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While there has been progress over the last few decades, maternal and child undernutrition still
contributes to a substantial amount of death and illness in the world. In Myanmar, it is the number one
risk factor for premature death and disability. In addition to human suffering, the consequences of
malnutrition contribute to lower overall economic productivity which impacts families and the country
as a whole. This study uses 2016 DHS household survey data from Myanmar to estimate the prevalence
of malnutrition related indicators in the country, including stunting, wasting, low birthweight, anemia,
and suboptimal breastfeeding practices, along with the population attributable fraction of morbidity and
mortality associated with those malnutrition indicators. Additionally, the incidence of deaths and
illnesses attributable to malnutrition is used to estimate the economic costs associated with
malnutrition. We estimate a total of 11,905 (95% Cl: 6,187-17,703) under five deaths per year in
Myanmar due to malnutrition, which represents approximately 25% of all under five deaths in the
country. The total costs associated with malnutrition is $506.8 million USD (95% Cl; 396.7-618.2)
annually, which represents approximately 0.80% of Myanmar’s GDP. The main contributors of costs
include $212.6 million that is associated with stunting and $145.7 million that is associated with under
five mortality. The government of Myanmar should consider the economic consequences of

malnutrition when weighing investments in health against other budget considerations.



Introduction

Despite significant progress over the last two decades, malnutrition continues to affect one out of three
individuals around the world, including 151 million children who are stunted and 51 million who are
wasted.! While the global rate of childhood stunting has decreased from 32.6% to 22.2%, there remains
significant disparities among, and within, countries. Progress on addressing anemia and underweight
among women of childbearing age has been much slower: the rates of underweight among women have
not changed significantly since 2000 and rates of anemia have risen slightly. In addition, there are
millions of undernourished individuals who face serious health risks as multiple forms of malnutrition
interact to increase adverse health outcomes. Particularly affected are the 16 million children in the
world who suffer from both stunting and wasting, along with the 8.2 million children who suffer from
both stunting and overweight.?

While the burden of illness associated with malnutrition has lowered, and the overall burden of disease
worldwide has shifted over the last 30 years, from communicable diseases in childhood to
noncommunicable diseases (NCDs) in adulthood, underweight still remains the leading risk factor for
Disability-adjusted Life Years (DALYs) among children under five years old.? Overall, child and maternal
undernutrition accounts for approximately 7% of the worldwide disease burden. This statistic also
conceals country and within-country differences in health risks.

Malnutrition is driven by a range of risk factors that interact in a complex way, including agricultural,
environmental, economic, and social factors.* Food security, an important driver of malnutrition,
depends on the availability, access, and biological utilization of food. These factors, in turn, are
dependent on environmental conditions that may impact agriculture and market conditions that impact
the supply and price of food. Other drivers include access to clean water, improved sanitation facilities,
and access to healthcare. All of these factors are highly interrelated and dependent on each other.

Myanmar suffers from particularly high rates of malnutrition; it is one of the 20 countries that comprise
80% of the world’s malnourished children.> Among malnutrition indicators, rates of stunting and anemia
are particularly high in Myanmar. Similar to the global trend, the country has made significant
improvements in combating malnutrition. The contribution of malnutrition as a risk factor for death and
disability has lowered by almost 50% over the last ten years, possibly due to increased investment in
micronutrient supplementation and a focus on child nutrition.> Despite this, it still remains the number
one risk factor in the country.®

The consequences of malnutrition on poor health outcomes in Myanmar are significant. Stunting can
lead to poor physical and cognitive health and even to increased chronic diseases later in life.” Early
childhood stunting is associated with increased risk of obesity later in life, which may impact the country
as it experiences the nutrition transition that many other quickly developing countries have experienced
before.® This transition is marked by a change in disease patterns towards nutrition-related NCDs that
particularly impacts those of low-socioeconomic status.” In this context, undernutrition is associated
with chronic health conditions such as inflammatory bowel disease (IBD), chronic kidney, lung, and liver
disease, and cancer.? This could contribute to already dire trends as Myanmar is among one of the 23
countries that accounts for approximately 80% of the total morality burden attributable to chronic
diseases in developing countries.!! Most importantly, malnutrition is associated with almost half of all



child mortality in the world.*? This is significant in Myanmar as approximately 5% of all children die
before reaching their fifth birthday.?

In addition to the significant poor health outcomes associated with malnutrition, multiple studies have
reported economic losses due to malnutrition and its related health outcomes, or its inverse — the cost
savings associated with nutrition interventions. The 2015 Global Nutrition Report mentions that scaling
up nutrition interventions results in a compound rate of return of 10% and a benefit-cost ratio of 16:1.2*
One multi-country review found benefit-cost ratios of investing in stunting reduction in 17 high-burden
countries to range from 3.6 to 48, with a median of 17.7 In this study, Myanmar was found to have a
benefit-cost ratio of 17.2-17.7, very close to the median. Longitudinal evidence has also shown
economic losses, or benefits attributed to interventions, due to malnutrition. A cohort of individuals in
Guatemala who participated in a nutritional supplementation trial found that those who were stunted at
36 months had a 66% lower per capita consumption compared to those that were not stunted.®

Cost of illness (COl) studies represent an important component to understanding the economic burden
of risk factors, such as malnutrition, related to morbidity and mortality. Rather than a full economic
evaluation, which measures both the cost of illness and the benefits of interventions, a COIl study only
estimates the costs associated with the economic burden of the relevant diseases.'® These studies can
be used to provide information that will inform cost-effectiveness and cost-benefit studies, as well as
estimate the amount of money that could be saved if a disease or risk factor were eliminated from a
country.!” Previous COI studies that look at malnutrition have reported a large range of estimates.
Examples include a study that estimates the cost of stunting in Malawi to be 10% of the annual GDP,*®
and another that estimates the annual burden of malnutrition among pregnant women and children
under 5 in Cambodia to be $260 million, or 1.7% of the GDP.*°

The current study will attempt to estimate the cost of malnutrition in Myanmar, using a societal
perspective to capture all costs, including direct medical costs as well as costs related to current and
future lost productivity. The contribution of this study is twofold: 1) to benefit future full-economic
evaluations that estimate the costs and benefits of nutrition-specific and nutrition-sensitive
interventions in Myanmar, and 2) to inform policy discussions on the importance of policies to improve
nutrition in Myanmar and other low- and medium-income countries. In order to estimate these costs,
this study will also estimate the prevalence of malnutrition and related risk factors in Myanmar as well
as the population attributable risk (PAR) of mortality and morbidity associated with these factors. The
rest of this paper includes a review of the risks associated with malnutrition, followed by a methods,
results, discussion, and conclusion sections.

Review of literature of the risks associated with selected malnutrition
indicators

The following section outlines epidemiological evidence associating malnutrition related factors with
poor health outcomes. In this study we include the evidence on mortality and morbidity associated with:
maternal body mass index, micronutrient deficiencies, anemia, low birthweight, anthropometric
deficiencies (stunting and wasting), and breastfeeding practices. Figure 1 at the end of the section
illustrates the association between the risk factors and health outcomes.



Maternal Body Mass Index

Multiple studies have shown increased odds of giving birth to a low birthweight (LBW) infant associated
with low maternal BMI. Low maternal BMI is usually defined as less than 18.5 kg/m?, while low
birthweight is usually defined as infants who are born weighing less than 2500 grams. One cross-
sectional study in Sudan reported that maternal BMI was significantly associated with LBW.?® Another
cross-sectional study from India reported that women with a pre-pregnancy BMI <18.5 kg/m? had
increased odds of giving birth to a LBW infant as compared to women with a pre-pregnancy BMI of 18.5-
22.9.2! Finally, representing stronger evidence, a prospective cohort study from Viet Nam reported
increased odds of delivering an infant of LBW for women with low BMI as compared to women that
were not low BMI.?

Low birth weight is associated with multiple short-term negative health outcomes including infant
mortality and morbidity, as well as long-term health outcomes such as stunting and chronic diseases in
adulthood. Additionally, LBW has been associated with poor cognitive outcomes — low birth weight
babies are more likely to complete fewer years of school and suffer from lower productivity as adults.*

Micronutrient deficiencies

Micronutrients, including zinc, vitamin A, and iron, are important for fetal and young child growth and
development, as well as maternal health. Poor health outcomes from micronutrient deficiencies include
low birth weight, increased maternal mortality, and increased child morbidity and mortality from
infectious diseases. The health outcomes depend on specific micronutrient deficiencies — each one is
important for different developmental or functional purposes and therefore interact with health in
specific ways. There is limited evidence that multiple micronutrient (MMN) supplementation among
pregnant women improves birth outcomes, through supporting health and development for both
maternal and fetal systems.? Poor nutritional status of the mother can result in restricted fetal growth,
which is a major contributor to low birth weight in LMICs.>* MMN supplementation in a trial in Nepal
reduced three-month mortality among preterm infants, but did not impact mortality for term infants.?®
A meta-analysis showed that MMN was also associated with reduced risk of low birth weight.?® Because
the impact on morbidity and mortality differs depending on the micronutrient, the present study will
focus on iron, vitamin A, and zinc and the evidence of associated health outcomes from deficiencies in
these micronutrients.

Additionally, the overall nutritional and environmental health status of populations modifies the impact
of supplementation programs — evidence points to the fact that health outcomes are only improved for
micronutrient deficient populations. For example, studies in Bangladesh and Indonesia showed cognitive
improvements for children born to mothers with low BMI or anemia, however, no improvement was
seen among children born to healthy weight mothers.?® Further complicating the interpretation of study
results is the fact that supplements have complex interactions with the environment. Nutritional
supplements may have reduced efficacy due to infectious diseases or other factors related to
malnutrition.

