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Abstract

Background. Stunting hinders the development of children around the world.

Objectives. We have calculated the burden of disease attributable to protein and energy malnutrition (PEM) in Ghana and evaluated the impact of the
modelled intervention to prevent stunting in Ghana.

Methods. A literature review was conducted to better understand the economic implications of stunting. The burden of PEM was measured in Disabili-
ty-Adjusted Life Years (DALYs) and income lost. A culturally sensitive nutritional intervention was designed to prevent stunting in the target popula-
tion. The comparator was no intervention. We performed cost-effectiveness, cost-utility, and cost-benefit analyses.

Results. The estimated income lost due to PEM in Ghana was over 70 bin 2014 international dollars (I$). In 2014 the Ghana GDP per capita was
1$4,548.00. The incremental cost-effectiveness ratio (ICER) per stunting case averted was 1$2,573.72. The ICER per DALY averted was 1$896.18.
The cost-benefit ratio was 0.03.

Conclusion. Stunting causes a high burden to society in Ghana. The modelled backyard poultry intervention is very cost-effective in reducing stunting
and it effects.
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Introduction

Malnutrition refers to both overnutrition and un-
dernutrition [1]. Overnutrition, mistakenly thought as
a health problem of high-income countries, also affects
low and middle-income countries. There is robust evi-
dence supporting the ever growing prevalence of over-
nutrition in both developed and developing countries.
The increased prevalence of overnutrition contributes
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to an increase of non-communicable diseases such as
diabetes and ischemic heart disease [2]. However, un-
dernutrition is still highly prevalent in many middle and
low-income countries. The United Kingdom Depart-
ment of Development went as far as to call undernutri-
tion ‘a scourge in our world’ [3]. The focus of this study
is on undernutrition because, despite all the efforts
made by the international community to alleviate it and
its effects, there is still much work to be done to eradi-
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cate it. Undernutrition hinders the ability of individuals
as well as of entire societies and countries to reach their
full potential.

Undernutrition, as defined by UNICEF, is the out-
come of insufficient food intake and repeated infectious
diseases [4]. The three forms of undernutrition are micro-
nutrient deficiencies, wasting, and stunting [4]. Micronu-
trient deficiencies refer to deficiencies in vitamins and
minerals such as vitamin A, By, and Iron [4]. Wasting
is defined as being dangerously underweight for one’s
height [4]. Stunting is defined as being too short for one’s
age [4].

Ghana is a country located in the western part of
sub-Saharan Africa. In 2013 it had a population
of 26,164,432 according to the UN Population Division
[5]. In the year 2014 348 infants per thousand, between
twenty four and thirty six months old, were stunted in
the country [6]. This indicates that more than one third
of the children in Ghana are not currently developing to
their full potential. This prompted the authors to conduct
a study focused on the economic burden of PEM and it’s
consequence — stunting. More specifically, we consider
stunting the result of chronic deficiencies in the complex
interactions between household food security, appropri-
ate care, health conditions and appropriate health sys-
tems [7]. We also assessed nutrition specific prevention
intervention which was modelled and evaluated follow-
ing the economic evaluation principles.

Recent studies have identified stunting as an under-
lying factor of low productivity in both individuals and
societies [3]. Stunted children will grow up to be stunted
adults. Stunting growth prevents individuals from reach-
ing their full potential and therefore they do not contrib-
ute to their communities as much as they could have if
they had not been stunted. It is important to clarify the
difference between short stature and stunting [8]. Short
stature is attributed to genetic factors. Having short stat-
ure is by no means related to lower cognitive skills. On
the contrary, stunting is atrophied physical and cognitive
development as a result of the complex interactions be-
tween humans and their environment.

The consequences of stunting can be easily over-
looked because stunted children do not suffer from any
obvious or painful symptoms. Stunted children often
appear to be healthy but in reality they are too short for
their age, hindering their ability to fully develop to their
full potential [8]. Children are considered stunted when
they have a height-for-age z-score (HAZ) that is more
than two standard deviations below the age-sex median
for well-nourished reference populations [3]. Children
are usually classified as stunted at the age of 2 — when
it is already too late. Studies show that it is virtually im-
possible for children diagnosed as stunted by age 2 to
develop to their full physical and cognitive potential later
in life. Stunting cannot be cured; it can only be prevented
during the first 1,000 days of life — beginning at gestation
and until two years of age. This time frame is called the
window of opportunity. Evidence shows that preventing
stunting will have a positive impact on individual and
societal development.

B Methodology

A systematic review was performed to understand the
burden of stunting from an economic point of view also
using Global Burden of Disease (GBD) study methodol-
ogy. The modelled, easily enacted, backyard poultry mal-
nutrition prevention intervention was evaluated using an
economic evaluation of the program’s principles. Three
main types of economic analyses were performed for
this project: (i) Cost-Effectiveness Analysis (CEA) was
performed using change in mortality and stunting rates
pre- and post- intervention as effects of the intervention.
(i1) In the Cost-Utility Analysis (CUA) the outcome was
a number of reduced DALY’s due to premature death
caused by stunting. (iii) A Cost-Benefit Analysis (CBA)
was performed using the human capital approach. The
benefits from the intervention took into consideration
a change in future earnings, consumption and GDP. The
comparator of the CEA, CUA and CBA was NO inter-
vention (the present standard of care).

Systematic search strategy

The literature review search was initially conducted
on PubMed. Subsequently specialized databases like
POPLINE (Population Information Online), Wiley On-
line Library, and the Lancet Database website were also
used. The initial search terms were defined as economic
evaluations AND children AND stunting. After the iden-
tification of the first articles, a snowball technique was
used to identify other articles and authors working within
the same area of knowledge. The search was conducted
on September 9, 2016. The inclusion criterion was de-
fined as reviews and economic evaluations looking spe-
cifically at the economic consequences of stunting. Only
articles published from 2007 until 2016 in English were
considered for this review.

