ADOLESCENT GI RLS0O0 EMRNDMERIMENINLOW -AND
MIDDLE -INCOME COUNTRIES

ALISON RIDDLE

Thesis submitted to the University of Ottawa
In partial fulfillment of the requirements for the

Doctorate of Philosophy

School of Epidemiology and Public Health

Faculty of Medicine, University of Ottawa

© Alison Riddle, Ottawa, Canada, 202



DEDICATION

To John and my family.



ABSTRACT

Background: Adolescent girls in lowand middleincome countries (LMICs) are disproportionately
affected by malnutrition due to biological and social factors, including gender inequities. Empowering
adolescent girls may contribute to improving their nutritionalistat settings where gender inequality
persists, buthe causal pathways through which empowerment contributes to improved nutrition for
adolescent girlarenot fully understood

Thesis objectives(1) To assess the effects of empowernieged nutrition interventions on adolescent
girl sé6 nutritional status in LMICs and (2) To ide

associated with adolescent girlsd nutritional sta

Methods:. A theoretically informed model of the empowermenitrition relationship was developed to

inform this thesis. To answer objective 1, a Campbell systematic review of the effects of empowerment

based nutrition interventions on the nutritional status of adolescent girls in LMICs was conducted. To

answer objetive 2, a series of exploratory structural equation models of the relationship between

di mensions of empower ment and measures of adol esc

tested usig crosssectional Demographic and Health Survey data for adolescent girls in East Africa.

Results The current evidence base on émepowermeritnutritionrelationship for adolescent girls in
LMICs is limited. This thesis found that there is a statistically significant relationship between
empowerment and nutrition for adolescent girls that varies according to individual and contextual
characteristics. Iturther found that there Ignited, low-quality evidence that empowermelnased
nutrition interventions contribute to improved nutritional status among adolescent girls in LikidGgh
the evidence base scarce, heterogenous, and lacking in methodological qualityodel of the causal

pathways from empowermehbased nutrition interventions to improved nutritional status was developed.

Conclusion This thesis provides a comprehensive examination of existing evidence of the relationship

bet ween adol escent girlsbé empower ment and nutriti
complex, requiring careful consideration when designing inteénm@ntThe models that were developed,

tested, and refined through this research are important contributions to the literature that can guide further
research to improve measurement oféhrgowermeritutrition relationship and the design and

evaluation of interventions to empower adolescent girls for improved nutrition.



EXECUTIVE SUMMARY

Background

Adolescence is the phase of life between childhood and adulthood from ages 1 t® h@rked by
profoundphysiological, cognitive, emotional, and psychosocial development. Growth during adolescence
is second only in magnitude to that achieved during the first 1,000 days[af Feoper nutritional

support during adolescence is crucial for optimal growth and develog@megaet is out of reach for many.

The drivers of malnutrition among adolescents are ffadtiorial. Individual behaviours such as food

choice, dietary intakeand physical activity are influenced by the food environmehich in turnis

shaped by household and community dietary and activity patterns, economic development, urhbanization
and food and agriculture systefd$.Poverty and food insecurity can particularly affect young people
because they have fewer resources to draw from or to withstand shocks brought on by crises, such as
COVID-19]2] For adolescent girlggender inequality and restrictive gender nornphey a specific role in

their vulnerability to malnutrition, as elaborated below.

The Gl obal Strategy for Womenos ;2030)plédjedtoend dlls, and
forms of malnutrition and address the nutritional needs of children, adolescent girls, and pregnant and
lactatingwomen3] The strategy identifies gender equality a
make informed choices about their health and to seek and receive the services they want and need.
Supporting adol escent gi r | s oiclitebadals, partigulady in costexts, ac't
where this was previously denied, is more generally referred to as the process of empojdgrment.

Empowering adolescent girls is a necessary component of any comprehensive approach to ending

malnutrition in this vulerable group.

The relationship between adult womends empower men
established5i 8] This evidence base demonstrates that different dimensions of empowerment (e.g.,

household decisiemaking, financial autonomy, freedom of movement, etc.) are associated with different
maternal and child health and nutrition outcomes. However, the evidasedor adolescent

empowerment and nutrition is sparser. The causal pathways through which empowerment contributes to
improved nutritiorfor adolescent girls has yet to be fully understood and articulated. Given the unique
challenges and opportunities presented by adolescence for nutritional and developmental gains,
understanding the nutritieempowerment relationship is imperative. In thibowing chapters, this thesis

will explore some of these key evidence gaps.



This body of work explores the relationship betwe
status in the context of lovand middleincome countries. Its goal is to help readers understand how and

why empowerment is critical to adolescentgid nut r i ti on, and-based i denti fy ¢
programming approaches that can be leveraged to reduce malnutrition and meet the nutritional needs of
adolescent girls.

Thesis objectives
This thesis addresses the following objectives:

1. To assess the effects of empowerriera s ed nutrition interventions
nutritional status in LMICs, and
2. To identify the dimensions of empower ment sign

nutritional status in LMICs.
Summary of Objective 1

To achieve objective 1, a mixed methods Campbell systematic review was conducted. The primary

objective of the review was to answer two questions:

(RQ1) What is the effect of empowermdratised nutrition interventions on the nutritional status of

adolescentgirlsinlonand mi ddl e i ncome countries?

(RQ2) What are the implementation and contextual factors influencing the success or failure of these

interventions?
Secondary review guestions were:

(RQ3) What are the underlying empower ment related

How is empowerment defined, operationalized, and measured?

(RQ4) What is the effect of empowermdaaised nutrition interventions on the empowerment of

adolescent girls?

(RQ5) What are the potential adverse effects of an empowetmars e d appr oach on adol e

health and well being?

Methods

The review applied a segregated mixed methods research synthesis design (MMRS). A comprehensive

search strategy was developed with the assistance of an information specialist. Databases were searched



up to Sept. 2021 included Ovid MEDLINE®, Embase, PsycINFO, Cochrane Central Register of
Controlled Trials, Cochrane Database of Systematic Reviews, and CINAHL. Grey literature and
handsearching were conducted up to 2023.

The review target population was adolescent girlsl@y) residing in LMICs. For RQ1, eligible
interventions were empower ment based nutrition in
reviewds |l ogic model . E | zedgahdmbmanda@nized dtydieslvdtis at lgasts  wer e

one comparison group. The primary outcome of interest was nutritional status (e.g., BMI).

For RQ2, eligible studies were quantitative or qualitative study designs that assessed the implementation
or contextual factors of studies included in RQ1. Qualitative and quantitative studies were analysed and
synthesised separately, while the implicagidor practice, policy, and research that form the discussion

and conclusion sections of the review draw on both the qualitative and quantitative syntheses.

To answer RQ%, data were extracted from the studies included in RQ1.

Study selection, data extraction and quality assessments were conducted in duplicate by two independent
revi ewers. Quantitative data were synthesised usi
The fibhe Dt framewor k ssedtd dyreghesize quatitativetfiodihgswa s u

Results

(RQ1) Four randomized controlled trials and six-nandomized studies were included. The review

found limited, lowquality evidence that empowermeydsed nutrition interventions may lead to little/no

i mprovement i n adol es c etnircumtgiencd, saémoglabid, mnemiarsks and n d e x ,
total dietary intake. The existing evidence base is largely limited to interventions to prevent or treat

obesity among adolescent girls in middieome countriesOverall, the evidence base is sparse,

heterognous, and of varying methodological quality.

(RQ2)One qualitative study and one quantitative study were included. Implementation factors that may
contribute to intervention success include adapting the intervention to the local context and culture,
training intervention providers, ensuring adequate ahvitithaof personnel, facilities, and materials,
providing material incentives to adolescent girls to encourage participation, tailoring content to the
education level of the participants, and pilot testing the intervention. Contextual factorsyttedtetia
intervention success are the seemnomic status of the community, food availability, and general

insecurity. The evi ewbs | ogi c(Figne d ® Inconpaase fimdiags froendRQ1 and RQ2.

(RQ3) Eight studies used theoretical frameworks to inform intervention design that include concepts

related to empowerment, but no studies provided a definition of empowerment or described an approach

Vi



to operationalizing empowerment. Three studies applied social cognitive theory ¢8€Fjudy used

the health competence modeipu s e d

PRECEDE model.
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(RQ4) Six studies assessed gffcacy, a concept closely related to empowermEntpowermenbased

nutrition interventions may increase/have little to no effeatiqefficacy, but the evidence is very

uncertain

(RQ5) One study assessed potential harms. They reportetmoor unintended effects were observed in

either group that could be directly attributed to the intervention.
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Figure 1. Revisedbic model of the effects of empowermertased nutrition interventions on adolescent girls'
nutritional status.
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Future studies assessing empowernri@sed nutrition interventions among adolescents should focus on
assessing the effectiveness of interventions inifm@me countries where challenges related to
undernutrition remain prominent. Studies should also blerti@ken in the community and other non

school settings. Studies that target boys and girls shouldiseggregated their results and reporting.
Study quality needs to be improved with careful attention to managing selection bias and confounding,
blinding assessors and analyses, and transparent outcome and analysis reporting. Further study of the
implementation and contextual factors that contribute to intervention success is needed. Finally,

standardized tools and measures for dietary intake, healthibetsaand empowerment are needed.
Summary of Objective 2

To answer research objective 2, a series of exploratory structural equation models (ESEM) of the
relationship between di mensions of empower ment an
were developed and tested using cresstional Demographi@nd Health Survey data for married and

single adolescent girls in East Africa.

Separate models for single and married adolescent girls were developed for two reasons. First, single
versus married adolescent girls likely face different challenges or opportunities to their empowerment and
nutrition because they are at different lifagas. An area of inquiry was to understand how these different
life stages affect empowerment and nutrition. Second, the dataset provided more empaovatatednt
measures for married respondents compared to single respondents. Given the much largsizeavhple
single adolescent girls, single country models were developed ami@ybanalyses were conducted

that examined di f f-schoel status and geagsaphit location, ghich Wwesedoti n

possible with the married adolescent girls samnpl

Because empowerment is complex and multidimensional, it can be difficult to measure directly.
Exploratory structural equation modelling (ESEM) was used to capture the complexity of empowerment
by using multiple indicators to measure capabilities as latergtructs. Structural equation modelling

(SEM) is a group of statistical procedures used for causal inference that tests hypotheses regarding the
linear relations among observed variables and latent constructs, making it appropriate to measure a
complex ad multidimensional construct such as empowerment that cannot be directly olj8piies.

main benefit of ESEM is its allowance for observed variables to-tvadsonto more than one factor,

thus preventing the inflation of factor correlations and biased estifd@{eBhis flexibility is needed for
measuring empowerment because much debate remains regarding optimal approaches to its

measuremerjtil]
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Married adolescent girls

Methods

The study used crosectional Demographic and Health Survey (DHS) data from Ethiopia (2016), Kenya

(2014), Tanzania (20156) and Uganda (2016) to construct and test theoretically informed structural

equation modelsHigure 3 of the relationship between six dimensions of empowerment anef@hge

and haemoglobin levels for married adolescent girls agek®Aears. Independent variables for

adol escent girlsd country of

r esi degmaocestatubiveeres e hol d

includedin the model as covariates. The dimensions of empowerment assessed were:

Access to information

Access to healthcare

Role in household decisiemaking

Rejection of justifications for intimate partner violence

Asset ownership
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Figure 2 Exploratory structural equation model of the relationship between dimensions of empowerment and

nutrition status, controlling for important covariates.

Notes: Rectangles indicate observed (directly measured) variables. Ovals represent latent constructs or factors
(empowerment dimensions). Unidirectional arrows represent direct effects of exposure on outcome. The lefthand
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side of the model is an exploratory factor analysis of empowerment indicators to define the underlying factor
structure (empowerment dimensions). The righthand side of the model is a regression analysis of a nutritional
outcome on empowerment dimensionsof® sides of the model are estimated simultaneously. Not shown: Error
terms for estimated variables, covariance of factors.

Results

The total sample size was 1,927 married adolescent girls. Almost 22% of respondents were pregnant and
41.2% were breastfeeding at the time of the surveys. The mean BMI-pfegmant respondents was

20.8 kg/ni. The prevalence of thinness and overweight (including obesity) amorgregnant

respondents was 3.5% and 7.0%, respectively. Almost 44% of respondents with available data were

anemic.

The models were foundtobeagdod t f or t he dat a. Married adol escel
measured by their education level and mass media use, was directly and positively associated with their
BMI-for-age (p < 0.05). Asset ownership, measured by owning a house or land gtintyomwas

directly and positively associated with haemoglobin (p < 0.05) and reduced odds of being moderately to
severely anemic. Rejecting justifications for int
agency, was directly and pasily associated with the odds of being overweight or obese. Adolescent
girlsé6 | evel of empower ment across all di mensions

residence and household wealth.
Conclusion

The findings suggest that investment in girlsé ac
media and their economic empowerment may be important contributors to their overall empowerment and
nutritional status. However, caution is needed aatgreautonomy may contribute to increased

consumption of unhealthy foods that can contribute to overweight and obesity. Strategies to empower

married adolescent girls should be tailored to their specific circumstances. There is an urgent need for

better déa on adolescent empowerment and health, including increased research-irdexaged

genderappropriate empowerment measures and longitudinal data to assess causality. The use of statistical

models should be complemented by robust qualitative restafgtiher results interpretation.
Single adolescent girls
Methods

Crosssectional Demographic and Health Survey data from five East African countries were used:
Ethiopia (2016), Kenya (2014), Rwanda (2a1%), Tanzania (201%6), and Uganda (2016). The study



population was single (never married) adolescent girlsl@$ears old) who were sampled for

anthropometric measurements and anemia testing.

The primary outcome measures were haemoglobin andf@&hige. Country of residence and household

wealth were included in the model as covariakégure 3).Three empowerment domains were assessed:

1. the ability to access information
2. the ability to access healthcare
3. the ability to reject intimate partner violence

Two prespecified subgroup analyses were conducted to assess differences between (1) respondents living
in urban and rural settings and (2) respondents who reported attending school in the last year and those

who did not.

Empowerment indicators Capabilities Outcomes Covariates

Access to
information

Country of
residence
HH wealth

Access to
health care

Nutrition
outcome

Rejection
of IPV

Figure 3Exploratory structural equation model of the relationship betweesingler R2 f SAO0Sy G 3IANI aQ Ol
acrossempowerment domains

Notes:Domains (Access to information, Access to healthcare, Rejection of intimate personal violence) and their
nutritional status. Rectangles indicate observed (directly measured) variables. Ovals represent latent constructs or
factors (empowerment domains). Whiectional arrows represent direct association between exposure on

outcome. The lefthand side of the model is an exploratory factor analysis of empowerment indicators to define the
underlying factor structure (empowerment domains / capabilities)e Tighthand side of the model is an adjusted
regression analysis of a nutritional outcome on empowerment domains. Both sides of the model are estimated
simultaneously. Error terms for estimated variables are omitted to simplify presentation. HH = HaljsevokE

Intimate Partner Violence.

Results

The total sample included 9,849 respondents. Their mean age was 16.7 years and mean level of

completed education was almost 7 years. Most respondents reported attending school in the last year

Xi



(63.5%) and on¢hird lived in an urban setting. Few respondents were either pregnant (1.2%) or
breastfeeding (3.0%). Anemia affected just over 30% of the sample population. The prevalence of
thinness was low (3.9%) while more than 12% of girls were oughwver obese. Half of respondents

were from a household above the median wealth quintile. These statistics varied considerably by country.

The study found that girlsé ability to dfocagess i nf
and haemoglobin after controlling for household wealth and country of residence (p < 0.05). The

remaining domains were not significantly associatéd any nutrition outcomes. However, the
relationship between girlsd empowerment and nutri
differences (irschool status and geographic location) were examined. The relevant empowerment

domains and the magnitudétheir relationship with nutritional status changed according to these

individual and contextual factors. When examining subgroup differences, the relationship between
empowerment and nutrition was more complex. For example, living in a rural settiegsed the

magnitude of the positive relationship between the ability to access information and haemoglobin and
BMI-for-age, while the same relationships were-sigmificant for girls living in an urban setting.

Instead, the ability to access healthcar@bercoming common gendeglated barriers to health care,

such as permission and cost, was positively associated with haemoglobin levels for girls living in an

urban setting, but nesignificant for BMHor-age.

Conclusion

These findings agree with existing literature that the empowerment process is highly dependent on an
individual 6s characteristics and context, and tha
and nutrition need to consider their specificrelageristics and circumstances that contribute to their
disempowerment and increase their vulnerability to poor health, such as geographic location,

socioeconomic status, and level of education. Applying an intersectional lens to understanding adolescent

g rl sd6 marginalization can help to elucidate how i
to contribute to disempowerment and poor nutrition. Engaging adolescents through participatory research

and program design is one way to support natriprograms to adopt relevant empowerment strategies

that meet their needs and priorities.
Overall thesis discussion and conclusion

A summary of the key thesis findingsprovided in Table 1.
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Table 1. Summary of key thesis findings.

Research objective

Chapter

Key findings

To assess the effects of
empowermentbased nutrition
AYUSNBSyilAz2ya 2
nutritional status in LMICs

Chapter 3

Mixed
methods
systematic
review

1 There is currently limited/no evidence that
empowermentbased nutrition interventions
contribute to improved nutritional status among
adolescent girls in LMICs, but the evidence base i
scarce, heterogenous, and largely lacking in
methodological quality.

1 The existing evidence base is largely limited to
interventions to prevent or treat obesity among
adolescent girls in middiemcome countries.

1 Heterogeneity in intervention design, along with a
lack ofstandardized measures for empowerment,
dietary intake, and nutrition behaviours, make it
difficult to synthesize results across studies.

1 Many studies lack sufficient methodological qualit
lowering the confidence that the true intervention
effect is represented by current evidence.

1 More research is needed into the implementation
and contextual factors that contribute to
intervention success.

1 Adolescent nutrition researchers need to sex
disaggregate their results and consider the sex ar|
gender implications of their research.

1 Some important nutrition and empowerment
outcomes along the causal chain are not currently
measured in studies.

To identify the dimensions of
empowerment significantly
Faa20AF0SR 6AGK
nutritional status inLMICs.

Chapter 4

Exploratory
structural
equation
modelling

f al NNASR FR2t Sa0Syid 3IAN]
information through education and mass media us
is positively associated with their Btir-age.

f al NNASR I R2t Sa0Syid 3AN]
owning a house or land either alone or jointly) is
positively associated with haemoglobin and reduc
odds of being moderately to severely anemic.

T al NNASR I R2fSao0OSyid 3IAN]
directly associated with their level of household
wealth and the country they live in.

1 Greater autonomy may contribute to increased
consumption of unhealthy foods that can contribut
to overweight and obesity.

1 Strategies to empower married adolescent girls
should be tailored to their specific circumstances.

91 There is an urgent need for better data on
adolescent empowerment and health, including
increased research into agesex and gender
appropriate empowerment measures and
longitudinal data to assess causality.

Chapter 5

Exploratory
structural

1 Improvingsingle adolescerd A N¥ 4 Q | 0 A €
information issignificantly and positivelgssociated
with haemoglobin and BMibr-age including
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Research objective Chapter Key findings

equation reduced odds of being anemic and increased odd

modelling being overweight or obese

1 The significance of different empowerment domai
G2 FANI AQ ydziNAGAZ2Y @I
geographic locatiofiurban/rural)and inschool
status

1 Like married adolescent girlevel of empowerment
Aad RANBOGte adaz20Al SR
household wealth and the country they live in.

1 Applying an intersectional lens and meaningfully
engaging adolescent girls in intervention design
using participatory methods is recommended.

Notes: LMIC £ow and middleincomecountry.

Implications for practice

Implications of this research for Canadian NGOs working in the field of adolescent nutrition and

empowerment are:

1. There is clear evidence that empowermentrartdtion are interlinked for adolescent girls in
LMICs, and therefore, including empowermdatsed strategies in nutrition programmes should
be considered.

2. The use of a logic model, modelled after Figure 1, should be adopted at the programme design
phase to clearly articulate the hypothesized p
empowermenrbased activities contribute toro girlsédé in

3. The theoretical model used to design an intervention or programme should be informed by a
comprehensive assessment of the contd individualspecific gender equality and social
equity factors that <contri but enutritionandapplyeas cent ¢
intersectional lens.

4. Robust monitoring and evaluation plans should be developed for programmes; informed by the
programmeds theoretical model . Canadian NGOs c
in high quality impact evaluations and implementation research. Ctrefight should be given
to identifying appropriate measures for concepts along the causal chain and measuring adverse
effects.

5. Canadian NGOs should disseminate their findings so that the rest of the research and

development assistance community can benefit from their experiences and lessons learned.

Considerations for Canadian policymakers

Xiv



1. A stronger articulation of the governmentos po
strategies to empower adolescent girls is needed as part of the Government of Canada Feminist
International Assistance Policy.

2. The Government of Canada (GoC) should consider expanding its nutrition focus in the FIAP to
include addressing the challenges of overweight and obesity. It is no longer practical to focus on
undernutrition only; the double burden of malnutrition is growimgMICs, particularly among
the poorest.

3. The GoC should develop a research investment strategy to underpin its commitment to
strengthening the evidence base for gender equality, as outlined in the FIAP. Within this research
strategy, the government can commit to funding operational researctctamhty Canadian and

nontCanadian nutrition partners to better understanéimgowermerfitnutrition relationship.

Directions for future research

In this research, many important and novel findings were discovered, as described above. However, it

also identified several areas of inquiry requiring further study and investigation. Two of these areas are:

1. Addressing measurement gaps alongetimpowermeritnutrition causal chainresearch is needed
to identify and validate measures of the components of empowerment (agency and opportunity
structure) as they relate to adolescent nutrition, based on a conceptual framework, such as the one
proposed here.

2. Undertaking high quality intervention studies in understudied populations and coRigrt®us
experimental study design is needed to overcome some of the limitations found through the
systematic review, such as selection bias, lack of blinding, and reportingtidies are needed
in low-income country settings where the triple burden of malnutrition remains prominent.

Studies are also needed outside of school settiteygeting owof-school youth. Studies that
target adolescent boys and girls needexdisaggregate their findings.