Zinc

Zinc deficiency in children has been linked to an increased risk of diarrhea and pneumonia as well as
stunting.?’ Zinc deficiency results in impaired immune system functioning, and the impact of zinc



supplementation on infectious disease is believed to be both therapeutic and preventive.?® Evidence
supporting this comes from trials of zinc supplementation that have reduced diarrhea morbidity and
mortality among children under five.?* The impact of zinc deficiency begins during gestation and
continues through early life — maternal zinc supplementation has been associated with reduced child
morbidity for low birth weight infants.?®

Vitamin A

Vitamin A deficiency has been linked to increased child and maternal mortality due to diarrheal disease
and measles. While the global prevalence of vitamin A deficiency has gone down over the last several
decades, it still accounted for 1.7% of all deaths in children under five in LMICs, including an estimated
94,000 deaths from diarrhea and 11,200 deaths from measles in 2013.%° Vitamin A deficiency is also
linked to blindness among pregnant women and children — nearly 52,000 children go blind in India every
year due to vitamin A deficiency.?! The impact of supplementation depends on the dose and frequency
of administration — interventions with smaller more frequent doses were associated with a 42%
reduction in child mortality while interventions with larger and less frequent doses were associated with
a 19% reduction in child mortality.3? Vitamin A supplementation was also shown to decrease maternal
morbidity in a randomized trial in Nepal, likely due to decreased obstetric problems and infections.3?

Anemia

There is substantial evidence that anemia impacts maternal, child, and adult health. Negative health
outcomes of anemia include maternal and child mortality, low birth weight, preterm birth, and reduced
child cognition. Factors that contribute to anemia include inadequate micronutrient intake (including
iron, folate, and vitamin B12), infections such as malaria or hookworm, and genetic conditions such as
thalassemia.>* Many sources cite the figure that 50% of anemia is due to iron deficiency, however,
studies that have examined this link directly have shown that this figure ranges considerably (from 1%-
75%) based on context.3®> While there are no studies that report the contribution of micronutrient
deficiencies to anemia in Myanmar, children with anemia in the country were found to have significantly
lower levels of blood iron as compared to children without anemia.3®

Anemia among pregnant women has been associated with maternal and neonatal mortality, low birth
weight, and preterm birth. Two studies, both using meta-analyses, estimate a lower relative risk of
maternal mortality with increasing amounts of blood hemoglobin among pregnant women.?*” This
relationship was found to differ among women in regions endemic with Plasmodium falciparum malaria
as compared to non-endemic regions, with the risk of morality being higher in endemic regions.*’
Anemia among pregnant women has also been associated with neonatal (up to 1 month after birth) and
perinatal (seven days after birth) mortality. One study reports a lower perinatal mortality rate
associated with an increase in blood hemoglobin,?” while another reports a higher odds ratio of neonatal
mortality associated with maternal anemia (as defined by Hb concentrations below 110 g/L).%

There is evidence that maternal anemia is associated with both low birthweight (LBW) and preterm
birth. Low birth weight is generally defined as an infant born full term that weighs between 2000-2499
grams, and very low birth weight are those that weigh less than 2000 grams. The odds of giving birth to
a child of low birth weight was found to be greater among anemic women in one meta-analysis,>®> and an
observational study in Nepal found increasing odds of giving birth to a low birthweight infant, consistent
with a dose-related manner, associated with lower maternal hemoglobin concentrations.?” Additionally,



experimental evidence has shown that iron supplementation among pregnant women resulted in a 20%
reduction in incidence of LBW.3®8 In a study in rural Nepal, women with anemia and iron deficiency had
an almost doubled risk of preterm birth compared to those without anemia.>®

There is not much evidence that supports the impact of anemia in children on child mortality. Most of
the evidence that finds associations between these come from Plasmodium falciparum malaria endemic
regions, where malaria is a major cause of both childhood anemia and mortality.?” One recent analysis
reported a link between anemia and child mortality for children up to 12 years old,*® however, this
analysis only included P. falciparum endemic regions and compared severe anemia (<5.0 g/dL Hb) to all
others. Because the evidence is not clear, the present study will not include child anemia as a risk factor
for death.

Anemia impacts adult labor productivity through several biological pathways, including oxygen transport
from the lungs to the muscles, and iron supplementation interventions have been shown to improve
productivity.*! One seminal study reported the productivity losses as 5% for light manual labor and as
high as 17% for heavy manual labor.*? There is some evidence that links childhood anemia to reduced
cognitive development. One review reports an association of 1.73 lower 1Q points per 10 g/L decrease in
hemoglobin,?” and another reports an increased risk of mental retardation associated with lower blood
hemoglobin levels.?” As far as economic outcomes, childhood anemia has been associated with a 2.5%
reduction in adult earnings.*? While there are no recent studies measuring the role of iron deficiency in
anemia in Myanmar, a study published in 1972 reports rates of iron-deficiency anemia (IDA) of 13-24%
among pregnant women, 5-15% among all women, 3-27% among children, and 1-5% among men.*?

Low Birthweight

Globally, approximately 20 million infants are born with low birthweight (LBW) every year.* The two
main causes of this are intrauterine growth restriction (IUGR) and preterm birth. Those that are born
small but at term (>37 weeks) are considered small for gestational age (SGA). SGA infants may represent
babies that experienced IUGR due to factors such as under nutrition, pregnancy complications,
infections, or other diseases.* In low-income countries, which experience high rates of SGA births due
to IUGR, low birthweight is often used as a good proxy of IUGR.*® The causes of LBW also have different
impacts on the morbidity and mortality outcomes associated with LBW. While most babies born with
low birthweight in LMICs are born term, and therefore experience growth restriction in utero, the
relative risk of mortality associated with preterm delivery are higher as compared to SGA infants. Infants
that are born both preterm and SGA are at the highest risk of mortality — they have a 15-fold higher risk
of dying during the neonatal period as compared to infants that are born at term and appropriate
weight for their gestational age.?’

The risk of dying for LBW infants is highest during the neonatal period (1-28 days), but increased risk of
mortality persists throughout the first year of life.** Additionally, IUGR is associated with long-term
health impacts and may contribute to stunting in adolescents and adults.*® Other long-term
consequences of IUGR include increased risks of diabetes, obesity, and hypertension as well as delayed
cognitive development. Because LBW and IUGR are associated with other long-term nutritional
outcomes, such as stunting, the present study will focus on the impacts of LBW on neonatal mortality.
Estimates on the duration of pregnancies, and therefore the prevalence of preterm births, is not
available in Myanmar, therefore, this study will assume that all LBW babies are due to IUGR. This will



likely underestimate the mortality due to LBW as preterm babies have a higher risk of death as
compared to term SGA babies.

Anthropometric measures — stunting, wasting, and underweight

Malnutrition in children is often measured by low height for age z-score (HAZ or stunting), low weight
for height z-score (WHZ or wasting), and low weight for age z-score (WAZ or underweight). The standard
cut-off for nutritional deficiencies for all of these measurements is below -2 z-scores as compared to the
WHO Child Growth Standards median for the same age and sex.*” Children who fall below -3 z-scores of
the reference population are considered severely malnourished. While the categorization of
malnourishment is based on hard z-score cut-offs, there is evidence that mild malnourishment —
children who are not technically categorized as stunted, wasted, or underweight but who experience
some malnutrition — also impacts child health and growth. Suboptimum growth as measured by these
indicators is associated with increased risk of death due to infectious disease during childhood.?’
Although undernutrition is not often cited as the immediate cause of death, stunting, wasting, and
underweight have been attributed to 14.5%, 14.6%, and 19.6% respectively of all child deaths under five
in the world.*® It is important to note that anthropometric deficits (stunting or wasting) do not
themselves cause increased mortality or morbidity, however, they are good proxy measurements for
chronic and acute malnutrition.*

Stunting is associated with chronic malnutrition, including micronutrient deficiencies, and the highest
risk period for stunting takes place in the first 1000 days after conception.?’ Wasting is associated with
acute malnutrition, and can be impacted by infectious diseases such as acute respiratory infections,
measles, and diarrhea. Underweight is associated with both chronic and acute malnutrition — children
who are stunted or wasted may be underweight.*® Evidence from India shows that 20-55% of children
are born with some growth faltering present, making maternal nutrition an important part of child
nutritional outcomes.>° Because of the inability of underweight to distinguish between those that are
stunted and those that are wasted, this study will focus on the risk of mortality and morbidity associated
with stunting and wasting separately, rather than underweight. At the highest risk of mortality are those
that suffer from both stunting and wasting. Children who are stunted, wasted, and underweight have an
almost 12-fold risk of mortality as compared to children without any growth deficits.*®

The mechanism through which suboptimal growth increases the risk of mortality is suppression of the
immune system resulting in increased susceptibility to infections.>! This results in a positive feedback
cycle wherein children who are malnourished are more susceptible to, and suffer greater impacts from,
infectious disease, which in turn reduces their nutritional status. Inadequate dietary intake of zinc and
vitamin A are also associated with suboptimal growth, increasing the risk of mortality.>® There is
evidence that stunting and wasting are each associated with incidence of infectious disease, although
the strongest evidence shows that they may increase the duration and severity of diarrhea and ARI.>2
Additionally, evidence shows that children who are both stunted and wasted are at higher risk of
diarrheal disease and ARI.* Finally, malnutrition has been associated with decreased response to
vaccines.>

In addition to increased risk of mortality and morbidity due to infectious disease, there are long-term
health impacts for children who suffer from growth failure. Children with stunted growth are at
increased risk of obesity later in life and of developing major comorbidities, such as type 2 diabetes and
cardiovascular disease.>® There is also a higher risk of hypertension among undernourished pre-school



children and adolescents.>® This has been termed the ‘triple burden’ of malnutrition, infectious disease,
and non-communicable diseases that impact children living in poverty and food insecurity in LMICs.
Finally, there are intergenerational cycles that contribute to malnourished populations — women who
are stunted are more likely to give birth to stunted children.*’

Cognitive impacts of stunting

Malnutrition in general, and stunting especially, is associated with reduced long-term cognitive
development in children. The negative outcomes for stunted children include poor cognition along with
lower educational attainment and, into adulthood, lower adult wages and productivity.>® Stunting has
been shown to delay schooling by 1-3 years, and those that are stunted but in school have been shown
to have a 25% reduced cognitive benefit of attending school.>* Some estimates put the personal
economic losses of stunted individuals at 20% less income as adults.”® Others have used more moderate
estimates of around 6% in lost income due to stunting.®

The causal mechanism of malnourishment on poor cognitive development are hypothesized to come
from brain development. Apical dendrites in the brain cortex continue to develop until about two years
of age, requiring adequate nutrition to do so. This makes the first 1000 days after conception
particularly important for nutrition’s impact on cognitive development.