After the inclusion and exclusion criterion were ap-
plied, seven papers were identified. The papers were
divided in two groups. The first group is composed of
four papers that highlight the lack of cost-effectiveness
evidence regarding nutritional interventions [10]. This
group also underlines the developmental potential during
the first five years of life, especially in developing coun-
tries [11] and finally it explains the rational for investing
in reducing stunting [3]. The second group is composed
of three papers that illustrate economic evaluations
performed in nutrition interventions around the world.
Two economic evaluation studies have been performed
regarding nutrition specific intervention in Pakistan
[12, 13]. The last paper evaluates the economic conse-
quences of a nutritional complementary intervention in
Guatemala [14].

Burden of disease

Burden of disease may be measured with various in-
dicators like: the number of deaths caused by the disease,
the number of cases of the disease, years of life lost due
to disease, both: (i) without counting reduction in health-
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related quality of life or (ii) with consideration of dis-
ability caused by the disease like the Disability-Adjusted
Life Years (DALY) measurement. The disease also has
consequences on patients’ and their families’ ability to
work and earn an income, the opportunities for education
and career development, and on the society as a whole
— production lost and reduced economic growth. In this
study we focus on DALY's and income lost due to prema-
ture deaths and disabilities caused by PEM.

Within the GBD study, since the beginning of 1990s
the burden of disease has been calculated to determine
which diseases are contributing the most to morbidity and
mortality rates in a particular country, region or globally
[9]. The latest Global Burden of Disease (GBD) meth-
odology came out in 2015. It excludes age weighting in
DALYs. It uses equal standard life expectancy at birth for
both males and females and does not discount the time
lived with disability. Burden of disease studies are used
to inform evidence-based policymaking processes and to
support allocation of resources targeting those diseases
causing the most DALYs.

The burden of disease attributable to stunting was
calculated using protein and energy malnutrition (PEM),
morbidity and mortality rates as proxy variables to cal-
culate DALYs. The economic value of a year of healthy
life lost due to PEM was measured using a method em-
ployed by the WHO Commission on Macroeconomics
and Health (CMH), which makes an assumption that each
DALY can be valued at between one and three annual
GDP per capita for the country being studied.

Modelled intervention
Intervention design

Eight hypothetical communities representative of
the Ghanaian population were modelled to evaluate the
community based backyard poultry intervention in rural
Ghana, based on the work of Heifer International. Heifer
International is an international non-governmental or-
ganization (NGO) that has a “teach a man to fish” phi-
losophy [15]. One of their main activities is providing
farmers with livestock, as well as training, to improve
food and nutrition security [16].

For this hypothetical intervention, an NGO similar to
Heifer International considers providing four communi-
ties with the necessary livestock to provide sustainable
animal source protein to children between six and twenty
four months of age. The organization is interested in pro-
viding this group of children with supplementary animal
source protein because scientific literature indicates that
adequate nutrition during this critical development period
— the window of opportunity — has remarkable develop-
mental consequences that stay with children and their
communities for the rest of their lives [17]. On the con-
trary, the lack of adequate nutrition during this period can
lead to serious developmental consequences that will af-
fect children and their communities in the short and long

run. The NGO decides to test the hypothesis that protein
supplementation during the window of opportunity leads
to healthier, more productive individuals and societies.
For this reason eight communities of 10,000 inhabitants
each were modelled. The communities are representative
of the population in Ghana. Staying on track with the sus-
tainability trend, the NGO decides to provide layer hens
to four out of eight-modelled communities. Layer hens
provide a constant supply of eggs, an excellent animal
source protein, at low cost to the environment and the in-
vestors. Layer hens also require very little care, allowing
communities to pursue other activities while enjoying the
benefits of having layer hens in the community. We de-
cided to test our hypothesis by performing an economic
evaluation of the intervention from the perspective of the
payer for the cost and from a broad societal perspective
for the outcomes.

The duration of the intervention will only be
18 months. The start-up period of the intervention is
only 2 weeks long. It begins with the hiring of a regional
coordinator. The regional coordinator is responsible for
recruiting three field workers per community who will
be responsible for recruiting five volunteers each, pref-
erably women. Once the recruitment is finalized the
regional coordination will be responsible for providing
the field workers with the materials and feed needed to
successfully run a community based backyard poultry
intervention. Once the field workers have identified the
volunteers who will help them run the chicken coops they
will train them on basic fowl rearing practices. Part of the
training is building and preparing the chicken coop for
the arrival of the layer hens. During training volunteers
agree to protect the layer hens and not eat them until they
have completed their egg-laying phase. Once the hens
have arrived in each community they are distributed to
their corresponding chicken coop by the regional coordi-
nator. The start-up period is over when the layer hens are
delivered to their assigned chicken coops.

The post-start up period is 96 weeks long. Layer hens
will grow and develop during the first twenty weeks of
the post-start up period. During this time the field workers
will coordinate and schedule the volunteers to feed, clean,
and maintain the chicken coops. They will also ensure that
households with children in the 6 to 24 month age range
are aware of the intervention and are encouraged to par-
ticipate in it. Making sure the fowl and the communities
are protected from zoonotic diseases is very important to
the NGO. Therefore, the regional coordinator is required
to provide the field workers with the necessary vaccines
to keep the chickens safe. The necessary vaccines are new
castle, the fowl pox, and infectious bursal disease. They
will be administered to the fowl according to the Food and
Agriculture Organization of the United Nations (FAO)
recommendations. Once the hens start laying eggs the
volunteers will distribute the produced eggs to families
members in the community with children between six and
twenty four months of age. This phase will last 76 weeks.
This is the usual egg-laying period of hens.
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Figure 1. Linear Interpolation. Number of babies still alive at age x
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Source: Authors’ elaboration.

Sample size

The sample size was calculated by applying the crude
birth rate in Ghana to a population of 10,000 people. The
number of newborns, in four communities of 10,000 peo-
ple each, was calculated using linear interpolation as well
as the number of infants that would be between six and
twenty four months of age in the community.