Conclusion

This thesis provides a comprehensive examination of existing evidence of the relationship between

adol escent girlsd empower ment and nutrition in LM
significant and complex, requiring careful consideration wdesigning and evaluating interventions.

The models that were developed, tested, and refined through this research are important contributions to

the literature that can guide Canadian policymakers and NGOs in the investment, design, and evaluation

of interventions to empower adolescent girls and improve their nutritional status. While many important
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findings have been highlighted, important opportunities for future research are also identified, laying a
solid foundation for further inquiry in this important area of research, policy and practice.
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CHAPTER Introduction

1.1 Rationale

Adolescence is the phase of life between childhood and adulthood from ages 1l e rb@rked by
profound physiological, cognitivemotioral, and psychosocial development. Growth during adolescence
is second only in magnitude to that achieved during the first 1,000 days [df IReoper nutritional

support during adolescence is crucial for optimal growth and developyeéitis out of reach for many.
The prevalence of overweight (including obeségnong adolescentgorldwide more than doubled
between 2010 and 2020 to 20.2% for males and 18.4% for fefRhMesanwhile, the prevalence of
thinness declined only marginally (from 13.4% to 12.3% for males and from 8.1% to 7.9% for
female$.[2] Iron defciency anemia affects approximately 619 million adolescents globally and is the
leading cause of disability adjusted life years for adoles¢8hl¢eglecting adolescent nutrition has
negative repercussions for adolescents now, in the future, and for the next gef@ration.

The Gl obal Strategy for Womenos ,-200)piedgestoeemd@ls , and
forms of malnutrition and address the nutritional needs of children, adolescent girls, and pregnant and

lactating womeni5] The strategy identifies gender equality as criticaltowdmem d gi r 1l s6 abi | i
make informed choices about their health and to seek and receive the services they want and need.
Supporting adolescent girlsd ability to nedgs, act
where this was previously denied, is more generally referred to as the process of empofgrment.

Empowering adolescent girls is a necessary component of any comprehensive approach to ending

malnutrition in this vulnerable group.

There is general recognition that adolescent empowerment must be a priority in the context of adolescent
health and nutrition programminiey frameworks related to adolescent health and nutrition consistently
include references to adolescent empowerment and affeic9] Yet, thereremain many questions

about the exact causal pathways that characterise the empowgemuaénition relationship

Empowerment is a complex and multidimensional construct that is challenging to define, operationalize,
and measw. And while there is a growing body of evidence investigating the relationship between adult

womenobés empower ment and[1l0hE}the specHit case of ddoleshentlgidsisn ut r i t
understudied16]

This body of work explores the relationship betwe
status in the context of lovand middleincome countries. Its goal is to help readers understand how and

why empowerment is critical to adolescentgifi nut r i ti on, and-basedd i denti fy



programming approaches that can be leveraged to reduce malnutrition and meet the nutritional needs of
adolescent girls.

1.2 Objectives
This thesis addresses the following objectives:

1. To assess the effects of empowerrgaded nutritiom nt er venti ons on adol esc
nutritional status in LMICs, and
2. To identify the di mensions of empower ment sign

nutritional status in LMICs
1.3 Thesis organization
This manuscripbased thesis is organized as follows:

Chapter2 s a | iterature review of adolescent girlsbd e
contribution of gender inequality to adolescent g
evidentiary roles that the process of empowerment can play togdlesgenderelated drivers of

malnutrition among adolescent girls in LMIC=his chapter provides the background amdrarching

rationale forthethesis.

Chapter 3is composed of two manuscri@ad addresses tfiest research objective stated aboVae

first manuscript is the protocol for the conduct of a Campggstematiaeview of the effects of
empowermenbased nutrition interventions on the nutritional status of adolescent girls in LMICs. It was
published in Campbell Systematic Reviews in 2[11.The secondnanuscripts the systematic review
report, which was submitted @ampbell Systematic Reviews

Chapter 4addresses theecondesearch objective. i$ the first of two manuscriptsngdhe relationship

bet ween di mensions of adolescent girl sbusiagnpower me
Demographic and Health Survey (DHS) datalevelop and test a series of exploratory structural

equation models (ESEMThis first manuscript focuses on the specific case of married (currently

partnered) adolescent girls aged 15 to 19 years. The artmiblishedwith BMC Public Healtt{18]

Chapter 5also addresses tlsecondesearch objective. firesents the second ESEM manuscript for
single (never marrieddolescent girls aged 15 to 19 yeassg the same DHS datasets. This arixie

peer reviewat World Development



Chapter 6is a discussion that brings together the results of the ESEM modellinbgesystematic

review work. It concludes the thesis with a discussion of the overall policy and research implications of

the research and provides recommendations for futuestigation
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CHAPTER Background

2.1 Chapter overview

As introduced in Chapter 1, this thesis focuses o
empowerment and their nutritional status ind@and middleincome countries. Chapter two provides
background informati on on MICK @)the drivesslofensmlourition gi r | s 6
among adolescent girls, with a focus on gender inequality and restrictive gender norms, (3) existing
adolescent nutrition frameworks that incorporate the concept of empowerment, (4) the definition of
empowerment anddtrelated components as applied throughout this thesis, and (5) current knowledge

gaps on the nutriticempowerment relationship for adolescent girls.
2.2 Adolescent nutrition

Mal nutrition is defined as deficiencies, excesses
and comprises two broad categoiiagndernutrition and overnutrition. Undernutrition includes stunting

(low heightfor-age), wasting (low weigkor-height), underweight (low weigtibr-age), and

micronutrient deficiencies. Overnutrition refers to overweight, obesity, andetiéed non

communicable diseases (e.g., diabetes, heart disease, and stroke).

Globally, 13.4% of male adolescents (10 to 19 years) and 12.3% of female adolescents (10 to 19 years)
are thin (defined as having a body mass index (BMI) less than two standard deviations (SD) below the
median, according to WHO references for sckagged dildren and adolescents). This prevalence has
declined just 0.5% in the last decddlThe prevalence of thinness among adolescents is highest in South
Asia and East Africa, with rates as high as 26.7% in India, 17.2% in Afghanistan, 13.6% in Yemen, and
10.4% in Ethiopid2]

Overthe last 10 years, adolescent overweight (including obesity) (BMI > 1 SD) has increased globally for
both sexes (from 14.4% to 20.2% for boys and from 13.8% to 18.4% for[#]rTEhe prevalence of
overweight and obesity amongaelscentss increasing ragly in LMICs, and is projected to surpass the
burden of underweight in this cohort by 2422 A comprehensive study by the NCD Risk Factor
Collaboration showed that, particularly in middhkeome countries, a healthy BMI or height advantage
(having a man height higher than the WHO reference median) at age five can be reversed as children
grow older, leading to them either losing their height advantage, worsening their height disadvantage, or

experiencing an unhealthy BMI increddé.



Iron deficiency anemia, a condition in which blood lacks adequate healthy red blood cells, affects
approximately 619 million adolescents globally and is the leading cause of disability adjusted life years
(DALYSs) in adolescentfs] Adolescent girls are more likely to suffer from nutrient deficiencies because
of their reproductive biologj6] This becomes patrticularly problematic for women of reproductive age

(15 to 49 years) where, in 2019, the global prevalence of anemia-pregmant and pregnant women

was 30% and 36%, respectivdhpn deficiency anemia contributed to an estimated 22% of maternal
deaths in 20197] While the prevalence of moderate to severe anemia has declined since 2000, levels of
mild anemia remain stable. The prevalence of anemia is highest among women of reproductive age in
South Asia (nofpregnant = 50%, pregnant = 48%) and West and CentrigAfmonrpregnant = 49%,
pregnant = 52%8]

Linear growth is most heavily influenced by nutritional conditions during the first 1,000 days of life.
Undernutrition early in life likely produces irreversible effects on linear growth and stunting may already
be present at birtf@] A recent study showed some improvement in trends related to the prevalence of
heightfor-age among adolescent girls in LMICs (fr@®.6% in 2000 to 22.7% 2015), with girls in
middle-income countries experiencing the greatest improveni&ogs.

The negative consequences of malnutrition during adolescence are not limited to reproductive health.
Given the difficulty of achieving and maintaining weight loss, unhealthy weight gain in adolescence can
have negative, lorterm health repercussions irgdulthood. Increased adiposity increases the risk of
nutrition-related norcommunicable diseases later in [ifel] Health and dietary habits adopted during
adolescence are likely to continue in adulthood, making the former an optimal time to interheoé. Sc
performance, including grade attainment and attendance, suffers when adolescents are stunted,
underweight, thin, or anemjt2] There is an inverse association between iron deficiency anemia and
cognitive function13] Economic productivity losses due to iron deficiency can be significant, largely
attributable to irordeficiency related cognitive deficits in childrgi]

Malnutrition among adolescent girls is particularly problematic because of its intergenerational
effects[15] Ten percent of total births occur among girls 15 to 19 years of age and 75% of adolescent
pregnancies occur in LMIC46] Short stature increases the risk of intrapartum stillbirths, and being
underweight contributes to poor fetal growth and higher risk of low birthwgi§@ht.ow maternal height

is associated with stunting and wasting in children less than two yedi®pldnear growth in the fist

two years of life is a strong predictor of adult intelligefica.

Research on adol escent girlsdé nutritional status

child health outcomes, and rarely on adol escent

g



Ensuring that adolescent girls achieve their full potential through improved health and nutrition is an
important contributor to the development agenda in LMIKB$lt is estimated that the economic
consequences of malnutrition represent an annual loss of as much as 12 percent of gross domestic product

in poor countrie$19]

2.3 Drivers of malnutrition

The drivers of malnutrition among adolescents are ffagtiorial. Individual behaviours such as food

choice, dietary intakeand physical activity are influenced by the food environmehich in turnis

shaped by household and community dietary and activity patterns, economic development, urhbanization
and food and agriculture systef2€] Poverty and food insecurity can particularly affect young people
because they have fewer resources to draw from or to withstand shocks brought on by crises, such as
COVID-19]21] For adolescent girlggender inequality and restrictive gender nomphay a specific role

in their vulnerability to malnutrition, as elaborated below.

2.3.1Gender equality and restrictive gender norms

Gender the ¢haracteristicooof women, men, gidad boygand gender minoritiedhat are

socially constructed. This includes norms, behaviours and roles associated withwemgra man, girl

or boy, as well as relationships with others. As a social construct, gender varies from society to society
and can change over timg22] Gender is a social system that can be equitable but is most often
patriarchali ascribing power, resources, and status to men over wf#8gh.is one of the most

pervasive causes of health inequities for women and[g#]sAnd while gender equality is widely
recognized as a crucial social determinant of health, the integration of a gender lebalihagtih is
uneven25]

Gender norms are Athe often unspoken rules that ¢
considered acceptabl e f or [28pAdolescencensaalpiyotaldimelwhgne nder
per sonal identity is shaped according to societyo
womenodés, and gender minoritiesd roles, behaviours
reinforce inequaty will permeate the restafd o | e divessimfliescing their life course and thesii

being of future generationg6] They are already taking shape as early as age 10, and therefore central to

the shaping of adolescents values and aspird@atis:or girls, this often means a shrinking of future

opportunities because their reproductive capabilities are prioritized over their own agency, education, and
aspiration§g26]Gi r | sd behaviour is often heavily policed ©b

that they should be protected from the risks their physical and social devetopayeentai[27] These



factor s, in turn, may have serious repercussions
of their home environment and the adults in their Ij\28.30] Adolescents depend heavily on adults to

establish systems and structures to support them, such as their access to food, education, and health
services, and yet they often lack a voice in terms of how these systems are shaped.

Heise and colleagues propose a conceptual framework of the gender system afig3jeationg other
things, the framework describes five gendered pathways through which gender inequality and norms

contribute to health inequities, as follows:
Gendetrrelated differences in exposures

Differential exposure to health risks can occur due to the varying roles and responsibilities ascribed to
onedbs gender. Womenés and girl sé domest-relstedr espons
differences in exposure impact the nutritionatss$ of adolescent girls. The collection of wood (for fuel)

and water is predominantly carried out by women and girls in the household. For example, in Burkina
Faso,60% ofgirls gather wood or water, but only 35% of boyq®&tj The nutritionrelated

congguences are understudied compared to other health issues such as exposure to tropi¢aRiliseases
however, it is reasonable to conclude that this daily, physically demanding work requires a sufficient level

of energy intake for adolescents to maintain their optimal growth trajg&@kit likely also increases

their susceptibilityto malaria, schistosomiasis, and stihnsmitted helminths all of which contribute to
anemig34,35]

Gendered health behaviours

Concepts related to what is acceptable behaviour for adolescent girls can also contribute to health

inequities and malnutrition. Child marriage and pregnancy are strong examples of this pathway. Child
marriage and adolescent pregnancy are the cause ssehjoence of gender inequality and restrictive

gender normghat prioritize women's roles as wives, mothers, and household car¢&ff{érs2021,

13.3 million children (10% of global estimates) were born to mothers under 20 yefgg]ditie

competition for nutrients between the still growing mother and the fetus restricts maternal growth and
increases the risk of preterm delivery, low birthweight, and sioatjestational age among neond8j.

A study of the effects of child marriage and chil
a higher proportion of women who were married before 18 years were thin (B\VBE) @mpared to

women married at a later af9] Further, women whose first birth occurred before 18 years also had a

higher probability of being thin. Similar patterns were found for early childbirth and anemia levels.



Eating patterns and behaviours are influenced by gender inequality and restrictive gender norms.
Inequitable intrahousehold food allocation often disadvantages women and girls and is more likely in
households that are poor or food insedd#42] In Ethiopia, adolescent girls and boys were just as

likely to live in a food insecure household, however, adolescent girls were more likely to be food

insecure, even when comparing mteale siblings in the same househdld] In rural areas of parts of

South Asa, women and girls traditionally eat after male family memHdara sample of Hindu

households in Nepal, adolescent girls and women were often served last at mealtimes, relegated to eating
what was left over, if anythingl4] Individual food choice is shaped by gender roles and responsibilities,

with adolescent girls having less autonomy and agency over food choices thhoys.

Other examples of gendeglated behaviours that contribute to poor nutrition outcomes include unhealthy
dieting behaviours and eating disorders to obtain often unrealistic body ideals, and limited participation in
physical activity because it is not cahsied appropriate for adolescent girls compared to younger girls

who are not restricted from physical activitgi 48]

Gender impacts on accessing healine

Among the most prominent genelelated barriers to accessing health care for women and girls is their
lack of financial autonomy and decistomaking power. Consequently, they must rely on men, mothers
in-law, or other senior household members for permisg seek care or to cover transport and treatment
costsl49,50] The threat of violence travelling long distances to health clinics, along with fear of stigma,
abuse, or mistreatment by healthcare workers, can discourage women and girls from sechoaydealt
especially reproductive health servi¢g$,52] Unmarried adolescent girls who may be pregnant can face
particularly harsh treatment or consequen8s54] Time poverty due to the inequitable allocation of
unpaid domestic work between women and men leaves women and girls with little discretionary time,

preventing them from seeking healthcpyg]

Genderbiased health systems

Nutrition services within health systems are often skewed to focus on pregnant and lactating women and
children and neglect the nutritional needs of-poagnant women and adolescent diBi3] Laws and

policies meant to protect adolescent girls can prevent them from accessing services. In Uganda, a law to
prevent adolescent marriage and pregnancy was cited as one reason that adolescent girls delay health care
to protect their partners from pexution[56] Fear of mistreatment by health workers is a common

reason for women and adolescent girls to avoid health fac[&i@s.



Genderbiased health research, institutions, and data collection

Sex and genderelated differences in health, health information systems, data collection, and impact of
interventions have long been negled8l. A review of adolescent health interventions, for example,
found little research on and evidence concerning gender differg8e3ex disaggregation of data on
adolescent dietary intake are also lacKitg]. While many adolescent nutrition interventions specifically
target girlg59], those that do target both boys and girls often do not présanfindings according to

sex and/or gend¢60i 62]

2.4 Adolescent nutrition frameworks

There are several conceptual frameworks related to adolescent nutrition, health, dreingetat
acknowledge the role of gender systems. The recent Lancet Series on adolescent nutrition provides an
updated conceptual framework for adolescent growtmairition (Figurel).[20] The blue arrow

illustrates that nutritional status in adolescence is influenced by nutrition earlier in life and impacts
outcomes throughout adulthood and for the next generation. The food environment (grey arrow)
influences thémmediate drivers and outcomes of nutritional statphysical activity, cognitive and
emotional growth, and food choice and dietary intake (the multicoloured ribbon). The framework
highlights that adolescent have growing agency over their food and tleaities (salmon arrow), and

that this increased agency, in turn, influences their food environment. Thecolaltred arcs represent

the broader socioeconomic systems that shape the food environment and adolescent agency, including

gender systems.
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Figure 1. Lancet Series on Adolescent Nutrition conceptual framework for adolescent growth and

development[20] *

A framework proposed by Ross and colleagues defines adolescebt avéll n g

as

iAdol

escent

support, confidence, and resources to thrive in contexts of secure and healthy relationships, realizing their

f ul

p ot e n {63] &hey peopode fiveiinggrcanrectedl domains to achievelvedtig

underpinned by gender, equity, and rights considerations:

1. Good health and optimum nutrition. Sulbdomains are physical health and capagitiesntal

health and capacitieand optimal nutritional status and diet.

Connectedness, positive values, and contribution to socie§yulbdomains are connectedness;

valued and respected by others; responsible, caring, and respectful attitudes; interpersonal skills;

socially, culturally, and civically active; and equipped to contribute to change and development.

Safety and asupportive environment Subdomains are emotional and physical safety; material

conditions met; treated fairly with equitable opportunity; equal distribution of power, resources,

rights; nondiscrimination; privacy; and available enriching opportunities.

Learning, competence, education, skills, and employabiliysulbdomains are commitment to

and motivations for continual learning; education; resources, life skills, and competencies;

acquisition of skills for future opportunities; employability; and confidence in abilities.

! Permission to reproduce this material is providedppendixAl.
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5. Agency and resilienceSubdomains are agency and sdfeem; identify and comfort with self;
sense of purpose; resilience to handle adversities; and fulfillment of potential.

The framework emphasizes the need for multisectoral approaches to adolesebaingdtat address

all five domains and its measuremggu]

Similarly, a WHO framework describes proposed pathways from adolescent engagement to health and
well-being Figure 3.[65] The framework describes a process whereby meaningful adolescent
engagement contributes to five interconnected pathways through which adolescents realize increased
decisionmaking power and eventual improvement in health andbetlig. The pathways are:

Improved adolesceradult relationships
Increased seléfficacy and empowerment
Improved identity and sense of purpose

Increased social capital and peer connections

o ~ w N

Improved competencies and confidence

The blue boxes at the bottom of the figure highlight the importance of an enabling environment for
adolescent engagement and empowerment that includes supportive laws, policies, and structures, the
institutionalization of engagement, and equitable poliaiet quality health care. The framework
recognizes that wunequal gender norms restrict

health and welbeing.
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Improved adolescent-adult
relationships

Increased self-efficacy
and empowerment

§ Adolescents have 3 . . Increased Improved
evolving capacities, gﬂde;g;ge?:tl Im§$ Ofldelr‘mtgsznd decision-making health and
resources, agency P —— (LI in health and well-being
and skills well-being outcomes
Increased social capital
and peer connections

Improved competencies
and confidence

N Supportive laws, policies and structures; Institutionalization Equitable policies;
responsive adults/decision-makers of engagement quality health care

Figure 2. World Health Organization pathways from adolescent engagement to health andbeeig.[65]

The WHO guideline on implementing actions for improving adolescent nutrition includes a framework of
interventions and determinants of adolescent nutrition that emphasizes the need for a supportive enabling
environment (via peer and interpersonal netwdejlies, and communities) to increase adolescent

agency or capacity to access a nutritious diet, contribute to their health through positive behaviours, and
access essential health servidegire 3.[66] While not explicitly illustrated in the concepatiu

framework, the guideline recommends the implementation of géradesformative programming that

engages men and boys to redress restrictive and harmful gender norms that contribute to child marriage,
coerced sex, and unintended pregnancy.
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o e e : injury, infection and early pregnancy

Adolescents are able to access Adolescents are able contribute to Adolescents are able to access
a nutritious diet their health through positive behaviours essential health services

Promating healthy diets r‘_re‘k‘ﬁlll‘lg JUEI.E'SE_;'.’I'I[ pregnancy
and poor reproduciive outcomes

Pramoting physical activity

Providing additional micronutrients
through fortification and targeted
supplementation

Providing access to safe
environment and hyglene

Promoting preconception
and antenatal nutrition

Managing acute malnutrition Disease prevention and management
Adolescents” peers and interpersonal networks " - I " .
posilively influence their social compelance Families and communities are empowered and engaged
F . Ny h ' In supporting actions towards better adolescent nutrition
understanding and development

Figure 3. WHO framework of interventions and determinants of adolescent nutritifG6]

A common theme in all these frameworks is the inclusion of the concept of empowerment, or its related

components (e.g., agency), alwring Thedmpavarmentobworaedo| e s c

and girls is a global priority in the pursuit of gen@quality and is enshrined in the UN Sustainable
Development Goal (SDG5). SDGS5 is viewed as critical to the achievement of many other SDGs,
including SDG2 to createa world free of hunger by 20367] But what does empowerment mean and

how does it appito adolescents and their health, nutrition, and-tveithg?