Breastfeeding Practices

The WHO recommends exclusive breastfeeding for the first six months of life, and breastfeeding along
with complementary foods until age two.>® Optimal breastfeeding practices are associated with a lower
risk of all-cause mortality, mortality due to diarrheal disease, and incidence of diarrheal disease for
children under two.>® Approximately half of all diarrhea incidences and 823,000 deaths among children
under five worldwide could be prevented by breastfeeding.®® The mechanism of protection against
infectious disease for breastfeeding includes increased nutrition as well as protection through glycans
and secretory immunoglobulins present in breastmilk.6! Additionally, infants who are exclusively
breastfed are not ingesting water with possible contaminants that may cause infection.

There is some evidence that suboptimal breastfeeding increases the risk of incidence and mortality due
to pneumonia, however, this evidence is less conclusive compared to the impact of breastfeeding on
diarrheal disease.?”*? Long-term impacts of breastfeeding on children may include reduction of obesity,
diabetes, sudden infant death syndrome, and malocclusion.®® In addition to protection for children
under two, breastfeeding likely confers benefits for mothers including lower risk of breast and ovarian
cancers.

Breastfeeding has also been associated with higher cognitive performance. The annual economic burden
of not breastfeeding is estimated to be about $302 billion, or 0.49% of the world’s gross national
income.% In Southeast Asia, a study estimated that the impact of suboptimal breastfeeding among
seven countries, including Myanmar, was 12,400 preventable child and maternal deaths and a loss of
$1.6 billion every year.®* This same study estimated that Myanmar had $3.38 million in health care
expenditures per year due to inadequate breastfeeding. We will not include cognitive losses due to
breastfeeding in this study as it is likely associated with other cognitive losses that we include, such as
losses due to stunting.
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Figure 1. Diagram of nutrition-specific indicators and their association with health outcomes. All outcomes are specific to children under five
years of age unless otherwise specified. The yellow outcomes are the intermediate health outcomes used as proxy measurements for
malnutrition in this study.
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Methods

The prevalence of malnutrition in Myanmar was used to estimate the mortality rate and permanent
disability attributable to malnutrition during the study year, as well as the economic losses associated
with these deaths and disability. We also estimate the incidence and economic burden of diarrheal
disease and acute respiratory infections (ARI). To estimate the economic losses associated with these
indicators we 1) estimated the prevalence of associated nutrition indicators, 2) estimated the population
attributable fraction (PAF) of morbidity and mortality attributable to these indicators using the
prevalence of disease and relative risks (RR) found in the literature, 3) applied the PAF estimates to
obtain the annual number of deaths and disability associated with malnutrition by risk group, and 4)
estimated the annual economic losses by applying the number of incident cases with disease and deaths
to cost formulas.

Although the mortality estimates are based on the prevalence of malnutrition indicators, the final
costing analysis used the incidence of mortality over one year to estimate the costs associated with
malnutrition. This was done by constructing the PAF of mortality associated with malnutrition related
indicators and applying this to the incidence of cause-specific mortality for the year as reported by the
World Health Organization (WHO). This estimate is the incidence of cause-specific mortality associated
with malnutrition. The annual incidence of diarrheal disease and ARl was also calculated.

Prevalence and incidence of nutrition-specific indicators

The prevalence of nutrition-specific indicators was used to construct the PAF associated with
malnutrition. The prevalence of nutrition-specific indicators for stunting, wasting, BMI during pregnancy,
maternal anemia, and low birthweight in Myanmar were estimated using the 2015-16 Demographic and
Health Survey (DHS), a nationally and regionally representative survey. For prevalence rates that could
not be estimated using DHS survey data (i.e. micronutrient deficiencies such as zinc and vitamin A) a
literature search was conducted to find prevalence estimates from comparable settings. Using
prevalence estimates, the total number of cases for each nutrition indicator was estimated by applying
the prevalence estimates to the proportion of the population for each target group (pregnant women,
children under five years, and adults aged 15 to 49 years) reported by the United Nations Population
Division (ref).

The incidence of infectious disease (diarrhea and ARI) was used to estimate the direct medical costs
associated with malnutrition. Diarrhea and ARI yearly incidence was estimated using the 2015-16 DHS
survey. Incidence of diarrhea, cough, and short rapid breathing in the last two weeks for children under
5 years was reported by a sub-sample of households within the survey. ARl incidence was estimated as
all children that were reported to have both cough and short rapid breathing in the last two weeks.®® To
estimate the total number of cases of diarrhea and ARI, the sampling fraction was determined by
dividing the total number of children under 5 years in Myanmar in 2015 by the sample of children whose
mother answered the individual questionnaire. The sampling fraction was then multiplied by the
individual weight and applied to the incidence of diarrhea and ARI in the last two weeks to determine
the total number of cases of diarrhea and ARl in the two weeks before the survey. This number was
multiplied by 26 to estimate the total number of cases of diarrhea and ARI over the study year. All
prevalence and incidence estimates were constructed using Stata version 14. The svy commands in Stata
were used to account for sampling design, including survey weights and household level clustering.
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Population attributable fraction associated with nutrition-specific indicators

The population attributable fraction (PAF) was used to estimate the total number of deaths and illnesses
attributable to malnutrition in the study year, and to estimate the economic losses associated with
these deaths and illnesses. The PAF of morbidity and mortality due to undernutrition was calculated
using the comparative risk assessment framework.® For this framework, the burden of disease
associated with each nutrition-specific indicator is calculated in reference to a theoretical counterfactual
that is specific to each indicator. For example, estimates of neonatal mortality associated with low birth
weight were calculated as the risk of mortality for babies born below 2500g compared to the risk of
mortality for babies born 22500g. Table S1 lists the theoretical counterfactual specific to each indicator.
These risk factors are informed by epidemiological evidence as outlined in the literature review, and the
possible distribution of these risk factors at the population level. Table 1 and Table 2 present the
relative risks (RR) of these risk factors on mortality and morbidity respectively.

Table 1. Relative risk of mortality associated with nutrition indicators found in literature.

Nutrition Indicator Relative Risk
Mortality associated with maternal nutrition status
Neonatal mortality associated 1.49 (1.19-1.87)
with Maternal anemia®®
Maternal mortality associated 1.78 (1.19-2.70)

with Vitamin A deficiency3?
Child mortality associated with low birth weight (<2500g)*°

Neonatal mortality 3.06 (2.21-4.23)
Post neonatal mortality 1.98 (1.39-2.81)
Child mortality associated with severe, moderate, and mild wasting and underweight?’
Anthropometric indicator z-score

<-3SD -3SD to -2SD -2SD to -1SD
ARI* mortality by HAZ 6.39 (4.19-9.75) 2.18 (1.39-3.43) 1.55 (1.02-2.37)
ARI mortality by WHZ 9.68 (6.07-15.43) 4.66 (3.07-7.09) 1.92 (1.31-2.84)
Diarrhea mortality by HAZ 6.33 (4.64-8.64) 2.38(1.71-3.31) 1.67 (1.20-2.30)
Diarrhea mortality by WHZ 12.33 (9.18-16.57) 3.41(2.52-4.63) 1.60(1.23-2.11)
All-cause mortality among 18.64 (10.90-31.87)
children with stunting and Reference is children that are not stunted or wasted
wasting®?

Child mortality by breastfeeding behavior®?

0-5 months 6-23 months
Diarrhea mortality CLGC] None None
4.62 (1.81-11.76) 10.52 (2.79-39.6) 2.18 (1.14-4.16)
Child mortality associated with vitamin A deficiency>°
Diarrhea mortality 1.69 (1.17-2.45)

L ARI refers to acute respiratory illness
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Measles mortality 1.26 (0.84-1.87)
Child mortality associated with zinc deficiency
Diarrhea mortality®® 1.14 (1.06-1.23)

Note: Partial breastfeeding means that an infant’s main source of nourishment comes from breastmilk, but they
may also intake some liquids (water and juices), ORS, vitamins, minerals, and medicines. Exclusive breastfeeding
refers to no other food or drink, including water.

Table 2. Relative risk of morbidity associated with nutrition indicators found in literature.

Nutrition Indicator Relative risk (child morbidity)
Child morbidity associated with maternal nutrition status
LBW associated with maternal anemia®® 1.42 (1.31-1.55)
LBW associated with maternal BMI%® 1.95 (1.52-2.50)
Child morbidity associated with suboptimal breastfeeding
0-5 months 6-23 months

Diarrhea incidence associated with

suboptimal breastfeeding® Partial None None

3.04 (1.32-7.00) 3.65 (1.69-7.88) 1.20 (1.05-1.38)
Child morbidity associated with being both stunted and wasted*

Diarrhea incidence 1.72 (1.52-1.95)

ARl incidence 1.39(1.23-1.58)
Child morbidity associated with zinc deficiency?’

Diarrhea incidence 1.09 (1.01-1.18)

ARl incidence 1.25(1.09-1.43)

To estimate the population attributable fraction associated with nutrition-specific indicators, the
following formula was used:
i=1Pi (RR; — 1)
*,Pi(RR;—1)+1

PAF =

Where RR; is the RR for exposure category |, P; is the prevalence of the nutrition-specific indicator in the
population, and n is the number of exposure categories. We estimate the PAF for each age and sex
category where appropriate. For example, the PAF for mortality due to diarrheal disease was calculated
by age (0-5 months, 6-23 months, 24-59 months) because breastfeeding practices and infant age are
associated with diarrheal mortality.

To estimate the PAF for groups of risk factors, we used the following formula:?

PAF =1 —TI3.1(1 - PAE)

Where r refers to each individual risk factor and R is the total number of risk factors in the group. This
equation was used to estimate the PAF of diarrheal disease deaths among children under five and
neonatal mortality associated with maternal anemia and low birthweight. The cluster estimation
formula was used as multiple risk factors may be present in an individual that dies of one of these
causes, and estimating each individual PAF and summing them together would overestimate the burden
of death due to malnutrition.
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The PAF gives us the proportion of deaths or incidence of disease attributable to each malnutrition
indicator in the risk group. By multiplying the PAF estimate by the total amount of disease specific
deaths and incidence of disease in the population, we estimate the number of deaths and incidents of
disease that is attributable to each nutrition-specific indicator.

Number of deaths attributed to indicator = PAF X Number of deaths per year in risk group

The formula for morbidity is similar, but it uses the number of illnesses rather than the number of
deaths in each risk group. The number of diarrheal disease and ARI were estimated using the DHS data.
The WHO Global Health Observatory data repository was used for the annual number of cause-specific
deaths in Myanmar in 2016.%’

Some risks are associated with specific age groups within the 1-59-month age group. For example, risk of
diarrheal mortality associated with breastfeeding practices are different for children aged 1-5 months as
compared to those 6-23 months and 24-59 months. Because the diarrheal mortality rate was only
available for children 1-59 months and not for age sub-categories, we estimated the diarrheal mortality
rate for each age sub-category (1-5 months, 6-23 months, and 24-59 months) using the total number of
deaths in children 1-59 months due to diarrheal disease multiplied by the proportion of all-cause deaths
in each age sub-category as reported in the 2016 DHS. This may bias our estimates as the all-cause
mortality rate for children in each group may not correspond to the diarrhea mortality rate.

One uncertainty associated with estimating the PAF lies in applying the relative risk found in the
literature to our study population. For example, the risk of neonatal mortality associated with maternal
anemia found in the literature includes women of any anemia level (mild, moderate, and severe). If the
distribution of severity of anemia within that study population is different than that of the current study,
this may impact the PAF estimate. We will conduct a sensitivity analysis of the number of child deaths
attributable to maternal anemia by only including the prevalence of moderate and severe anemia
among pregnant women as compared to all forms of anemia.

Economic losses attributed to each nutrition-specific indicator

This economic burden of disease analysis will estimate the societal costs of malnutrition in Myanmar,
including the direct medical and nonmedical costs and indirect productivity costs. This study will
estimate both annual costs that are realized during the study year and future costs due to death and
permanent disability. The annual costs include direct medical costs and direct nonmedical costs
associated with illness, such as transportation and caretaking costs, and productivity losses due to adult
anemia. The future costs associated with death and permanent disability for children under five include
the lost lifetime earnings for children that die due to malnutrition and the reduction of lifetime earnings
due to cognitive losses associated with stunting. All future costs will be presented as net present values
(NPV), which means they will be discounted at 3% annually. Table 3 summarizes these costs, their
causes linked to malnutrition, and the time frame over which the costs will be estimated.
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Table 3. Summary of costs included in study.

Cost category

1.

Annual direct
medical cost

Annual direct non-
medical cost
Annual indirect
productivity losses

Lost workforce

Lost workforce due
to lower future
productivity

Malnutrition cause
Child morbidity — diarrhea
and ARI

Child morbidity — diarrhea
and ARI
Adult morbidity —iron

deficiency anemia

Child mortality

Child morbidity — stunting

Costs

In-patient and out-
patient treatment
costs

Caretaking,
transportation
Lost productivity
due toiron
deficiency anemia
Lost productivity
due to loss of
future workers due
to malnutrition
Lost productivity
associated with
stunting

Time period of costs

Study year

Study year

Study year

NPV of estimated
lifetime earnings

NPV of estimated
lifetime losses of
earnings

The direct and indirect costs associated with malnutrition over a one-year period estimated in this study
use incidence-based estimates.” The incidence of death, permanent disability, and illness attributable

to malnutrition were estimated using the PAF described above. We describe the direct and indirect cost
methods in greater detail below.

Direct costs include in-patient and out-patient costs to treat diarrhea and ARI that are the result of
malnutrition, and non-medical patient costs such as transportation and the cost of child care in the
event of an illness. This study will estimate direct costs by measuring the proportion of a disease that is
due to exposure to malnutrition and multiplying the total number of illnesses by the average treatment
cost.r” We will use cost estimates from the literature for the average treatment cost. The treatment rate
and number of child illnesses will be estimated using the 2016 DHS.

1.

The average cost of treatment for diarrhea and ARl used in this analysis are $4.80 and $3.30
respectively.®* This study will use the following formula to measure the direct medical cost of illness
applied to diarrhea and ARI separately:

Annual direct cost of malnutrition = number of child illnesses attributable to malnutrition (as
determined by PAF) X treatment rate X average direct medical cost of treating illness

We estimate the annual direct non-medical costs associated with child illness due to transportation
and child care expenses. We assume that annual indirect costs associated with diarrheal disease and
ARl is 25% of the direct costs of treating these diseases, as found in several other studies in
Southeast Asia.®*%® We use the following formula to estimate the direct non-medical cost of illness
applied to diarrhea and ARI.

Annual indirect cost of malnutrition = number of child illnesses attributed to malnutrition X
treatment rate X average direct non-medical cost of malnutrition.
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In incidence-based costing, mortality and permanent disability costs are calculated for all those who die
or become disabled during the study year.?® These are calculated as indirect costs, and include the value
of lost productivity due to malnutrition, both during the study year and in the future. This study will use
the human capital method to estimate indirect costs by measuring the lost production in terms of lost
earnings (future or current). This study will include three indirect costs: 1) the economic losses due to
depressed current productivity, 2) the net present value of future lost workforce due to child mortality,
and 3) the net present value of future lost productivity due to depressed future productivity.

3. The loss due to depressed current productivity will value the lost productivity in adults that are
working that is attributable to iron deficiency anemia. The loss of income due to anemia has been
estimated at 5% for light manual labor and 17% for heavy manual labor.”® We will use 5% in this
study as a conservative measure as we cannot distinguish between light and heavy manual labor.
This study will only include those that are currently working by using the labor force participation
rate for individuals aged 15-49 estimated from the DHS for males and females separately. We will
assume 50% of anemia is due to iron deficiency.® Because this number is slightly higher than
historically measured iron-deficiency anemia rates, we will use those historical rates (5-15% for
women and 1-5% for men) in a sensitivity analysis.”* The average income is estimated using the
World Bank’s national income per capita for Myanmar.”?

Depressed current productivity = (Number of women with anemia X 50% X average income X
female labor force participation rate X coefficient risk-deficit (5%)) + (Number of men with
anemia X 50% X average income X male labor force participation rate X coefficient risk-deficit
(5%))

4. The net present value of lost workforce due to child mortality will measure the lost future lifetime
earnings of any child deaths during the study year that are attributable to malnutrition. This study
will use the estimated lifetime earnings of each child using current earnings estimated from the
World Bank’s national income per capita as above. This will likely underestimate future earnings
because improvements in productivity will not be considered. We will assume a working life
between the ages of 15-49, and apply the labor force participation rate of each age and gender,
along with a discount rate of 3%, to estimate the average lifetime earnings of men and women. The
formula used to estimate the net present value of lost income is:

yearly income)

Net present value of lost income = 327 oy

* LP,

Where the ris the discount rate, y is the age of the child (or years in the future) and LP, is the labor force
participation rate by gender and age constructed using the 2016 DHS. For simplicity in calculating the
years in the future for cost calculations, we will assume that all children die within the first year of life.
Since the majority of under five deaths occur within the first year of life this will not radically alter our
results.

NPV due to child mortality = (child deaths attributed to malnutrition X proportion of under five
deaths that are female X NPV of lost income for female children) + (child deaths attributed to
malnutrition X proportion of under five deaths that are male X NPV of lost income for male
children)
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5. The net present value of loss due to depressed future productivity will value the reduction of
earnings due to the cognitive impact of malnutrition. This estimate considers losses in cognitive
function and subsequent earnings due to chronic malnutrition. This study will use an estimated
direct loss of earnings associated with stunting of 6.04% as a conservative estimate.”? Since
malnutrition has the biggest impact on child development within the first 1,000 days, we will
estimate the stunting prevalence using the number of children two years of age from the 2016 DHS
survey to represent the number of children who become stunted during the study year. We will use
a similar formula for calculating the NPV of lost earnings due to depressed future productivity as the
one we use for lost income for child mortality, but instead of using the entire value, we will multiply
it by the loss of earnings associated with stunting each year. Similar to the NPV of lost workforce
due to child mortality, this estimate will discount future earnings at 3%.

NPV of loss due to depressed future productivity = (Number of female children aged two that
are stunted X NPV of lost income for female children X coefficient risk-deficit (6.04%)) +
(Number of male children aged two that are stunted X NPV of lost income for male children X
coefficient risk-deficit (6.04%))

To estimate the total cost associated with malnutrition over the study period, we will add all of these
cost categories together. A sensitivity analysis will be conducted using a 7% discount rate. Intangible
costs, such as pain and suffering, grief, and mental anguish will not be included.

Results

Prevalence and incidence of malnutrition

The prevalence of nutrition-specific indicators estimated using the 2016 DHS are illustrated in Table 4,
including indicators for pregnant women, children under five, and non-pregnant women. To estimate
the total number of cases in the country, the nationally representative prevalence estimates were
multiplied by the total number of individuals in each age and gender group, reported from the United
Nations (UN) Population Division. The number of pregnant women was estimated using the crude birth
rate in Myanmar over the time period 2010-2015, also reported from the UN Population Division.
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Table 4. Prevalence of nutrition-specific indicators and related outcomes in Myanmar from 2016 DHS.

Risk Group

Pregnant
women
(972,325)?

Children u5
(4.6 million)3

Adult women
(14.3 million)

Nutrition indicator

Low BMI (<18.5)
Anemia (<12.0 g/dl)
Severe anemia (<7.0 g/dl)

Moderate anemia
(7.0-9.9 g/dI)
Mild anemia
(10.0-11.9 g/dl)

Low birth weight (<2500 g)

Low birth weight (2000-
2499 g)

Very low birth weight
(<2000 g)

Wasted (WHZ<-2)

Stunted (HAZ<-2)

Stunted and wasted

Anemia (<12.0 g/dl)

Severe anemia (<7.0 g/dl)

Moderate anemia

(7.0-9.9 g/dI)

Mild anemia

(10.0-10.9 g/dl)
Suboptimal breastfeeding*

Under 6 months not

breastfed

Under 6 months partial

breastfed

6-23 months not breastfed

Anemia: women

Prevalence

15.0%
56.9%

0.4%
27.7%

28.9%

8.1%

5.6%

2.7%

7.3%

29.0%

1.6%

44.8%

0.5%

8.6%

35.6%

23.8%
1.8%

47.8%

15.4%

46.5%

Number of
cases
145,849

553,253
3,889
269,334

281,002

78,758

54,450

26,253

332,369

1,320,370

72,848

2,039,744

22,765
391,558

1,620,868

433,446
8,195

217,633

210,349

6,647,640

Outcome

Child morbidity

Infant and maternal
mortality

Child mortality

Child mortality

Child mortality and
development

Child mortality and
morbidity

Growth, development,

and productivity

Child mortality and
morbidity

Productivity

* Suboptimal breastfeeding only refers to infants under two years old. It includes infants aged 0-5 months who are
partially breastfed or not breastfed (mother no longer breastfeeds child) and those that are 6-23 months that are

2 Calculated using the crude birth rate of 18.7 per 1,000 population over the time period of 2010-2015. Retrieved
from the United Nations Population Division: https://population.un.org/wpp/Download/Standard/Fertility/
3 Population totals are 2015 reported estimates from the United Nations Population Division:

https://population.un.org/wpp/Download/Standard/Population/
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not breastfed at all. Partial breastfeeding refers to infants that are under 6 months of age and are breastfed but
also given supplemental food.

Malnutrition indicators related to pregnant women captured in this survey include low BMI and anemia.
Low BMI has been associated with an almost two-fold risk of giving birth to low birthweight babies,
which in turn is associated with increased infant mortality.?® Pregnant women also suffer from anemia at
higher rates than non-pregnant women in Myanmar (57% as compared to 47%), perhaps due to the
increased nutritional needs of the growing fetus.

The largest number of cases of malnutrition in children under five is seen in rates of anemia and
stunting, which affect approximately 2 million and 1.3 million children respectively. Most children who
suffer from anemia only suffer from mild anemia (about 79% of anemia cases). While mild anemia is not
recognized as a direct cause of death, it may still increase the risk of mortality.”* Children in Myanmar
suffer from relatively high rates of stunting as defined as below -2 standard deviations from the
reference population —almost 30% overall. While the prevalence of stunting and wasting (in the same
child) is relatively rare — below 2% — this still represents over 70,000 children under five who are at
serious risk of dying from malnutrition.

The risk of stunting in Myanmar in children under five increases with age. Figure 2 shows the prevalence
of childhood stunting. The prevalence increases from 5% in the first month to 40% at 35 months, and
then slightly decreases until age five.

T T T T T T T T T T T T T
0 10 20 30 40 50 60
Child's age (months)

Figure 2. Proportion of children stunted by age (in months). The dotted line represents the overall
under five stunting rate. Source: 2016 DHS
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Appendix Table S2 shows the prevalence of stunting, wasting, and stunting and wasting combined,
calculated by z-score and including those that are not technically stunted or wasted but may still be
malnourished (those that have an HAZ or WHZ between -1 and -2). Including all children below -1
standard deviation in HAZ or WHZ, approximately 63% of children are malnourished as evidenced by low
HAZ and 33% are malnourished as evidenced by low WHZ. Almost 10% of children in Myanmar are at
least slightly stunted and slightly wasted. Those children at highest risk of mortality include those who
are severely stunted or wasted, as measured below -3 standard deviations in HAZ or WHZ. These include
about 8.2% who are severely stunted and 1.5% who are severely wasted.

Table 5 shows the prevalence of malnutrition related indicators that contribute to increased mortality
and morbidity, but are not available in the 2016 DHS. These estimates include micronutrient deficiencies
such as vitamin A and zinc, as well as the prevalence of anemia in men aged 15-49. The number of cases
for each indicator was estimated using prevalence rates found in the literature and applied to the at-risk
population size reported by the UN Population Division.

Table 5. Prevalence of nutrition-specific indicators and related risk factors in Myanmar available in the
literature.

Risk Group Nutrition Prevalence = Number of cases Outcome
indicator
Vitamin A
1% 1 i i
Children us i 30.1% ,370,453 Child mortality
4.6 milli i i
(4-6million) 2 ¢ deficiency 22.1%" 1,016,600  Child mortality
and morbidity
RIS ELD e e 7.2%¢ 999,216  Productivity
million)

Sources: a) Undernutrition in Myanmar’® b) Estimating the Global Prevalence of Zinc Deficiency’® c) Estimated
using the ratio of female to male anemia rates in a trial in Yangon applied to DHS estimates of anemia for women”’

Table 6 shows the incidence of self-reported diarrhea and ARI estimated using the 2016 DHS, along with
the proportion of cases medically treated. The number of cases of diarrhea per child per year of 2.3
estimated in this study is relatively close to recent estimates from low- and middle-income countries
that put the number of incidences per child per year at 2.9 in 2010.”8 The number of incidences for ARl is
somewhat higher than previous estimates, however, it is still within the interquartile range of those
estimates.”

Table 6. Incidence of diarrheal disease and acute respiratory infection in Myanmar estimated using
the 2016 DHS.

Outcome Diarrhea ARI
Prevalence in previous 2 weeks 10.5% 3.0%
Total number of cases per year 10,507,063 3,181,864
Number of cases/child/year 2.3 0.7
Proportion of cases treated 54.1% 55.9%
Total number of treated cases per year 5,684,832 1,778,573
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Population attributable fraction associated with nutrition-specific indicators

Table 7 shows the population attributable fraction (PAF) and number of deaths associated with our
selected malnutrition indicators in Myanmar. A total of 11,905 under five deaths per year can be
attributed to the malnutrition measured in this study, or about 25% of all under five deaths in Myanmar.
Almost half (47.8%) of under five deaths in Myanmar occur during the neonatal period (within the first
month of life). Most deaths found in this study to be attributable to malnutrition, due to maternal
anemia and low birthweight, also occur during this period. These two maternal nutrition factors
contribute to over 24.8% of all neonatal deaths — a total of 5,701 deaths per year.

The cause of death that contributes to the most deaths between the age of 1-59 months in Myanmar is
ARI. This study estimates that 38.7% of deaths from ARI are attributable to malnutrition — 2,690 deaths
per year. Over half (63.7%) of all deaths due to diarrhea in Myanmar between the ages of 1-59 months
can be attributed to malnutrition. The proportion of deaths from diarrhea attributable to malnutrition is
highest among the youngest age group and decreases as the age increases. Among maternal deaths,
19.0% can be attributed to vitamin A deficiency, the only indicator associated with maternal mortality
captured in this study.
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Table 7. Population attributable fraction and number of deaths attributable to malnutrition in Myanmar.

a.

Outcome

Maternal mortality
Neonatal mortality

Post neonatal
mortality

Child mortality due to
ARI

Infant mortality due to
diarrhea

Infant mortality due to
diarrhea

Child mortality due to
diarrhea

Child mortality due to
measles

Population

Pregnant women

Neonatal infants

Post neonatal infants

Children 1-59
months

Children 1-5 months

Children 6-23
months

Children 24-59
months

Children 1-59
months

Total deaths attributable to malnutrition

Risk factor

Vitamin A deficiency
Maternal anemia,
BMI

LBW

Stunting

Wasting

Suboptimal breastfeeding,
Stunting, Wasting,
Vitamin A deficiency, Zinc
deficiency

Suboptimal breastfeeding,
Stunting, Wasting,
Vitamin A deficiency, Zinc
deficiency

Stunting, Wasting,
Vitamin A deficiency, Zinc
deficiency

Vitamin A deficiency

Incident
cases®

1,700
23,000

14,470

6,952

2,131

1,045

669

15

PAF®

0.190
0.248

0.074

0.226

0.161

0.729

0.553

0.472

0.073

Number attributed to malnutrition

Estimate
323

5,701

1,064

1,574

1,118

1,554

578

316

1
12,228

95% Ci
(92-575)

(3,127-8,387)
(443-1,850)

(729-2,510)

(583-1,782)

(836-1,940)

(293-798)

(177-434)

(-1-3)
(6,279-18,278)

Source: WHO Global Health Observatory data repository and 2016 DHS. The age and cause specific mortality rates are reported for neonatal

infants, post neonatal infants, and children 1-59 months old. To estimate the infant mortality due to diarrhea by age group (1-5 months, 6-23
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months, and 24-59 months), we multiplied the total number of deaths due to diarrheal disease in children 1-59 months by the all-cause
mortality rates per each age group as reported in the 2016 DHS.
b. Source: Calculated by authors as described in methods.