Linear interpolation to calculate mortality rates at age
6 and 24 months

Linear interpolation was used to calculate the un-
known mortality rates at 6 and 24 months. Knowing the
infant mortality rates at 6 and 24 months allowed the
authors to estimate with more precision the number of
infants in the modelled intervention that are within the
age group of interest. It would be wrong to say that all the
1,000 newborns make it to 6 months because in real life
not all newborns do so. Drawing similar triangles under
the curve and interpolating the missing values served to
calculate the unknown infant mortality rates. In linear in-
terpolation a function is created from observational data
points by drawing straight lines from each known point
to the next. This function can then be evaluated at any
point of interest to determine an approximate value. In
other words, having this function allows the authors to
insert any value in it (e.g. months) and determine how
many babies are still thriving. Thanks to these techniques
we were able to estimate that the population of infants

between six and twenty four months in these four com-
munities was 1,756 children. Assuming a conservative
approach, 90% of the target population would participate
in the intervention, meaning a total of 1,581 children.
The graphical explanation of linear interpolation and the
drawn triangles can be observed in Figure 1.

Although eight identical communities were modelled,
only infants from four of the communities would partici-
pate in the intervention in order to have both control and
intervention groups. All the infants in this age interval are
eligible to participate.

Cost of the intervention

As mentioned above, the goal of this study is to evalu-
ate the economic impact of a community based backyard
poultry intervention that increases access to protein for
infants (between 6 to 24 months) in the four interven-
tion communities. The protein is available in the form
of a daily egg per child. The first part of the intervention
will last a total of eighteen months. During the interven-
tion period 2,219 hens produce a total of 865,454 eggs.
The hens chosen for the intervention produce between
250 to 270 eggs a year. For this model the average egg
production per hen is 260 eggs per year, a total of 390
eggs per hen during the intervention period.

The costs of the intervention were only approached
from the perspective of the payer while the impact of the
intervention took a broader societal perspective. Unit
costs were obtained from experts in the field and from
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Figure 2. Decision Tree (From 6 to 24 months of age)
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Food and Agriculture Organization of the United Nations
publications about backyard poultry in Ghana. Most of
the values were from 2014. However, when cost and ben-
efit data were available for earlier years than 2014 — the
values were converted to 2014 international dollars (I$)
using Ghana CPI and the National Currency (Cedi) per
the US dollar conversion factor (Purchasing Power Pari-
ties for GDP).

Outcomes of the intervention

The impact of the intervention was extrapolated from
a study performed by the Institute of Nutrition of Central
America and Panama (INCAP) in Guatemala from 1969
to 1977. The variables considered for the cost-effective-
ness analysis were mortality and stunting rates. DALY's
reduced were considered for the cost-utility analysis
(with 0% and 3% discount rates applied). The human
capital approach was taken for the cost-benefit analysis.
A sensitivity analysis was also performed as part of the
cost-benefit analysis using 3%, 5%, and 7% discount
rates.

Economic evaluation of the intervention

Economic evaluations are rarely conducted on nutri-
tion interventions. Aware of the lack of similar studies,
the authors have taken an organic approach to this pro-
ject, embracing the flexibility to economically evaluate
as much or as little as possible with the available data.

Cost-Effectiveness Analysis

For this part of the analysis a decision tree was built
to illustrate the different outcomes (the number of deaths
and persons still alive and the number of stunted and non-
stunted) from the intervention and the control group. Due
to the complexity of this evaluation the tree only includes
short-term outcomes of the intervention such as the prob-
ability of dying or of being stunted by the 24" month. The
decision tree was a way to illustrate the different size of

the intervention and control groups. The difference is due
to the intervention coverage. In order to be conservative,
the authors modelled an intervention with only 90% cov-
erage to reflect the coverage rate of similar interventions.
The decision tree also illustrates the transitional prob-
abilities of mortality and stunting. The path probability
of being stunted at the age of 24 months for children still
alive in the intervention is 0.254 (0.977*0.26), while the
path probability of having normal height for children
in the intervention group is 0.723 (0.977*0.74). On the
other hand the path probability of being stunted by 24
months in the control group is 0.338 (0.967*0.35). The
path probability of having normal height at the age of 24
months in the control group is 0.629 (0.967*0.65). The
decision tree created for this intervention can be seen in
Figure 2.

Using reduction in mortality rate as an effect of
intervention

In order to calculate the cost-effectiveness of the in-
tervention on the total number of deaths averted by the
modelled community based backyard poultry interven-
tion the total cost of the intervention was calculated in
2014 international dollars. The total cost of standard of
care from the perspective of the payer is negligible be-
cause the payer does not currently have an intervention
in place. The incremental cost therefore is equal to the
total cost of the intervention. The incremental effective-
ness of the intervention was calculated by subtracting the
deaths that were averted with the standard of care from
the deaths prevented due to the intervention. The incre-
mental cost-effectiveness ratio was calculated by divid-
ing the incremental cost by the incremental effectiveness.
The results from the incremental cost-effectiveness ratio
were compared to the Ghana’s GDP per capita for the
year 2014.

Using reduction in stunting rates as an effect of
intervention

In order to calculate the cost-effectiveness of the in-
tervention on the total number of stunting cases averted
by the community based backyard poultry intervention,
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the total cost of the intervention was calculated in 2014
international dollars. The incremental effectiveness of the
intervention was calculated by subtracting the number
of stunting cases averted with the standard care from the
stunting cases prevented due to the intervention. The incre-
mental cost-effectiveness ratio was calculated by dividing
the incremental cost by the incremental effectiveness.