2.4.1 Defining empowerment

Empowerment in the literature has numerous definiti68i72] but one that is commonly adopted in the

context of women and girlsdé health and devel opmen

ifithe expansion in peopleds ability to make strate

previouslyden ed t ¢73]Khémed 6s definition reflect$ the
moving from a position of disempowerment, where choice and opportunity is limited, to one where an
individual can set and achieve their desired goals. In a similar veicapladility approachpioneered by

Sen and expanded on from a feminist and human rights perspective by Nussigaasthat, for a
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person to achieve their highest potential, their life must include several central capabilities that are

universal and important for everyone, regardless of their sex, age, ethnicity, socioeconomic status, and

other determinants of heaffi4,75]A per sonds capability reflects thei
want.Overall, the literature on empowerment reflects three interrelated and interdependent components of
empowermentagency opportunity structureandachievementsThe following sectiondefine each

concept and how it relates to adolescent empoweramghnutrition.
Agency

Central to the concept of empowermeragency o ra btihlei tiy t o defi ne oneds go
t he@B]Thi s can be r ef |l e cmakird pdwer, batitgse ensompadsesthiie ci si on
intrinsic beliefs related to se#ffficacy and seltonfidencd i.e., whether an individual believes that

she/he can produce her/his desired outcomes through indingdtion. Agency can also be fostered and

exercised at a collective level, such as through political or social movements, and is increasingly

important in an interconnected woflb]

Adolescent agency is influenced by several factors, including their sessiefficacy, selfesteem,
experiences of connectedness, freedom from geratrd violence and discrimination, bodily autonomy,
and feelings of import or significance to the people and places in theifiXjl$ shapes their resilience

to prevent, adapt to, and weather adversity, and is fostered by the availability of safe spaces to develop
and express their satientity [78,79]

The Gender and Adol escence Gl obal E\J8dFgmed ( GAGE)
identifies voice and agency as one of six priority capability outcomes. Similarly, Vidyarthi et al. highlight
strengthening adol escentsd i ndasvoundatiandlto adolescento!| | ect
well-being, including their health and nutritiff8] They review several evident®msed programming

i nterventions, such as increasing adolescentsbé aw
behaviours, promoting intergenerational dialogue to change harmful social norms and engage men and

boys axhampions of gender equality, and providing adolescents with opportunities to design and

implement solutions that address their needs and promote positive change in their communities. In the

context of nutrition, this includes changing norms around inajgintrahouseholdood allocation and

the practices of child marriage and adolescent pregnancy.

The relationship between agency and health is bidirectional; greater agency can lead to improved health,
and vicevers@8]l n Et hi opi a, adolescent girlsd agency was
descriptive and injunctive nutrition norri&l] In other words, more gender equitable social norms related

to nutrition (e.g., married adolescent girls eat meals at the same time as their husbands) were associated

15



with higher | evels of girlsdéd agency. Neufeld et a
agency over food choice is impacted by different stages of adolescent development, the sociocultural

context, and the food environrmdgdgé] They particul arly highlight the i
burgeoning agency and autonomy as key contributors to their food chdadsetter or for worse.

Greater autonomy may lead to the increased consumption of esteangg but nutrierioor foodsm

modern andnixed food environments, such as urban andyryan centres in LMICs. They highlight the

importance of designing programmes to address specific life stages, such as ebtlydafs) vs. late

(14-19 years) adolescence, and contextual features thraagbgses that engage adolescents as active

partners.
Opportunity structure

Alsop and Heinsohn describe the importance of a condogipertunity structuren which decisions are

made and acted up@as central to the empowerment prodé&§ They define opportunity structure as

it he formal and infor mal c darmatcortexts imclude mstitutiomshi ch act
policies, and | egal frameworks that either do or
Strategies to create a supportive opportunity structure for adolescent empowerment in formal context
include strengthening adolescénéendly school systems and services, advocdtingupportive

legislative and policy frameworks that guarantee adolescent (&th as sexual and reproductive health

and rights, and forbidding child marriag@)creasing budget allocations for adolescent responsive laws,
policies and programmes, and strengthening accountability mechanisms that meanamgfudiyuitably
engageadolescentfr8,80] Organizations delivering adolescent programming should also consider ho

their own organizational ideologies and values can either facilitate or impede adolescent

empowermenf79]

Informal contexts that contribute to a supportive opportunity structure for adolescent empowerment are

| argely driven by soci al (including doieender) nor ms
parents/guardians, community leaders/members, traditional/religious leaniésders to raise awareness

and support for adolescentsd rights (including ge
crucial to creating a supportive opportunity structure for adolescent agency and empowermeintgEngag

men and boys is especially critical for letegm, structural chand&9,82] Programmes that facilitate

alliances between girls and boys or men and women have been found to produce significant positive

changes in gender and health, while programmes that ignore restrictive structural characteristics and

gender norms were less sussiil in achieving their gender and heakthated objectivef83] Positive

social and community influences also shape adolescent choice and behaviour related to their diet and
nutrition[21]
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Figure 4. Gender and Adolescent Global Evidence (GAGE) 3 Cs conceptual fran@@prk.

Achievements

The final componengchievemenis r ef ers to the realization of adol
Better methodologies to measure achievements in a
intentions are needq4f4] Recent studies of the effects of nutrition programming for adolescent girls that

include empowerment strategies are mixed. Some examples are provided below.
Example 1

A formative ewaolwmeateiddn naft ra tdoginrlprogram in four L
principles of adolescent empowerment detailed af¢beThe study found that meaningful adolescent
engagement in the atesign of the intervention led to greater uptake. Engaging gatekeepers and duty

bearers, especially men and boys, was also critical, given their role in household deaidiog The

evaluat on provided examples of where girlsdé i mproved
their closesocial and family circles in nutrition advocacy. However, it also pointed out that the structural

challenges of poverty and engrained gender inequitable norms can preveetiorsgiccess.
Example 2
Hewett and colleagues undertook a comprehensive adolggdefiticused empowerment programme in

Zambia with a nutrition component that was evaluated using a crastgomized desigii86] When a
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tailored nutrition education intervention, delivered through weekly ménerd gi r | s 6 gr oups,
the girlsdé empower ment programme in one study arm
girl s6 nutritionabekngwbedgewel gkel| i Bbodtetl, or a
received the empowerment programme but not the nutrition education intervention. They conclude that

the low levels of educational experience and literacy among the study population and tfi@tack

opportunity structure component may have contributed to the lack of impact.

Example 3

Muturi and colleagues examined the relationship between youth empowerment and obesity prevention
behaviours among American adolescents living inHiloeome communities. Empowered youth were

more likely to report greater sedfficacy for healthy eating, bh#hy food choice, and physical activity.

They also reported more positive perceptions of food availability and community support for physical
activity, and fewer perceived barriers to healthy eating and physical af@iv]ty.

2.4.2Implementation

There is also evidence that i mplementation approa
programmingA systematic review dmplementation approaches appliecitinlescent gigd 6

progranmesin LMICs found that few studies assess implementation science questions overall. Their

analysis identifiegbositive associations between mudimponent programmes (vs. single component)

and longer program exposure (vs. shorter exposure) with more favourable outcomes for gimgedut

evidence of the value of rtitlevel interventionsife., programs that reach not just the beneficiary but

also other actors who directly or indirectly affect their lives and-lihg) compared to interventions

thatonly target the adolescent gja8]

2.5 What we do not know

a

The relationship between adult womenbés empower men
establishedB89i 92] This evidence base demonstrates that different dimensions of empowerment (e.g.,
household decisiemaking, financial autonomy, freedom of movement, etc.) are associated with different
maternal and child health and nutrition outcomes. However, the evidasedor adolescent

empowerment and nutrition is sparser. The causal pathways through which empowerment contributes to
improved nutriton for adolescent girls has yet to be fully understood and articulated. Given the unique
challenges and opportunities presented by adolescence for nutritional and developmental gains,
understanding the nutritieempowerment relationship is imperative. the following chapters, this thesis

will explore some of these key evidence gaps.
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CHAPTER 3Jhe effects of empowermenbased nutrition interventions on
I R2f SA0Sy 0 IANI &AaQ ydzZiNAGA2Yy I f adl Gdz

Chapter overview

Chapter 3 addresses the first reseafmjbctive:To assess the effects of empowerrdgaged nutrition
interventions on adol esc elhiscomgposed of tivo sectiang. The firsb n a |
section (Section 3.1) is the protocol for the conduct of a Campbell Systematic Review of the effects of
empowermenbased nutrition interventions on the nutritional status of adolescent girls in LAMICise
second sectiofSection 3.2)s the systematic review report.

Before this thesis was undertaken, there had been no comprehensive review of nutrition interventions for

adolescent girls in LMICs that incorporate an empowerfhased approach. As such, the objective of
this chapter was to systematically search exigigerreviewed and grey literature to identify, describe,
and synthesize the results of randomized controlled trials anthndomized studies that assess the
effectiveness of empowermemta s ed nutriti on i ntervent i oahstatugs o

in LMICs. Further, the systematic review examined the role of implementation and contextual factors in

the success or failure of these interventions. To guide the systematic review, a logic model that depicted

the theorized causal chain linkingppowermentbased nutrition interventions to improved nutritional
status was developed following a review of existing conceptual models for adolescent nutrition and
empowerment. The systematic review findings were then used to upditgi¢hmeodel basednthe

reviewds findings
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3.1PROTOCOTheSFFSOi0ia 2F SYLRSSNYSYy(inolldSR ydstaNA GA2Y Ay
2F I R2tSa0Syid 3IANI & Ay f26m1m YR YARRESmAyO2YS (

This section presents a manuscript that describes the protocol for ameteods systematic review of

theef fects of empower ment based nutrition intervent
| ow and mi dd]l .&A mixedmethne segrematen teseareh synthesis (MMRS) design was
selected because of its effectiveness in studying interventions that consist of multiple components;

allowing reviewers to better understand how the different components are related antviiiteeach

other. An exhaustive, systematic search strategy
design, including inclusion criteria, data extraction, and synthesis methods, were informed by the
development of ¢heoretically informedogic model of the causal linkages between empowerased
nutrition interventi ons aThdlogcdnodel@erdermnning thg ieviews 6 nut
a unique contribution to the published literature, providing a clear definition of the main camgoh

an empowermertased nutrition intervention that can be used to design and evaluate interventions for

adolescent girls in LMICs.

The findings of thesystematiageview are presented in Sectidr2
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Backgroum
The problem, condition, or issue

Adolescents (10 to 19 years) currently represent the largest global generation of young people in our

collective history1] The regions of Africa, Asia, Latin America, and the Caribbean are the home of 1.1

billion young personf2] I n sub Saharan Afri ca, p 628oftte bel ow t he
population, with only marginal declines predicted thro2§B0[3] The working age population (25 to 64
years) in sub Saharan Af r iAmerica, addteeLaribbeanisgrondng par t s
faser than all otherag@l Ensur i ng t he h e adoledtents whd wilvfidl thd rankseofi ng o f

t he wor | doé populaton Will helgto @rape global economic growth and developidégnt.

Adolescence is a period of significant physiological change that includes marked skeletal growth,
increased bone mass, and fundamental neurological developghf@®roper nutrition during

adolescence is crucial for optimal growth and development and helps to prepare adolescents for
adulthood. However, many adolescents face challenges in achieving optimal dietary intake, especially in

| ow and middl &MICs) wherentbe nwjorityroftadolescentsredélel r on def i ci enc
anemia affects 430million (24%) adolescents, with 77% of adolescents living with anaemia in-multi
burden countries where communicable, maternal, and nutritional conditions contribute to 2,500 disability
adjusted lifeyears (DALYS) or more per 100,000 adolescénts he prevalence of anaemia is

consistently higher for females than males, and is more than 50% for females in Bhutan, Yemen, India,
and BurkinaFaso in 20167] Mean BMI (body mass index) and the prevalence of obesity are also rising
among children anddolescents globally. The percentage of adolescents who are overweight or obese was
324.1 million in 2016 an increase of 176.9 million from 1990. The median prevalence of overweight

and obesity among girls is highest in the Eastern Mediterranean region (28%), followed by the Western
Pacific (25%), the Americas (25%), and Europe (2]8b) et more children and adolescents are

moderately or severely underweight globally, with the largest burden of underweight found in South Asia

and central, east and wedtica.[9]

The social, economic, and cultural conditions in which an adolescent matures can significantly shape their
health and development, including their nutrition. The social determinants of health are the conditions in
which people are born, grow, develop, |iverk, and ag§l0] Social inequities, particularly those related

to poverty and gender, can heayvil4]Adolescefickisatime e adol
when gender roles and norms become more heavily engrained, affecting how adalgscantsvith

and experience the world. The gendered experience of adolescence can vary depending on the context, as

Kabeer writes: Aln many LMICs, the gendered nor ms
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into play in heightened ways during adolescence, restricting the agency, opportunities, aspirations and

soci al net wor ks of young g[lli Where comsideaablé gemdergr eat er e
inequities exist, women and girls are more likely to suffer from nutritional deficiencies than men and

boys[12] Gender inequities can limit access to an adequate diet and lead to early marriage and high

fertility rates, putting adolescent girls at greater risk of nutrient deficiencies as well as poor pregmhnc

birth outcome$8,13]Numer ous studies have identified a signi-

empower ment and womends dW®R0chil drends nutritiona

The intervention

The empowerment of women and girls has been identified as way of improving the nutrition sensitivity of
interventions, in addition to achieving scale and
individuals[21] There is growing interest in assessing the impact of empowerment interventions on
womends empower ment as well as its instrumental v
womenoés and chil drendés heal t h ewisntdbuildor theietisingn. The
literatureb ase t o examine the effects of integrating wo

interventions to improve the nutritional status of adolesgielsti n | o w and middle inco

5STAYAY 62YSyQa SYLRSNYSyid IyR AGa NBfFGISR 02YLJ

There are various definitions of womenods [286impower m

28l1A  commonly used definition is that of Naila Kabe
peopleds ability to make strategic |life choices i
t hel@®]Koabeer identifies three interdependent compor
agency, or fAthe ability t o[29Adsbp andeHeimsohe @GD5) defirel s and
aency as fAthe ability to make meaningful choices.
is free to do and achieve in pursuit ofB0whatever

Central to these definitions is (a) the availability of alternatives from which to choose, (b) the individual is
aware of the alternatives available to them and (c) the individual desires to make daZhajegency
is often described in terms of decytsbargam, maki ng po

negotiate, influence, resist, or manipulgzé]

Kabeer (2001) identifies the second component of empowerment, resources, as a precondition for the
ability to exercise choice (agency). Resources can be material, human or social. Alsop and Heinsohn
(2005) refer to this component as opportunity structure, it he f or mal and infor mal
which actors operate. o We wil!/ use the term Aoppo

for the purposes of this review. A supportive opportunity structure will enable an individual to make their
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choices a reality. For example, an adolescent girl may desire to stay in school until graduation, but she
may be prevented from doing so if her father prefers her to be married.

The final component is achievements. Agency and opportunity structure interact to result in the
achievement of an individual 6s desired outcomes.
or the potential that people have for living thethey want. Notably, chosen actions that lead to

undesired outcomes do not signify a high degree of empowerment. For example, the decision to
participate in a microcredit programme may inhcrea
husbandontrols how those resources are spent, the desired outcome of financial autonomy would not be
achieved.

Empower ment can take place in different di mension
in one area does not automatically translate into empowerment in other areas. For instance, an adolescent
girl may be able to attend school (an indicatorazial empowerment) but she may be denied the right to
access health care without her guardiandés per mi ss
empowerment). There are six conceptual definitions of empowerment commonly used in the

literature[26,31] Below we briefly describe each and provide indicators at the individual level.

 Economic Access and c¢cl aims to materi al resources.
i nclude control over oneds i ncome, access to t

1 Political: Inclusion in political processes and the ability to-seffanise. Example indicators are

the ability to organise and participate in a w
local council.
T Legat Womends rights as codified in | aw. Exampl e

the right to vote.
T Soci o :CTheltypeuandaguality of relationships with other people and groups outside of the
household, often highly influenced by societyo

freedom of movement and societybds commitment t

1 Intrafamilial: The soci al hi erarchy and dynamics withi
role in household decision making or their sex
1 Psychologicak An i ndividual 6s belief that they can a

individual 6s per eeffigaty.iThisndimerfsiontisitlesely relaied to the ecomcépt
of agency.

The gender equality challenges and the relevance of different empowerment dimensions will vary by

context. For example, sociocultural norms in Sout
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without a male relative or chaperone. I n sub Saha

giving women greater levels of independence, if not actual autonomy.
hLISNI GA2yFEATAYy3 62YSyQa SYLRSGSNYSy

The operationalization of womenb6s empower ment in
has largely focused on improving access to resources, assets, and services. Interventions that have been
assessed include wo me rh@seconanicfoculh)d 3AB6], gastotransfer ( of t en
programmeg$37i 41] microcredit programme84,42 46] agriculture programmef1,47]and

programmes to strengthen inheritance and property fi¢&its0]

Shankar, Sundar , and Smith (2019) have written ab
interventions, that include Adesigning spaces tha
such as work, relationships, sexuality, spirual i ty, or financial security.

highlighted the neglect of building fAcritical con
interventions in favour of a focus on resourfld.We will build on their work by assessing the

effectiveness of nutrition interventions that include activities to foster agency as well as creating a

supportive opportunity structure (including access to resources) as a way to empower adolescent girls and
improve their nutritional status. Further, we will suarise the contextual and implementation factors

that contribute to the success or failure of these interventions.
Empowermertbased nutrition interventions

Thisreviewwills ummar i se the evidence concerning the eff e
interventions for adolescent girls in | ow and mi
effectives of nutrition interventions that include activitiesgag)( f ost er adol escent gi r|l
create a supportive opportunity structure for ado
review, we define nutrition interventions as interventions intended to improve dietary intake among
adolescentyirls by promoting a healthy diet or providing additional micronutrients through fortification

or targeted supplementatifsR] Examples of eligible nutrition interventions are micronutrient

supplementation (iron, folic acid, vitamins A, D, etc.), food supplementation programmes (e.g., school

feeding), and nutrition education or counselling.

To be empower ment based, the intervention must in
and activities to create a supportive opportunity
intervention that fosters agency will include activiite si gned t o i ncrease adol esc

and abilities to make informed decisions by provi
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important life areafb3]Such i nterventions enable adol escent gi
in decision making, instil a sense of self effica
positive change in pursuit of strategic life goals. Examples of aegwitiat foster agency are life skills

training programmes, mentorship programmes, counselling programmes, and other programmes that
create Asafe spaceso for adolescent girls or equi
deci sions. I nterventions can be delivered one on

of settings include at home, at school and in the community.

The intervention must also include activities to build a supportive opportunity structure. Such activities

aim to alter the constraining political, economic
(informal or formal) at the household, comnity, or broader societal levels, as necessary, to support

adolescent girls to exercise ageffiz®,26] This includes access to and control over resources. The type of
activities that are undertaken to create a supportive opportunity structure will veopteyt, thus we

cannot provide an exhaustive list. Instead, we have attempted to categorize activities by type according to

the dimension of empowerment they seek to redress. They are:

1T Economi c: Economic activities aim to increase
financial and material resources. These include microcredit programmes, cash transfer
programmes, agriculture programmes, homestead or community gardening progranmines
savings and loan programmes.

f Socio cultwural: Socio cultural activities aim
practices that restrict adolescent girlsé abil

community level. Examples include activities to prewaritd marriage, programmes to improve

freedom of movement, male or in | aw engagement
di scrimination, and programmes to support adol
T Legal: Legal activities aim to establish | aws
protect adolescent girlsé rights. This can inc

planning, employment or inheritance.

Table 1provides examples of how the three different intervention components can combine to create an
eligible intervention study. Each intervention must have as its main activity a nutrition intervention aimed
to improve dietary intake among adolescent girladdition, an eligible intervention must include

agency related activities and opportunity structu

An example of a primary study that may be included in this review is the Adolescent Girls Empowerment

Programme in Zambigg4] T h e 2 y amnrclustemrantdomised controlled trial assessed the impact
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of an fAasset building frameworko interventtd on on
years. The intervention provided nutrition educat
component ), al ongsi de psmeetngdoVveyng mealth,lifeskillslare dnargialr | s g
education (agency component), and a health voucher and savings account programme (opportunity
structure component). The study assessed a series of anthropometric measures and anaemia status, as well
asempowerment outcomes between the intervention and control groups.
Table 1. Examples of eligible intervention studies that include all three intervention components.
Study Nutrition Agency Opportunity Structure
Promoting a | Micronutrient Individual Group Economic | Sociocultural | Legal
healthy diet | supplementation
or fortification
Study 1 X X X
Study 2 X X X X
Study 3 X X X
How the intervention might work
We hypothesise that including empower ment related
impact of underlying gender inequities that contribute to poorer health outcomes for adolescent girls and
will result in greater nutritional gainscgmar ed wi t h programmes that do not
empowerment.
Our logic model is presented Appendix A The logic model depicts the causal pathways from the
i mpl ement ation of an empower ment based nutrition
adolescent girls. The development of the logic model was informed by a review of existing models and
corceptual frameworks on nutritid6,52,5557]and wo me n 0 s [22/2§26,28:36,4068] t .
The model begins with the proposed three el ements
1. Activities to improve dietary intake
2. Activities to foster agency
3. Activities to build a supportive opportunity structure
I n the short term, the el ements are hypothesised
of the choices available to her to improve her nutritional status, and to increase her motivation to act. The
nutrition r el at\edteravareness,ikriowledge, and skills fori the pdoption of a healthy
diet and positive health behaviours. The agency r

knowledge she has acquired to increase her awareness and motivation to make ath ahioicado
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improve her health and nutrition. A supportive opportunity structure will enable her to move toward
action based on her choices. For example, a schoo
adolescent girls that includes a peer support programme bui | d girl sé6 nutrition r
self-confidence (agency) and a sensitisation programme for parents and teachers to the importance of
suppl ementation for adolescent girls (opportunity
impot ance of supplementation for her health and wel
supplementation programme, and create an enabling environment that will provide the necessary

resources and supports for her to participate in the progeam

In the intermediate term, the intervention is expected to empower adolescent girls by increasing their
decision making power, improving their access to
contribute to the protection and promotiontwit human rights, such as the right to health care,

education, freedom of movement, freedom from violence so forth. Returning to our illustrative example,

an adolescent girl will have more decisimaking power because she has acquired the informatibn tha

she needs to make an informed decision, she has the confidence to make a decision, and she has the
support from parents and teachers to enable her d
theoretically improved with the support of the adultsen life. Finally, the sensitisation of parents and

teachers should help to prevent any potential restrictions on her rights that may impede her ability to

participate in the programme.

