offer a conservative estimate
given that they are restricted to child wasting and stunting and
maternal anaemia, and cover only six nutrition-specific interven-
tions using pre-COVID-19 cost assumptions. Critically, recent evi-
dence from countries that have achieved notable improvements in
childhood stunting reinforce that, for stunting reduction, policies
and interventions that address the economic and food systems driv-
ers of nutrition are just as important as those that address health
determinants™*. The critical actions across health, food and social
protection systems that countries should prioritize to mitigate the
potentially devastating impacts of the pandemic on maternal and
child nutrition have recently been described* and are summarized
in the Supplementary Discussion.

It is important to note that our estimates, based on the 2020
projected longer-term impacts of the COVID-19 crisis on food
systems, health systems, economies and ODA worldwide, are to be
interpreted as projections. They do not document actual changes.
The projections also do not incorporate the effects of government
interventions and other mitigation measures implemented at the
country level, or renewed policy commitments to invest in nutri-
tion as a result of the pandemic. It is reassuring to see that govern-
ments have indeed implemented various mitigation and adaptation
measures to ensure the safe delivery of essential nutrition services,
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Estimated annual expenditure
(bilion US$)

Estimated Optimized
2019 2021 and 2022
expenditure budget allocation

(moderate scenario)

[l Balanced energy protein supplementation

IYCF counselling at 6—23 months of age in food-secure households

[l Breastfeeding promotion

Il IYCF counselling and provision of different forms of
complementary foods in food-insecure households

[l Treatment of SAM

Il Vitamin A supplementation

Fig. 2 | Optimization of interventions to reduce child stunting and child mortality. Left bar: estimated expenditure on selected nutrition interventions in
2019, calculated by combining coverage estimates (moderate scenario) and unit cost estimates. Right bar: optimized budget allocation to maximize alive
and non-stunted children, with the total funding envelope estimated from ODA projections relative to 2019. The results have been aggregated over 118
countries, and variations exist across countries due to demographic, epidemiological and economic factors. Breastfeeding promotion includes both early
initiation and exclusive breastfeeding promotion. IYCF, infant and young child feeding.

maintain adequate food supply and offset losses in income and
widespread food insecurity. Examples of strategies that countries
have adopted to prevent an interruption of essential health and
nutrition services include the use of digital health technologies,
mobile medical teams or campaigns (for example, vaccination cam-
paigns), task shifting and additional staff training, home delivery
of food and supplements, transport/financial support to patients,
and strengthening of community outreach networks**’. To maintain
an adequate food supply, countries are exploring interventions to
improve short- to medium-term agricultural production**, while
government programmes working with small and medium enter-
prises have supported the adoption of new marketing, sales and dis-
tribution strategies as a result of disruptions in value chains”. To
mitigate the impacts of the economic crisis on income losses and
food security, governments have implemented, adapted or scaled
up social safety net programmes, including cash and food transfers
in more than 200 countries'*"’. However, while little information is
available on the efficiency and effectiveness of mitigation measures
in health, food and social protection systems, recent data from 16
household surveys in nine LMICs suggest that these measures may
have been insufficient to prevent increases in poverty and house-
hold food insecurity'‘. Moreover, it is likely that these interventions
stretch government budgets, fail to meet the overwhelming need
for these interventions, given the devastating impact of COVID-19
on poverty levels, and leave behind many of the most vulner-
able, including women, migrant and refugee populations and the
ultra-poor, among others”’. Future analyses from this group will
further explore how programme adjustments may have affected the
impact of COVID-19 on nutrition across countries.

Our analysis has some limitations. First, uncertainty is present
in all modelling exercises. To reflect this uncertainty, pessimistic
and optimistic scenarios were developed for 2021 and 2022 based
on country differences in economic forecasts and pre-COVID-19
intervention coverage. The assumptions used for the scenarios
were derived from country-specific input data and observations
on coverage reductions of essential health and nutrition services
during previous, similar crises”. However, the scenarios assume
that all countries follow optimistic, medium or pessimistic paths,
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while in practice, at any given time during the pandemic, countries
may have been following one path or another, and also experience
sudden reversals. Given recent developments, including the rapid
spread of aggressive new variants of the COVID-19 virus, it is pos-
sible that impacts on nutrition align more closely with our pessimis-
tic scenario. In contrast, it is also possible that effective mitigation
measures, accelerated vaccinations and recovery efforts will help to
prevent further deterioration, in which case our optimistic scenario
may be closer to reality. At this time, it is impossible to rigorously
assess the accuracy of our mortality and undernutrition projections,
even for 2020, given the lack of current nationally representative
data on maternal and child nutrition or mortality outcomes.

Second, there are potentially strong assumptions involved in
linking together different kinds of economic and health models. We
assume that historical linkages between economic growth shocks
and nutrition or health services and nutrition still apply today. We
also assume that economic shocks and health service shocks inde-
pendently and additively affect nutrition outcomes. However, we
cannot rule out that our aggregate estimates may be biased upwards
or downwards, depending on the nature of the interaction between
economic and health service shocks.

Third, the paucity of pre-COVID-19 baseline data on dietary
intake and micronutrient status across LMICs precluded modelling
the effects of the pandemic on these other forms of malnutrition.
However, the reported disruptions in supply chains for perishable
nutrient-rich foods and related drops in availability, affordability
and consumption® suggest potentially large impacts on micronu-
trient deficiencies and possible increases in obesity*. These limita-
tions suggest that future research should focus on improving both
data availability (for example, micronutrient deficiencies) and the
integration of economic and health/nutrition models.

In conclusion, the COVID-19 pandemic has created a nutri-
tional crisis in LMICs, Without swift and strategic responses by
subnational, national, regional and international actors, COVID-19
will not only reverse years of progress and exacerbate disparities in
disease, malnutrition and mortality, but will also jeopardize human
capital development and economic growth for the next generation®
Our projections on the vast and irreversible short- and long-term
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Table 3 | Disruption scenarios reflecting the effects of the COVID-19 crisis on GNI and nutritional intervention coverage in LMICs

2020 2021 2022

Pessimistic Moderate  Optimistic  Pessimistic Moderate  Optimistic  Pessimistic Moderate  Optimistic
Change in GNI per capita —6.1% -6.1% —6.1% -5.4% -3.4% —-0.47% -2.9% -0.73% —0.45%
(mean)
Coverage change relative to the country-specific baseline (pre-COVID-19) by nutrition intervention
Breastfeeding promotion —-42.3% —22.8% —14.3% -21.2% -1.4% —7.2% —10.6% 0% +5.0%
Complementary feeding SBCC —42.3% —22.8% —14.3% -21.2% -11.4% —7.2% —10.6% 0% +5.0%
(food secure)
Public provision of —-42.3% —22.8% —14.3% -21.2% -1.4% —7.2% —10.6% 0% +5.0%
complementary foods (food
insecure)
Vitamin A supplementation —42.3% -22.8% -14.3% -21.2% -1.4% -7.2% —10.6% 0% +5.0%
Treatment of SAM -50.0% -25.0% —15.0% —25.0% -12.5% —7.5% -12.5% 0% +5.0%
IFA in pregnancy -51.9% -26.9% -18.5% —25.9% -13.4% —-9.2% -13.0% 0% 0%?
Multiple micronutrients in - - - - - - - - +5.0%°
pregnancy
Balanced energy and protein - - - - - - - - +10.0%
supplementation in pregnancy
Treatment of MAM® = = = = = = = = +10.0%

Justifications for the magnitude of the changes are outlined in the Methods. Minus symbols indicate a percentage decrease, whereas plus symbols indicate a percentage increase. ?In 2022, the optimistic
scenario for IFA is replaced by multiple micronutrient supplementation, and coverage is increased relative to the IFA baseline. ®For MAM treatment in children under 5years of age, an increase to 10%
coverage in 2022 is assumed for all 118 countries. Before COVID-19, 36 countries reported MAM programmes. SBCC, social and behaviour change communication.

implications of the COVID-19 crisis on nutrition are meant to
inform decision-makers on the urgent need to step up nutrition
investments as part of COVID-19 responses. We must act now to
strengthen the delivery of policies and both direct and indirect
nutrition interventions across health, food and social protection
systems, both in the immediate and long term. Additional ODA
and domestic funding, as well as better use of existing resources,
will be critical to mitigating the damage from the pandemic on lives
lost and human capital, to build up populations’ resilience for future
similar shocks and to reinvigorate efforts to achieve global devel-
opment targets and safeguard good nutrition for all, now and in
the future.

Methods

Estimating effects on maternal and child undernutrition and child mortality.
To estimate the overall indirect effects of COVID-19 on maternal and child
undernutrition and child mortality, and to explore possible mitigation strategies,
we used a five-step process across three assumption scenarios: pessimistic,
moderate and optimistic (Table 3).

In the first step, we estimated changes in GNI per capita and poverty
(the percentage of the population living on <US$1.90d™") due to COVID-19
disruptions during 2020, 2021 and 2022 in 118 LMICs, using three different
economic recovery scenarios. Second, we translated these different projections for
GNI per capita into country-specific changes in the prevalence of different levels
of child wasting and maternal low BMI status using a recent statistical analysis that
linked growth shocks to wasting and low BMI risks. Third, we entered the poverty
and wasting estimates, along with assumptions about levels of disruption to health
and nutrition services, into the LiST to estimate changes in mortality and stunting
in children under 5years and maternal anaemia. Finally, we used the Optima
Nutrition model to explore possible strategies to mitigate the predicted increases in
undernutrition and child mortality. The methods and inputs for each of these steps
are detailed below.

For the first step, we used MIRAGRODEP—a global computable general
equilibrium model linked to country-specific household survey data—to predict
the effects of COVID-19 disruptions on GNI per capita, household incomes
and US$1.90d™" poverty rates between 2020 and 2022*. The MIRAGRODEP
modelling systematically structures economic disruption scenarios using a wide
range of available country-level data on impacts on international trade, finance,
consumer mobility and government fiscal policies. The economic channels of
disruption included changes in labour force participation and labour productivity
due to lockdown policies, increased morbidity and mortality, reduced efficiency
of domestic and international transportation of goods, reduced consumer demand
for in-person services (for example, restaurants) and international shocks to trade
and financial flows (for example, reduced demand for oil). For these analyses,
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country-level economic disruption data updated to October 2020 were used,
thereby taking into account how countries had thus far been affected by the direct
and indirect consequences of COVID-19 and resulting economic losses.

For 2020, we modelled a single GNI scenario, as there is less uncertainty on
the extent of economic disruption. MIRAGRODEP results for 2020 were also
checked against the most recent GDP growth estimates from various international
agencies (for example, the International Monetary Fund, World Bank and Asian
Development Bank) to ensure that MIRAGRODEP estimates were largely in
accordance with other estimates, especially for countries with high burdens
of undernutrition’*". However, for 2021 and 2022, we opted to model three
different scenarios for economic recovery from the pandemic*. The optimistic
scenario assumed a fast V-shaped economic recovery, with economic activity
accelerating quickly from 2021 onwards. For example, substantial acceleration
in vaccine rollouts could accelerate economic recovery. The moderate scenario
assumed a second major infection wave into 2021, resulting in a stop-start
W-shaped recovery, but also high vaccine access and stronger recovery by 2022.
The pessimistic scenario assumed a protracted U-shaped recovery, with continued
economic disruptions in 2021 and most countries not returning to pre-COVID-19
per-capita income levels by 2022 (Table 3). For this analysis, the magnitude of
macroeconomic disruption for the three scenarios was measured as the percentage
difference between GNI per capita with and without COVID-19, while impacts on
poverty—also used as a proxy for food insecurity (see below)—were measured as
the difference in US$1.90d™" poverty rates with and without COVID-19. Although
MIRAGRODERP is a global model, all GDP growth and poverty change estimates
are based on country-specific disruption scenarios and their endogenous economic
effects (for example, price, wage and income adjustments).

Second, we used elasticities from a recent study” that linked economic
growth (GNI) shocks to child wasting and maternal low BMI risks to generate
expected changes in wasting and low-BMI prevalence. Specifically, that study
linked 177 demographic and health surveys from 52 LMICs to national-level
GNI growth shocks and uncovered statistically significant negative relationships
between changes in GNI per capita and: (1) changes in the prevalence of any
(WHZ < —1s.d.), moderate/severe (WHZ < —2s.d.) and severe (WHZ < —3s.d.)
wasting among children aged 0-59 months; and (2) the prevalence of low BMI
(<18.5kgm™) among mothers aged 15-49 years. To estimate pandemic-induced
increases in the number of children with wasting and women with low BMI, we
applied the corresponding elasticities from that study to country-specific GNI
growth projections from MIRAGRODEP, country-specific population projections,
and baseline undernutrition estimates from LiST.

Finally, we used LiST to estimate the degree to which interruptions in nutrition
intervention delivery through health systems (Table 3) would affect the number of
children under 5years of age with stunting (height-for-age zscore <—2s.d.) and
pregnant women with anaemia (haemoglobin < 12gdl™"). Stunting is a cumulative
rather than episodic condition, while LiST is a cohort model; therefore, to avoid
double counting the same stunted children across years, we report only the total
number of stunted children in 2022 (the end of the 3-year projection period).

The LiST was also used to estimate the combined effects of changes in nutrition
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intervention coverage due to health system disruptions and increased child wasting
from economic disruptions on mortailty in children under 5 years of age.

The LiST includes country-specific population projections and other baseline
assumptions from publicly available data sources (https://www.livessavedtool.
org/country-data-pack). Our analysis covers 118 LMICs with sufficient data on
the coverage of nutrition and health interventions (Supplementary Methodology
1). More than 95% of the global totals of both deaths and stunting in children
under 5years of age are found in these countries. We present estimates for all
118 LMICs, as well as regional estimates for South Asia and sub-Saharan Africa
(Supplementary Methodology 1) using country-specific data on the coverage
of health system interventions pre-COVID-19. These projections therefore
already take into account the differences in performance of health systems that
occurred among countries before the pandemic. Mean annual coverage reduction
assumptions for five preventative interventions across the three scenarios are
consistent with the analyses by Roberton et al.”” (Table 3). In brief, average
coverage reductions were based on observations of coverage reductions of essential
health and nutrition services during previous, similar health crises, including
the Ebola crisis in 2014 in West Africa and the 2003 severe acute respiratory
syndrome epidemic in Taiwan. The different scenarios were derived from these
average reductions, assuming different intensities of government responses and
evolutions of the pandemic. For each scenario, assumptions were developed for the
four components, using the following reduction categories: none (0% reduction),
small (5% reduction), moderate (10% reduction) and large (25% reduction). We
compared our intervention coverage disruption scenarios against the most recent
evidence on actual coverage reductions in essential health and nutrition services
observed in 2020, as published by UNICEE, which suggested that our scenarios are
in line with actual observations. As of January 2021, a 30% overall reduction was
reported over 2020 in the coverage of essential nutrition services, including school
feeding, micronutrient supplementation and nutrition promotion programmes
in LMICs, as well as programmes for the treatment of severe malnutrition in
children’. We included treatment of SAM with similar coverage reduction
assumptions, but did not assume changes in MAM treatment coverage except
in the optimistic scenario for 2022. For household food insecurity assumptions,
which influence complementary feeding interventions (public provision of
complementary foods for food-insecure households versus nutrition counselling
for food-secure households), we used the annualized MIRAGRODEP poverty
projections (<US$1.90d™).

As detailed in Table 3, we assumed that service disruptions would continue
after initial lockdowns but become less severe over time and, in all three scenarios,
would recover in 2021 to half of the 2020 decrease. Possible sources of continuing
disruptions include: (1) health workers contracting COVID-19 and/or being
diverted to the care of COVID-19 patients with new virus waves; (2) reduced use
of available services by the population due to the perceived risk of exposure; and
(3) reduced financing over time due to economic impacts. In 2022, coverage levels
are expected to remain lower than pre-COVID-19 baselines (pessimistic scenario),
return to 2019 levels (moderate scenario) or increase by 5% over 2019 levels
(optimistic scenario). Furthermore, under the optimistic scenario, we estimated
the impacts on adverse birth outcomes and deaths in children under 5 years of age
of adding three interventions in 2022: treatment of MAM in children under 5 years
of age (increased to 10% coverage); provision of MMS (rather than IFA) during
pregnancy (added at 10% coverage); and provision of balanced energy and protein
supplementation to pregnant women with a low BMI (added at 10% coverage).

Effects on long-term productivity. We used the human capital approach to
estimate lost productivity from nutrition-related impacts of the COVID-19
pandemic. This approach calculates the present value of future productivity
based on potential wages and potential time in the workforce™ and is similar to
the approach adopted by Shekar et al.” for estimating the benefits of scaling up
nutrition interventions. For this study, we used GNI per capita as a measure of
average future wages. Estimates of lost productivity were calculated separately for
stunting, nutrition-related child mortality and maternal anaemia outcomes. Total
excess cases of each outcome were based on the results of the LiST modelling
previously described.

For each child death, years of potential productivity were calculated as the
difference between age 18 years and the lower of either the country-specific life
expectancy or age 65years. The total number of children with potential lost
productivity due to premature mortality was adjusted by the probability of death
between the ages of 5 and 18 years. Each year of productivity was valued using
GNI per capita (current US$) adjusted for annual GNI growth, the percentage of
lifetime earnings that could be realized®’ and labour share of income. Future lost
productivity was discounted at 3% per year™>”". For total lost productivity in each
country, the lost productivity from each death was summed across all years of lost
productivity and multiplied by the adjusted number of deaths.

Stunting is a marker of early life exposure to environmental and behavioural
risks and has been shown to result in lower schooling attainment and wage
earnings in adulthood and lower overall national productivity*. Lost productivity
from additional stunting cases was estimated using an approach similar to that
used to calculate lost productivity from child deaths. However, since stunting is
expected to reduce future productive capacity for each child and not prevent future
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labour force participation, only the reduced productive capacity was considered as
potential lost productivity. Previous research estimated that decreased cognitive
development due to early childhood malnutrition marked by stunting could lead
to a 21% reduction in adult earnings™. Therefore, the approach described for
estimating lost productivity due to premature deaths was applied to the additional
number of stunting cases and multiplied by 21% to derive an estimate for the lost
productivity attributable to additional stunting cases.

Excess cases of anaemia in pregnant women were translated into lost earnings
due to decreased labour productivity based on the methods described by Horton
and Ross™. The level of productivity lost due to anaemia differs depending on
whether employment is in heavy manual labour, light manual labour or the service
sector, with attributed productivity reductions of 17, 5 and 4%, respectively. We
determined the percentage of women engaged in each type of labour for each
country from the World Development Indicators database. The shares of women
employed in agriculture, industry and services were categorized as working in
heavy manual labour, light manual labour and service labour, respectively. Lost
productivity was calculated separately for each category of employment as a
product of the per-capita GNI, number of additional cases of maternal anaemia in
each year, percentage of female employment in the specific category and associated
reduction in productivity in that category due to anaemia. These estimates were
adjusted for female labour force participation and labour share of income. The
total lost productivity for each country was the sum of the estimated productivity
lost across the three employment categories and the 3 years (2020-2022) modelled,
discounted at 3% per year.

Effects on the financing landscape for nutrition. Since 2002, ODA to
nutrition-specific and -sensitive sectors has, on average, trended with donor
country economic cycles, but with a lag. We ran regressions with GDP growth
lags of up to 5years, but only the 2-year lag was statistically significant (with an
elasticity slightly greater than 1).

Therefore, our results, like those of Stuckler et al.”, are reported with lags
of up to 2years. For each percentage point increase in national growth, there is
typically a 1.6-percentage-point increase in ODA 2 years later. For each percentage
point increase in the growth of domestic financing, there is a 1.5-percentage-point
increase in domestic health expenditure, with no time lag.

To project how available donor and domestic resources for nutrition are
expected to change across the three disruption scenarios, we developed a modelling
approach based on Stuckler et al.”. First, using Creditor Reporting System data
on ODA from 2002-2018 (https://stats.oecd.org/), we ran a panel regression to
estimate the elasticity of aid to nutrition-specific and -sensitive sectors with respect
to donor countries’ economic growth. Then, we multiplied that elasticity by the
MIRAGRODEP GNI growth projections to estimate the expected levels of aid to
those sectors between 2020 and 2030. We conducted an analogous procedure to
project the effect of domestic economic growth on domestic government health
spending, using National Health Accounts panel data from the World Health
Organization’s Global Health Observatory (https://www.who.int/data/gho) for the
same 118 countries used in the Optima Nutrition model.

Estimating additional intervention costs and optimized nutrition

budget allocations. The Investment Framework for Nutrition™ estimated that
approximately US$7 billion per annum was needed to reach the World Health
Assembly targets for stunting, wasting, maternal anaemia and breastfeeding by
2025. Given the disruptions caused by the COVID-19 pandemic, we anticipate that
more resources will be needed to address the increased burden of malnutrition.
We calculated the additional resource needs for addressing expected increases

in stunting, wasting and maternal anaemia by multiplying the additional burden
of each outcome estimated from the LiST modelling by the cost of each case of
stunting or anaemia averted or severe wasting treated.

We used the Optima Nutrition model™ to illustrate how 2021-2022 financing
could be optimally allocated across six nutrition interventions to maximize the
number of alive and non-stunted children. Optima Nutrition is a cohort model
that tracks children up to age 5years of age, categorized according to their mother’s
breastfeeding practices, family economic status, height-for-age (stunting) status
and weight-for-height (wasting) status. Children in the model can die from a
range of age-specific causes, with the relative risks of dying from each cause
related to the child’s breastfeeding, stunting and wasting status. Interventions can
improve nutritional outcomes directly or indirectly by reducing risk factors such
as birth outcomes and diarrhoea incidence. The model includes an optimisation
algorithm, which can be used to incrementally shift a fixed amount of funding
between interventions until it achieves a budget allocation that maximizes (or
minimizes) a given objective. For this analysis, the objective of maximizing alive
and non-stunted children was selected to identify a priority mix of interventions to
both reduce mortality from severe wasting and reduce stunting. Additional model
details are available in the user guide™ or other publications™*.

For each of the 118 LMICs in this analysis, the total expenditure on the six
nutrition interventions in 2019 and 2020 was estimated by multiplying coverage
estimates from the moderate scenario (Table 3) by country-specific unit costs
(Supplementary Methodology 2). Given evidence of a lagged decline in ODA
starting in 2022, we assumed that the total available financing for the nutrition
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interventions in 2021 and 2022 would equal the total 2019 expenditure. The
model was projected for the entire 2020-2022 period. The pre-optimization
epidemiological projections and intervention coverages were aligned with the
moderate scenario (Table 3) and compared with outcomes where the funding was
optimized to determine the maximum number of stunting cases and child deaths
that could be averted through allocative efficiency.

Reporting Summary. Further information on research design is available in the
Nature Research Reporting Summary linked to this article.

Data availability

The data that support the findings of this study have been deposited at https://
drive.google.com/drive/folders/1 AVqQEF7gY TGmJENlya3UbUxO6A2fKBQm6?u
sp=sharing.

Code availability

All software (modelling tools) used in the analyses of this study have been
referenced previously and are available at https://www.ifpri.org/publication/
miragrodep-model (MIRAGRODEP), https://www.livessavedtool.org/resources
(LiST) and https://optimamodel.com/nutrition/ (Optima Nutrition model).
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