Cost-Utility Analysis

To identify the cost-utility of the community based
backyard poultry intervention the DALY's averted were
calculated. Estimating DALY’s due to stunting is not
a straightforward task. In fact it was nearly impossible
to find disability weights for stunting in the literature
that truly reflect the magnitude of the devastating conse-
quences of stunting in the futures of children around the
world. With this in mind only DALYs due to premature
death were considered for this work. Unfortunately, death
is only the tip of the iceberg [11] when evaluating the
consequences of poor nutrition in the lives and futures
of children around the world. Therefore the DALY’s
calculated in this work are highly underestimated. The
total DALY attributed to premature mortality due to in-
adequate food intake averted with the intervention was
calculated using the Global Burden of Disease Study
2010 methodology [18]. The DALYs averted were not
age-weighted, were only discounted and a new standard
life expectancy at average age of death for both sexes
(1.25 year) was used. The version of DALY's averted us-
ing national life expectancy at age of death in Ghana was
also assessed with data from the WHO [19]. The incre-
mental utility of the intervention was calculated by sub-
tracting the number of DALY ’s averted with the standard
care from the DALY averted with the intervention. The
incremental cost utility ratio was calculated by dividing
the incremental cost by the incremental utility of the in-
tervention. The results from the incremental cost utility
ratio were compared to the Ghana’s GDP per capita for
the year 2014 in international dollars in order to decide if
the intervention is cost-effective.

Cost-Benefit Analysis

To perform the cost-benefit analysis the human capi-
tal approach was taken to evaluate the long-term impact
of the intervention. The impact of the intervention in
mortality and stunting rates was considered to calculate
the population that would be able to join the work force.
The GDP per capital in PPP terms was used as a proxy
variable to measure the per capita consumption between
the years 2039 and 2059 by the children in the eight
communities modelled for this study. By the year 2039
infants in the intervention group would be 25 years old
and most of them would be in the work force according
to Ghana’s statistics [6]. The model assumes that people
in Ghana are only part of the work force between the ages
of 25 and 50. The number of surviving adults was cal-
culated using Ghana’s adult mortality rate [6]. GDP per
capita in PPP terms was projected for the next forty-five
years assuming participants in the intervention would be
in the work force for twenty-five years. The per capita
consumption of stunted adults compared to normal height
adults was calculated using Hoddinott et al.’s results
[20]. Hoddinott et al. found strong evidence supporting
the theory that the multiple damaging effects of growth
failure in early childhood persist into adulthood [20].
Some of the effects of stunting in adulthood are lower
cognitive scores, a lower level of per capita consumption
and a higher probability of encountering poverty among
others. The Hoddinott et al. model predicts that stunt-
ing reduces per capita consumption by an immense 66%
[20]. Stunting has such a high costs because it has a large
impact on cognitive skills [20]. Cognitive skills usually
determine the number of years of schooling and in turn
they have high returns in the labor market [20]. A sum-
mary of the methodology used to calculate the human
capital approach of this intervention in the intervention
group can be seen in Table I. The exact same methodol-
ogy was used to calculate the human capital losses at-
tributable to stunting in the control group.

The total benefit for the standard of care was cal-
culated considering the number of stunted and normal

Table L. Sample of the methodology used to calculate the human capital losses attributable to stunting

Intervention (6-24 months of age) n = 1,756
People in the work Total GDP if there Total GDP Loss in GDP from
Work force Adult fe . .
e L. X orce was no difference in of stunted and stunted adults
Year Age | participation | mortality . o
rate (%) rate (%) Stunted | Normal consumption normal adults (66% less)
adults adults as) as) as)
2039 | 25-29 86.95 25.1 300 821 16,578,694.20 13,646,368.11 2,932,326.16
2044 | 30-34 92.30 25.1 319 871 22,760,549.85 18,734,819.32 4,025,730.53
2049 | 35-39 94.40 25.1 326 891 30,106,020.62 24,781,073.41 5,324,947.21
2054 | 40-44 95.50 25.1 331 904 39,493,030.00 32,507,772.72 6,985,257.28
2059 | 4549 95.00 25.1 328 897 50,676,380.66 41,713,088.73 8,963,291.93
Total 159,614,675.40 131,383,122.29 28,231,553.10

Source: Authors’ elaboration.
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Box 1. Formulas for indicators used in cost-benefit analysis

Incremental Benefit = TBiutervention — TBcontrol
NetBenefit = Incremental Benefit — Costs of Intervention

Costs of Intervention

Incremental Cost Benefit Ratio =
Incremental Benefit

Where: TBiyervenion — Total benefit achieved within the intervention
group

TBeowwat  — Total benefit achieved within the control group

Source: Authors’ elaboration.

height adults from the original number of children in the
control group. The total benefit for the intervention group
was calculated considering the number of adults from
the number of children in the intervention group (90%)
plus the children who were not covered by the interven-
tion (10%). The incremental benefit was calculated by
subtracting the total benefit achieved within the control
group from the total benefit gained by the intervention
group. The net benefit was calculated by subtracting the
total cost of the intervention from the incremental benefit
of the intervention. The incremental cost benefit ratio was
calculated by dividing the cost of the intervention by the
incremental benefit of the intervention (See Box 1). In
order to present the value of a future stream of benefits in
terms of their present day value, a discounting procedure
was applied and a sensitivity analysis was performed us-
ing 3%, 5%, and 7% discount rates.

I Results
Literature review findings

Batura et al. [10] looked at 15 articles to assess the
cost-effectiveness of early childhood nutrition and de-
velopment (ECND) in a target population of children
under five years of age. Unfortunately, Batura et al. [10]
discovered that despite the vast evidence in the litera-
ture of the impact of ECND interventions in improving
children’s developmental outcomes, very few economic
evaluations are performed on interventions of this na-
ture [10]. The variability of the elements considered
when performing the cost-effectiveness analysis makes
it very hard to compare the results of the different
cost-effectiveness studies. Some of the studies looked
at stunting cases averted, others looked at number of
deaths averted, while some others looked at DALYs
reduced by the intervention [10]. Out of the 15 cost-
effectiveness studies evaluated by Batura et al. only
three pairs used the same outcome measurement vari-
able [10]. The three common denominators used were
DALYs, cases of stunting averted, and Eyberg Intensity
Scores, forcing Batura et al. to only compare the pairs of
articles that used the same common denominator [10].
Authors emphasized the need to enable comparisons
between cost-effectiveness articles evaluating ECND

to generate strong evidence in favor of allocating mon-
etary resources to interventions that impact ECND [10].

Grantham-McGregor et al. emphasized the impor-
tance of helping children under the age of five in low and
middle-income countries to thrive [11]. They examined
all the factors that can potentially lead to stunting and
connected them with their economic consequences. The
authors drew data from cross-sectional studies in Tanza-
nia, Nepal, and Ghana [11]. They found out that stunted
children were more likely to enroll late in school. Stunted
children in Tanzania were less likely to be enrolled in
school than non-stunted children. In the same paper,
Grantham-McGregor et al. found that stunted students in
countries like Nepal [21], China [22], Jamaica [6, 23], In-
dia [24], the Philippines [25-27], Malaysia [28], Vietnam
[29], Brazil [30], Turkey [31], Guatemala [32] (only boys)
attain lower achievement levels or grades for their age
[33]. Grantham-McGregor et al. also found four published
longitudinal studies linking early stunting with lower cog-
nition and school grades later in life [11]. They present
a study in Jamaica in which stunting before 24 months
was linked to school dropout rates at 1 to 18 years of age
[23]. Using data from previous studies in Guatemala [34]
the authors discovered that being stunted at 36 months
was related to cognition, literacy, numeracy, and general
knowledge in late adolescence. Children who do not reach
their developmental potential are less likely to be produc-
tive adults because either their educational attainments
are low or they learn less per year of schooling [11]. The
lack of optimal education attainment during childhood
has repercussions on the labor market. In the same review
Grantham-McGregor et al. used data from Indonesia [35]
to show that on average, each year of schooling increases
wages by 7-11%. They concluded that the loss of human
potential is associated with more than a 20% deficit in
adult income and that it has implications for the develop-
ment of societies and entire nations [11].

In a review performed by Hoddinott et al. clear exam-
ples are given of the many ways stunting is limiting the
development of children and societies around the world
[3]. The findings from Hoddinott et al. align with the pre-
viously described statistics. Stunted children attain less
education than non-stunted children, which leads to them
earning less money later in life in the labor market [3].
In a different paper, Hoddinott et al. found that children
stunted at 36 months grow up into stunted adults who
have 66% lower per capita consumption than non-stunted
adults [20]. In the review Hoddinott et al. calculated the
benefit-cost ratios for investments in nutrition specific
intervention to eliminate stunting in seventeen selected
high-burden countries [3]. For instance, they calculated
that for every dollar invested in reducing stunting in
Bangladesh, the economic return is estimated to be $1.9
— $18.4 [3]. The Bangladesh benefit-cost ratio was the
median value of all of the seventeen benefit-cost ratios
calculated by Hoddinott et al [3].

In 2008 Victora et al. also looked at the adult and hu-
man capital consequences of maternal and child under-
nutrition [36]. The authors found that height not attained
during the first two years of life is impossible to regain
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Table I1. Papers on the economic consequences of nutritional interventions

Paper Author Year Targe‘t Paper ) Ba‘seline ‘Eco.nomic
population type indicators indicators
Highlighting the evidence gap: how | Batura Neha et al. 2014 | Under 5 Review N/A * DALY
cost-effective are interventions to [10] * Cost per death
improve early childhood nutrition averted
and development?
Developmental potential in the first | Grantham-McGregor | 2007 | Under 5 Review * Prevalence * National
5 years for children in developing Sally et al. [11] of stunting development
countries * Number of people | « Educational
living in absolute attainment
poverty
Maternal and child undernutrition: | Victora Cesat et al. 2008 | Mothers Review * Prevalence * Human Capital
consequences for adult health [36] and children of stunting * Salary
and human capital  Undernutrition
Adult consequences of growth Hoddinott John etal. | 2013 | Under 5 Economic | ¢ Prevalence * Educational
failure in early childhood [37] evalua- of stunting achievement
tion  Undernutrition * Age at first birth
» Household wealth
index score
* Household
expenditure
and poverty

Source: Authors’ elaboration.

later in life [36]. In agreement with the findings from
previous articles Victora et al. found that child growth is
related to educational attainment in Zimbabwe [36]. Al-
though around the world females salaries are lower than
males salaries, the authors found a decrease of 8% sal-
ary in Brazilian stunted women and a 25% decrease in
salary in Guatemalan women [36]. An additional review
by Hoddinott et al. estimated that stunted adults have
a higher probability of living in poverty by 42 percent-
age points than non-stunted adults [37]. The results from
the first part of the systematic review are illustrated in
Table I1.

Guatemala Intervention

This retrospective economic evaluation looks at the
economic productivity of stunted adults versus the eco-
nomic productivity of non-stunted adults. Hoddinott et
al. assessed the average income of adults who 25 years
earlier had participated in a supplementary nutrition in-
tervention [ 14]. Half of the cohort had access to a gruel
high in protein — atole and the other half had access
to fruit flavored water — fresco [38]. Hoddinott et al.
focused on children who participated in the intervention
from birth until they turned three years old [14] because
they found that exposure to atole before 3 years of
age significantly raised wage rates by US$0.62—-$0.67
per hour [14]. The wage rate increase represented
a 46% rise above average wages in the sample [14].
It’s important to mention that this was only significant
for this age group. There was no relationship between
children who were exposed to atole after 36 months and
their adult wages [14]. The income increase was only
significant for men; contrary to previously mentioned

findings, exposure to atole was not related to higher
salaries in women. This statistic can be explained by
cultural factors. Women represent a smaller portion of
the work force in Latin American countries. Hoddinott
et al. argued that in several countries women mostly
engage in non-remunerated activities such as caring
for future and older generations [14]. In addition to
the economic gains, Hoddinott et al. found that high
protein gruel supplementation for 24 months increased
schooling by 1.2 grades in both genders [14]. In fact, it
increased reading comprehension and performance in
the Raven’s test of progressive matrices by about 1% in
males and 8% in females [14].