Moving down the results chain, the empower ment re
improved health and nutrition behaviours, improved access to a nutritious diet, and improved access to
essential health services. In the case of our example,tareir me di at e out come woul d &
taking micronutrient supplements consistently because they have decided it is important to them, and their
environment supports them to do so. And in the longer term, the intervention would lead to improved

dietary intake and improved nutritional status.

The exact causal pathways will vary depending on the intervention design which should be informed by
the context and the particular gender related bar
review on interventions to improve dietary intakes ibgic model includes pathways to improved

nutritional status via improved access to essential health services for the prevention of diseases that
contribute to malnutrition (e.g., malaria) and the prevention of early preghansignificant contributor

to malnutrition among adolescent gifi&]

Promoting womenbdés empower ment can also potentiall

girls, empowered to choose their own diets, may o
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sweetened beveragEy.There may also be backlash within the household or community in response to
adol escent girlsdéo attempts to assert increased au
power structures. Capturing the adverse effects of the interventianii€a component to be explored

that will assist in intervention design that maximises benefits and minimises harms.

Underpinning the |l ogic model are the individual I
factors that can moderate the expected outcomes along the causal pathway. At the individual level,

socially stratifying factors that contribute to health wiéigs have the potential to place additional

barriers to proper nutrition for adolescent girls and need to be considered in intervention design and
evaluation. The PR Q39RsEafseful Pieunonicfsumenarisingdheske factors: Place

of restlence, Race/ethnicity/culture/language, Occupation, Gender/sex, Religion, Education,
Socioeconomic status, and Social capital. The nPI
disability), features of relationships (e.g., children ofpares who smoke), and ti me d
relationships (e.g., recently out of hospital) that can make an individual more vulnerable to poor health.
Moving up one level, household and community characteristics can affect intervention design and results

as well. Things to consider include household food security and water and sanitation facilities, the
availability of health services in the community,
other governing bodies, and other community gender norms, sgoh aseference. Finally,

consideration of the macro | evel cont ext includes
and food security, nati onal gender related | aws,
tolandownersii, and womends participation in the economy

agency and opportunity structure are highly conte
not only how women6s empower ase hotwthesé domtextuasfacrost r i t i o

influence intervention effectiveness.

A final element to consider are the implementation factors regarding the interventiofp@k€liese

include the intervention setting and delivery platform (e.g., school, health facility, community, etc.), the
intervention provider (e.g., teacher, community leader, fadilityed health worker, community health
worker, etc.), how participants werecruited, participant retention strategies and attrition rates, the reach
and dose of the intervention, fidelity to intervention design, and the adaptabtlity intervention to the

local context and circumstances.
Why it is important to do this review
There is a rapidly expanding body of Iliterature o

Bel ow we summari se existing reviews of interventi
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| ow and middle income countries. Our systematic
by: (a) focusing on the role of empower ment in ad
(b) attempting to separate out the role of agencye | at ed and opportunity struc
empowerment process, and (c) systematically reviewing and synthesising the evidence on the contextual

and implementation factors that may help to explain the success or failure of empowsasaent

nutrition interventions.

Reviews
Van den Bold, Quisumbing, and Gillespie (2015) <co
interventions (cash transfer, agriculture, and mi

empowerment and infant and child nutrition, anditbthat, despite the existence of considerable
evidence depicting the associations between women
is needed to understand the pathways that connect the two concepts. The review did not examine

outcomes fomdolescent girls. Similarly, Taukobong et al. (2016) reviewed the literature across six

sectors, including nutrition, to assess whether addressing gender inequalities and empowering women and
girls improves health and development outcomes. They identifiednmon gender equal ity
empowerment variables that repeatedly emerged as significant predictors of sector outcomes, including
control over income, decision making power, and e
research into mechams through which gendered interventions might work. The review did not examine

outcomes for adolescent girls.

Brody et al. (2015) conducted a systematic review
i mproving womends empowerment. They concluded tha
womenbés economic, social, and ngsndicatedithatdhke poeresp o we r me

women were less likely to participate due to time constraints and fears of racial or caste discrimination.

The review did not assess the impact of economic
women.
Kumar et al. (2018) c on dhasetdmahrarames and nutational@efang&io me n 6 s

South Asia. They mapped interventions to four conceptual pathways (income, agriculture, health and
nutrition behavi our c¢ han @g®jmpravednutrtiongl statiss pamoAgr o m wo me
women and children. They found the strongest evidence linking the behavior change pathways to

improved nutritional status, but also noted a number of challenges in assessing the evidence based
including the lackofg or ous studies, difficulties in disentan

with other aspects of the intervention, a paucity of studies targeting nutritionally vulnerable age groups,
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and programmes with insufficient reach and duration. They recommend that implementers and evaluators
identify a priori which change pathways they anticipate to activate and measure processes and impacts
accordingly. The review did not examine outcomestiwlescent girls.

Brandstetter, Ruter, Curbach, and Loss (2015) conducted a systematic review of the various ways of

applying the empowerment concept to healthy nutrition in health promotion. The included eight studies

t hat were al/l based i n duiveriy initha way timeconceptioh t r i es. The
empowerment was operationalized, in the integration of other theoretical frameworks (e.g., socio

cognitive theory), and reporting in the methods of operationalizing and measuring empovétinent.

The WHO Guideline, Al mplementing effd®tive action
summarises the global evidence for addressing malnutrition in adolescents. The guideline identifies
implementing interventions to empower adolescent girls may prevent early marriage and pregnancy,

reduce sexual coercion, and notes that community stal@hdidcluding teachers and health workers)

need to support the empowerment of adolescents to adopt and maintain optimal nutrition and health
practices. The guidelanfurther identifies as a research gap the assessment of impact of interventions and

policies on autonomy, positive development, empowerment, and engagement of adolescents.

Recent systematic reviews of adolescent nutrition interventi)62,63]have shed valuable light on the
effectiveness of nutrition interventions in improving adolescent health, but they have not specifically

assessed the role of empowerment in adolescent health and nutrition.

Protocols
Vol Il mer et al. (2017) have published a protocol f
economic empower ment on childrends health and edu
Objectives

The primary objective of the review is to answer the following:

1. Does promoting womenébés empower ment within nutr
status of adolescent girlsinleand mi ddl e i ncome countries?

2. What are the factors influencing the success or failure of these interventions?
The secondary objective is to answer the following:

3. What are the underlying empower ment related pr

design? How is empowerment defined, operationalized, and measured?
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4. What i s the effect of promoting womends empowe
adol escent gi-relatad@utcemep?o we r me nt

5. What are the potential adverse effects of prom
interventions on adolescent girlsdé health and

Methodology

This review will apply a segregated mixed methagsearch synthesis design (MMRS). An MMRS

combines qualitative, quantitative,andmme t hod pri mary | evel studies anc
approach to synthesi se [@]Thkisdesigniegoreappwpriatdfer thesdtudyd i e s 6
of interventions that consist of multiple components as it helps to better understand how the different
components are related and interact with each ¢@Agr.

Through a comprehensive literature search, we will identify relevant literature with qualitative and
guantitative study designs that will be segregated at the screening phase. Qualitative and quantitative
studies will be analysed and synthesised separathiie the implications for practice, policy, and
research that will form the discussion and conclusion sections of the review will draw on both the

gualitative and quantitative syntheses.

Criteria for including and excluding studies

Types of study designs

The following study designs will be included to answer Research Question 1 (effectiveness assessment):

Randomised Controlled Trials (RCTS)

Cluster Randomised Controlled Trials (cRCT)

Controlled before and after studies (CBAS)

(Controlled) interrupted time series (CITS, ITS)
Propensity score matching (PSM) on baseline covariates
Regression discontinuity design (RDD)

Difference in difference using regression techniques (DID)

Interventions with a synthetic control group

=A =4 =4 4 4 -4 4 -4 =9

Ot her quasi experimental designs with at | east

Studies without an observable comparator or credible means for controlling for selection bias will be

excluded.
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To answer Research Question 2, we will include companion quantitative and qualitative studies that
assess the contextual and implementation factors influencing the effectiveness of the studies screened into
the effectiveness assessment (Research Question 1

We will include qualitative studies that explore the perspectives of intervention participants (adolescent

girls), providers (those who delivered the intervention), or administrators (those who provided oversight

or funding to the intervention) on the certual and implementation factors contributing to intervention
success or failure using focus groups, in depth i
study designs include case studies, ethnographic research, grounded theory rdhdmtie

approaches to qualitative data analysis. Qualitative studies that do not report a clear methods and results
section will be excluded. This includes opinion pieces and editorials. Eligible quantitative study designs

that assess the implementatifrincluded studies are process evaluations, surveys of intervention
participants, providers, administrators, and ot he

evaluation reports.

Studies that apply a mixed methods design will be included where the qualitative and quantitative study

components are reported separately.
Types of participants

The review target population is adolescent girls

countries, regardless of health status.

The classification of countries as | ow or mi ddl e
as defined at the time the studies were conducted

excluded.
Types of interventions

Eligible studies wildl be empower ment based nutrit
adolescent girls. More specifically, we will include interventions whose primary aim is to improve dietary
intake among adolescent girls by promoting a hgaliet or providing additional micronutrients through

fortification or targeted supplementation. Examples of eligible nutrition interventions are:

1 Micronutrient supplementation or fortification interventions (iron, folic acid,iifolic acid
(IFA), calcium, vitamin D, vitamin A, zinc, iodine, and multiple micronutrients)
Nutrition education or counselling interventions, and

Supplementary nutrition programmes such as school feeding.
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To be considered Aempower ment based, o0 the nutriti
intended to foster adolescent girlsdéd agency, and
structure for adolesceéene gctivsodotempower mest er Wagae
spaces for self refl ecti on [a3hahdequipadoledcdntigiclsaid nmaken o f
informed strategic |ife decisions. Eagemaymdludes of ac
but are not limited to:

Counselling programmes
Mentorship programmes
Leadership training

Life skills training

=A =4 =4 =4 =

Technical or occupational skills training

These programmes may be delivered one on one (e.g

group setting such as girlsd clubs or other peer

We define activities to create a supportive opportunity structure as those that aim to alter the constraining
political, economic, sociocultural, interpersonal, and/or legal structures (informal or formal) at the
household, community, or broader societails, as necessary, to support adolescent girls to exercise

agency[22,26] Examples of opportunity structure activities include, but are not limited to:

1. Economi c: Economic activities aim to increase
financial and material resources. These include microcredit programmes, cash transfer
programmes, agriculture programmes, homestead or community gardening progranmines
savings and loan programmes.

2. Socio cultwural: Socio cultural activities aim
practices that restrict adolescent girlsodé abil

community level. Examples include activities to prewdrild marriage, programmes to improve

freedom of movement, male or in | aw engagement
di scrimination, and programmes to support adol
3. Legal: Legal activities aim to establish | aws
protect adolescent girls6 rights. This can inc

planning, employmenbr inheritance.

Nutrition sensitive interventions, such as water,
programmes including community gardens, cash transfer programmes, food security programmes, and

family planning programmes will be considered for isabn if they serve as a delivery platform for an
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intervention whose primary aim is to improve dietary intake among adolescent girls by promoting a
healthy diet or providing additional micronutrients through fortification or targeted supplementation and
include activities tyw foster adolescent girlsé ag

Comparison

Studies that have a clearly defined comparison group for evaluation of the treatment effect will be
included.

Types of outcome measures

I The primary outcomes for the effectiveness assessment (Research Question 1) will be measures

of adolescent girlsdé nutritional status, inclu
Change in body mass index (BMI)

Change in BMI for age z score

Change in mid upper arm circumference (MUAC)

Change in haemoglobin (g/L)
Change in serum ferritin

Change in anaemia status

=A =4 =4 =4 =4 -4 =4

Change in serum vitamin A
Secondary outcomes measures for Research Question 1 are:

1 Changes to dietary intake, including micronutrient intake

9 Improved access to a nutritious diet

1 Improved health behaviours

1 Increased access or use of essential health services

We will only include studies that reportlaast one outcome for our population of interest.

To answer Research Question 2, our outcomes of interest are the perspectives of intervention participants
(adolescent girls), providers (those who delivered the intervention), and administrators (those who
provided oversight or funding to the interventiom)the contextual and implementation factors that

affected intervention success or failure. These data may be qualitative, in the fordepftinnterviews,

focus groups, or participant observation, or quantitative from surveys, process evaluatiotiserand

project documentation.

To answer Research Question 3, we wil/l extract de

described by primary study authors, that were use
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empower ment related activities. We wil!/| extract i
describe as promoting women's empower ment and the

empower ment related activities.

For Research Question 4, we will extract and analyse information on the empowerment dimensions and
indicators used in studies to assess the impact o
empowerment outcomes. We will use the followin§jrdéons of empowerment dimensions, adapted

from Brody et al. (2015) and Malhotra et al. (2002). We will classify empowerment indicators by their

respective empowerment dimension for analysis.

Economic: The ability to access, own, and control
control over own income; relative contribution to family support; access to and control of family

resources; participation in paid employment.

Political: The ability to participate politically at the local, regional, or national level. Potential measures
include knowledge of the political system and means of access to it; domestic support for political

engagement; exercising the right to voteofifegal age).

Socio cultural: The ability to overcome discri min
|l evel s. Potential measures include: Adol escent gi
daughters in the household; household commitmesdtcating daughters.

Intrafamilial: The ability to exert power and influence in the household. Potential measures include
control over sexual relations; ability to make childbearing decisions, use contraception, access abortion;

control over spouse selection and marriage fmireedom from domestic violence.

Legal: The ability to access rights and entitlements under the law. Potential measures include knowledge
of legal rights; domestic support for exercising rights.

Psychol ogical: The ability to make choices and ac

efficacy; psychological well being.

Finally, to answer Research Question 5, we will extract information on the negative or adverse effects of

promoting women's empowerment in nutrition interyv
based violence, discrimination, demotivation, addption of unhealthy eating habits (e.g., increased

consumption of sugar sweetened beverages).

45



Duration of followup

We wi | | include studies of any foll ovengthof dur ati on

follow up to test the sustainability of treatment
Types of settings

Interventions delivered at home, in the community, in school, in the workplace, or in health facilities will

be eligible for inclusion.

Language

No language restrictions will be applied.
Publication date

No publication data restrictions will be applied.
Search strategy

A comprehensive search strategy was developed with the assistance of an information specialist
(Appendix B).Keywords used to develop the search strategy include variations on the following:

ot

power , 0 fiempowerment, o0 fAself efficacy, o fAself de
s

womenos

ot

tatus, 0 fiwomends rightspofdmatpotrition
n

ot

micronutrient, o Avitami , 0 finutrition educati on,

ot

girls, o fAfemales,c® nitmat d@intrealn,aigefrgdoliyout h. o
Databases

An experienced medical information specialist will develop and test the search strategy using an iterative
process in consultation with the review authors. Another senior information specialist will peer review the

search strategy prior to execution usihg PRESS Checklist.

We wi | | use a combination of controlled vocabul ar
ANutritional Statuso) and key words (e.g., empowe
searches. We wil/| appl ymiddleiacondecauhties Yoeabdlarylaridsyntaxf or |
wi | | be adjusted as necessary across the database

the results whenever possible.

Using the OVID platform, we will search Ovid MEDLINE®, including Epth e ad of Print and

Process & Ot her Non I ndexed Citations, Embase CIl a
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Reviews databases: Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic
Reviews, Database of Abstracts of Reviews of Effects, Health Technology Assessment, and the NHS
Economic Evaluation Database. We will also search CINAHL ¢&Iptatform), Web of Science, and

Popline. We will document the search process in enough detail to ensure that it can be reported correctly
in the review/update, including reporting the month and year the search began and ended.

Grey literature and hand searching

To identify potentially relevant unpublished materials, we will contact the following research groups and
organisations, and/or consult their respective websites:

World Health Organisation Library (includes LILACS)
Epistemonikos

3ie Impact and Systematic Review repositories

E Library of Evidence for Nutrition Actions
UNICEF

World Food Programme

UNFPA

International Food Policy Research Institute (IFPRI)

Global Alliance for Improved Nutrition (GAIN)

Nutrition International

SPRING Project

International Centre for Research on Women (ICRW)

UN Women

Gender and Adolescence: Global Evidence (GAGE) Programme
U.K. Department of International Development (DfID)

Bill and Melinda Gates Foundation

Plan International

CARE

Save the Children

World Vision

Young Lives

=A =4 =4 4 =4 4 4 A4 -4 4 4 -4 -4 4 -4 -4 -4 4 -4 -4 4 -4

Emergency Nutrition Network

Citation and reference lists

47



The citation and reference |ists of i ncluded refe
articleso features of searched databases will be
tracking using Scopus.

Contacting experts

We will contact authors of included studies to askstaygested studies.
Screening of studies

Study selection will be conducted in duplicate by two independent reviewers using the Covidence

platform (www.covidence.org). Titles and abstracts resulting from the search strategy will be

independently screened by two reviewers in the first phase, olbw by i ndependent f ul |
eligible studies, also in duplicate. Any discrepancies between the independent reviewers will be resolved

by consensus, and in cases of disagreement, a third author will be consulted. A PRISMA study selection
flow chat [65]will be prepared, and a list of excluded studies will be compiled detailing the reason for
each studyobés exclusi on.

To minimise the risk of excluding eligible studie
the title and abstract phase. In other words, we screen in all studies that aim to improve dietary intake

among adolescent girls by promoting a Hgatliet or providing additional micronutrients through
fortification or targeted supplementation when sc
stage we will further screen for the agency and opportunity structure components to detierdyine

eligibility. In instances where articles do not provide a sufficient description of the intervention to

determine its eligibility, we will look for companion articles describing the intervention or contact the

authors for additional information. Whewe cannot obtain additional information on the intervention,

the studies will be excluded from the review.
Description of methods used in primary research
The following study is an example of the expected eligible primary research methods:

Hewett et al. (2017): Muka r m cl ust er RCT across 10 sites in fou
randomisation to four different study arms (Intervention Arm 1, Intervention Arm 2, Intervention Arm 3,
Control). The sites were evenly split between urban arad settings (five sites each). The intervention

assessed the effectiveness of the Adolescent Girls Empowerment Programme (AGEP), which consisted of
weekly mentor I ed girlsd group meetings of 20 to

curricula on sexual and reproductive health and life skills, financial literacy, and nutrition. Two additional
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components were a health voucher and bank account. Clusters were defined by national Census

Supervisory Areas (CSAs) that were randomly selected to the experimental and control arms through a

public lottery. Allocation concealment was unclear. Baselinewebral surveys and biological

specimen collection were conducted at the beginning of the trial, reassessed immediately after the
programme ended (2015), and evalwuated again at th

clusteradjustment mettbwas applied54]
Criteria for the determination of independent findings

Where studies report different outcomes, these wi
several publications reporting on the same study, we will use effect sizes from the most recent

publication. In cases where several studies use the sstmeeat or multiple outcomes are reported within

the same study, we will select the study that provides the lowest risk of bias in attributing impact. Where
studies include multiple outcome measures to assess related outcome constructs, we will select the

outcome that appears to most accurately reflect the outcome construct of jG&jrest. studies in which
multiple effects over time are reported, a varian
having multiple treatments with only one control group, where the treatments might represent separate

treatment constructs, weéill calculate the effect size for each pair of treatment versus control separately.
Details of study coding categories

The quality assessment of included studies and data extraction will be done by two independent

reviewers.
Quiality assessment

We will use the risk of bias tool developed by the International Development Coordinating Group (IDCG)
secretariat to assess risk of bias, similar to Baird, Ferreira, Ozler, and Wd@eéptkis tool has been
devel oped to assess the risk of bias for a range

assesses risk of bias in the following categories:

Selection bias and confounding

1
T Spi |l overs/ crossovers/ contaminati on
1 Outcome reporting

1

Analysis reporting

Other risks of bias, including unit of analysis errors, detection bias and placebo effects, motivation and

courtesy biases, coherence of results, and others.
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Judgements made on risk of bias in quantitative studies will be supported by specific information
extracted from the study being assessed. An overall level of evidence quality (high, moderate, low, and
very low) for the entire body of evidence will be gs&d as part of the GRADE proc¢&8]

We will assess the quality of qualitative studies using the Critical Appraisal Skills Programme (CASP)
gualitative appraisal research t¢@®] The GRADECERQual approach will be used to assess the overall
confidence in the qualitative evidence synthfaly. GRADE-CERQual provides an assessment of
confidence regarding the extent to which the research finding is likely to be substantially different from
the phenomenon of interest. A level of confidence in the review findings will be assigned, ranging from

high, moderate, low to very low confidenc]

Data extraction

Data extraction will be conducted in duplicate by two independent reviewers. Both reviewers will use a
pre-piloted data extraction form. Discrepancies between the two extractors will be resolved through
discussion or by consultation with a third reviewggeAppendix Cfor draft codebooks that will guide

data extraction.
The following information on intervention design will be extracted:

The intervention setting, e.g., school, community, home, workplace so forth.
The intervention administrator, e.g., foreign government, national or local government,
nongovernmental organisation, commusbigsed organisation so forth.
1 The intervention provider, e.g., community health worker, health facility staff, teachers, peers
andso forth.
Descriptions of any training given to intervention providers before and during the intervention
Description of any prior needs assessment to inform intervention design
Participant recruitment procedures
Participant attrition rate and reasons for attrition
Activities undertaken to design the intervention in a culturally sensitive manner
Intervention reach (the degree to which participants are present and participate)

Intervention dose (frequency, intensity and duration of intervention delivery to participants

=A =4 =4 =4 4 -4 -4 -4

Intervention integrity/fidelity (degree to which the intervention was delivered according to
original design)

1 Intervention adaptation (adaptation during implementation to respond to changing circumstances)
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1 Contamination (unintentional delivery of intervention to comparison group or failure to provide
intervention to intervention grodip

Cointervention (unintentional delivery of another intervention to study population)

Participant engagement (active participation and receptivity to the intervention)

Intervention quality

Contextual factors that shape implementation effectiveness (e.qg., level of food insecurity)

=A =4 =4 4 =

Aut horsoé definition of empower ment and rationa

activities
For quantitative outcomes, we will extract the following:

1 For dichotomous outcomes, we will extract the total number of participants in the treatment group
and the total number experiencing the event to allow the calculation of odds ratios and relative
risks (or data necessary for their calculation).