Table 8. Population attributable fraction and number of illnesses attributable to malnutrition in Myanmar.

Outcome

LBW

ARl incidence

Diarrhea
incidence

Population

Neonatal infants

Children 1-59 months

Children 1-5 months

Children 6-23 months

Children 24-59 months

Risk

Maternal anemia,
maternal BMI

Stunted and wasted

Suboptimal
breastfeeding,
stunted and wasted,
zinc deficiency

Suboptimal
breastfeeding,
stunted and wasted,
zinc deficiency

Stunted and wasted,
zinc deficiency

Total diarrhea incidence under 5 years
a. Source: Calculated by author as described in methods.

Incident cases?®

78,758

3,157,681

619,918

4,924,624

4,928,583

10,473,125 0.084

PAF

0.316

0.006

0.372

0.080

0.051

Number attributed to malnutrition

Estimate

17,171

19,582

230,827

392,538

253,153

876,518

95% CI

(7,684-26,078)

(11,578-29,034)

(62,144-391,105)

(163,932-638,633)

(127,377-388,128)

(353,453-1,417,866)

Table 8 shows the total estimated PAF attributable to malnutrition and number of incidences per year for low birthweight, ARI, and diarrheal
disease. For overall number of incidences, malnutrition has the largest impact on diarrheal disease, with approximately 877,000 incidences of
diarrhea (8.4% of all cases) being attributable to malnutrition each year. The overall number and proportion of ARI cases that can be attributed
to malnutrition is relatively low —about 20,000 cases or 0.6% of all cases. Finally, approximately 30% of all low birthweight cases can be
attributed to maternal anemia and maternal BMI.
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Economic losses attributed to malnutrition

Table S3 in the appendix shows the cost components for the direct costs associated with childhood
diarrhea and ARI. The treatment rate was just over half for each disease (54.1% for diarrhea and 55.9%
for ARI). The average cost per treatment was not available in the DHS — we instead use estimates from
previous studies, which estimate the cost of treatment in Myanmar of $4.80 for diarrhea and $3.30 for
ARI. The treatment costs were estimated using average costs for inpatient and outpatient treatment,
and are much lower than other countries in Southeast Asia, which range between $5.30 for AR
treatment in Cambodia to $22.50 per diarrhea treatment in Indonesia.®*

Table 10 shows the cost components for indirect costs associated with adult productivity, child
mortality, and permanent child disability due to stunting. The differences in male and female NPV for
lifetime earnings and earnings lost due to stunting is due to the lower female labor force participation
rate calculated from the 2016 DHS. We calculated a labor force participation rate of 66.5% for women
between the ages of 15-49 and a participation rate of 90.6% for men of the same age. For estimating the
lost income for all cost categories, we use an annual income of $1,093, estimated using the reported
annual per capita GDP from the World Bank. For assumptions used in estimating indirect costs see Table
S4 in the Appendix.

Table 10. Indirect cost variables associated with adult productivity, child mortality, and permanent
child disability.

Cost Variable Cost outcome Estimate Source

Current lost productivity per ID anemia $55 WB Open

employed person per year due

. .. . Data

to iron deficiency anemia
Future lost workforce: female $10,082

Lifetime earnings (NPV) 2016 DHS, WB
Future lost workforce: male $13,771 Open Data
Future lost earnings: female $645

Earnings lost due to stunting 2016 DHS, WB

(NPV) Future lost earnings: male $881 (Open Data

A total of $507 million USD, or 0.80% of GDP, is lost due to malnutrition in Myanmar every year. Table
11 shows the yearly loss by type of economic loss. Approximately $148 million USD (28% of all costs)
occur during the study year in the form of direct treatment costs, indirect patient costs, and lost
productivity due to iron-deficiency anemia. The remaining 72% of costs ($358 million USD) are lost
future lifetime earnings due to child mortality and stunting. Future lost productivity associated with
stunting is the largest overall contributor to the cost of malnutrition, due to its relatively large cost per
incidence, estimated at almost $645-S881 USD lower income over the life of an individual, and the large
number of incidents per year.
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Table 11. Economic losses attributed to malnutrition.

Number of incidents

Economic costs Cause attributable to Yearly loss
malnutrition
Annual direct medical Diarrhea incidence 876,518 $2,276,142
costs ARl incidence 19,582 $36,123
Annual direct non-medical Diarrhea incidence 876,518 $569,035
costs ARl incidence 19,582 $9,031
ID Anemia: women 3,324,750 $120,828,896
Current lost productivity
ID Anemia: men 500,400 $24,776,255
Future lost workforce Under five mortality 11,905 $145,678,646
Future lost productivity Stunting 278,744 $212,639,256
Total costs $506,813,384

The patient cost (including direct medical and indirect costs) of treating diarrhea and ARl associated with
malnutrition is approximately $2.89 million USD per year. The majority of this (98%) is associated with
treating diarrheal diseases. The majority (81%) of the current annual costs (excluding NPV of lost future
earnings) associated with malnutrition are due to lost productivity from women suffering from iron-
deficiency anemia. This is driven by the large number of women who suffer from anemia and the
relatively high cost associated with this — almost $55 USD per year.

For long-term costs of lost productivity due to child mortality or permanent disability, both contribute a
substantial amount to the overall costs. Under five mortality accounts for about 45% of the future lost
productivity (and approximately 29% of overall costs) while stunting accounts for the other 55% of
future lost productivity and almost 42% of the overall costs.

Table 12 shows the results of the sensitivity analysis for iron deficiency anemia among men and women
using the estimate of iron deficiency anemia from a previous study published in 1972.7* The range of
iron deficiency anemia from that study for women (5-15%) was lower than the current study estimates
(23.8%), however, the range for men in the current study (3.6%) is within the range from the earlier
study (1-5%).
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Table 12. Sensitivity analysis of the burden and economic consequences of iron deficiency anemia
using historic rates of iron deficiency anemia. The current (main) analysis assumes that 50% of anemia
is associated with iron deficiency.

Tvoe of analvsis Rate of Number of Yearlv cost Percent of
yp y IDA incidents v overall cost
Main analysis 23.3% 3,324,750 $120,828,896 23.8%
o . o o
ID Anemia: Slen5|t|V|ty analysis 5.0% 715,000 $25,984,709 6.3%
women ( OW). o .
Sensitivity analysis 15.0% 2,145,000 $77,954,126 16.8%
(high)
Main analysis 3.6% 500,400 $24,776,255 4.9%
ID Anemia: Sensitivity analysis 1.0% 139,000 $6,882,293 1.4%
men (low)
Sensitivity analysis 5.0% 695,000 $34,411,466 6.7%
(high)
Discussion

Children in Myanmar have a relatively high risk of dying before five years of age. This analysis showed
that almost 25% of these deaths were attributed to malnutrition due to maternal BMI or anemia, or
childhood malnutrition defined by wasting, stunting, or micronutrient deficiencies. The largest overall
correlate of child mortality is maternal anemia followed by maternal BMI. This supports evidence
suggesting that maternal nutritional status is one of the most important factors in child health and
survival. Among child health indicators in Myanmar, stunting associated with ARl accounted for the
largest proportion of all-cause child mortality. Wasting associated with ARI, post-neonatal mortality
associated with low birthweight, suboptimal breastfeeding among infants aged <5 months, and
diarrheal mortality associated with stunting all substantially contributed to under five mortality.

Our estimates report a GDP loss of 0.80% (95% Cl, 0.63-0.98%) due to malnutrition. This is relatively low
compared to cost of malnutrition studies from other countries. A similar study in Cambodia reported
malnutrition-associated economic losses at approximately $266 million USD, or about 1.7% of the
Cambodian GDP.® That study attributed a high proportion of the costs ($57 million USD) to iodine
deficiency, which may account for some of the differences as we did not capture that in the current
study. The authors of the Cambodia study also included a higher reduction in lifetime earnings due to
stunting — 5% for light manual labor (similar to the current study) and 17% for heavy manual labor,
assuming 15% of labor is heavy.

An important contribution to the cost of illness literature is a benefit-cost analysis of stunting by
Hoddinott et al.” That study estimates a median benefit-cost ratio of stunting investments in 17 low-
income countries of 18:1, and a benefit-cost ratio for Myanmar of 17.2:1 - 17.7:1. While they do not
estimate an overall cost of stunting in Myanmar, the authors estimate a per capita increase in income of
11.3% associated with each case of stunting that is averted. This is substantially higher than our own
assumption of 6%. Using a loss of income of 11.3% in the current study would have resulted in an NPV of
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stunting losses totaling $375.4 million USD as compared to our result of $212.6 million USD, and an
overall cost of malnutrition of $669.6 million USD (1.06% of GDP).

A study on the cost of hunger in Malawi carried out by the World Food Program (WFP) and other
organizations estimates an overall cost of hunger in that country that is much higher than our study —
almost $600 million USD, or 10.3% of the GDP.®° The Malawi study estimates approximately 23% of all
child deaths from 2008-2012 were attributable to malnutrition, a number similar to the current study
(24.7%). However, that report included both current costs (related to malnutrition that occurs during
the study year) as well as retrospective costs — malnutrition that occurred before the study year, such as
the cost of lost productivity on adults due to childhood malnutrition. Therefore, that study includes the
cost of malnutrition related indicators, such as underweight, for all segments of the population aged 0-
64 years, whereas the current study only includes estimates using the incidence of stunting and wasting
for children under five. Additionally, the Malawi study attributes a larger proportion of diarrhea and AR
incidences to malnutrition. They attribute 38% of diarrheal incidents and 3% of ARl incidents to
malnutrition as compared to 8.4% and 0.6% for diarrhea and ARl respectively in the current study. These
differences are likely due to alternative interpretations of the epidemiological data.

The proportion of under five deaths attributable to malnutrition in this study (24.7%) is substantially
lower than the often-cited figure of 45% of under five deaths that are nutrition related.®! There may be
several reasons for this. First, the figure of 45% comes from several early papers on the subject that
were published in the 1990s. The world has made significant progress on improving malnutrition since
that time, although there is still much more work to do. Second, one of those papers uses weight-for-
age as a risk factor for all-cause mortality,®> whereas in the current study we use height-for-age and
weight-for-height as a risk factor for cause-specific mortality. The reason we chose these measures was
that it is difficult to disentangle the effects of other health aspects, such as enteric disease, on mortality,
that are associated with anthropometric measurements and related to poverty. The chosen measures in
the current study represent the best evidence to date on the impacts of malnutrition on mortality.
Finally, the current study did not include all aspects of malnutrition, such as other micronutrient
deficiencies or children that may die directly from malnutrition, due to data limitations.

The direct medical costs associated with malnutrition in this study are relatively low — only about $2.9
million USD per year. This is slightly lower than an estimate from Walters et al. that put the direct cost of
not breastfeeding in Myanmar at $3.38 million USD.% However, that study attributed about 70% of the
deaths from inadequate breastfeeding to ARI, while the present study did not include a link between ARI
and suboptimal breastfeeding. Multiple reviews report an association between suboptimal
breastfeeding and increased mortality and morbidity from ARI, but the reported 95% confidence
intervals for the relative risks include one.>*#3 While the current study recognizes that there may be a
causal link between suboptimal breastfeeding and an increased risk of ARI, we chose to omit this from
our analysis due to the lack of robust epidemiological evidence. An additional factor that contributes to
the low direct medical costs are the relatively low costs of treatment for diarrhea and ARl as compared
to their neighbors in Southeast Asia. Whereas Myanmar averaged $4.80 per diarrhea treatment and
$3.30 per ARl treatment, most other countries had treatment costs in the range of $13 — $19 USD.Error!
Bookmark not defined.

There were an abnormally low number of measles deaths reported in children under five in Myanmar in
the study year (2016). Because of this, measles mortality associated with vitamin A deficiency
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contributed very little to our final analysis; only one death of the fifteen measles deaths in children
under five in Myanmar in 2016 were attributed to vitamin A deficiency. In 2015 there were 372 measles
deaths under five and in 2017 there were 489. In a normal year (using the 10-year average of measles
deaths under five in Myanmar of 780),* we would have attributed 57 measles deaths to vitamin A
deficiency. An additional note regarding measles mortality due to vitamin A deficiency is that this was
the only relative risk included in the present study which included one in the 95% confidence interval
(RR=1.26; 95% Cl: 0.84-1.87). However, vitamin A deficiency is recognized as a cause of measles by the
WHO, and supplementation is recommended for all children in populations at risk of vitamin A
deficiency.?* Because the measles mortality rate was so low during the study year, this did not
substantially impact our results.

One potential confounder with respect to the impact of vitamin A deficiency, and other micronutrient
deficiencies, on increasing infectious disease risk is the fact that supplementation trials often include
individuals that are not deficient as well as those that are deficient in the micronutrient. The
supplementation may have no effect on individuals that are not deficient, masking the impact of
micronutrient deficiencies on the outcome of interest within micronutrient deficient populations.
Multiple studies support this and report that supplementation reduces negative health impacts
significantly for malnourished populations, but the evidence for the general population is less clear.
Studies, including trials, that do not consider the nutritional status of the population may not be able to
disentangle the impacts of micronutrient supplementation on healthy vs. malnourished populations.

85,86

Importantly, this study found malnutrition plays a key role in under five deaths in Myanmar. This
includes about 25% of all neonatal deaths, and approximately 48% of all under five deaths due to
diarrheal disease and ARI. Additionally, about 875,000 cases of diarrhea (8.4% of all cases) per year
could be averted if malnutrition was eliminated in Myanmar. Considering adult nutritional status,
anemia impacts a large number of women in Myanmar — over 6.5 million women between 15-49 years
of age — and iron deficiency may be a large contributor to this. The potential productivity losses due to
this are large — more than $120 million per year. Beyond reduced wages and lower productivity in the
labor force, this may have a huge impact on women’s productivity in other aspects of their lives, such as
child rearing and education.

This study did not include the economic impact of malnutrition on chronic diseases. Malnutrition has
been associated with many chronic diseases such as inflammatory bowel disease (IBD), chronic kidney
disease, lung and liver disease, and cancers.®” While chronic diseases, if they had been included, may
have contributed relatively little to this analysis due to discounting, they may play a larger role in
Myanmar as the country experiences the nutrition transition, characterized by a shift from energy-poor
and plant-based diets to processed food that is high in fat and sugar, and an increase in chronic
diseases.®® This transition results in high rates of both under- and over-nutrition in the same population,
and, sometimes, in the same person. Studies have shown that children who are malnourished and
stunted are more likely to become overweight as adolescents and adults.®8 Myanmar is currently one of
the 23 countries that account for around 80% of the total mortality due to chronic diseases in

4 Calculated using the reported under five deaths due to measles from the WHO Global Health Observatory data
repository retrieved from: http://apps.who.int/gho/data/view.main.ghe1002015-CH3?lang=en
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developing countries.?’ As it undergoes increasing income and the nutrition transition, malnutrition may
play a larger role in chronic diseases and their impact on the economy.

Since the majority of costs attributable to malnutrition in this study are future costs associated with
death and permanent disability of children under five, the discount rate plays a large role in estimating
the total costs. Using a discount rate of 7% as a sensitivity analysis, we find the yearly overall cost of
malnutrition drops about 50% to $278.5 million USD (Appendix Table S6). The rate of 3% used by this
study is recommended by the World Bank,*® however, more recent studies have proposed an even
lower discount rate.*!

The rate of anemia caused by malnutrition, specifically iron deficiency, in Myanmar is uncertain. We
assume 50% of anemia is caused by iron deficiency, consistent with other recent studies. Some meta
analyses have used a rate as high as 60% for P. falciparum non-endemic regions,>® however, the
measured contribution of iron deficiency to anemia has been shown to vary dramatically from country
to country.3® There are no recent estimates of the contribution of iron deficiency to anemia in Myanmar,
but a study from 1972 reports rates somewhat lower for women, but consistent for men, than those
used in the current study.*® Using the rates of iron deficiency anemia (IDA) reported in that study, Table
12 and Table S7 in the appendix shows the results of a sensitivity analysis. The current study uses a
prevalence of IDA among women of 23.3% and 3.6% among men. The lower bound (from the previous
study) of a 5% prevalence of IDA among women and a 1% prevalence of IDA among men results in an
estimate of 854,000 cases of IDA among adults in Myanmar, costing $32.9 million in lost productivity.
Using an upper bound of 15% IDA among women and 5% among men, we estimate 2,840,000 cases if
IDA, costing $112.4 million annually. These are both somewhat lower than the estimates from this study
of 3,825,150 cases of IDA among adults resulting in $145.6 million in lost productivity per year.

Additionally, due to the uncertainty in the role of the severity of anemia on the impact of neonatal
mortality, we performed a sensitivity analysis using only the prevalence of moderate or severe anemia
among pregnant women on the impact of neonatal mortality. Using the 2016 DHS data, we estimate a
prevalence of 31.1% of moderate or severe (27.7% moderate and 0.4% severe) anemia, as compared to
56.9% of pregnant women with any anemia. This analysis resulted in attributing 20.4% of neonatal
deaths to maternal anemia and low maternal BMI when using only moderate and severe anemia as
compared to 24.8% when including all anemia. The difference in neonatal deaths attributed to
malnutrition was 4,685 deaths in the sensitivity analysis compared to 5,701 in our main analysis.

Limitations

There are several limitations to the estimation of the burden of disease in this study. First, there are
some limitations to the evidence on the impact of malnutrition on several key health outcomes. For
example, the impact of stunting and wasting on ARl incidence is so far inconclusive. While previous
studies have shown a slightly increased risk of ARI associated with both stunting and wasting, the
relative risk 95% confidence interval included one.>? Although there may be a causal relationship
between increased risk of ARl incidence and malnutrition, we chose to omit it from this analysis due to a
lack of epidemiological evidence. Second, there are some limitations in the data for malnutrition related
indicators in Myanmar. For example, there are no recent studies that estimate the prevalence of zinc
deficiency in the population, and therefore the present study used the worldwide zinc deficiency
estimate. This highlights the need for increased surveillance of malnutrition related indicators.

30



Third, this study does not directly measure most malnutrition indicators, rather it uses proxy
measurements, such as stunting, to represent the prevalence of malnutrition in Myanmar. While
anthropometric deficits, such as stunting and wasting, do not directly cause increased mortality and
disability,® they are good indicators of chronic and acute malnutrition. Additionally, there are some
other data limitations, particularly related to micronutrient deficiencies including zinc, vitamin A, and
iron. More research should be undertaken to establish baselines of micronutrient deficiencies in
Myanmar, and in determining the role of iron deficiency in anemia in the country. We attempted to
mitigate the limitations associated with a lack of data on the role of iron deficiency in anemia by carrying
out a sensitivity analysis using previous studies.

Fourth, much of the evidence related to risks associated with malnutrition comes from observational
studies, which includes a risk of residual confounding. Some risks can be better estimated using
controlled interventions, such as that of micronutrient deficiencies, however, others, such as the impact
of stunting or wasting on mortality, cannot be ethically or feasibly carried out using controlled
experiments. We used relative risk estimates that were adjusted for confounding whenever possible,
but residual confounding cannot be definitively ruled out in any case.

Fifth, the evidence of the risk of poor health outcomes due to malnutrition was sometimes not
disaggregated to the extent of the prevalence data. For example, we estimate neonatal mortality
associated with maternal anemia using any pregnant woman with anemia, without differentiating
between the risk of neonatal mortality from severe anemia as compared to that of mild anemia. While
the relative risk used in our study included pregnant women with any anemia, including mild, the
distribution of severity of anemia within the study population in which the relative risk was estimated
may differ from the population in this study. This could potentially impact our estimates of the number
of deaths due to anemia and the costs associated with those deaths.

As far as limitations in the costing analysis, the current study uses the human capital approach, which
values a person’s productivity in terms of market earnings. This approach tends to undervalue the lives
of children, which is a major component of this study, due to future discounting and the long time
period between death or disability and potential earnings.’® This approach also tends to undervalue
conditions that are more common among low income individuals.®* We have tried to mitigate the
unequal value of labor within Myanmar by using the national per capita GDP, however, this does not
take into account the international disparities in income and the resulting disparities in the value of a
human life.

Because of this limitation, the current study undervalues women’s contribution to overall earnings and
GDP. We use the labor force participation rate as an input in both current and future lost productivity,
the yearly costs per person associated with female mortality and morbidity is lower than that of the
yearly cost per person associated with male mortality and morbidity. This more accurately estimates the
lost earnings of individuals participating in the labor market, however, it ignores the contributions of
unpaid labor that is disproportionately carried out by women. This is especially important for costing in
LMICs, where the formal labor market comprises a relatively smaller proportion of the overall
production. Estimates of the contribution of unpaid labor to overall production range from 20%-60% of
GDP.»

There are also several limitations inherent in cost of iliness studies, and it is important to consider these
limitations when interpreting the results. First, due to the differences in data and methods across
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studies, COIl studies are not comparable. Additionally, there are many assumptions that must be made in
order to value the cost of a death or permanent disability. For this study, we use the current per capita
GDP income, however, we have no way of knowing what future productivity and income will look like in
Myanmar. For these reasons, the estimates presented in this paper should not be directly compared to
estimates of the cost of illness in other countries. A second critique of COl studies is that the costs
associated with diseases are often double counted.®* We have attempted to alleviate this concern by
only costing the deaths and disability that we associated with malnutrition, rather than including
secondary diagnoses claims.

A third criticism of COl studies relates to the fact that the estimates do not include the cost of
interventions to mitigate the impact of disease, so only a completely effective and free intervention
would avert the losses estimated in the study.®® However, COI studies — specifically incidence-based
studies — are a necessary component to cost-effectiveness studies in setting an upper limit to the
resources that could be saved if the risk were fully removed. Despite all of these limitations, COIl studies
that are explicit in their methodology and the assumptions used are a valuable tool for decision makers
in allocating scarce resources for public good. The alternative, in this case, is to ignore the economic
impact associated with malnutrition.

Finally, attaching a monetary value to measures of malnutrition depends on multiple assumptions and
could be carried out in many different ways. Because of this, we chose conservative estimates to include
in the model and chose not to include productivity gains, even though it would be fair to assume that
children in Myanmar will be more productive than their parent’s generation. We also did not include any
benefits of improved nutrition outside of expected income, although nutrition would also improve
production in unpaid labor, education, and other activities. Because of these reasons, we view these
estimates as conservative.

Conclusion

The results of this study may help guide policy discussions for investing in nutrition-specific and
nutrition-related programs in Myanmar. Other studies have shown the potential benefits of addressing
malnutrition; for example, one study reports that investing in stunting reduction in Myanmar would
have a benefit-cost ratio of around 17, meaning there would be returns of $17 for every $1 spent on
stunting reduction.®® That study did not include the costs associated with child mortality from
malnutrition. The present study may also be useful for decision makers considering introducing and/or
scaling up nutrition interventions. While we do not include any analysis of costs or benefits from scaling
up nutrition interventions, we hope that this work may contribute to estimating the returns to
investment in future studies.

We estimate the annual economic losses due to 12 key malnutrition indicators in Myanmar to be
approximately $507 million USD. More importantly, over 12,000 deaths, including 323 maternal deaths
and approximately 11,900 under five deaths can be attributed to malnutrition each year in the country.
Although there are no easy fixes to this problem, increased investment in nutrition may yield net
positive economic returns, in addition to improved quality of life. The government of Myanmar should
take this into account when developing future nutrition-specific and nutrition-sensitive programs.
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Appendix

Table S1. Counterfactual for relative risks

Nutrition indicator
Maternal anemia

Maternal vitamin A
deficiency

Low birthweight
Stunted

Wasted

Stunted & wasted

Outcome
Neonatal mortality

Maternal mortality

Child mortality
Child mortality

Child mortality

Child morbidity and
mortality

Suboptimal breastfeeding

Not breastfed (0-5
months)

Partially breastfed
(0-5 months)

Not breastfed (6-23
months)

Child vitamin A
deficiency

Child zinc deficiency

Child morbidity and
mortality

Child morbidity and
mortality
Child morbidity and
mortality

Child mortality

Child morbidity and
mortality

Risk category

Blood hemoglobin <110
g/L

Not receiving vitamin A
supplements

<2500 g at birth

<-1SD compared to WHO
standard

<-1SD compared to WHO
standard

<-2 SD compared to WHO
standard

Not breastfed at age <6
months

Received supplemental
food at age <6 months

Not breastfed at age 6-23
months

Serum retinol <0.70
umol/L

Not receiving zinc
supplements

Counterfactual
Blood hemoglobin >
110 g/L

Receiving vitamin A
supplements

>2500 g at birth

>-1 SD compared to
WHO standard

>-1 SD compared to
WHO standard

>-2 SD compared to
WHO standard

Exclusively breastfed
until age 6 months

Exclusively breastfed
until age 6 months

Breastfed at age 6-23
months

Serum retinol >0.70
umol/L

Receiving zinc
supplements

Table S2. Prevalence of stunting, wasting, and combined stunting and wasting by z-score.

Nutrition indicator

Stunted (low HAZ)
<-3SD
-3SDto -2 SD
-2SDto-1SD
Total

Wasted (low WH2Z)
<-3SD
-3SDto -2 SD
-2SDto-1SD
Total

Stunted and wasted

<-3SD

Prevalence Cases
8.22% 374,257
21.08% 959,772
33.83% 1,540,280
63.13% 2,874,309
1.46% 66,474
5.94% 270,448
25.10% 1,142,803
32.50% 1,479,725
0.03% 1,589
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-3SDto-2 SD 1.04%
-25Dto-1SD 8.60% 391,558
9.67% 440,498

Total

Table S3. Direct cost variables associated with child illness.

Cost Variable lliness Estimate

Treatment rate Diarrhea >4.1%
ARI 55.9%

Average direct medical cost  Diarrhea $4.80

of treating illness ARI $3.30

Average direct non-medical  Diarrhea $1.20

cost of treating illness AR $0.83

Table S4. Assumptions for indirect costs

Cost Variable

Labor force participation rate (age
15-49)

Annual income (GDP per capita)

Under five mortality proportion by
gender

Cost outcome

ID Anemia: women

ID Anemia: men

Current lost productivity,

future lost workforce,
future lost productivity

Male
Female

47,351

Source

2016 DHS
Walters et al., 20165

Walters et al., 2016

Estimate Source
66.5%
90.6%

2016 DHS

$1,093 WB Open Data

58.39%
41.61%

2016 DHS
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Table S5. Cost estimates including 95% confidence intervals for number of incidents per year.

Number of incidents attributable to malnutrition Yearly cost
Cost category Cause ] . . .
Estimate 95% Cl Low 95% Cl high Estimate 95% Cl Low 95% Cl high

Annual direct Diarrhea incidence 876,518 353,453 1,417,866 $2,276,142 $917,848 $3,681,915
medical costs ARl incidence 19,582 11,578 29,034 $36,123 $21,357 $53,559
Annual indirect Diarrhea incidence 876,518 353,453 1,417,866 $569,035 $229,462 $920,479
costs ARl incidence 19,582 11,578 29,034 $9,031 $5,339 $13,390
Current lost ID Anemia: female 3,324,750 3,224,650 3,432,000 $120,828,896 $117,191,036 $124,726,602
productivity ID Anemia: male 500,400 486,500 514,300  $24,776,255  $24,088,026  $25,464,484

Under five 4,954 2,574 7,366  $49,947,029  $25,957,351  $74,272,344
Future lost mortality: female
workforce i

Under five 6,951 3,613 10,337  $95,731,617  $49,751,492 $142,355,046

mortality: male
Future lost Stunting male 138,785 116,506 161,065 $122,323,536 $102,687,076 $141,960,877
productivity .

Stunting female 139,959 117,512 162,402 $90,315,720 $75,830,642 $104,798,216
Total costs $506,813,384 $396,679,631 $618,246,912
Percent of GDP 0.80% 0.63% 0.98%
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Table S6. Economic losses attributed to malnutrition sensitivity analysis using a 7% discount rate for
future costs.
Number of incidents

Cost category Cause attributable to Yearly loss
malnutrition
Annual direct medical Diarrhea incidence 876,518 $2,276,142
costs ARl incidence 19,582 $36,123
Annual direct non-medical Diarrhea incidence 876,518 $569,035
costs ARl incidence 19,582 $9,031
ID Anemia: women 3,324,750 $120,828,896
Current lost productivity
ID Anemia: men 500,400 $24,776,255
Future lost workforce Under five mortality 13,791 $57,493,885
Future lost productivity Stunting 278,744 $72,467,070
Total costs $278,456,437

Table S7. Sensitivity analysis of costs associated with iron deficiency anemia (IDA) using historic levels
of IDA.

Rate of IDA Number of Yearlycost Rateof IDA  Number of Yearly cost

(lower) incidents (lower est.) (upper) incidents (upper est.)
Women 5% 715,000 $25,984,709 15% 2,145,000 $77,954,126
Men 1% 139,000 $6,882,293 5% 695,000 $34,411,466
Total 854,000 $32,867,002 2,840,000 $112,365,592
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