Pakistan Interventions

Two economic evaluations were found of interven-
tions performed in this context. One of them was a cost-
effectiveness analysis of responsive stimulation and
nutrition interventions on childhood development by
Gowani et al. [12].This cost-effectiveness analysis con-
trasted a nutrition specific intervention to an intervention
incorporating children responsive stimulation [12]. Gow-
ani et al. also commented on the lack of economic evalu-
ations on nutrition interventions [12]. Gowani et al. men-
tioned the challenges of conducting cost-effectiveness
analyses on interventions that have several outcomes [12]
as is often the case with interventions of this type [12].
The authors argued that cost-effectiveness analysis needs
to be performed more frequently on nutrition specific in-
terventions to increase the existing literature on cost and
economic consequences of nutrition interventions [12].
They found that children who receive responsive stimu-
lation in addition to a nutritional intervention had sig-
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nificantly better outcomes at 24 months than those who
only received the nutritional intervention [12]. Although
the results from this study are not favorable to nutrition
specific intervention, this study contributed towards the
development of evidence based policy.

The second economic evaluation performed in the Pa-
kistani context was done on a hypothetical intervention of
micronutrient sprinkles. For the purpose of this economic
evaluation Sharieff et al. modelled two communities rep-
resentative of the Pakistani population [13]. They had
high infant mortality rates, a high prevalence of anaemia,
and a high longitudinal prevalence of diarrhoea [13]. The
modelled intervention consisted of providing children
from 6 to 24 months of age with 60 sprinkle sachets for
a period of 4 months [13]. The sachets contain micronutri-
ents like zinc and iron that are very important for children
in this age group especially as they are fighting bacteria
caused diarrhoea. Sharieff et al. calculated DALY's due to
premature mortality and cost per death averted, as well as
the cost per DALY reduced [13]. Their results were very
positive. They determined that a short-term intervention
with micronutrient sprinkles was cost-effective [13].

The literature search highlighted the lack of evidence
when it comes to evaluating the economic consequences
of nutrition interventions in the short and long term. The
few economic evaluations in the literature have encour-
aged the authors to pursue an economic evaluation of
a community based backyard poultry intervention. Gov-
ernments and non-governmental organizations (NGOs)
overlook nutrition specific interventions because their
immediate consequences are not obvious to the payer.
More studies of this type are needed to increase the
evidence of the true impact of nutrition interventions on
individuals and societies. We believe that pursuing an un-
conventional economic evaluation of a community based
backyard poultry intervention will contribute to the lit-
erature of economic evaluations performed in nutrition
specific interventions. The findings from these are sum-
marized in Table IIL.

Burden of disease

In 2013 505,339.84 DALYs were due to PEM
in Ghana. The income lost due to PEM in 2014 was
1$7,006,701,819.59. The results from the burden of
disease calculations are summarized in Table I'V. The
income lost due to PEM in Ghana is calculated by mul-
tiplying the number of DALYs due to PEM in 2013 by
3 times GDP per capita in 2013. Next the 2013 value was
inflated to the year 2014 using United States Bureau of
Labor Statistics on CPI for Ghana.

Cost of the intervention

The total cost of the intervention (including the pro-
duction and overhead costs) from the payer’s point of
view, only considering financial costs, is $355,173.34
in 2014 international dollars. The cost per egg produced
was [$0.41. The cost per child in the intervention was
1$224.65.

Reduction in infant mortality rates

The incremental effectiveness is 13 deaths averted at-
tributable only to the intervention. The incremental cost
of intervention compared to NO intervention (I$0) was
1$355,173.34. The incremental cost-effectiveness ratio
(ICER) is 1$27,573.25. The net effect of the intervention
and the incremental cost, effectiveness, and cost-effec-
tiveness of the intervention can be seen in Table V.

Reduction in Stunting rates

The incremental effectiveness is 138 stunting cased
averted attributable solely to the intervention. The ICER
is 1$2,573.72 per stunted child prevented. The net effect
of the intervention and the incremental cost, effective-
ness, and cost-effectiveness of the intervention can be
seen in Table VL.

DALYs averted

Within the CUA the number of averted DALYs due
to premature death caused by stunting is 30.73 years per
death prevented. The total number of DALY's averted in
the intervention group is 1,484.28 (vs. 1,087.96 in control
group). The incremental utility is 396.32 DALY's averted.
The incremental cost-utility ratio (ICUR) is 1$896.18
when discounted DALY's averted are used and 1$117.76
— when DALY averted are not discounted (Table VII).
The intervention is very cost-effective even when DALY's
are discounted because the ICUR is less than 1 X Ghana
GDP per capita in the year 2014.

Increase in Ghana future GDP

The incremental non-discounted benefit of the inter-
vention is 1$12,549,170. The incremental cost-benefit
ratio of the intervention is 0.03. The results of the cost-
benefit analysis, including sensitivity analysis are sum-
marized in Table VIII.

Discussion
Burden of disease

The burden of disease was calculated first in order
to understand the impact that stunting has on low and
middle income countries. The DALYs attributable to
stunting were not found in the literature. Therefore, only
the DALY attributable to PEM were presented. These
calculations indicate that in the year 2014 Ghana lost
over 1$7 bln of national income due to PEM. This re-
sult is highly underestimated because it only considers
the DALYs due to deaths and attributed to PEM instead
of all the DALY attributed to stunting and also due to
disability. The DALYs due to stunting would be more
comprehensive because they include a wider definition
of disease. However, based on the DALY's due to PEM it
is possible to see the burden that stunting currently places
on Ghana’s economy.
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Table IV. Burden caused by protein and energy malnutrition in Ghana in 2014

Burden of Disease in Ghana

Population E::Iﬁﬁat::l;)g (:a(:)ol; DALYs attributable GDP per capita Cost of PEM Cost of PEM
in Ghana o ul:tion ra’te to PEM in Ghana in Ghana in 2013 in 2013 in 2014
in 2013 pop in 2013 in 2013 International $ (PPP) | International $ (PPP) | International $ (PPP)
26,164,432 1,931 505,339.84 4,548.00 6,894,854,334.73 7,006,701,819.59

Source: Authors’ elaboration based on data from IHME, UN Department of Economics and Social Affairs, Population Division,

World Bank.