T For normally distributed, continuous outcomes,
data necessary for their estimation) and the number of participants in each treatment group.

1 For skewed continuous data, we will extract medians, ranges, and p values. Outcomes that were
measured at different time points will be recorded separately.

For measures of empowerment, we will extract definitions of the measures used, the empowerment
di mensions being measured (according to the pri ma

outcome selection.

We will extract data on socioeconomic status, education level, race/ethnicity/caste, place of residence
(urban, rural, slum, remote), and other potential effect moderators for subgroup analyses based on the
PROGRESS Pl ufp9framewor k.

Quantitative data will be entered into RevMan5 and checked for accuracy.

For qualitative studies, we will extract the views, experiences, and opinions of intervention participants,
implementers and administrators on factors influencing the success or failure of interventions. Emphasis
will be placed on ascertaining the feasibjlappropriateness, and meaningfulness of the women's

empowerment components of the intervention.
Statistical procedures and conventions
Quantitative data wil!/| be synthesised using meta

heterogeneity due to the fact that studies may employ a variety of different nutrition, agency, and
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opportunity structure activities. Consequently, we will use a random effects model to produce an overall
summary estimate if an average treatment effect across studies is considered meaningful. Where meta
analysis is not possible or is deemed inappropmatailts will be reported using narrative synthesis,

giving effect sizes and confidence intervals, where appli¢@tle.

We will assess heterogeneity among studies by fir
the studiesd6é popul ations, interventions, and outc
heterogeneity bet we eoftheeffestdizeqparametéiRacross the phpelationaof i anc e

studies and reflects the variance of the true effect fi283]

The accuracy of numeric data will be checked by comparing the magnitude and direction of effects
reported by studies and how they are presented in the review. A statistically nonsignificant p value will be
interpreted as a finding of uncertainty unlessfic@mce intervals are sufficiently narrow to rule out an

important magnitude of effect.

OQur base case analysis wildl include all intervent
structure intervention. If there is a sufficient number of studies, we will conduct the following sensitivity

analyses based on intervention desibgib{e 2).

Table 2. Sensitivity tests by intervention design.

Test Nutrition Agency Opportunity structure

Base case All nutrition activities All agency activities All opportunity structure
combined combined activities combined

Test 1 All nutrition activities All agency activities Opportunity structure
combined combined activities split by

dimension

Test 2 All nutrition activities Agency activities split by | All opportunity structure

combined group vs nongroup activities combined
activities

Test 3 Nutrition activities split | All agency activities All opportunity structure
by promotion of a healthyl combined activities combined
diet, providing additional
micronutrients, or a
combination of both

Should the number of studiesarrant, we will further split the interventions and run further sensitivity
analyses. For example, we will consider sensitivity tests that break down all three intervention elements.

Otherwise, we will provide a narrative summary.

We will combine experimental and quasi experi ment

analysis by study design. We wil!/ use David Wilso
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outcomes to allow for combining of experimental and geasip er i ment al study outcom
analysid.73]

Primary and secondary outcome data will be extracted and analyzed separately. Binary outcomes (e.g.,
anaemia status) will be analyzed using risk ratios (x95% confidence interval [CI]). Continuous outcomes

(e.g., height and weight) will be analyzed usingamdifferences (£95% CI) and standardised mean

differences when different units are used (e.g., measures of dietary diversity or empowerment indicators).

I n the random effects meta anal ysi s, Mant el Haens
and the I nverse Variance (I V) method wil!/ be used
metrics for the same outcome, e.g., anemia status (binary) vs haemoglobin (continuous), we will convert

to the same metric using Borenstein's convergonulae[72] and synthesise.

Unit of analysis errors will be investigated to ensure estimates are properly adjusted for clustering. Where
anal yses are not adjusted for clustering, estimat
correlations from tohad rleiatte rasntad ryes.i sAmwiildt eoret icoom dtu c
authors treated missing data, and the effect of missing data on the overall results will be assessed through

sensitivity analysis.

We will conduct moderator analyses on the following:

Risk of bias (low, unclear, and high)
Study duration
Low income country vs. middle income country

Geographic region (Africa, Asia, and Latin America)

Study design (RCT vs. NRS)

Group vs. nongroup interventions

Marital status (single, currently partnered, divorcee/separated/widowed)

Number of children (0 vs. 1+)

=A =4 =4 4 4 4 4 - -9

Education level (none, some primary, primary complete, some secondary, secondary complete,
and higher)
1 Age (1014yvs.1519Yy)

A formal statistical test will be used to test differences between groups. For subgroups defined by binary
or nominal categories, we wil/| use t he-aalgsshr an Q

will be conducted. The results of all subgroup tegtiill be reported, regardless of results.
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If more than ten studies meet our eligibility criteria, we will assess the presentation of publication bias
using a visual i nspection of funnel pl ots. Statis
analyses will be conducted using RevMaofiware. Results will be displayed using forest plots.

The | evel of evidence wil!/ be considered when for
differences in results will be explained by giving a description of likely explanatory factors. We will

prepare a GRADE summary of findings tafid]
Treatment of qualitative research

We wi | | use the fibest fito framework synthesis me
Ri ck, 2013; Har den et al ., 2018) . The Abest fito
adaption of an existing model to a potentially difgrpopulation. For this review, we have adapted

existing models for nutrition and womends empower
adol escent girlsd empower ment and nutrition, and
revi ew process. We wil!| code qualitative data fron

framework at each level of the conceptual framework:

1. Elements of the approach
a. Nutrition related activities
b. Agency rel ated activities
c. Opportunity structure activities
2. Outputs (or implementation factors)
a. Intervention setting
b. Intervention administrator
Intervention provider
Provider training

Prior needs assessment to inform intervention design

-~ o o o

Participant recruitment procedures

Participant attrition rate and reasons for attrition

s @

Activities undertaken to design the intervention in a culturally sensitive manner

Intervention reach

j- Intervention dose
k. Intervention integrity/fidelity
I. Intervention adaptation

m. Contamination
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n. Cointervention
0. Participant engagement
p. Intervention quality
3. Shorter term outcomes
a. Increased ability and motivation to make and act on informed choices to improve
nutritional status
b. Supportive home and community environment t
c. Improved awareness, knowledge and skills for the adoption of a healthy diet and positive
health behaviours
4. Intermedi ate term outcomes
a. lncreased decision making power
Increased access to or control over resources
Protection and fulfilment of human rights
Improved access to a nutritious diet

Increase use of essential health services

-~ 0o 2 0o T

Improved health behaviours
5. Longer term outcomes
a. Improved dietary intake
b. Reduced risk of disease, infection, injury, and early pregnancy
c. Adverse effects
6. Contextual factors
a. Macro | evel
b. Community level
c. Household level
d

Individual level

Inductive, thematic analysis techniques will be used to synthesise data that do not align to the existing
themes in the | ogic model. Emphasis wil./ be place
empowerment in the nutrition sector programme drachtervention success or failure, with a focus on
aspects regarding the feasibility, appropriatenes
activities or strategies that were employed. The conclusions drawn from the quantitative and qualitative
syntheses will be combined to inform the reviewods
be revised based on the reviewds conclusions. The

review's policy and future research implications.
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Appendix A: Logic model

Elements of
tputs
approach

Increased ability
and motivation to
Agency-related N make and act on
activities actor : | informed choices to
improve nutritional
status

a nutritious diet
. Supportive home
Opportunity e and community Increased use of
structure-related > X environment to g essential health
activities . ; 2 support adolescent services
SERGma girls’ choices

Improved health
behaviours

Improved
awareness,
knowledge and

Nutrition-related ; skills for the
activities adoption of a
healthy diet and
positive health
behaviours

Improved access to

disease, infection,

e

Improved dietary

intake

Improved
health and

nutrition
outcomes

Reduced risk of

injury, and early
pregnancy

Adverse effects
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Appendix B: Medline search strategy

1 "Power (Psychology)"/ (158608)

2 Attitude/ (107645)

3 Attitude to Health/ (190744)

4  ((attitud* or opinion*) adj3 (diet* or eating or feeding or food? or health* or malnutrit* or
malnourish* or meal? or nutrient? or nutrition or nutritive or snack?)).tw,kf. (41819)

5 Intention/ (171233)

6 ((intention? or intent? or intend*) adj3 (diet* or eating or feeding or food? or health* or malnutrit* or
malnourish* or meal? or nutrient? or nutrition or nutritive or snack?)).tw,kf. (8807)

7  Motivation/ (216063)

8 (motivat* adj3 (diet* or eating or feeding or food? or health* or malnutrit* or malnourish* or meal?
or nutrient? or nutrition or nutritive or snack?)).tw,kf. (13802)

9 (encourag* adj3 (diet* or eating or feeding or food? or health* or malnutrit* or malnourish* or meal?
or nutrient? or nutrition or nutritive or snack?)).tw,kf. (14391)

10 Self Efficacy/ (92885)

11 Personal Autonomy/ (29331)

12  Self Concept/ (184924)

13 (capable or capabilit* or emancipat* or empoweragency or seléfficac* or power* or

autonomy or (self adj2 determin*) or (self adj2 concept*) or (self adj2 confiden*) or (self adj2 percept*)
or (self adj2 esteem)).tw,kf. (2505725)

14  (abilit* adj3 (act or acted or acting or acts or action?)).tw,kf. (7288)

15 Women's Rights/ (15820)

16 ((wom#n* adj2 right?) or (wom#n* adj2 status*) or (girl* adj2 right?) or (girl* adj2 status*) or
(female? adj2 right?) or (female? adj2 status*) or (wife adj2 right?) or (wife adj2 status*) or (mother*
adj2 right?) or (mother* adj2 status*) or (wivadj2 right?) or (wives adj2 status*)).tw,kf. (36459)

17  ((wom#n* or girl* or female? or mother* or wife or wives) adj2 (engag* or involv* or
participat*)).tw,kf. (74261)

18 (active$2 adj2 (engag* or involv* or participat*)).tw,kf. (61724)

19 participatory.tw,kf. (35824)

20  ((womé#n* or girl* or female? or mother* or wife or wives) adj3 (advoca* or input* or ombuds* or
represent*)).tw,kf. (21145)

21 ((citizen* or communit* or gender* or public or village?) adj3 (advoca* or input* or ombuds* or
represent*)).tw,kf. (31601)

22 Gender ldentity/ (41227)

23 ((wom#n* or girl* or female? or mother* or wife or wives) adj3 role?).tw,kf. (28904)

24  Social Norms/ (10338)

25 ((social* or societ* or cultural* or group?) adj3 (custom* or norm?)).tw,kf. (36015)

26  or/125 (3571314)

27  Nutritional Requirements/ (37442)

28 Nutritional Status/ (105385)

29  Nutritive Value/ (30809)

30 Adolescent Nutritional Physiological Phenomena/ (1838)

31 Maternal Nutritional Physiological Phenomena/ (13721)

32 Malnutrition/ (75398)

33 exp Deficiency Diseases/ (260675)

34 (avitaminos#s or hypovitaminos#s or hyaminos#s).tw,kf. (8831)

35 ((ascorbic acid? or ferrous ascorbate or hybrin or magnesium ascorbate or magnesium ascorbicum
or magnesium di.-ascorbate or magnorbin or sodium ascorbate) adj3 (deficien* or deficit? or inadequa*
or insufficien* or intak* or lack* or supplement*jjv,kf. (4094)

36  scurvy.tw,kf. (4345)
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37 ((alttransretinol or aquasol a or retinol) adj3 (deficien* or deficit? or inadequa* or insufficien* or
intak* or lack* or supplement*)).tw,kf. (1959)

38 ((bursine or choline or fagine or vagine) adj3 (deficien* or deficit? or inadequa* or insufficien* or
intak* or lack* or supplement*)).tw,kf. (7851)

39 ((folacin or folate or folic acid? or folvite or IFA or pteroylglutamic acid?) adj3 (deficien* or
deficit? or inadequa* or insufficien* or intak* or lack*or supplement*)).tw,kf. (17888)

40 (hyperhomocystein?emi* or hygemsmocystein?emi*).tw,kf. (15262)

41  ((niacin? or enduracin or induracin or lithium nicotinate or nicamin or4ti6or nicobid or

nicocap or nicolaor nicotinate or nicotinic acid? or wampocap) adj3 (deficien* or deficit? or inadequa*
or insufficien* or intak* or lack* or supplement*)).tw,kf. (1819)

42  ((tryptophan or ardeydorm or ardeytropin dgryptophan or levotryptophan or lyphan or naturruhe
or optimax or pmdryptophan or trofan or tryptacin or tryptan or ratigptophan) adj3 (deficien* or
deficit? or inadequa* or insufficien* or intaldr lack* or supplement*)).tw,kf. (2802)

43  pellagra.tw,kf. (2774)

44  (riboflavin? adj3 (deficien* or deficit? or inadequa* or insufficien* or intak* or lack* or
supplement*)).tw,kf. (3255)

45  ((thiamine? or aneurin or thiamin) adj3 (deficien* or deficit? or inadequa* or insufficien* or intak*
or lack* or supplement*)).tw,kf. (7920)

46 (pyridoxine? adj3 (deficien* or deficit? or inadequa* or insufficien* or intak* or lack* or
supplement*)).tw,kf. (2773)

47  Overnutrition/ (5853)

48 exp Obesity/ (711110)

49  Growth Disorders/ (26038)

50 ((growth adj2 stunt$2) or stunting).tw,kf. (14027)

51  (nutrient? or nutrition* or nutritive or nourish* or malnutrit* or malnourish* or undernutrition or
undernourish* or overnutrition or overnourish* or obese or obesity or wasting or underweight or under
weight or overweight or over weight).tw,kf. 39168)

52  Anemia/ (242868)

53 exp Anemia, Hypochromic/ (46742)

54  (an?emic or an?emia* or chloros#s).tw,kf. (387455)

55 Feeding Behavior/ (172106)

56 ((eating or feeding or food or meal? or snack*) adj3 (behavio?r* or habit? or habitual* or pattern* or
practice?)).tw,kf. (141785)

57 Diet/ (402699)

58 (diet or dieted or diets or dietary or dieting).tw,kf. (1174789)

59 Energy Intake/ (93531)

60 ((calori* or energy or protein?) adj3 intak*).tw,kf. (115306)

61 Healthy Diet/ (4701)

62 ((eating or feeding or food? or meal? or snack*) adj3 (healthy or unhealthy)).tw,kf. (39237)

63  exp Micronutrients/ (688381)

64  (micronutri* or micrenutri*).tw,kf. (35383)

65 (trace element? or trace mineral? or micromineral? or qmicreral?).tw,kf. (44266)

66 Calcium, Dietary/ (31557)

67 Chromium/ (59565)

68 Copper/ (178475)

69 lodine/ (75382)

70 lron/ (259984)

71 Manganese/ (74289)

72 Molybdenum/ (21257)

73  Selenium/ (58025)

74 Zinc/ (170532)

66



75  (calcium or chromium or copper or fluoride or iodine or iron or manganese or molybdenum or
selenium or zinc).tw,kf. (1924054)

76  vitamin*.tw,kf. (512331)

77 exp Dietary Supplements/ (89126)

78 ((eating or feeding or food? or meal? or snack*) adj3 supplement*).tw,kf. (25906)

79  n?utr#ceutical?.tw,kf. (14005)

80 Food, Fortified/ (11093)

81 ((fortif* or enrich* or functional) adj2 (eating or feeding or food? or meal? or snack*)).tw,kf.
(25026)

82 ((home? or school* or work*) adj2 (ate or eaten or eating or eats or breakfast* or lunch* or dinner*
or supper* or feed* or food? or meal?)).tw,kf. (19850)

83 Food Supply/ (28920)

84 ((eating or feeding or food? or meal? or snack*) adj3 (secure* or securit* or insecure* or insecurit*
or supply* or supplie*)).tw,kf. (31860)

85 0r/2784 (6032125)

86 26 and 85 (298093)

87 Developing Countries/ (159704)

88  Africa/ or Asia/ or Caribbean/ or West Indies/ or South America/ or Latin America/ or Central
America/ (228463)

89 (Afghanistan or Albania or Algeria or Angola or Argentina or Armenia or Armenian or Azerbaijan
or Bangladesh or Benin or Byelarus or Byelorussian or Belarus or Belorussian or Belorussia or Belize or
Bhutan or Bolivia or Bosnia or Herzegovina or Hagavina or Botswana or Brazil or Bulgaria or Burkina
Faso or Burkina Fasso or Upper Volta or Burundi or Urundi or Cambodia or Khmer Republic or
Kampuchea or Cameroon or Cameroons or Cameron or Camerons or Cape Verde or Central African
Republic or Chad or i@na or Colombia or Comoros or Comoro Islands or Comores or Mayotte or Congo
or Zaire or Costa Rica or Cote d'lvoire or Ivory Coast or Cuba or Djibouti or French Somaliland or
Dominica or Dominican Republic or East Timor or East Timur or Timor Leste adécwr Egypt or

United Arab Republic or El Salvador or Eritrea or Ethiopia or Fiji or Gabon or Gabonese Republic or
Gambia or Gaza or Georgia Republic or Georgian Republic or Ghana or Grenada or Guatemala or Guinea
or Guiana or Guyana or Haiti or Honduadndia or Maldives or Indonesia or Iran or Iraq or Jamaica or
Jordan or Kazakhstan or Kazakh or Kenya or Kiribati or Korea or Kosovo or Kyrgyzstan or Kirghizia or
Kyrgyz Republic or Kirghiz or Kirgizstan or Lao PDR or Laos or Lebanon or Lesotho ordiasdior

Liberia or Libya or Macedonia or Madagascar or Malagasy Republic or Malaysia or Malaya or Malay or
Sabah or Sarawak or Malawi or Mali or Marshall Islands or Mauritania or Mauritius or Agalega Islands
or Mexico or Micronesia or Middle East or Mol or Moldovia or Moldovian or Mongolia or

Montenegro or Morocco or Ifni or Mozambique or Myanmar or Myanma or Burma or Namibia or Nepal
or Netherlands Antilles or Nicaragua or Niger or Nigeria or Muscat or Pakistan or Palau or Palestine or
Panama or Paragy or Peru or Philippines or Philipines or Phillipines or Phillippines or Papua New
Guinea or Romania or Rumania or Roumania or Rwanda or Ruanda or Saint Lucia or St Lucia or Saint
Vincent or St Vincent or Grenadines or Samoa or Samoan Islands or Nals¢gtd or Navigator

Islands or Sao Tome or Senegal or Serbia or Montenegro or Seychelles or Sierra Leone or Sri Lanka or
Solomon Islands or Somalia or Sudan or Suriname or Surinam or Swaziland or South Africa or Syria or
Tajikistan or Tadzhikistan or Tfkistan or Tadzhik or Tanzania or Thailand or Togo or Togolese

Republic or Tonga or Tunisia or Turkey or Turkmenistan or Turkmen or Uganda or Ukraine or
Uzbekistan or Uzbek or Vanuatu or New Hebrides or Venezuela or Vietnam or Viet Nam or West Bank
or Yenen or Zambia or Zimbabwe).tw, kf. (2468939)

90 exp africa/ or exp africa, northern/ or algeria/ or egypt/ or libya/ or morocco/ or tunisia/ or exp
"africa south of the sahara"/ or africa, central/ or cameroon/ or central african republic/ or chad/ or congo/
or "democratic republic of the cong@¥ equatorial guinea/ or gabon/ or africa, eastern/ or burundi/ or
djibouti/ or eritrea/ or ethiopia/ or kenya/ or rwanda/ or somalia/ or south sudan/ or sudan/ or tanzania/ or
uganda/ or africa, southern/ or angola/ or botswana/ or lesotho/ or malavazambique/ or namibia/ or
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south africa/ or swaziland/ or zambia/ or zimbabwe/ or africa, western/ or benin/ or burkina faso/ or cape
verde/ or cote d'ivoire/ or gambia/ or ghana/ or guinea/ or giissau/ or liberia/ or mali/ or mauritania/

or niger/ or nigeria/ or senegal/ oesa leone/ or togo/ or americas/ or exp caribbean region/ or exp west
indies/ or exp central america/ or belize/ or costa rica/ or el salvador/ or guatemala/ or honduras/ or
nicaragua/ or panama/ or panama canal zone/ or latin america/ or mexicosou#xpmerica/ or

argentina/ or bolivia/ or brazil/ or chile/ or colombia/ or ecuador/ or french guiana/ or guyana/ or
paraguay/ or peru/ or suriname/ or uruguay/ or venezuela/ or asia/ or asia, central/ or kazakhstan/ or
kyrgyzstan/ or tajikistan/ or tunkenistan/ or uzbekistan/ or exp asia, southeastern/ or borneo/ or brunei/
or cambodia/ or timeleste/ or indonesia/ or laos/ or malaysia/ or mekong valley/ or myanmar/ or
philippines/ or singapore/ or thailand/ or vietnam/ or asia, western/ or bangladbbitan/ or india/ or
sikkim/ or middle east/ or afghanistan/ or bahrain/ or iran/ or iraqg/ or israel/ or jordan/ or kuwait/ or
lebanon/ or oman/ or qatar/ or saudi arabia/ or syria/ or turkey/ or united arab emirates/ or yemen/ or
nepal/ or pakistan/rcsri lanka/ or far east/ or china/ or beijing/ or macau/ or tibet/ or korea/ or mongolia/
or taiwan/ or indian ocean islands/ or comoros/ or madagascar/ or mauritius/ or reunion/ or seychelles/ or
pacific islands/ or exp melanesia/ or exp micronesiabtyngsia/ or pitcairn island/ or exp samoa/ or
tonga/ or prince edward island/ or west indies/ or "antigua and barbuda"/ or bahamas/ or barbados/ or
cuba/ or dominica/ or dominican republic/ or grenada/ or guadeloupe/ or haiti/ or jamaica/ or martinique/
or netherlands antilles/ or puerto rico/ or "saint kitts and nevis"/ or saint lucia/ or "saint vincent and the
grenadines"/ or "trinidad and tobago"/ or united states virgin islands/ or oceania/ (2424512)

91 ((developing or less* developed or under developed or underdeveloped or middle income or low*
income or underserved or under served or deprived or poor*) adj (countr* or nation? or population? or
region? or world or state*)).tw,kf. (262888)

92 ((developing or less* developed or under developed or underdeveloped or middle income or low*
income or poor*) adj econom®*).tw,kf. (3030)

93 (low* adj (gdp or gnp or gross domestic or gross national)).tw,kf. (641)

94  (low adj3 middle adj3 countr*).tw,kf. (31752)

95  (Imic or Imics or third world or lami countr*).tw,kf. (16026)

96 transitional countr*.tw kf. (457)

97 0r/8796 (3718691)

98 86 and 97 (32745)

99 Women/ (8405706)

100 Pregnant Women/ (69649)

101 Female/ and (Adolescent/ or Adult/ or Young Adult/) (9600899)

102 (woman* or women* or matern* or mother* or wife or wives or pregnan*).tw,kf. (4328988)

103 ((female? or girl*) adj5 (adolescen* or adult* or ctitshring or childbearing or highschool* or
school* or teen* or marry* or marriage* or marrie? or menstru* or-pagescen* or postpubescen* or
postpuberty or postpuberty or reproductive oogg* or youth* or young adult?)).tw,kf. (286629)

104 ((female? or girl or girls) adj2 (ten year? or ten yr? or 10 year? or 10 yr? or eleven year? or eleven
yr? or 11 year? or 11 yr? or twelve year? or twelve yr? or 12 year? or 12 yr?)).tw,kf. (28995)

105 ((female? or girl or girls) adj2 (age? or old) adj3 ("10" or ten or "11" or eleven or "12" or
twelve)).tw,kf. (66012)

106  young girl?.tw,kf. (10028)

107 0r/99106 (15081858)

108 98 and 107 (19470)

109 exp Animals/ not Humans/ (17546303)

110 108 not 109 [ANIMALONLY REMOVED] (13985)

111 (comment or editorial or news or newspaper article).pt. (1896536)

112  (letter not (letter and randomized controlled trial)).pt. (2072075)

113 110 not (111 or 112) [OPINION PIECES REMOVED] (13938)

114 113 use medall [MEDLINE RECORDS] (6474)

115 empowerment/ (27108)
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116 attitude/ (107645)

117  attitude to health/ (190744)

118  attitude to life/ (657)

119 maternal attitude/ (2423)

120 attitude to pregnancy/ (580)

121  social attitude/ (2312)

122  ((attitud* or opinion*) adj3 (diet* or eating or feeding or food? or health* or malnutrit* or
malnourish* or meal? or nutrient? or nutrition or nutritive or snack?)).tw,kw. (45396)

123  behavior/ (209991)

124  ((intention? or intent? or intend*) adj3 (diet* or eating or feeding or food? or health* or malnutrit*
or malnourish* or meal? or nutrient? or nutrition or nutritive or snack?)).tw,kw. (9069)

125 motivation/ (216063)

126 (motivat adj3 (diet* or eating or feeding or food? or health* or malnutrit* or malnourish* or
meal? or nutrient? or nutrition or nutritive or snack?)).tw,kw. (14513)

127 (encourag* adj3 (diet* or eating or feeding or food? or health* or malnutrit* or malnourish* or
meal? or nutrient? or nutrition or nutritive or snack?)).tw,kw. (14391)

128 personal autonomy/ (29331)

129 exp self concept/ (373341)

130 (capable or capabilit* or emancipat* or empower* or agency eeffieiic* or power* or
autonomy or (self adj2 determin*) or (self adj2 concept*) or (self adj2 confiden*) or (self adj2 percept*)
or (self adj2 esteem)).tw,kw. (2512016)

131 (abilit* adj3 (act or acted or acting or acts or action?)).tw,kw. (7289)

132 women's rights/ (15820)

133 ((wom#n* adj2 right?) or (wom#n* adj2 status*) or (girl* adj2 right?) or (girl* adj2 status*) or
(female? adj2 right?) or (female? adj2 status*) or (wife adj2 right?) or (wife adj2 status*) or (mother*
adj2 right?) or (mother* adj2 status*) or (i adj2 right?) or (wives adj2 status*)).tw,kw. (36781)

134  ((wom#n* or girl* or female? or mother* or wife or wives) adj2 (engag* or involv* or
participat*)).tw,kw. (74297)

135 (active$2 adj2 (engag* or involv* or participat*)).tw,kw. (61734)

136 participatory*.tw,kw. (36423)

137  ((wom#n* or girl* or female? or mother* or wife or wives) adj3 (advoca* or input* or ombuds* or
represent*)).tw,kw. (21169)

138 ((citizen* or communit* or gender* or public or village?) adj3 (advoca* or input* or ombuds* or
represent*)).tw,kw. (31657)

139 gender identity/ (41227)

140  ((wom#n* or girl* or female? or mother* or wife or wives) adj3 role?).tw,kw. (28723)

141  social norm/ (10891)

142  ((social* or societ* or cultural* or group?) adj3 (custom* or norm?)).tw,kw. (36159)

143  or/115142 (3718206)

144 nutrition/ (124564)

145 nutritional health/ (6190)

146  exp nutritional requirement/ (39461)

147  exp nutritional status/ (106035)

148 nutritional value/ (31912)

149 adolescent nutrition/ (202)

150 maternal nutrition/ (11173)

151 malnutrition/ (75398)

152  exp nutritional deficiency/ (283978)

153 exp protein deficiency/ (44783)

154  (avitaminos#s or hypovitaminos#gpo-vitaminos#s).tw,kw. (8961)
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155 ((ascorbic acid? or ferrous ascorbate or hybrin or magnesium ascorbate or magnesium ascorbicum
or magnesium di_-ascorbate or magnorbin or sodium ascorbate) adj3 (deficien* or deficit? or inadequa*
or insufficien* or intak* or lack* or supplemenfjw,kw. (4087)

156  scurvy.tw,kw. (4353)

157 ((abtransretinol or aquasol a or retinol) adj3 (deficien* or deficit? or inadequa* or insufficien* or
intak* or lack* or supplement*)).tw,kw. (2055)

158 ((bursine or choline or fagine or vagine) adj3 (deficien* or deficit? or inadequa* or insufficien* or
intak* or lack* or supplement*)).tw,kw. (7851)

159 ((folacin or folate or folic acid? or folvite or IFA or pteroylglutamic acid?) adj3 (deficien* or
deficit? or inadequa* or insufficien* or intak* or lack*or supplement*)).tw,kw. (17918)

160 (hyperhomocystein?emi* or hygemocystein?emi*).tw,kw. (15531)

161  ((niacin? or enduracin or induracin or lithium nicotinate or nicamin o#4@@a®r nicobid or

nicocap or nicolar or nicotinate or nicotinic acid? or wampocap) adj3 (deficien* or deficit? or inadequa*
or insufficien* or intak* or lack* or suppleméf)).tw,kw. (1816)

162 ((tryptophan or ardeydorm or ardeytropin dnjiptophan or levotryptophan or lyphan or

naturruhe or optimax or prtsyptophan or trofan or tryptacin or tryptan or ratigptophan) adj3

(deficien* or deficit? or inadequa* or insufficien* or intakr lack* or supplement*)).tw,kw. (2805)

163 pellagra.tw,kw. (2772)

164 (riboflavin? adj3 (deficien* or deficit? or inadequa* or insufficien* or intak* or lack* or
supplement*)).tw,kw. (3220)

165 ((thiamine? or aneurin or thiamin) adj3 (deficien* or deficit? or inadequa* or insufficien* or intak*
or lack* or supplement*)).tw,kw. (7929)

166 (pyridoxine? adj3 (deficien* or deficit? or inadequa* or insufficien* or intak* or lack* or
supplement*)).tw,kw. (2690)

167 exp overnutrition/ (694990)

168 growth disorder/ (33286)

169 stunting/ (19313)

170  ((growth adj2 stunt$2) or stunting).tw,kw. (14278)

171  (nutrient? or nutrition* or nutritive or nourish* or malnutrit* or malnourish* or undernutrition or
undernourish* or overnutrition or overnourish* or obese or obesity or wasting or underweight or under
weight or overweight or over weight).tw,kw.7493960)

172 anemia/ (242868)

173 iron deficiency anemia/ (37358)

174 (an?emic or an?emia* or chloros#s).tw,kw. (395051)

175 eating habit/ (99906)

176 feeding behavior/ (172106)

177 ((eating or feeding or food or meal? or snack*) adj3 (behavio?r* or habit? or habitual* or pattern*
or practice?)).tw,kw. (144241)

178 diet/ (402699)

179 (diet or dieted or diets or dietary or dieting).tw,kw. (1187821)

180 caloric intake/ (96310)

181 (talori* or energy or protein?) adj3 intak*).tw,kw. (117328)

182 dietary intake/ (73687)

183 healthy diet/ (4701)

184 ((eating or feeding or food? or meal? or snack*) adj3 (healthy or unhealthy)) {89BR5)

185 exp nutrient/ (677172)

186 nutrient availability/ (3222)

187 nutrient content/ (5017)

188 nutrient limitation/ (1029)

189 nutrient supply/ (2308)

190 nutrient uptake/ (2874)
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191  (micronutri* or micrenutri*).tw,kw. (36132)

192 exp trace element/ (366886)

193 (trace element? or trace mineral? or micromineral? or-micreral?).tw,kw(46036)

194  chromium/ (59565)

195 copper/ (178475)

196 iodine/ (75382)

197 manganese/ (74289)

198 molybdenum/ (21257)

199 selenium/ (58025)

200 zinc/ (170532)

201  (calcium or chromium or copper or fluoride or iodine or iron or manganese or molybdenum or
selenium or zinc).tw,kw. (1949030)

202  vitamin/ (89429)

203  vitamin*.tw,kw. (522115)

204 dietary supplement/ (61637)

205 ((eating or feeding or food? or meal? or snack*) adj3 supplement*).tw,kw. (26015)

206 nutraceutical/ (64077)

207 n?utr#ceutical?.tw,kw. (14562)

208 fortified food/ (11096)

209  ((fortif* or enrich* or functional) adj2 (eating or feedingawd? or meal? or snack*)).tw,kw.

(25657)

210 ((home? or school* or work*) adj2 (ate or eaten or eating or eats or breakfast* or lunch* or dinner*
or supper* or feed* or food? or meal?)).tw,kw. (20058)

211 food availability/ (3871)

212 ((eating or feeding or food? or meal? or snack*) adj3 (secure* or securit* or insecure* or insecurit*
or supply* or supplie*)).tw,kw. (31599)

213 or/14£12 (6081563)

214 143 and 213 (313876)

215 developing country/ (165162)

216 (Africa or Asia or Caribbean or West Indies or South America or Latin America or Central
America).hw,tw,kw. (640442)

217 (Afghanistan or Albania or Algeria or Angola or Argentina or Armenia or Armenian or Azerbaijan
or Bangladesh or Benin or Byelarus or Byelorussian or Belarus or Belorussian or Belorussia or Belize or
Bhutan or Bolivia or Bosnia or Herzegovina or egovina or Botswana or Brazil or Bulgaria or Burkina
Faso or Burkina Fasso or Upper Volta or Burundi or Urundi or Cambodia or Khmer Republic or
Kampuchea or Cameroon or Cameroons or Cameron or Camerons or Cape Verde or Central African
Republic or Chad o€hina or Colombia or Comoros or Comoro Islands or Comores or Mayotte or Congo
or Zaire or Costa Rica or Cote d'lvoire or Ivory Coast or Cuba or Djibouti or French Somaliland or
Dominica or Dominican Republic or East Timor or East Timur or Timor Lestewadér or Egypt or

United Arab Republic or El Salvador or Eritrea or Ethiopia or Fiji or Gabon or Gabonese Republic or
Gambia or Gaza or Georgia Republic or Georgian Republic or Ghana or Grenada or Guatemala or Guinea
or Guiana or Guyana or Haiti or Hondsirar India or Maldives or Indonesia or Iran or Irag or Jamaica or
Jordan or Kazakhstan or Kazakh or Kenya or Kiribati or Korea or Kosovo or Kyrgyzstan or Kirghizia or
Kyrgyz Republic or Kirghiz or Kirgizstan or Lao PDR or Laos or Lebanon or Lesotho otdBasdi or

Liberia or Libya or Macedonia or Madagascar or Malagasy Republic or Malaysia or Malaya or Malay or
Sabah or Sarawak or Malawi or Mali or Marshall Islands or Mauritania or Mauritius or Agalega Islands
or Mexico or Micronesia or Middle East or Mok or Moldovia or Moldovian or Mongolia or

Montenegro or Morocco or Ifni or Mozambique or Myanmar or Myanma or Burma or Namibia or Nepal
or Netherlands Antilles or Nicaragua or Niger or Nigeria or Muscat or Pakistan or Palau or Palestine or
Panama or Pagaiay or Peru or Philippines or Philipines or Phillipines or Phillippines or Papua New
Guinea or Romania or Rumania or Roumania or Rwanda or Ruanda or Saint Lucia or St Lucia or Saint
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Vincent or St Vincent or Grenadines or Samoa or Samoan Islands or Navigator Island or Navigator
Islands or Sao Tome or Senegal or Serbia or Montenegro or Seychelles or Sierra Leone or Sri Lanka or
Solomon Islands or Somalia or Sudan or Suriname or Suen&waziland or South Africa or Syria or
Tajikistan or Tadzhikistan or Tadjikistan or Tadzhik or Tanzania or Thailand or Togo or Togolese
Republic or Tonga or Tunisia or Turkey or Turkmenistan or Turkmen or Uganda or Ukraine or
Uzbekistan or Uzbek or Vantuaor New Hebrides or Venezuela or Vietnam or Viet Nam or West Bank

or Yemen or Zambia or Zimbabwe).hw,tw,kw. (3320872)

218 exp africa/ or exp africa, northern/ or algeria/ or egypt/ or libya/ or morocco/ or tunisia/ or exp
"africa south of the sahara"/ or africa, central/ or cameroon/ or central african republic/ or chad/ or congo/
or "democratic republic of the conda@r equatorial guinea/ or gabon/ or africa, eastern/ or burundi/ or
djibouti/ or eritrea/ or ethiopia/ or kenya/ or rwanda/ or somalia/ or south sudan/ or sudan/ or tanzania/ or
uganda/ or africa, southern/ or angola/ or botswana/ or lesotho/ or malawazambique/ or namibia/ or
south africa/ or swaziland/ or zambia/ or zimbabwe/ or africa, western/ or benin/ or burkina faso/ or cape
verde/ or cote d'ivoire/ or gambia/ or ghana/ or guinea/ or gitiissau/ or liberia/ or mali/ or mauritania/

or niger/or nigeria/ or senegal/ or sierra leone/ or togo/ or americas/ or exp caribbean region/ or exp west
indies/ or exp central america/ or belize/ or costa rica/ or el salvador/ or guatemala/ or honduras/ or
nicaragua/ or panama/ or panama canal zone/ ordaterica/ or mexico/ or exp south america/ or
argentina/ or bolivia/ or brazil/ or chile/ or colombia/ or ecuador/ or french guiana/ or guyana/ or
paraguay/ or peru/ or suriname/ or uruguay/ or venezuela/ or asia/ or asia, central/ or kazakhstan/ or
kyrgyzstan/ or tajikistan/ or turkmenistan/ or uzbekistan/ or exp asia, southeastern/ or borneo/ or brunei/
or cambodia/ or timeleste/ or indonesia/ or laos/ or malaysia/ or mekong valley/ or myanmar/ or
philippines/ or singapore/ or thailand/ or viethamésia, western/ or bangladesh/ or bhutan/ or india/ or
sikkim/ or middle east/ or afghanistan/ or bahrain/ or iran/ or irag/ or israel/ or jordan/ or kuwait/ or
lebanon/ or oman/ or qatar/ or saudi arabia/ or syria/ or turkey/ or united arab emiratasrorore

nepal/ or pakistan/ or sri lanka/ or far east/ or china/ or beijing/ or macau/ or tibet/ or korea/ or mongolia/
or taiwan/ or indian ocean islands/ or comoros/ or madagascar/ or mauritius/ or reunion/ or seychelles/ or
pacific islands/ or exp melasia/ or exp micronesia/ or polynesia/ or pitcairn island/ or exp samoa/ or
tonga/ or prince edward island/ or west indies/ or "antigua and barbuda"/ or bahamas/ or barbados/ or
cuba/ or dominica/ or dominican republic/ or grenada/ or guadeloupe/ oohtnaica/ or martinique/

or netherlands antilles/ or puerto rico/ or "saint kitts and nevis"/ or saint lucia/ or "saint vincent and the
grenadines"/ or "trinidad and tobago"/ or united states virgin islands/ or oceania/ (2424512)

219 ((developing or less* developed or under developed or underdeveloped or middle income or low*
income or underserved or under served or deprived or poor*) adj (countr* or nation? or population? or
region? or world or state*)).tw,kw. (237596)

220 ((developing or less* developed or under developed or underdeveloped or middle income or low*
income or poor*) adj econom®*).tw,kw. (3036)

221 (low* adj (gdp or gnp or gross domestic or gross national)).tw,kw. (645)

222  (low adj3 middle adj3 countr*).tw,kw. (31748)

223  (Imic or Imics or third world or lami countr*).tw,kw. (16181)

224  transitional countr*.tw,kw. (462)

225 or/218224 (4044608)

226 214 and 225 (36165)

227 exp named groups by pregnancy/ (101747)

228 pregnant woman/ (82942)

229 female/ and (adult/ or young adult/ or juvenile/ or adolescent/ or adolescent parent/) (9605834)
230 (woman* or women* or matern* or mother* or wife or wives or pregnan®*).tw,kw. (4340623)

231 ((female? or girl*) adj5 (adolescen* or adult* or clukshring or childbearing or highschool* or
school* or teen* or marry* or marriage* or marrie? or menstru* or-pasiescen* or postpubescen* or
postpuberty or postpuberty or reproductive oogg* or youth* or young adult?)).tw,kw. (292884)

232 ((female? or girl or girls) adj2 (ten year? or ten yr? or 10 year? or 10 yr? or eleven year? or eleven
yr? or 11 year? or 11 yr? or twelve year? or twelve yr? or 12 year? or 12 yr?)).tw,kw. (28995)
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233 ((female? or girl or girls) adj2 (age? or old) adj3 ("10" or ten or "11" or eleven or "12" or
twelve)).tw,kw. (66013)

234  young girl?.tw,kw. (10038)

235 0r/227234 (12506222)

236 226 and 235 (20195)

237 exp animal/ or exp animal experimentation/ or exp animal model/ or exp animal experiment/ or
nonhuman/ or exp vertebrate/ (50805119)

238 exp human/ or exp human experimentation/ or exp harpamiment/ (38981083)

239 237 not 238 (11825722)

240 236 not 239 [ANIMAEONLY REMOVED] (20036)

241  editorial.pt. (1081172)

242  letter.pt. not (letter.pt. and randomized controlled trial/) (2071940)

243 240 not (241 or 242) [OPINION PIECES REMOVED] (19985)

244 243 use emczd [EMBASE RECORDS] (9903)

245  Social Identity/ (105394)

246  Group ldentity/ (1322)

247  Attitudes/ (72109)

248 Community Attitudes/ (2559)

249 Death Attitudes/ (19039)

250 Eating Attitudes/ (1539)

251 Female Attitudes/ (1625)

252  Health Attitudes/ (94051)

253 exp Sex Role Attitudes/ (12044)

254  ((attitud* or opinion*) adj3 (diet* or eating or feeding or food? or health* or malnutrit* or
malnourish* or meal? or nutrient? or nutrition or nutritive or snack?)).tw. (41335)

255  exp Intention/ (3953989)

256  ((intention? or intent? or intend*) adj3 (diet* or eating or feeding or food? or health* or malnutrit*
or malnourish* or meal? or nutrient? or nutrition or nutritive or snack?)).tw. (8802)

257  Motivation/ (216063)

258 Expectations/ (81852)

259 (motivat* adj3 (diet* or eating or feeding or food? or health* or malnutrit* or malnourish* or
meal? or nutrient? or nutrition or nutritive or snack?)).tw. (13785)

260 (encourag* adj3 (diet* or eating or feeding or food? or health* or malnutrit* or malnourish* or
meal? or nutrient? or nutrition or nutritive or snack?)).tw. (14391)

261 SekHEfficacy/ (92885)

262 "Independence (Personality)"/ (4988)

263 SeHDetermination/ (20619)

264  SeHConcept/ (184924)

265 SeHConfidence/ (57437)

266 SelEsteem/ (101452)

267 (capable or capabilit* or emancipat* or empower* or agency eeffielict or power* or
autonomy or (self adj2 determin*) or (self adj2 concept*) or (self adj2 confiden*) or (self adj2 percept*)
or (self adj2 esteem)).tw. (2502151)

268 (abilit* adj3 (act or acted or acting or acts or action?)).tw. (7288)

269 SeHPerception/ (146381)

270  ((wom#n* adj2 right?) or (wom#n* adj2 status*) or (girl* adj2 right?) or (girl* adj2 status*) or
(female? adj2 right?) or (female? adj2 status*) or (wife adj2 right?) or (wife adj2 status*) or (mother*
adj2 right?) or (mother* adj2 status*) or (e adj2 right?) or (wives adj2 status*)).tw. (34478)

271 Involvement/ (6748)

272  Participation/ (7668)
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273  ((wom#n* or girl* or female? or mother* or wife or wives) adj2 (engag* or involv* or
participat*)).tw. (74248)

274  (active$2 adj2 (engag* or involv* or participat*)).tw. (61718)

275 participatory*.tw. (35257)

276  ((wom#n* or girl* or female? or mother* or wife or wives) adj3 (advoca* or input* or ombuds* or
represent*)).tw. (21143)

277  ((citizen* or communit* or gender* or public or village?) adj3 (advoca* or input* or ombuds* or
represent*)).tw. (31568)

278 Gender Equality/ (667)

279 Role Expectations/ (1621)

280 Sex Roles/ (34691)

281  ((wom#n* or girl* or female? or mother* or wife or wives) adj3 role?).tw. (28694)

282  Social Norms/ (10338)

283  ((social* or societ* or cultural* or group?) adj3 (custom* or norm?)).tw. (35820)

284  0r/2458283 (6964179)

285  Nutrition/ (124564)

286 exp Nutritional Deficiencies/ (124075)

287 (avitaminos#s or hypovitaminos#s or hyfiaminos#s).tw. (8621)

288 ((ascorbic acid? or ferrous ascorbate or hybrin or magnesium ascorbate or magnesium ascorbicum
or magnesium di-ascorbate or magnorbin or sodium ascorbate) adj3 (deficien* or deficit? or inadequa*
or insufficien* or intak* or lack* or supplemenf*jw. (3989)

289  scurvy.tw. (3901)

290 ((aMtransretinol or aquasol a or retinol) adj3 (deficien* or deficit? or inadequa* or insufficien* or
intak* or lack* or supplement*)).tw. (1959)

291 ((bursine or choline or fagine or vagine) adj3 (deficien* or deficit? or inadequa* or insufficien* or
intak* or lack* or supplement*)).tw. (7797)

292  ((folacin or folate or folic acid? or folvite or IFA or pteroylglutamic acid?) adj3 (deficien* or
deficit? or inadequa* or insufficien* or intak* or lack*or supplement*)).tw. (17757)

293 (hyperhomocystein?emi* or hygesmocystein?emi*).tw. (15197)

294  ((niacin? or enduracin or induraomlithium nicotinate or nicamin or nie400 or nicobid or

nicocap or nicolar or nicotinate or nicotinic acid? or wampocap) adj3 (deficien* or deficit? or inadequa*
or insufficien* or intak* or lack* or supplement*)).tw. (1792)

295 ((tryptophan or ardeydorm or ardeytropin €niptophan or levotryptophan or lyphan or

naturruhe or optimax or prisyptophan or trofan or tryptacin or tryptan or ratigptophan) adj3

(deficien* or deficit? or inadequa* or insufficien* or intakt lack* or supplement*)).tw. (2784)

296 pellagra.tw. (2584)

297 (riboflavin? adj3 (deficien* or deficit? or inadequa* or insufficien* or intak* or lack* or
supplement*)).tw. (3196)

298 ((thiamine? or aneurin or thiamin) adj3 (deficien* or deficit? or inadequa* or insufficien* or intak*
or lack* or supplement*)).tw. (7817)

299 (pyridoxine? adj3 (deficien* or deficit? or inadequa* or insufficien* or intak* or lack* or
supplement*)).tw. (2639)

300 Obesity/ (598386)

301 ((growth adj2 stunt$2) or stunting).tw. (13942)

302  (nutrient? or nutrition* or nutritive or nourish* or malnutrit* or malnourish* or undernutrition or
undernourish* or overnutrition or overnourish* or obese or obesity or wasting or underweight or under
weight or overweight or over weight).tw. (17885)

303 Anemia/ (242868)

304 (an?emic or an?emia* or chloros#s).tw. (380030)

305 Eating Behavior/ (174683)
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306 ((eating or feeding or food or meal? or snack*) adj3 (behavio?r* or habit? or habitual* or pattern*
or practice?)).tw. (141008)

307 Diets/ (161532)

308 (diet or dieted or diets or dietary or dieting).tw. (1165001)

309 Food Intake/ (184009)

310 ((calori* or energy or protein?) adj3 intak*).tw. (115118)

311 ((eating or feeding or food? or meal? or snack*) adj3 (healthy or unhealthy)).tw. (39122)

312  (micronutri* or micrenutri*).tw. (35029)

313 Metallic Elements/ (436)

314 (trace element? or trace mineral? or micromineral? or-micreral?).tw. (43646)

315 exp Calcium/ (570689)

316 Copper/ (178475)

317  Iron/ (259984)

318 Zinc/ (170532)

319 (calcium or chromium or copper or fluoride or iodine or iron or manganese or molybdenum or
selenium or zinc).tw. (1900718)

320 Vitamins/ (89507)

321  vitamin*.tw. (499855)

322 Dietary Supplements/ (67852)

323 ((eating or feeding or food? or meal? or snack*) adj3 supplement*).tw. (25555)

324 n?utr#ceutical?.tw. (13721)

325  ((fortif* or enrich* or functional) adj2 (eating or feeding or food? or meal? or snack*)).tw. (24593)
326 ((home? or school* or work*) adj2 (ate or eaten or eating or eats or breakfast* or lunch* or dinner*
or supper* or feed* or food? or meal?)).tw. (19806)

327 Food Deprivation/ (18608)

328 ((eating or feeding or food? or meal? or snack*) adj3 (secure* or securit* or insecure* or insecurit*
or supply* or supplie*)).tw. (30873)

329 0r/288328 (5847359)

330 284 and 329 (656017)

331 Developing Countries/ (159704)

332 (Africa? or Asia? or Caribbean or West Indies or South America? or Latin America? or Central
America?).tw. (924816)

333 (Afghanistan or Albania or Algeria or Angola or Argentina or Armenia or Armenian or Azerbaijan
or Bangladesh or Benin or Byelarus or Byelorussian or Belarus or Belorussian or Belorussia or Belize or
Bhutan or Bolivia or Bosnia or Herzegovina or egovina or Botswana or Brazil or Bulgaria or Burkina
Faso or Burkina Fasso or Upper Volta or Burundi or Urundi or Cambodia or Khmer Republic or
Kampuchea or Cameroon or Cameroons or Cameron or Camerons or Cape Verde or Central African
Republic or Chad o€hina or Colombia or Comoros or Comoro Islands or Comores or Mayotte or Congo
or Zaire or Costa Rica or Cote d'lvoire or Ivory Coast or Cuba or Djibouti or French Somaliland or
Dominica or Dominican Republic or East Timor or East Timur or Timor Lestewadér or Egypt or

United Arab Republic or El Salvador or Eritrea or Ethiopia or Fiji or Gabon or Gabonese Republic or
Gambia or Gaza or Georgia Republic or Georgian Republic or Ghana or Grenada or Guatemala or Guinea
or Guiana or Guyana or Haiti or Hondsirar India or Maldives or Indonesia or Iran or Irag or Jamaica or
Jordan or Kazakhstan or Kazakh or Kenya or Kiribati or Korea or Kosovo or Kyrgyzstan or Kirghizia or
Kyrgyz Republic or Kirghiz or Kirgizstan or Lao PDR or Laos or Lebanon or Lesotho otdBasdi or

Liberia or Libya or Macedonia or Madagascar or Malagasy Republic or Malaysia or Malaya or Malay or
Sabah or Sarawak or Malawi or Mali or Marshall Islands or Mauritania or Mauritius or Agalega Islands
or Mexico or Micronesia or Middle East or Mokl or Moldovia or Moldovian or Mongolia or

Montenegro or Morocco or Ifni or Mozambique or Myanmar or Myanma or Burma or Namibia or Nepal
or Netherlands Antilles or Nicaragua or Niger or Nigeria or Muscat or Pakistan or Palau or Palestine or
Panama or Pagaay or Peru or Philippines or Philipines or Phillipines or Phillippines or Papua New
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Guinea or Romania or Rumania or Roumania or Rwanda or Ruanda or Saint Lucia or St Lucia or Saint
Vincent or St Vincent or Grenadines or Samoa or Samoan Islands or Navigator Island or Navigator
Islands or Sao Tome or Senegal or Serbia or Montenegro orellegabr Sierra Leone or Sri Lanka or
Solomon Islands or Somalia or Sudan or Suriname or Surinam or Swaziland or South Africa or Syria or
Tajikistan or Tadzhikistan or Tadijikistan or Tadzhik or Tanzania or Thailand or Togo or Togolese
Republic or Tonga ofunisia or Turkey or Turkmenistan or Turkmen or Uganda or Ukraine or
Uzbekistan or Uzbek or Vanuatu or New Hebrides or Venezuela or Vietnam or Viet Nam or West Bank
or Yemen or Zambia or Zimbabwe).tw. (2449161)

334 ((developing or less* developed or under developed or underdeveloped or middle income or low*
income or underserved or under served or deprived or poor*) adj (countr* or nation? or population? or
region? or world or state*)).tw. (233745)

335 ((developing or less* developed or under developed or underdeveloped or middle income or low*
income or poor*) adj econom®*).tw. (3024)

336 (low* adj (gdp or gnp or gross domestic or gross national)).tw. (641)

337 (low adj3 middle adj3 countr*).tw. (31256)

338  (Imic or Imics or third world or lami countr*).tw. (15802)

339 transitional countr*.tw. (456)

340 0r/331339 (3253265)

341 330 and 340 (74884)

342  Adolescent Mothers/ (2282)

343 Expectant Mothers/ (637)

344 (woman* or women* or matern* or mother* or wife or wives or pregnan¥*).tw. (4311022)

345 ((female? or girl*) adj5 (adolescen* or adult* or clukhring or childbearing or highschool* or
school* or teen* or marry* or marriage* or marrie? or menstru* or-pagescen* or postpubescen* or
postpuberty or postpuberty or reproductive oogg* or youth* or young adult?)).tw. (285627)

346 ((female? or girl or girls) adj2 (ten year? or ten yr? or 10 year? or 10 yr? or eleven year? or eleven
yr? or 11 year? or 11 yr? or twelve year? or twelve yr? or 12 year? or 12 yr?)).tw. (28995)

347 ((female? or girl or girls) adj2 (age? or old) adj3 ("10" or ten or "11" or eleven or "12" or
twelve)).tw. (66012)

348 young girl?.tw. (10026)

349  0r/342348 (4596550)

350 Human Females/ (88344)

351 Wives/ (13136)

352 350 or 351 (101298)

353 limit 352 to (200 adolescence <age 13 to 17 yrs> or 320 young adulthood <age 18 to 29 yrs> or
340 thirties <age 30 to 39 yrs> or 360 middle age <age 40 to 64 yrs>) [Limit not valid in Embase,Ovid
MEDLINE(R),Ovid MEDLINE(R) Daily Update,Ovid MEDLINER) In-Process,Ovid MEDLINE(R)
Publisher,CCTR,CDSR,DARE,CLHTA,CLEED; records were retained] (43270)

354 349 or 353 (4605043)

355 341 and 354 (27908)

356 355 use medall,emczd,cctr,coch,dare,clhta,cleed (26667)

357 355 not 356 [PSYCINFO RECORDS] (1241)

358 "Power (Psychology)"/ (158608)

359 Attitude/ (107645)

360 Attitude to Health/ (190744)

361 ((attitud* or opinion*) adj3 (diet* or eating or feeding or food? or health* or malnutrit* or
malnourish* or meal? or nutrient? or nutrition or nutritive or snack?)).ti,ab,kw. (42279)

362 Intention/ (171233)

363 ((intention? or intent? or intend*) adj3 (diet* or eating or feeding or food? or health* or malnutrit*
or malnourish* or meal? or nutrient? or nutrition or nutritive or snack?)).ti,ab,kw. (8886)

364  Motivation/ (216063)
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365 (motivat* adj3 (diet* or eating or feeding or food? or health* or malnutrit* or malnourish* or
meal? or nutrient? or nutrition or nutritive or snack?)).ti,ab,kw. (14263)

366 (encourag* adj3 (diet* or eating or feeding or food? or health* or malnutrit* or malnourish* or
meal? or nutrient? or nutrition or nutritive or snack?)).ti,ab,kw. (14226)

367 Self Efficacy/ (92885)

368 Personal Autonomy/ (29331)

369 Self Concept/ (184924)

370 (capable or capabilit* or emancipat* or empower* or agency eeffiedic* or power* or

autonomy or (self adj2 determin*) or (self adj2 concept*) or (self adj2 confiden*) or (self adj2 percept*)
or (self adj2 esteem)).ti,ab,kw. (2484054)

371 (abilit* adj3 (act or acted or acting or acts or action?)).ti,ab,kw. (7236)

372 Women's Rights/ (15820)

373  ((wom#n* adj2 right?) or (wom#n* adj2 status*) or (girl* adj2 right?) or (girl* adj2 status*) or
(female? adj2 right?) or (female? adj2 status*) or (wife adj2 right?) or (wife adj2 status*) or (mother*
adj2 right?) or (mother* adj2 status*) or (wi¥ adj2 right?) or (wives adj2 status*)).ti,ab,kw. (36005)

374 ((wom#n* or girl* or female? or mother* or wife or wives) adj2 (engag* or involv* or
participat*)).ti,ab,kw. (73351)

375 (active$2 adj2 (engag* or involv* or participat*)).ti,ab,kw. (61322)

376 participatory*.ti,ab,kw. (35693)

377  ((wom#n* or girl* or female? or mother* or wife or wives) adj3 (advoca* or input* or ombuds* or
represent*)).ti,ab,kw. (20803)

378  ((citizen* or communit* or gender* or public or village?) adj3 (advoca* or input* or ombuds* or
represent*)).ti,ab,kw. (31346)

379 Gender Identity/ (41227)

380 ((wom#n* or girl* or female? or mother* or wife or wives) adj3 role?).ti,ab,kw. (27434)

381 Social Norms/ (10338)

382  ((social* or societ* or cultural* or group?) adj3 (custom* or norm?)).ti,ab,kw. (34970)

383 0r/358382 (3552165)

384  Nutritional Requirements/ (37442)

385 Nutritional Status/ (105385)

386  Nutritive Value/ (30809)

387 Adolescent Nutritional Physiological Phenomena/ (1838)

388 Maternal Nutritional Physiological Phenomena/ (13721)

389  Malnutrition/ (75398)

390 exp Deficiency Diseases/ (260675)

391 (avitaminos#s or hypovitaminos#s or hyfiaminos#s).ti,ab,kw. (8948)

392 ((ascorbic acid? or ferrous ascorbate or hybrin or magnesium ascorbate or magnesium ascorbicum
or magnesium di.-ascorbate or magnorbin or sodium ascorbate) adj3 (deficien* or deficit? or inadequa*
or insufficien* or intak* or lack* or supplemeniji,ab,kw. (4074)

393  scurvy.ti,ab,kw. (4341)

394  ((aMtransretinol or aquasol a or retinol) adj3 (deficien* or deficit? or inadequa* or insufficien* or
intak* or lack* or supplement*)).ti,ab,kw. (2037)

395 ((bursine or choline or fagine or vagine) adj3 (deficien* or deficit? or inadequa* or insufficien* or
intak* or lack* or supplement*)).ti,ab,kw. (7843)

396 ((folacin or folate or folic acid? or folvite or IFA or pteroylglutamic acid?) adj3 (deficien* or
deficit? or inadequa* or insufficien* or intak* or lack*or supplement*)).ti,ab,kw. (17838)

397 (hyperhomocystein?emi* or hygemocystein?emi*).ti,ab,kw. (15508)

398 ((niacin? or enduracin or induracin or lithium nicotinate or nicamin o#@i@@r nicobid or

nicocap or nicolar or nicotinate or nicotinic acid? or wampocap) adj3 (deficien* or deficit? or inadequa*
or insufficien* or intak* or lack* or suppleméf)).ti,ab,kw. (1808)
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399 ((tryptophan or ardeydorm or ardeytropin dnjiptophan or levotryptophan or lyphan or
naturruhe or optimax or prtsyptophan or trofan or tryptacin or tryptan or ratigptophan) adj3

(deficien* or deficit? or inadequa* or insufficien* or intakr lack* or supplement*)).ti,ab,kw. (2791)

400 pellagra.ti,ab,kw. (2759)

401 (riboflavin? adj3 (deficien* or deficit? or inadequa* or insufficien* or intak* or lack* or
supplement*)).ti,ab,kw. (3214)

402 ((thiamine? or aneurin or thiamin) adj3 (deficien* or deficit? or inadequa* or insufficien* or intak*
or lack* or supplement*)).ti,ab,kw. (7904)

403 (pyridoxine? adj3 (deficien* or deficit? or inadequa* or insufficien* or intak* or lack* or
supplement*)).ti,ab,kw. (2684)

404  Overnutrition/ (5853)

405 expObesity/ (711110)

406  Growth Disorders/ (26038)

407  ((growth adj2 stunt$2) or stunting).ti,ab,kw. (14204)

408 (nutrient? or nutrition* or nutritive or nourish* or malnutrit* or malnourish* or undernutrition or
undernourish* or overnutrition or overnourish* or obese or obesity or wasting or underweight or under
weight or overweight or over weight).ti,ab,k{%.787088)

409 Anemia/ (242868)

410 exp Anemia, Hypochromic/ (46742)

411 (an?emic or an?emia* or chloros#s).ti,ab,kw. (393916)

412 Feeding Behavior/ (172106)

413 ((eating or feeding or food or meal? or snack*) adj3 (behavio?r* or habit? or habitual* or pattern*
or practice?)).ti,ab,kw. (141188)

414  Diet/ (402699)

415 (diet or dieted or diets or dietary or dieting).ti,ab,kw. (1184491)

416 Energy Intake/ (93531)

417  ((calori* or energy or protein?) adj3 intak*).ti,ab,kw. (116855)

418 Healthy Diet/ (4701)

419 ((eating or feeding or food? or meal? or snack*) adj3 (healthy or unhealthy)).ti,ab,kw. (39049)
420 exp Micronutrients/ (688381)

421  (micronutri* or micrenutri*).ti,ab,kw. (35918)

422  (trace element? or trace mineral? or micromineral? or-micreral?).ti,ab,kw. (45946)

423  Calcium, Dietary/ (31557)

424  Chromium/ (59565)

425 Copper/ (178475)

426 lodine/ (75382)

427  Iron/ (259984)

428 Manganese/ (74289)

429  Molybdenum/ (21257)

430 Selenium/ (58025)

431  Zinc/ (170532)

432  (calcium or chromium or copper or fluoride or iodine or iron or manganese or molybdenum or
selenium or zinc).ti,ab,kw. (1944286)

433  vitamin*.ti,ab,kw. (520663)

434  exp Dietary Supplements/ (89126)

435 ((eating or feeding or food? or meal? or snack*) adj3 supplement*).ti,ab,kw. (25760)

436 n?utr#ceutical?.ti,ab,k({@4503)

437 Food, Fortified/ (11093)

438  ((fortif* or enrich* or functional) adj2 (eating or feeding or food? or meal? or snack*)).ti,ab,kw.
(25516)
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439 ((home? or school* or work*) adj2 (ate or eaten or eating or eats or breakfast* or lunch* or dinner*
or supper* or feed* or food? or meal?)).ti,ab,kw. (19800)

440 Food Supply/ (28920)

441  ((eating or feeding or food? or meal? or snack*) adj3 (secure* or securit* or insecure* or insecurit*
or supply* or supplie*)).ti,ab,kw. (31461)

442  0r/384441 (6067800)

443 383 and 442 (295635)

444  Developing Countries/ (159704)

445  Africa/ or Asia/ or Caribbean/ or West Indies/ or South America/ or Latin America/ or Central
America/ (228463)

446  (Afghanistan or Albania or Algeria or Angola or Argentina or Armenia or Armenian or Azerbaijan
or Bangladesh or Benin or Byelarus or Byelorussian or Belarus or Belorussian or Belorussia or Belize or
Bhutan or Bolivia or Bosnia or Herzegovina or elgovina or Botswana or Brazil or Bulgaria or Burkina
Faso or Burkina Fasso or Upper Volta or Burundi or Urundi or Cambodia or Khmer Republic or
Kampuchea or Cameroon or Cameroons or Cameron or Camerons or Cape Verde or Central African
Republic or Chad o€hina or Colombia or Comoros or Comoro Islands or Comores or Mayotte or Congo
or Zaire or Costa Rica or Cote d'lvoire or Ivory Coast or Cuba or Djibouti or French Somaliland or
Dominica or Dominican Republic or East Timor or East Timur or Timor Lesteuadér or Egypt or

United Arab Republic or El Salvador or Eritrea or Ethiopia or Fiji or Gabon or Gabonese Republic or
Gambia or Gaza or Georgia Republic or Georgian Republic or Ghana or Grenada or Guatemala or Guinea
or Guiana or Guyana or Haiti or Hondsirar India or Maldives or Indonesia or Iran or Irag or Jamaica or
Jordan or Kazakhstan or Kazakh or Kenya or Kiribati or Korea or Kosovo or Kyrgyzstan or Kirghizia or
Kyrgyz Republic or Kirghiz or Kirgizstan or Lao PDR or Laos or Lebanon or Lesotho otdBasii or

Liberia or Libya or Macedonia or Madagascar or Malagasy Republic or Malaysia or Malaya or Malay or
Sabah or Sarawak or Malawi or Mali or Marshall Islands or Mauritania or Mauritius or Agalega Islands

or Mexico or Micronesia or Middle East or Molh or Moldovia or Moldovian or Mongolia or

Montenegro or Morocco or Ifni or Mozambique or Myanmar or Myanma or Burma or Namibia or Nepal
or Netherlands Antilles or Nicaragua or Niger or Nigeria or Muscat or Pakistan or Palau or Palestine or
Panama or Pagaay or Peru or Philippines or Philipines or Phillipines or Phillippines or Papua New
Guinea or Romania or Rumania or Roumania or Rwanda or Ruanda or Saint Lucia or St Lucia or Saint
Vincent or St Vincent or Grenadines or Samoa or Samoan Islands or aV@lgtd or Navigator

Islands or Sao Tome or Senegal or Serbia or Montenegro or Seychelles or Sierra Leone or Sri Lanka or
Solomon Islands or Somalia or Sudan or Suriname or Surinam or Swaziland or South Africa or Syria or
Tajikistan or Tadzhikistan or Tgkistan or Tadzhik or Tanzania or Thailand or Togo or Togolese

Republic or Tonga or Tunisia or Turkey or Turkmenistan or Turkmen or Uganda or Ukraine or
Uzbekistan or Uzbek or Vanuatu or New Hebrides or Venezuela or Vietnam or Viet Nam or West Bank
or Yemen or Zambia or Zimbabwe).ti,ab,kw. (2446958)

447  exp africa/ or exp africa, northern/ or algeria/ or egypt/ or libya/ or morocco/ or tunisia/ or exp
"africa south of the sahara"/ or africa, central/ or cameroon/ or central african republic/ or chad/ or congo/
or "democratic republic of the cond@r equatorial guinea/ or gabon/ or africa, eastern/ or burundi/ or
djibouti/ or eritrea/ or ethiopia/ or kenya/ or rwvanda/ or somalia/ or south sudan/ or sudan/ or tanzania/ or
uganda/ or africa, southern/ or angola/ or botswana/ or lesotho/ or malawazambique/ or namibia/ or
south africa/ or swaziland/ or zambia/ or zimbabwe/ or africa, western/ or benin/ or burkina faso/ or cape
verde/ or cote d'ivoire/ or gambia/ or ghana/ or guinea/ or giissau/ or liberia/ or mali/ or mauritania/

or niger/or nigeria/ or senegal/ or sierra leone/ or togo/ or americas/ or exp caribbean region/ or exp west
indies/ or exp central america/ or belize/ or costa rica/ or el salvador/ or guatemala/ or honduras/ or
nicaragua/ or panama/ or panama canal zone/ ordaterica/ or mexico/ or exp south america/ or
argentina/ or bolivia/ or brazil/ or chile/ or colombia/ or ecuador/ or french guiana/ or guyana/ or
paraguay/ or peru/ or suriname/ or uruguay/ or venezuela/ or asia/ or asia, central/ or kazakhstan/ or
kyrgyzstan/ or tajikistan/ or turkmenistan/ or uzbekistan/ or exp asia, southeastern/ or borneo/ or brunei/
or cambodia/ or timeleste/ or indonesia/ or laos/ or malaysia/ or mekong valley/ or myanmar/ or
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philippines/ or singapore/ or thailand/ or vietham/ or asia, western/ or bangladesh/ or bhutan/ or india/ or
sikkim/ or middle east/ or afghanistan/ or bahrain/ or iran/ or irag/ or israel/ or jordan/ or kuwait/ or
lebanon/ or oman/ or qatar/ or saudi &hbr syria/ or turkey/ or united arab emirates/ or yemen/ or
nepal/ or pakistan/ or sri lanka/ or far east/ or china/ or beijing/ or macau/ or tibet/ or korea/ or mongolia/
or taiwan/ or indian ocean islands/ or comoros/ or madagascar/ or mauritieshion/ or seychelles/ or
pacific islands/ or exp melanesia/ or exp micronesia/ or polynesia/ or pitcairn island/ or exp samoa/ or
tonga/ or prince edward island/ or west indies/ or "antigua and barbuda"/ or bahamas/ or barbados/ or
cuba/ or dominica/ oraiminican republic/ or grenada/ or guadeloupe/ or haiti/ or jamaica/ or martinique/
or netherlands antilles/ or puerto rico/ or "saint kitts and nevis"/ or saint lucia/ or "saint vincent and the
grenadines"/ or "trinidad and tobago"/ or united states vistamds/ or oceania/ (2424512)

448 ((developing or less* developed or under developed or underdeveloped or middle income or low*
income or underserved or under served or deprived or poor*) adj (countr* or nation? or population? or
region? or world or state*)).ti,ab,kw. (234706)

449  ((developing or less* developed or under developed or underdeveloped or middle income or low*
income or poor*) adj econom®*).ti,ab,kw. (2988)

450 (low* adj (gdp or gnp or gross domestic or gross national)).ti,ab,kw. (643)

451  (low adj3 middle adj3 countr*).ti,ab,kw. (30878)

452  (Imic or Imics or third world or lami countr*).ti,ab,kw. (15985)

453 transitional countr*.ti,ab,kw. (445)

454 0or/444453 (3687965)

455 443 and 454 (30919)

456 Women/ (8405706)

457  Pregnant Women/ (69649)

458 Female/ and (Adolescent/ or Adult/ or Young Adult/) (9600899)

459  (woman* or women* or matern* or mother* or wife or wives or pregnan®*).ti,ab,kw. (4324318)
460 ((female? or girl*) adj5 (adolescen* or adult* or cliighring or childbearing or highschool* or
school* or teen* or marry* or marriage* or marrie? or menstru* or-pagescen* or postpubescen* or
postpuberty or postpuberty or reproductive oogg* or youth* or young adult?)).ti,ab,kw. (284320)

461 (female? or girl or girls) adj2 (ten year? or ten yr? or 10 year? or 10 yr? or eleven year? or eleven
yr? or 11 year? or 11 yr? or twelve year? or twelve yr? or 12 year? or 12 yr?)).ti,ab,kw. (28338)

462 ((female? or girl or girls) adj2 (age? or old) adj3 ("10" or ten or "11" or eleven or "12" or
twelve)).ti,ab,kw. (65402)

463 young girl?.ti,ab,kw. (9994)

464  or/456463 (15074516)

465 455 and 464 (18238)

466 465 use coch,cctr,dare,clhta,cleed [COCHRANE RECORDS] (925)

467 114 or 244 or 357 or 466 [ALL DATABASES] (18543)

468 limit 467 to yr="201&€urrent" [Limit not valid in DARE; records were retained] (5061)

469 remove duplicates from 468 (3740)

470 limit 467 to yr="2012015" [Limit not valid in DARE; records were retained] (5957)

471 remove duplicates from 470 (4296)

472  limit 467 to yr="200@010" [Limit not valid in DARE; records were retained] (4760)

473 remove duplicates from 472 (3258)

474 467 not (468 or 470 or 472) (2767)

475 remove duplicates from 474 (2200)

476 469 or 471 or 473 or 475 [TOTAL UNIQUE RECORDS] (13492)

477 476 use medall [MEDLINE UNIQUE RECORDS] (6468)

478 476 use emczd [EMBASE UNIQUE RECORDS] (5659)

479 476 use medal, emczd, coch, cctr, dare, cleed, clhta (12605)

480 476 not 479 [PSYCINFO UNIQUE RECORDS] (887)

481 476 use coch [DSR UNIQUE RECORDS] (4)
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482
483
484
485

476 use dare [DARE UNIQUE RECORDS] (1)

476 use cleed [NHS UNIQUE RECORDS] (0)

476 use clhta [HTA UNIQUE RECORDS] (0)

476 use CCTR [CENTRAL UNIQUE RECORDS] (473)
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Appendix C: Quantitative study codebook

Where possible, provide direct quotes and page numbers to support your extractions.

Code Description
Study ID from Covidence
Date coded

Coder initials

Correspondence required

Add a note here if authors will need to be contacted to request additio
information

Reference identification

Title

First author

Year

Type of publication

(drop-down) Journal article / Book / Conference abstract / Dissertation
Report / Other

Other

5STAYS W2GKSND Lildzot AOlF GA2Yy GeéLlS

Funder

Country

City and region (if applicable)

Start date of study

End date of study

Study duration

Aim of the study

' dz K2NEQ RSTAYA
empowerment

I dz{i KratiNdle for
empowerment approach

Methods

Study design

(drop-down) RCT / cRCT / CBA /ITS / Other

Other

5STAYS W2GKSND &GdzReé

Study design description

Comparison group

Describe the nature of the comparison group

Statistical method

Describe method used and comment on appropriateness.

Risk of bias Experimental designs (Cochrane ROB)

Random sequence generation

(drop-down) High risk / Low risk / Unclear

Support for judgement (incl. pg #)

Allocation concealment

(drop-down) High risk / Low risk / Unclear

Support for judgement (incl. pg #)

Blinding of participants

(drop-down) High risk / Low risk / Unclear

Support for judgement (incl. pg #)

Blinding of outcome assessment

(drop-down) High risk / Low risk / Unclear

Support for judgement (incl. pg #)

Incomplete outcome assessment

(drop-down) High risk / Low risk / Unclear

Support for judgement (incl. pg #)

Selective outcome reporting

(drop-down) High risk / Low risk / Unclear

Support for judgement (incl. pg #)
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Other sources of bias

(drop-down) High risk / Low risk / Unclear

Support for judgement (incl. pg #)

Risk of bias Quastexperimental designs (Cochrane EPOC)

For CCTs, CBAs

Was the allocation sequence
adequately generated?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Was the allocation adequately
concealed?

(drop-down) Yes / No Unclear

Support for judgement (incl. pg #)

Were baseline outcome
measurements similar?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Were baseline characteristics
similar?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Were incomplete outcome data
adequately addressed?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Was knowledge of the allocated
interventions adequately
prevented during the study?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Was the study adequately
protected against contamination?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Was the study free from selective
outcome reporting?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Was the study free from other
risks of bias?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

For ITS

Was the intervention independent
of other changes?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Was the shape of the intervention
effect presspecified?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Was the intervention unlikely to
affect data collection?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Was knowledge of the allocated
interventions adequately
prevented during the study?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Were incomplete outcome data
adequately addressed?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)
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Was the study free from selective
outcome reporting?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Was the study free from other
risks of bias?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Intervention

Number of treatment arms

(drop-down) 1¢ 10

Description of treatment arm 1

Description of treatment arm 2
(continue adding as needed)

Type of nutrition intervention

(drop-down ¢ select all that apply) Micronutrient supplementation /
Fortification / Education or Counselling / School feeding / Other
supplemental nutrition / Other

Description of nutrition
intervention

Type of agency intervention

(drop-down ¢ select all that apply) Mentorship program / Leadership sk
training / Technical or occupational skills training / Program leadershiy
role for girls / Peer education / Peer support group / Other

Description of agency interventior

Type ofopportunity structure
intervention

(drop-down ¢ select all that apply) Cash transfer program / Savings an
f2Fy LINBINIY k 9RdzOFGA2Yy &dzZLlL2N
(with parents, teachers, community influencers) / Prevention of early
marriage and pregnancy / Other

Description of opportunity
structure intervention

Intervention setting

(drop-down ¢ select all that apply) School / Community / Home / Healt
Facility / Other

Other 53340NAO6S W20KSND AYy(iSNBSylGAzy a
Geography (drop-down ¢ select all that apply) Urban / Rural / Remote / Slum / Oth
Other Describe other geographic setting

Intervention administrator

(drop-down) Foreign government / local or national government / aon
government organization / communiyased organization / Academic
institution / Other

Other

Describe other intervention administrator

Intervention provider

(drop-down ¢ select all that apply) Community health workers / Health
facility staff / Teachers / Peers / Parents / Volunteers / Other

Other

Describe other intervention provider

Provider training

Describe the training of providers to deliver intervention

Recruitment

Describe procedures for recruiting participants

Attrition rate

The proportion of participants lost during ttetervention or during
follow-up.

Reach Describe the degree to which the intended audience participated in ar]
AYUSNDSYyilAz2y o6& WIiKSANI LINSaSyOS
Dose Describe the proportion or amount of an intervention delivered to

participants. E.g., measures of frequency, duration, and/or intensity

Fidelity / integrity

Describe the degree to which the intervention was delivered as intend

Adaptation

Describe the degree to which the program content was intentionally
changed during implementation to improve programme effectiveness
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Prior needs assessment

Describe any needs assessment that was conducted to inform
intervention design

Reminders

Describe any prompts or reminders sent to participants to attend /
participate in intervention

Cost and time

Describe the cost and time required to deliver the intervention

Study population

Number of participants

Number in intervention group

Number in comparison group

Age range of study participants

Enter age range of study targpbpulation, e.g. 1519 years

Age range of adolescent study
participants

Enter age range for female adolescents who are included in study, e.g
15-24 years

Age subgroups

List all age sugroups for which data are provided, e.g. study covers 1f
49 years, and analyses were done separately fet9 years, 224 years,
2549 years

Did the study population also
include men or boys?

(drop-down) Yes / No / Unclear

Il R2f SAaO0Syd LJ NJi| (dropdown) In school / out of school / Both / Unclear
status

Race / ethnicity / language Describe

Religion Describe

Socieeconomic status Describe

Disability, physical health Describe

Includes pregnant participants

(drop-down) Yes / No / Unclear

Includes young mothers

(drop-down) Yes / No / Unclear

Conflict setting

(drop-down) Yes / No / Unclear

Food insecure setting

(drop-down) Yes / No / Unclear

Outcomes

Primary outcomes

Define outcomes and how they are measured

Secondary outcomes

Define outcomes and how they are measured

Method ofassessing outcomes

Describe methods for assessing outcome measures

Validity and reliability of outcomes
measures

5S540NANO0S LINAYI NE | dziK2NBQ OASga
measures

Followup of nonrespondents

Describe the methodssed to followup nonrespondents

Timing of outcome assessment

Describe frequency of assessment, length of follgw etc.

Results

Number of participants in
Treatment Arm 1 (continue adding
rows for each treatment arm)

Number of participants in
Treatment Arm 2 (continue adding
rows for each treatment arm)

Number of participants in
comparison group

C2NJ SI OK 2dzid2Y

S X

Direction of effect

(drop-down) Effect favours treatment / Effect favours comparison / Effé
favours neither / Cannot tell
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Effect statistically significant?

(drop-down) Yes / No / Cannot tell

Treatment sample size

Control sample size

Number of missing participants

Nature of the measure

(drop-down) Continuous / Dichotomous / Other

If outcome measure ®2 y i A Y

dz2 dza X

Treatment group mean

Comparison group mean

Are reported means adjusted?

(drop-down) Yes / No / Cannot tell

Treatment group standard
deviation

Comparison group standard
deviation

Treatment group standard error

Comparison grouptandard error

t-value for an independenttest

LT 2dzid2YS8S YSI a

dzZNE A& RAOK2{G2Y2dzaX

Treatment group number of
participants who experienced a
change

Comparison group number of
participants who experienced a
change

Treatment grougproportion of
participants who experienced a
change

Comparison group proportion of
participants who experienced a
change

Are the proportions adjusted for
pretest variables?

Logged odds ratio

Standard error of logged odds rati

Adjusted logged odds ratio

Chisquare with degrees of
freedom

Correlation coefficient

Adverse events

Adverse events

[Aad Ittt I ROSNES S@gSyla

described by primary authors.

2T Ay(dS
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Appendix D. Qualitative Study Codebook

Code Description
Study ID from Covidence
Date coded

Coder initials

Correspondence required

Add a note here if authors will need to be contacted to request
additional information

Reference identification

Title

First author

Year

Type ofpublication

(drop-down) Journal article / Book / Conference abstract / Dissertatio

Report / Other
Other 5STAYS W2GKSND Lidzot AOlF GA2Yy Ge& LIS
Funder
Country

City and region (if applicable)

Start date of study

End date of study

Aim of the study

ldzi K2NEQ RSTFAYAI
empowerment

ldzi K2NEQ NI GA2YI
empowerment approach

Methods

Study design description

Study duration

Participant inclusion/exclusion
criteria

Quality assessment (CASP)

Was there a cleastatement of the
aims of the research?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Is a qualitative methodology
appropriate?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Was the research design
appropriate to address the aims of
the research?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Was the recruitment strategy
appropriate to the aims of the
research?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Was the data collected in a way

that addressed the research issuef

(drop-down) Yes / No / Unclear
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Support for judgement (incl. pg #)

Has the relationship between
researcher and participants been
adequately considered?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Have ethical issues been taken int
consideration?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Was the data analysis sufficiently
rigorous?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Is there a clear statement of
findings?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

How valuable is the research?

(drop-down) Yes / No / Unclear

Support for judgement (incl. pg #)

Study population

Number ofparticipants

Study scale Small (e.g., one/several village) / large (e.g., district, region, province
Describe scale

Study setting (drop-down) Urban / Rural / Informalrban / Remote / Other

Describe setting

Target (drop-down) Individual / Household / Community / Other

Describe target

Age range of study participants

Enter age range of study target population, e.g-4Byears

Adolescent age range

Enter age range for female adolescents who are included in study, e.
15-24 years

Age subgroups

List all female age suyroups for which data are provided, e.g. study
covers 1549 years, and analyses were done separately fet4years,
20-24 years, 2519 years

Did the study population also
include men or boys?

(drop-down) Yes / No / Unclear

Il R2f SAaO0Syd LI NI j
status

(drop-down) In school / out of school / Both / Unclear

Race / ethnicity / language Describe
Religion Describe
Socieeconomic status Describe
Disability, physical health Describe

Includes pregnant participants

(drop-down) Yes / No / Unclear

Includes young mothers

(drop-down) Yes / No / Unclear

Conflict setting

(drop-down) Yes / No / Unclear

Food insecure setting

(drop-down) Yes / No / Unclear

Intervention

Type of nutrition intervention

(drop-down ¢ select all that apply) Micronutrient supplementation /
Fortification / Education or Counselling / School feeding / Other
supplemental nutrition / Other

Description of nutrition

intervention
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Type of agency intervention

(drop-down ¢ select all that apply) Mentorship program / Leadership
skills training / Technical or occupational skills training / Program
leadership role for girls / Peer education / Peer support group / Other

Description ofagency intervention

Type of opportunity structure
intervention

(drop-down ¢ select all that apply) Cash transfer program / Savings a
f2Fy LINRPAINIY k 9RdzOF GA2Yy &dzLILI2 N
(with parents, teachers, community influencers) / Prevention of early
marriage and pregnancy / Other

Description of opportunity
structure intervention

Intervention setting

(drop-down ¢ select all that apply) School / Community / Home / Healt
Facility / Other

Describe intervention setting

Intervention administrator

(drop-down) Foreign government / local or national government / aon
government organization / communiyased organization / Academic
institution / Other

Describe intervention administrato

Intervention provider

(drop-down ¢ select all that apply) Community health workers / Health
facility staff / Teachers / Peers / Parents / Volunteers / Other

Describe intervention provider

Provider training

Describe the training of providers to deliver intervention

Recruitment

Describeprocedures for recruiting participants

Attrition rate

The proportion of participants lost during the intervention or during
follow-up.

Reach Describe the degree to which the intended audience participated in a
AYGSNDSYyiGA2y 068 WIiKSANI LINBASyOS§
Dose Describe the proportion or amount of an intervention delivered to

participants. E.g., measures of frequency, duration, and/or intensity

Fidelity / integrity

Describe the degree to which the intervention was delivered as inten

Adaptation

Describe thalegree to which the program content was intentionally
changed during implementation to improve programme effectiveness

Prior needs assessment

Describe any needs assessment that was conducted to inform
intervention design

Reminders

Describe any prompts or reminders sent to participants to attend /
participate in intervention

Cost and time

Describe the cost and time required to deliver the intervention

Measures

Feasibility(the extent to which an intervention is practical or viable in a particular context or situation)

Cultural sensitivity of program

Participant engagement

Community/public commitment

Appropriatenesstiie extent to which an intervention or activity fits with a particular context or situation)

t I NI A OA LI yrogia@med ;
acceptability

LYLX SYSYGSNEQ @]
programme acceptability

Community support for programme
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Meaningfulnesgthe extent to which an intervention or activity is positively experienced by an individual or

group)

t I NODAOALI YGaQ @i
as a positive or negative experieng

t I NOAOALI YGaQ @i
costs of participation

tFNOAOALN yiaQ | 4
nutritional needs

t I NODAOALI YGaQ Y3
improved nutrition

Community desire to support
participants to act for improved
nutrition

Adverse events

Adverse events

[Aad Fff I ROSNBRS S@Syida
described by primary authors.

2T Ay
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3.2REVIEWThe effects oS YLI2 6 SNXY Sy (inmol aSR ydziNAGA2Y AYyGSNBSyiGA
I R2f Sa0Syid 3IANI A Ay f2¢6m YR YARRESnAyO2YS O2dzy i N

This section presents the findinglsa mixedmethods systematic review ofteef f ect s of empowe.
based nutrition interventions on the nutritional
countries of which the protocol was presented in Section Bak review consisted of screening more

than 23,000 records to identify eligible studies and their companion articles. In the end, ten studies were
included in the effectiveness review and two reports assessing implementation and contextsial facto

influencing intervention effectiveness. Study quality varied significatipss the studieSeveral

important gaps in the evidence base and opportunities for future research were idéhtfiedic model
presented in the protocol wamovidirganiedderntdabegls ed on t h
framework for the desigand evaluatiomf empowermenbased nutrition interventions for adolescent

girls in LMICs.

Manuscript status
The manuscript isubmittedto Campbell Systematic Reviews

Riddle AY, Magwood O, Vlassoff C, Kroeger CM, Ramage AK, Rizvi A, Jahel F, et al. REVIEW: The
effects of empower ment based nutrition intervent:i

and middle income countri es.ubdtedhpbell Systematic
ldz K2NBQ NRfS& YR O2YyUNROGdzOA2Y A

AYR, GW, VW conceived the study. BS designed the search stra&&¥@;. OM, AR, FJ,SM conducted
screeningdata extraction and quality assessments. AYR conducted the syntheses and drafted the report,
which was revised by all authors. All authors approved the version of the manuscript submitted for

publication.
Acknowledgements

The authors would like to thadexandria BennettSabrinaPrice,andClaire DePaulfor theirimportant

contributions to study screening and data extraction.

91



REVIEW ¢KS STFSOGa 2F SYLRGSNY¥YSyilnolaSR ydzZiNRGAZY A
I R2f Sa0Syid 3IANI A Ay f2¢6m YR YARRESnAyO2YS O2dzy i N

Alison Y. Riddl€, Olivia Magwood, Cynthia M. Kroegéer Abigail K. Ramagé Carol Vlassoff, Anita
Rizvi®, Fatima Jahé) Zulfigar A. Bhutt&”’, Elizabeth KristjanssénMonica Taljaaré] Becky Skidmorg
Vivian Welch“1°, George Wells'

1School of Epidemiology and Public Health, University of Ottawa, Ottawa, Ontario, Canada
2Bruyere Research Institute, Ottawa, Ontario, Canada

3School of Pharmacy, Faculty of Medicine and Healthiversity of Sydney, Camperdown, NSW,
Australia

4Independent consultant, Cambridge, England

5School of Psychology, University of Ottawa, Ottawa, Ontario, Canada

¢Centre for Global Child Health, Hospital for Sick Children, Toronto, Ontario, Canada
"Institute for Global Health and Development, Aga Khan University, Karachi, Pakistan
8 Ottawa Hospital Research Institute, Ottawa, Ontario, Canada

%Independent Information Specialist, Ottawa, Ontario, Canada

10The Campbell Collaboration, Ottawa, Ontario, