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Economic evaluation is crucial for cost-effective resource allocation to improve child nutrition in low and middle-income countries (LMICs). However,
the quality of published economic evaluations in these settings is not well understood. This systematic review aimed to assess the quality of existing
economic evaluations of child nutrition interventions in LMICs and synthesize the study characteristics and economic evidence. We searched 9
electronic databases, including MEDLINE, with the following concepts: economic evaluation, children, nutrition, and LMICs. All types of interventions
addressing malnutrition, including stunting, wasting, micronutrient deficiency, and overweight, were identified. We included economic evaluations
that examined both costs and effects published in English peer-reviewed journals and used the Drummond checklist for quality appraisal.
We present findings through a narrative synthesis. Sixty-nine studies with diverse settings, perspectives, time horizons, and outcome measures
were included. Most studies used data from sub-Saharan Africa and South Asia and addressed undernutrition. The mortality rate, intervention
effect, intervention coverage, cost, and discount rate were reported as predictors among studies that performed sensitivity analyses. Despite the
heterogeneity of included studies and the possibility of publication bias, 81% of included studies concluded that nutrition interventions were
cost-effective or cost-beneficial, mostly based on a country’s cost-effectiveness thresholds. Regarding quality assessment, the studies published
after 2016 met more criteria than studies published before 2016. Most studies had well-stated research questions, forms of economic evaluation,
interventions, and conclusions. However, reporting the perspective of the analyses, justification of discount rates, and describing the role of funders
and ethics approval were identified as areas needing improvement. The gaps in the quality of reporting could be improved by consolidated
guidance on the publication of economic evaluations and the use of appropriate quality appraisal checklists. Strengthening the evidence base for
child malnutrition across different regions is necessary to inform cost-effective investment in LMICs.Trial registration: PROSPERO CRD42020194445.
Adv Nutr 2022;13:282-317.

Statement of Significance: There was a 111% increase in the number of published economic evaluations of child nutrition interventions
in low- and middle-income countries between the 2000s and 2010s. However, gaps in the quality of these publications suggest a need
for more robust methodological and reporting guidance to enhance quality and promote confidence in the evidence base. Although the
studies published after 2016 met more criteria than studies published before, there is a need for consolidated and commonly agreed quality
appraisal checklists. Because most research focused on undernutrition from South Asia and sub-Saharan Africa, more empirical data from
different regions and various types of nutrition interventions to address all forms of child malnutrition are needed. Despite the heterogeneity
of included studies and possible publication bias, 81% of included studies concluded that nutrition interventions were cost-effective or cost-
beneficial.
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Introduction

Children need good nutrition to survive, grow, learn, and
play. It is fundamental to human health and for achieving
sustainable development both nationally and globally (1,
2). Ending all forms of malnutrition, including stunting,
wasting, and overweight, in children aged <5 y by 2030
is among the Sustainable Development Goals adopted by
all UN Member States (3). Nevertheless, in 2019, 144
million children were stunted (too short for their ages), 47
million children were wasted (too thin for their height),
and 38 million children were overweight (too heavy for
their height) globally (1). Most malnourished children were
from low- and middle-income countries (LMICs), with 99%
of stunted children, 99% of wasted children, and 86% of
overweight children from LMICs (1). This highlights that
many LMICs suffer the double burden of malnutrition, which
is the coexistence of undernutrition and overnutrition (4,
5). Tackling malnutrition is crucial because it can have
lifelong consequences for health, human capital, economic
development, and equity (6). Several studies have reported
the economic losses due to child malnutrition, including
inadequate breastfeeding, undernutrition, and overnutrition
(7-10), and potential economic benefits over the productive
lives of women and children conferred by scaling-up of a set
of nutrition interventions (11). Quality economic evaluations
are important to assess economic impacts of interventions to
inform decision-making.

Limited resource availability also requires decision-
makers consider the impact on the use of health care
resources, costs associated with the use of those resources,
and their value (12). Methods for the economic evaluation of
health care interventions have existed for several years, but
these are mainly limited to health care technologies, such as
drugs, devices, and medical procedures (13, 14). Economic
evaluations of broader public health interventions are not
widely available and the methods are not well established
(14). Evidence-based decisions are highly dependent on the
quality of data. A small number of systematic reviews of
economic evaluations of child nutrition interventions in
LMICs have been conducted (15-18), but only 1 study
has focused on quality assessment (18). The study findings
indicated that nutrition interventions in LMICs were rarely
evaluated using appropriate evaluation methods (15), there
was a paucity of evidence on early childhood nutrition
and development interventions from LMICs (16), and only
half the items of guidelines were partially or fully met by

The authors reported no funding received for this study. YB is supported by the Australian
Government Research Training Program (RTP) Scholarship. ZA is supported by a Monash
Bridging Fellowship. JF is supported by the Finkel Professorial Fellowship, which is funded by
the Finkel Family Foundation. TT is supported by a Monash Strategic Bridging Fellowship.
Author disclosures: The authors report no conflicts of interest.