Table V. Cost-effectiveness on mortality rate

Cost-effectiveness results on mortality

Total cost, Incremental costs Incremental Incremental cost-effectiveness
. year 2014, Total effectiveness year 2014, . ratio (Cost per death averted)
Intervention R . effectiveness
International $ (Deaths averted) International $ (Deaths averted) year 2014,
(PPP) (PPP) International $ (PPP)
Standard of care 0.00 35 - - -
Intervention 355,173.34 48 355,173.34 13 27,537.25

Source: Authors’ elaboration.

Table VI. Cost-effectiveness on stunting rates

Cost-effectiveness results on stunting

Total cost, . Incremental costs, Incremental Incremental cost-effective-
Total effectiveness . R .
. year 2014, R year 2014, effectiveness ness ratio (Cost per stunting
Intervention . (Stunting cases . .
International $ averted) International $ (Stunting cases case averted) year 2014,
(PPP) (PPP) averted) International $ (PPP)
Standard of care 0.00 550 - — -
Intervention 355,173.34 413 355,173.34 138% 2,573.72

* The result rounded.

Source: Authors’ elaboration.

Table VII. Cost-utility analysis on DALYs due to premature death

Cost-utility using DALYs

Total cost, Total utility (DALYs | Incremental costs Inc,r.ement.al cost-
. -utility ratio (Cost
. year 2014, averted year 2014, Incremental utility
Intervention . .. . . per DALY averted),
International $ | in intervention group International $ (DALYs averted)
(PPP) and control group) (PPP) year 2014, Interna-
group tional $ (PPP)
Standard of care 0.00 1,087.96 - - -
Intervention (with 355,173.34 1,484.28 355,173.34 396.32 896.18
discounted DALY averted,
3% discount rate)
Intervention (with 355,173.34 4,103.97 355,173.34 3,016.01 117.76
non-discounted DALY's
averted, 0% discount rate)

Source: Authors’ elaboration.
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Table VIIL. Cost-benefit analysis, 2014 international $ (PPP)

Cost-benefit
Discount
.rate fo'r ) Total cost Tot.al benefit (gains Net benefit Incremental Incremental
discounting Intervention as) in total GDP) as) benefit cost-benefit ratio
future Is) Is)
earnings
0% Standard of care 0.00 118,833,953 - - -
Intervention (future 355,173.34 131,383,122 12,193,996 12,549,169.58 0.03
earnings not discounted)
3% Standard of care 0.00 39,832,480.92 — - -
Intervention 355,173.34 44,038,892.87 3,851,238.60 4,206,411.94 0.08
(with 0% discounting
future earnings)
5% Standard of care 0.00 20,004,750.00 - - -
Intervention 355,173.34 22,117,302.80 1,757,379.46 2,112,552.80 0.17
(with 5% discounting
future earnings)
7% Standard of care 0.00 10,359,533.36 - - -
Intervention 355,173.34 11,453,526.60 738,819.90 1,093,993.24 0.32
(with 7% discounting
future earnings)

Source: Authors’ elaboration.

Reduction of mortality

When looking solely at the impact of the intervention
on mortality rates the incremental cost-effectiveness ratio
of the intervention was calculated to 1$27,537.25 in 2014.
The GDP per capita in Ghana in 2014 was 1$4,086.50.
Comparing the ICER to the GDP per capita we conclude
that the intervention is not cost-effective when approach-
ing it from the perspective of a decrease in the number of
deaths because the ICER per death averted is higher than
three times GDP per capita.

Reduction of stunting

Following the previous analysis, when looking solely
at the impact of the intervention on stunting rates, the
ICER of the intervention was calculated at $2,573.72 in
2014 international dollars. When comparing the ICER to
the GDP per capita the intervention is very cost effective
because the ICER is less than the GDP per capita in 2014
in Ghana.

It is very important to consider that although the in-
tervention is not considered cost-effective when solely
evaluating the impact on mortality, on the contrary, the
intervention is considered very cost-effective when look-
ing at the impact on stunting. This is a great indication of
the need to evaluate interventions from a multidiscipli-
nary approach. If the present intervention was only evalu-
ated on the basis of the reduction in mortality it would
quickly be disregarded as non-cost effective. However,
after estimating the cost-effectiveness of the intervention
on stunting it was decided to perform additional eco-

nomic analysis to be able to truly understand the impact
of supplementary protein in the development of infants
and nations.

DALYs averted

Cost utility is thought to be a more appropriate ap-
proach to evaluate the impact of a community based
backyard poultry intervention because an intervention of
this type impacts both the mortality and the morbidity of
individuals. In order to perform a cost-utility analysis,
calculating Disability Adjusted Life Years (DALYS) or
Quality Adjusted Life Years (QALYSs) is the first step.
This first step proved to be a complicated task because in
the literature there were no appropriate disability weights
to calculate either DALYs or QALYs due to disability
caused by stunting as a result of malnutrition. The dis-
ability weights that were found largely overlooked the
lifelong consequences of stunting. Consequentially, the
DALYs attributed to premature mortality due to PEM
were calculated for this analysis, omitting the years lived
with disability calculation.

The ICUR of the intervention was calculated at
1$896.18. This result was obtained when discounted
DALYs averted were applied. When non-discounted
DALYs were used, the ICUR was more favorable (eve-
ry unit of additional DALY averted by intervention,
over the DALY's averted with “NO intervention,” costs
1$117.76). Comparing the ICUR to the GDP per capita
we conclude that the intervention is very cost-effective
even when only considering the years of life lost (YLL)
part of the DALY.
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Increase in Ghana's future GOP

The human capital approach was chosen for the cost-
benefit analysis to understand the monetary cost of stunt-
ing to individuals and societies. It was chosen because in
the evaluated modelled intervention the NGO is decid-
ing whether to implement the intervention or not. The
net benefit of the intervention is $12,193,996.24 in 2014
international dollars. The incremental cost benefit ratio
of 0.03 indicates that for every 3 cents the NGO invests
in the backyard poultry intervention the return on the in-
vestment will be I$1 dollar in GDP gains. It is important
to mention that the savings from Ghana’s health expendi-
ture due to stunting cases prevented was not considered
in this work. Only market participation was taken into
account. Even when only looking at the human capital
approach to evaluate the benefit of the intervention, the
results are very positive. In fact they encourage invest-
ment in the community based backyard intervention.
The results of the cost-benefit analysis are a much better
indication of the magnitude of the benefits of prevent-
ing stunting for individuals and entire societies. The net
benefit and the incremental cost-benefit ratio presented in
Table VIII are calculated both without discounting future
gains in benefits and also when the sensitivity analysis is
performed (with 3%, 5% and 7% discount rates on the fu-
ture benefits if the stunting is reduced with the proposed
intervention). We can see that in the sensitivity analysis
the incremental cost-benefit ratios are 0.08, 0.17, and
0.32 respectively. This means the intervention will still
be very cost-beneficial.

Limitations
Limitations from extrapolating the impact of the intervention

Several limitations were encountered when the eco-
nomic evaluation was performed. The main limitation is
the fact that economic evaluations are not traditionally
performed in nutrition specific interventions. This fact
made searching the literature for similar evaluations or
even for evidence much harder than it should have been.
While the INCAP study was a great source of informa-
tion on the impact of supplementary protein interventions
in infant mortality and stunting rates, the cause of the
impact of the intervention is ambiguous. It is unknown
whether it was solely due to the nutrition intervention or
to possibly confounding factors. Both atole and fresco
were distributed in community health centers, this could
be a significant confounding factor for the reduction in
mortality rates because the reduction might also be due to
the fact that pregnant women and lactating mothers were
more familiar with their healthcare facilities and services
than they were before the intervention [39]. Another
important limitation was the unit of randomization. Al-
though the intervention was randomized, the unit of rand-
omization was the village (n = 4) as opposed to individual
participants (n = 1,992). Diminishing the statistical power
of the intervention [40] forces researchers to look at the

impact of the intervention at the village level instead of
at the individual level. It was decided to proceed with
the data extrapolation from the INCAP study due to the
multiple follow up studies that have been performed on
the original cohort. The data obtained from more recent
follow up studies has in fact been used by prestigious
economists to model the impact of stunted intellectual
and physical growth on individuals and their communi-
ties [20]. It was thought that using the study which all
the data comes from, would result in values consistent
with those found in the literature [20]. One of the models
found an increase in average salary of 46% in males who
participated in the intervention. This finding, however,
was not observed in females, forcing the authors to go
with a different model that used data from the same study.
We decided to look instead at the per capita consumption
of participants of both intervention and control groups. It
is also imperative to mention that the INCAP study was
performed over 45 years ago, which grants it the abil-
ity to have very rich longitudinal data that has been col-
lected for over 40 year. This has made the data collected
in recent years very rich and sophisticated. However, the
originally collected data has caveats and in many cases
is hard to find when one seeks to replicate estimates. An-
other important limitation to mention is the fact that only
financial costs were used for this economic evaluation of
intervention. Ideally, societal costs and economic costs
would also be part of the economic evaluation. A final,
but very important, limitation is that, although the inter-
vention is targeted towards infants from six to twenty
four months old, no one can guarantee that the protein —
eggs will eventually make it to the infants’ plates. In poor
resource settings families often do not have enough food
to feed their children therefore any supplementary food
given to any member of the family is distributed equally
among all the members of the family resulting in diluting
the nutritional content of the foods and diminishing the
impact of the nutrition intervention on the target popula-
tion. In regards to this limitation, Ghanaian experts agree
that eggs might be one of the best methods to provide
protein to infants in resource poor settings. Unlike other
types of protein, eggs can be added to stews, soups, and
porridge making sure that at least some of it will reach all
the members of the family. This is not possible with other
types of proteins like chicken, beef or fish because, due
to cultural factors, they are first served to adult males and
might not ever make it to the plates of the infants who
need them most.

Limitations from micro-costing

Micro-costing was chosen as the costing method for
this intervention because of the hypothetical nature of the
community based backyard poultry intervention. How-
ever, micro-costing leads to collecting costs from several
different sources, which introduces error and variability
to the calculations. Costs were also obtained from dif-
ferent years. All the costs, however, were converted into
2014 values.
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Limitations from difference in the protein Source
of the intervention

The hypothetical community based backyard poultry
intervention provides children in the intervention group
with animal source protein while the intervention in the
original study provided children with vegetable source
protein. As mentioned previously, if the hypothetical in-
tervention were to be implemented, the results should be
greater according to recent scientific findings in the area
of nutrition [41]. This implies that the extrapolated re-
sults from the INCAP intervention greatly underestimate
the impact of the currently evaluated intervention.

28 Conclusion

A broad economic evaluation was performed on the
modelled community based backyard poultry interven-
tion. The results from the different analyses clearly show
mixed evidence with mostly positive results for the com-
munity based backyard poultry intervention. While the
cost-effectiveness result for mortality was negative, all
the other analyses are very positive. The human capital
approach to cost-benefit analysis does the best job at
showing that protein supplementation during the window
of opportunity has great payoffs in the long run for both
individuals and societies. When evaluating interventions
that aim at reducing stunting it is important to remember
that stunting is a silent crippler of individuals and socie-
ties. Several approaches should be used to evaluate in-
terventions that could have great impact on the future of
children and their countries. Extra steps needs to be taken
to ensure that interventions with the potential to make
an impact on the future of children and entire societies
are not overlooked due to initially unfavourable results.
More research still needs to be done to prove the impact
for individuals and societies of reducing stunting rates
around the world.
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