Supplemental Tables 1 and 2 and Supplemental References are available from the
“Supplementary data”link in the online posting of the article and from the same link in the
online table of contents at https://academic.oup.com/advances/.

Address correspondence to AO (e-mail: alice.owen@monash.edu).

Abbreviations used: CHEC, Consensus on Health Economic Criteria; CHEERS, Consolidated
Health Economic Evaluation Reporting Standards; CMAM, community-based management of
acute malnutrition; CSB, corn-soy blend; DALY, disability-adjusted life year; GNI, gross national
income; LMICs, low- and middle-income countries; RUSF, ready-to-use supplementary food.

>60% of the included studies (18). In 2019, a systematic
review of systematic reviews of health economic evaluations
found that 77% of systematic reviews were conducted
to provide an overview of existing economic evaluations,
whereas 37% of systematic reviews aimed to appraise existing
economic evaluations (19). Key evidence gaps lie in the
quality of existing economic evaluations in the area of child
nutrition in LMICs. Quality assessment is a prerequisite for
understanding economic evidence to make evidence-based
decisions considering value for money to improve child
nutrition. Therefore, this review aimed to assess the quality
of existing economic evaluations of nutrition interventions
for children aged <5 y in LMICs and synthesize the study
characteristics and economic evidence.

Methods

Search strategy

A research librarian with expertise in literature searching
(LR) developed the search strategy with input from other
reviewers. A combination of subject headings such as MeSH
and free-text terms were used to cover the following concepts:
1) economic evaluation, 2) children under five, 3) nutri-
tion/malnutrition, and 4) LMICs. We searched MEDLINE
(Ovid), Embase (Ovid), EconLit (Ebsco), CINAHL Plus
(Ebsco), Web of Science, Scopus, NHS Economic Evaluation
Database, Global Health, and Maternity & Infant Care (Ovid)
to identify studies for this review. In addition, hand search-
ing and citation checking were undertaken to supplement
database searching. The search strategy for MEDLINE can
be found in Supplemental Table 1. The study followed the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines (20), and the protocol was prospectively
registered in PROSPERO (CRD42020194445).

Eligibility criteria
We included studies based on the following criteria:

¢ Population: We included studies examining children
aged <5 y from LMICs. We included studies with
different age groups if disaggregated data on children
<5 y were available. LMICs were identified based on
the World Bank classification (21) as per the year of
publication. For 2020, low-income economies were
defined as those with per capita gross national income
(GNI) <US $1035; lower middle-income economies
were those with per capita GNI between US $1036 and
US $4045; and upper middle-income economies were
those with per capita GNI between US $4046 and US
$12,535 (21).

e Intervention: All types of child nutrition interven-
tions addressing malnutrition were included. Malnu-
trition referred to undernutrition (childhood stunting
and wasting, micronutrient deficiencies, and under-
weight), overweight, obesity, and diet-related non-
communicable diseases (5). We included multisectoral
interventions if improving child nutrition was one of
the main objectives.
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e Comparison: There were no restrictions on compar-
ison. For instance, it could be standard care or no
intervention.

¢ Qutcome: There were no restrictions on outcome mea-
sures. For instance, they could be mortality avoided,
cases averted, or disability-adjusted life years (DALYSs)
averted.

® Type of study: We included full economic evaluations
comparing both the costs and the outcomes of >1 in-
tervention and an alternative, such as cost-effectiveness
analysis and cost-benefit analysis (12). Review papers,
commentaries, and conference proceedings were ex-
cluded from this systematic review.

e Other: We included original scientific literature pub-
lished in English peer-reviewed journals. There were
no restrictions on the publication period.

Study selection

Reviewers 1 (YB) and 2 (SP) independently screened titles
and abstracts based on the eligibility criteria to reduce bias
and errors. The full text of selected articles was assessed
independently by Reviewers 1 and 2 for final inclusion.
Any disagreements were resolved through discussion at each
stage. Other reviewers (ZA, JE TT, AO) were involved when
a consensus could not be reached.

Quality assessment

Reviewers 1 (YB) and 2 (SP) independently assessed the
quality of the included studies to mitigate bias and reduce
errors. Any disagreements were resolved through discussion,
and other reviewers (ZA, JE T'T, AO) were involved when an
agreement could not be reached.

We used the Drummond checklist for quality assessment
(22). The checklist contains 35 items with 3 sections:
study design, data collection, and analysis and interpre-
tation of results (22). The use of this checklist has been
recommended (23) and it has been widely used in other
systematic reviews to conduct critical appraisal of health
economic studies (19, 24). We added questions regarding
funding sources, role of funder, conflict of interest, ethical
approval, and generalizability of findings, to supplement the
checklist.

Data extraction and synthesis

We used a standardized form to extract general charac-
teristics and economic data of included studies. The data
extraction form was finalized after pilot testing. To reduce
errors, Reviewer 1 (YB) extracted data and Reviewer 2
(SP) verified it. Any disagreements were resolved through
discussion, and other reviewers (ZA, JE TT, AO) were
involved when an agreement could not be reached. The
following data were extracted, which was in line with other
systematic reviews of economic evaluations in health (14, 17,
25-28). Reviewers did not contact authors to obtain missing
or additional data because the aim of this review was to assess
the existing publications.
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® General characteristics: authors, publication year, ti-
tle, objective, country, study year, target population,
sample size, intervention, comparator, study design,
type of economic evaluation, funding source, conflict
of interest, and ethical approval.

e Economic evaluation methods and results: outcome
measures, cost, study perspective, time horizon, dis-
count rate, analysis of uncertainty, results, and use of
checKklist.

We presented findings through a narrative synthesis due
to study heterogeneity. The findings included the character-
istics, the summary of economic evidence, and the quality
of included studies. We used Excel, Covidence, and Endnote
software for data management.

Results

Overview of included studies

The literature search was conducted on July 6, 2020 and
identified 4689 studies after removing duplicates. After
screening titles and abstracts based on eligibility criteria,
215 studies remained for full-text screening as shown in
Figure 1. A total of 69 studies met criteria for inclusion,
including 3 additional studies identified through backward
citation searching. The common reasons for exclusion were
that they were not peer-reviewed articles or not full economic
evaluations.

Figure 2 presents general characteristics of included
studies. There was an increasing trend in the publication of
studies in the area of economic evaluations of child nutrition
in LMICs starting in 1970. One study was published per
decade between 1970 and 1989. The number of studies
published between 2000 and 2009 and between 2010 and
2019 increased to 18 and 38, respectively. The majority of
studies were conducted using data from sub-Saharan Africa
(n = 35), followed by South Asia (n = 26), East Asia
and Pacific (n = 14), Latin America and the Caribbean
(n = 10), Middle East and North Africa (n = 3), and
Central Asia (n = 1), including 12 studies using multicountry
data. The most common study design was a modeling
study using multiple or single data sources (n = 53),
and 16 studies conducted economic evaluations alongside
randomized controlled trials or cohort studies. The included
studies covered various nutrition interventions, but there
was only 1 study targeting overweight (29) and the rest
addressed undernutrition. The most common type of eco-
nomic evaluation was cost-effectiveness analyses (n = 62).
Most studies measured outcomes as DALYs averted (n = 32)
or death averted/life saved or life years gained (n = 23),
and 16 studies used other health outcomes such as stunting
averted. The majority of studies considered the health care
provider, government, or program perspectives (n = 48).
This includes implementation cost such as human resource,
supplies, and monitoring and evaluation. Only 16 studies
considered the societal perspective. A number of studies did
not explicitly state the perspective of economic evaluations,
so some assumptions were made for this classification based
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FIGURE 1
middle-income countries.

on cost categories. To quantify costs and outcomes, 29 studies
used both primary and secondary data. There was only
1 study indicating the use of a checklist as a reporting
guideline. The common funding sources were government
agencies (n = 27), foundations (n = 21), and international
organizations (n = 15).

Quality assessment
Quality assessment findings by each item of the Drummond
checklist (22) are shown in Table 1. The percentages
of “Yes,” “No,” and “Not Clear” were calculated without
the studies that fell into “Not Applicable.” We presented
the findings by publication periods, 1996-2015 (n = 43)
and 2016-2020 (n = 23) to reflect improved methods
for economic evaluations and reporting guidance over
time.

All 69 included studies stated the research question and
the form of economic evaluation. More than 90% of included
studies stated the economic importance of the research

Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram showing study selection. LMIC, low- and

question and the alternative intervention; however, 46.4% of
included studies did not clearly state and justify the viewpoint
of the analyses. Regarding data collection, all included studies
stated the sources of effectiveness estimates and the primary
outcome measures. However, quantities of resources were
reported separately from their unit costs in only 23.2% of
studies, and methods for the estimation of quantities and
unit costs were described in 47.8% of included studies. The
studies published between 2016 and 2020 better articulated
details of models used than studies published between 1996
and 2015. Time horizon and the discount rates were stated
in 82.6% and 60.9% of studies, respectively, whereas 47.2%
of included studies justified their choice of discount rates.
More studies published between 2016 and 2020 conducted
sensitivity analyses (73.9%) than those published between
1996 and 2015 (67.4%). Most studies stated the choice of
variables and their ranges for the analyses. Incremental
analyses were reported in 72.1% of included studies. All
included studies provided the answer to the study question
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and their conclusions followed from the data reported with
appropriate caveats. Among the included studies, 38.9% of
studies described the role of funder, 60.9% described any
potential conflict of interest of study, and 54.5% stated ethics
approval. The source of funding, the role of funder, conflict of
interest, and ethics approval were better stated in more recent
publications. Generalizability of the findings was discussed in
76.8% of included studies.

Description of included studies
Intervention types.

Breastfeeding intervention. Table 2 shows a summary
of included studies by intervention types. Four cost-
effectiveness studies and 1 cost-benefit analysis study as-
sessed breastfeeding interventions mostly from the provider
perspective with a 1-y time horizon (30-34). The breastfeed-
ing promotion program in hospitals in Brazil, Honduras, and
Mexico (30) and the use of donor human breast milk from
South Africa (34) were found to be cost-effective compared
with control hospitals and formula milk, respectively. An-
other cost-effectiveness study from South Africa explored
breastfeeding support programs by differing the intensity of
clinic- or home-based interventions and indicated that the
simplified version (less frequent pre- and postnatal visits,
and more clinic-based as opposed to home-based visits) was
the most efficient one (31). A cost-benefit analysis from
Vietnam concluded that investing in a national breastfeeding
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promotion strategy would generate monetary benefits of US
$2.39 for every US $1, or a 139% return on investment
compared with inadequate breastfeeding (33). Chola et al.
(32) found that a community-based peer counseling program
for breastfeeding support in Uganda was unlikely to be
cost-effective compared with standard care at public health
facilities.

Micronutrient intervention. Twenty studies assessed mi-
cronutrient interventions that aimed to reduce vitamin and
mineral deficiencies in children. The interventions targeted
vitamin A (n =6), zinc (n = 11), and multiple micronutrients
(n=23).

Vitamin A. Two studies from the provider perspective
with a 1-y time horizon and 1 study with a 30-y time horizon
assessed vitamin A supplementation (35-37). A study from
the Philippines reported that universal distribution of vita-
min A was more cost-effective than targeting malnourished
children (35) and the National Vitamin A Program in Nepal
was found to be cost-effective compared with doing nothing
(36). The cost per death averted for vitamin A supplemen-
tation ranged from ~US $20 in Zambia to US $397 in
Nepal compared with no intervention (36, 37). Fiedler et al.
(38) explored vitamin A fortification of wheat flour in the
Philippines and concluded that fortification could be twice
as efficient as the national supplementation program (38). Yet
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(Continued)

TABLE 1

1996-2015 (n = 43) 2016-2020 (n = 23)

Total (n = 69)

No Not clear NA

Yes

NA

No Not clear

NA Yes

No Not clear

Yes

%

%

%

%

%

%

%

%

%

Item

Supplementary

0.0
0.0
0.0

8.7
429

91.3

0.0

279

0.0 31 72112
22
20

0.0
0.0

21.7

15
33
27

783

S1. The source of funding is described
S2. The role of the funder is described

57.1

71.0

29.0

15

61.1

389

174

82.6

46.5 0.0 19

535

23

39.1

60.9

42

S3. Any potential conflict of interest of study is

described
S4. Ethics approval is stated

0.0
0.0

235

76.5

13 54.2

458

20 455 00 25
16 0.0

54.5

24

21.7

783

209 0.0

79.1

34

232

76.8

S5. Generalizability of the findings is discussed

3) for comparison of studies published 1996-2015 and studies published 2016-2020. NA, not applicable.

"Used the Drummond checklist; % calculated without NA. The studies published before 1996 were not included (n

the authors mentioned that fortification alone would not be
enough, so recommended a combination of fortification and
targeted supplementation interventions. Two studies from
Cameroon employed an economic optimization modeling
approach to assess cost-effectiveness of vitamin A programs
with a 10-y time horizon and found that the models could
identify cost-effective interventions compared with existing
strategy (39, 40).

Zinc. Eleven studies assessed cost-effectiveness of zinc-
related interventions (41-51). Three of these studies ad-
dressed zinc supplementation as a treatment for acute
diarrhea with various outcome measures, including death,
DALYs, and diarrhea averted (41, 45, 49). Robberstad
et al. (41) found that zinc as adjunct therapy improved
acute diarrhea management and that it was cost-effective
in Tanzania compared with no treatment. Similarly, a
study from Colombia showed that zinc supplementation
was more cost-effective than standard treatment with-
out zinc (49). However, zinc supplementation compared
with placebo was not shown to be cost-effective in India
(45).

Seven studies examined zinc interventions for disease
prevention (42-44, 46, 47, 50, 51). Two modeling studies
from India and 2 modeling studies from China examined
the biofortification of wheat or rice with zinc compared with
status quo, and found it to be cost-effective with a 1-30-y
time horizon (42, 43, 50, 51). A study looking at strategies for
delivering zinc supplements from sub-Saharan Africa found
that weekly or intermittent preventive zinc supplementation
interventions were cost-effective compared with daily pre-
ventive or therapeutic zinc supplementation (44). Chhagan et
al. (46) reported that universal zinc distribution in addition
to vitamin A supplementation in South Africa could be
cost-effective compared with the standard of care when
the prevalence of stunting was ~20%. One modeling study
based on data from 77 countries concluded that preventive
zinc supplementation would be a highly cost-effective inter-
vention compared with no intervention in the developing
country setting (47). Lastly, a study from Myanmar explored
the cost-effectiveness of social franchising as a platform to
promote zinc and oral rehydration salt from the societal and
medical perspectives, and concluded that the franchised ap-
proach was cost-effective compared with standard practices
(48).

Multiple micronutrients. 'Two studies assessed the effects
of a home fortification program in Pakistan using Sprinkles
that contained zinc, iron, and other micronutrients (52, 53).
The studies reported economic benefit as gain in earnings
per dollar spent was US $37 from the provider perspective
(52), and US $106 from the societal perspective, with a 55-y
time horizon compared with placebo (53). A modeling study
looking at the cost-effectiveness of multiple micronutrient
powders for children in 78 countries found various health
benefits across countries compared with no intervention
(54).
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Food supplements. Eight articles presented the economic
effect of various food supplements such as ready-to-use
supplementary food (RUSF) and corn-soy blend (CSB)
with different outcome measures, perspectives, and time
horizons (55-62). Two articles based on the same trial
from Burkina Faso found that CSB with oil as a standard
of care was more cost-effective than other supplements,
including RUSE, specially formulated CSB called Supercereal
Plus, and corn-soy-whey blend with fortified vegetable oil
to prevent stunting and wasting from both the program
and caregiver perspectives (61, 62). A study from Chad
exploring cost-effectiveness of RUSF compared with food
assistance in the form of staple rations found that adding
RUSF was less cost-effective to avert diarrhea and anemia
from the societal perspective (57). However, RUSF was
found to be more cost-effective than other supplementary
foods, such as Supercereal Plus or local products, to treat
moderate acute malnutrition in Mali from the health care
provider perspective (60). Rogers et al. (59) reported that
programmatic changes for increasing the amount of oil that
caregivers add to CSB porridge in Malawi could be cost-
effective to reach the target ratio of oil to CSB compared with
standard programming. A modeling study examining ready-
to-use food allocation policy suggested that the total number
of DALYs attributable to childhood undernutrition could be
reduced by considering height-for-age z-score in addition to
weight-for-height score with less cost (58). Parker et al. (55)
found that nutrition supplementation in addition to medical
care was less cost-effective compared with medical care alone
to prevent infant and child death in India. Lastly, a cost-
benefit analysis from Philippines found economic benefit of
supplementary child feeding (56).

Malnutrition treatment. Eight studies assessed the cost-
effectiveness of malnutrition treatment interventions, includ-
ing 6 articles focusing on community-based management
of acute malnutrition (CMAM) from different perspectives
(63-70). Seven of these studies indicated that CMAM was
cost-effective to treat severe acute malnutrition in children
compared with doing nothing or standard of care (65-69).
The cost of CMAM per DALY averted ranged from US $23
to Int $53 in Zambia, Malawi, Bangladesh, and India with
a 1-y time horizon (65-68). The cost of CMAM per child
recovered ranged from US $259 in Pakistan to US $382 in
Mali from the societal perspective (69, 70). Two articles based
on the same study from Bangladesh found that care at home
after 1 wk of day-care was more cost-effective for children
with severe malnutrition to achieve 80% weight-for-height
than inpatient or day-care interventions (63, 64).

Multiple interventions. Eight modeling studies conducted
cost-effectiveness analyses of multiple interventions from
various LMICs (71-78). The cost per DALY averted ranged
from Int$6 for breastfeeding support to Int $44,384 for
complementary feeding, growth monitoring, and promotion
mostly from the provider perspective compared with doing
nothing (72-76, 78). The data showed that supplementation

and fortification with vitamin A and zinc, breastfeeding
support, oral rehydration solution, therapeutic feeding, and
CMAM were cost-effective compared with doing nothing
(72-75,77, 78). In contrast, complementary feeding, growth
monitoring and promotion, and complimentary food provi-
sion were not likely to be cost-effective compared with doing
nothing (73, 74, 78). Still, Shekar et al. (78) indicated that
scaling up a set of nutrition interventions is highly cost-
effective when considered as a package.

Multisectoral interventions. Seven studies assessed mater-
nal, newborn, and child health and nutrition interventions
mostly from the provider perspective with a 1-2-y time
horizon (79-85). The newborn care training from Zambia
(79), women’s groups from Bangladesh (80), Child Health
Week (a package of child health and nutrition services)
from Zambia (81), integrated HIV and nutrition service
delivery from Malawi and Mozambique (82), and facility-
based maternal and newborn care from India (83) were
estimated to be cost-effective to prevent deaths compared
with no intervention or baseline. The pre- and postnatal
home visits by community health workers from South Africa
were estimated to be cost-effective to reduce low birthweight
and stunting and improve breastfeeding compared with
the standard of care (84). Heckert et al. (85) examined
food-assisted health interventions by differing quantity,
composition, timing, and duration of food assistance and
indicated that delivering larger rations and rations for the full
first 1000 d (from pregnancy to 2 y) costed least in reducing
stunting in Burundi and Guatemala.

Regarding early childhood development, 2 studies from
Peru and Nicaragua conducted cost-benefit analyses and
found monetary benefits compared with baseline and no
treatment (86, 87). Integrated child health and nutrition
intervention was more cost-effective to promote child de-
velopment than nutrition or simulation intervention alone
in Pakistan (88). A further 3 studies examined nutrition-
sensitive agricultural intervention (89), nutrition with immu-
nization and sanitation intervention (90), and iron supple-
mentation with malaria chemoprophylaxis (91). Dragojlovic
et al. (89) found that enhanced homestead food production
could improve child health and generate a positive societal
net monetary benefit compared with doing nothing due
to increased agricultural production in Cambodia. A study
from Philippines found that education with immunization,
supplementary food, or safe water was less cost-effective
than education alone (90). The combination of iron supple-
mentation and malaria chemoprophylaxis was more cost-
effective to prevent severe anemia than supplementation or
medication alone in Tanzania (91).

Others. Two cost-effectiveness studies from India and
Pakistan assessed price subsidies on fortified packaged foods
and indicated that interventions, which were targeted at the
poorest deciles of households, were most cost-effective (92,
93). A modeling study using data from various countries
concluded that an equity-focused approach could result
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in better health outcomes, including child mortality and
stunting, compared with the current mainstream approach
(94). A study of cash-based interventions from Pakistan
found that US $14 monthly cash distribution was more cost-
effective than US $28 monthly cash distribution or fresh
food voucher to prevent DALYs (95). Awasthi et al. (96)
found that deworming could reduce child stunting risk with
low incremental cost in India compared with placebo. A
study from Peru indicated that the cost per case of stunting
prevented was US $55.16 and the cost per death averted was
US $1952 for health facility-based child nutrition education
programs compared with control groups (97). Marsh et al.
(29) reported that low-protein infant formula compared with
currently used formula could generate considerable health
and economic benefits in the long term by reducing the risk
of becoming obese in Mexico.

Study design.

Modeling based on multiple data sources including clinical
trials (n = 53) was the most common study design, with
diverse types of interventions, study outcomes, and perspec-
tives employed. The time horizon of modeling studies ranged
from 1 mo to lifelong. Economic evaluations alongside trials
such as randomized trials and cohort studies were less
common (n = 13). Most were cost-effectiveness studies using
1-mo to 4-y time horizons. The interventions under study
were found to be cost-effective in 83% of modeling studies
and in 75% of trial-based studies.

Study outcome.

DALYs averted. Among 69 studies, 32 studies reported
DALYs with various nutrition interventions and study
designs. The cost per DALYs averted ranged from <US $1 for
zinc biofortification in India from the provider perspective
(42) to Int$44,000 for young child complementary feeding
and growth monitoring in Southeast Asia from the perspec-
tive of a policy maker (74) compared with doing nothing.

Deaths averted, life saved, or life years gained. Twenty-two
studies used deaths averted or life saved to assess nutrition
interventions with different study designs. The cost per life
years gained was reported as the result of the interventions in
4 studies. The cost per death averted/life saved ranged from
US $12 for zinc biofortification in India from the provider
perspective using a 30-y time horizon (42) to US $17,500
for food supplements in Mali from the provider perspective
using a 1-y time horizon (60), compared with doing nothing.

Other  health  outcomes. Some studies reported
other health outcomes, including stunting or wasting
averted/reduced (n = 10), diarrhea prevented (n = 4),
malnutrition treated (n = 3), months of exclusive
breastfeeding (n = 2), improved vitamin A intake (n = 2),
weight gain (n = 1), child development (n = 1), and oil:corn
soy blend ratio in prepared porridge (n = 1). The cost per
stunting prevented ranged from Rs 543 for albendazole
power compared with placebo in India from the payer
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perspective with a 2-y time horizon (96) to US $2500 for
pre- and postnatal home visits by community health workers
compared with the standard care in South Africa from the
health system perspective with a 24-mo time horizon (84).

Monetary units. The cost-benefit analyses reported out-
comes in monetary units (n = 8). The return on investment
for each US $1 spent was from US $2 for a national
breastfeeding promotion strategy in Vietnam (33) to US
$37 for micronutrient fortification intervention in Pakistan
(52) compared with no intervention. The lifetime economic
benefits were MXN 984 per individual for low-protein infant
formula by reducing the risk of becoming obese in Mexico
compared with currently used formula (29).

Sensitivity analysis.

Among 46 studies that conducted sensitivity analyses, 17
studies undertook multiple approaches mostly using 1-
way and probability analyses. The 1- or 2-way sensitivity
analysis was the most common type (n = 26), followed
by probabilistic analysis (n = 20) and scenario analysis
(n = 16). Some studies indicated that their findings were
relatively robust to uncertainties around model parameters
or consistent with main model (32, 34, 35, 40, 58, 59, 61, 62,
66,72, 73, 89, 91). Other studies reported that their findings
were sensitive to mortality rate (32, 41, 65-67, 83), effect (45,
49, 57, 60, 70, 83, 91, 96), intervention coverage (46, 48, 65,
69, 91), cost of intervention (46, 65, 70), or discount rate
(41). The approach and findings of sensitivity analyses can
be found in Supplemental Table 2.

Discussion

This systematic review aimed to assess the quality of
economic evaluations in child nutrition interventions in
LMICs and synthesize the study characteristics and eco-
nomic evidence. Among the included 69 studies, ~81%
concluded that nutrition interventions were cost-effective or
cost-beneficial mostly based on a country’s cost-effectiveness
thresholds despite the heterogeneity of included studies. The
review identified several gaps in the quality of economic
evaluation reporting. Reporting the perspective of the analy-
ses, justification of discount rates, and describing the role of
funders and ethics approval, were identified as areas needing
improvement in quality and consistency of reporting.

There was an increasing trend in number of publications
starting in the 1970s, which could reflect growing need for
and research interest in economic evaluation. However, there
were gaps in regions and types of nutrition interventions
assessed. Only 1 study included data from Central Asia and
3 studies included data from the Middle East and North
Africa. These are modeling studies using secondary data,
highlighting a lack of empirical evidence in these regions. Ad-
ditionally, we identified only 1 study focusing on overweight
whereas the rest of the studies addressed undernutrition
alone. In contrast to decreasing prevalence of stunting and
wasting, the global data showed that the percentage of



overweight children increased from 4.9% in 2000 to 5.6%
in 2019, with a significant increase in North Africa from
8.4% to 11.3% (1). Among undernutrition interventions,
most studies focused on micronutrients. The economic
evidence toward micronutrients is relatively well established
according to the Copenhagen Consensus 2008, which ranked
the vitamin A and zinc supplements for children first and
iron and salt iodization fortification third, based on high
benefits compared with costs among 10 global challenges
such as conflicts, diseases, education, or global warming
(98). Evidence gaps still remain for other interventions
such as multisectoral nutrition interventions, supplementary
feeding, malnutrition treatment, or overweight prevention.
As for the quality assessment, most included studies stated
well the research question, the form of economic evaluation,
alternative intervention, the sources of effectiveness, the
primary outcome measures, sensitivity analysis methods,
and conclusions. We present the findings by publication
periods, 1996-2015 and 2016-2020. We considered that
studies published after 2016 would reflect advanced guidance
given that the Panel on Cost-Effectiveness in Health and
Medicine updated their recommendations in 2016 following
the first recommendations in 1996 (99, 100). Overall, studies
published after 2016 met more checklist criteria than studies
published before 2016, which possibly reflects the advanced
economic evaluation guidance on methods and reporting
over time. However, many studies did not clearly state
or justify the perspective of the analyses, quantities of
resources, the justification of the discount rate, the role of
funder, nor identify those responsible for ethical review and
approval. The issue of poor reporting on discount rate or
quantities of resources has also been raised by previous
reviews (25, 28, 101-103). Discount rates commonly vary
between 3% and 6% when the time horizon is >1 vy, and
the recommendations are to perform a scenario analysis
with different discount rates and report the methods (22).
Reporting quantities of resources and unit costs separately
is recommended to help the reader judge their relevance
to their settings (22). Almost half of the included studies
did not state and justify the perspective of the analysis. The
perspective of the evaluation is critical because it determines
cost and outcome measure and eventually influences results.
Adopting a broader societal perspective to consider all
the costs and benefits accrued would be ideal, but the
health sector perspective is commonly used in practice (22,
104). One in 3 articles did not provide any information
on uncertainty around input parameters, showing another
area for improvement in reporting needed. Quality evidence
requires well-described and appropriately collected data to
enable judgment about whether drawn findings are robust,
and outcomes are sensitive to certain variables. Other areas
of improvement would include declaring the role of funder,
conflict of interest, and ethics approval because a number
of studies failed to report this information. Lastly, in our
review, only 1 study stated the use of a checklist as a reporting
guideline for economic evaluation (32). Because this has
more recently become a requirement of many journals, we

would expect to see an improvement in this over time.
There are a variety of checklists currently available, including
the Drummond checklist (22), Consolidated Health Eco-
nomic Evaluation Reporting Standards (CHEERS) (105), or
Consensus on Health Economic Criteria (CHEC) (106). A
review study found that nearly 20 different checklists were
used in systematic reviews of health economic evaluations
between 2010 and 2018, indicating the variability in the use of
checklists (24). Watts and Li (24) concluded that a validated
and commonly used checklist would be more consistent to
assess quality, and results would be more transparent and
comparable over time .

A quantitative synthesis of results was not possible due
to the heterogeneity of included studies in study designs,
settings, interventions, comparators, characteristics of par-
ticipants, perspectives, time horizons, outcome measures,
and more. For instance, some interventions aimed to treat
malnutrition, whereas others aimed to prevent malnutrition,
or some interventions were carried out at the community
level, whereas others were done at the national level. Several
systematic reviews of health economic evaluations addressed
similar challenges and indicated that making comparisons of
cost-effectiveness was practically impossible and formulating
a general conclusion could be problematic (16, 18, 25, 107-
109). Overall, ~81% of the included studies concluded
that nutrition interventions were cost-effective or cost-
beneficial, 10% concluded that the interventions were not
cost-effective, and 9% did not explicitly interpret it. Among
studies that concluded the interventions were cost-effective,
the comparator was “doing nothing” in ~45% of studies,
which could affect certainty of results. Studies that concluded
the interventions were not cost-effective mainly used a short
time horizon and primary data sources to measure costs and
outcomes. More evidence is necessary to understand whether
any of these could have had implications for the findings. It
is also possible that the number of studies reporting negative
economic outcomes was underestimated. A study examined
trials that intended to conduct an economic evaluation
and found that economic evaluations were less likely to be
published than clinical effectiveness results, and economic
output could be more susceptible than effectiveness data to
publication bias (110).

This review has some limitations. The quality assessment
could be open to interpretation, although 2 reviewers inde-
pendently assessed the quality and resolved any disagree-
ments. Moreover, the Drummond checklist is commonly
used in systematic reviews (19, 24), but application of
other checklists such as CHEERS (105) or CHEC (106)
in the present study could have produced other findings.
A systematic review that used 2 checklists, Drummond
and CHEERS, found that each checklist identified different
low-quality studies and different weaknesses (102). Because
there was no single standardized checklist, we used the
Drummond checklist, which focused on reporting, and
added additional items to supplement it. Our judgment was
based on the published data, so there might be a difference
between what was reported and what actually happened (25).
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Lastly, the focus on English literature in scientific journals
for this review could have limited the number of included
studies. Our study’s strength is that this review covered all
forms of child malnutrition from LMICs without limiting
certain nutritional issues, and provided a comprehensive
overview of existing economic evidence from nearly 70
studies. Additionally, 2 reviewers independently screened
and selected studies, and assessed the quality of included
studies, and other reviewers were involved in resolving
discrepancies to minimize potential bias and errors.

Conclusions

Quality economic evidence is critical for priority setting,
especially in LMICs with limited resources. Overall, child
nutrition interventions reported in the literature appeared
to be cost-effective or cost-beneficial in a resource-limited
setting. Still, insufficient data from Central Asia, the Middle
East, and North Africa and the primary focus on micronu-
trient interventions highlight the need for more economic
evidence from diverse regions and interventions to tackle
all forms of child malnutrition. Quality assessment findings
identified some areas for improvement, including reporting
the perspective of the analyses, resource utilization, granular
unit costs, and describing the role of funders and ethics
approval, although the studies published after 2016 met
more criteria than studies published before. Researchers
should explicitly state all relevant information to ensure
transparency and accountability in generating evidence.
Consolidated guidance on the publication of economic
evaluation and the use of quality appraisal checklists would
improve the quality of economic evidence.

This review identified several gaps indicating suggestions
for future research. There is little economic evidence on long-
term societal impacts of child nutrition interventions. Future
research incorporating all costs and effects including out-of-
pocket costs, caregiver time, and long-term societal effects
such as productivity gain (111) will better estimate lifelong
economic benefits of investing in child nutrition. In addition,
this review found only 1 study on economic evaluation of
overweight intervention. Obesity has significant economic
impacts due to increased mortality and disabilities and
reduced productivity though the evidence is limited to
high-income countries (9, 10, 112). Continued economic
growth in LMICs will exacerbate the burden of obesity (112),
requiring more economic evidence on child overweight and
obesity in LMIC settings to address the double burden of
malnutrition.

Lastly, more guidance on priority setting and optimization
analyses will support efficient budgeting, which is crucial
in LMICs with constrained resources. There have been
some efforts on maximizing the investment through cost-
effectiveness threshold, league table and program budgeting
and marginal analysis, Lives Saved Tool, optimization model,
and Optima Nutrition tool (39, 40, 77, 113-115). Further
economic evaluations of packages of child interventions
for priority setting would improve budget allocation and
maximize impacts of interventions.
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The next task would be to ensure that this quality
economic evidence is used to improve child nutrition.
Translating evidence into practice is challenging, bringing
the attention of governments, academia, and implementing
institutions to the need for a better understanding of the
importance of economic evidence, quality assurance, and
evidence application. Another essential feature is equity.
Equity could be easily overlooked in economic evaluations
while solely focusing on efficiency. In our review, only
1 study assessed the outcome by different socioeconomic
groups (97) whereas another study addressed the equity-
focused strategy (94). A systematic review on equity effects of
health economic evaluations found that broad application of
equity analysis is feasible, but further refinement is necessary
considering varying levels of complexity and quality in
methods (116). Achieving health equity and leaving no
one behind is a primary global commitment (3), and
incorporating equity in economic evaluations will contribute
to it. Governments, nongovernment funders, academia, and
implementing institutions need to agree on how to translate
data into practice and incorporate equity into economic
evaluations to optimize the delivery of interventions to
improve child nutrition in LMIC settings.
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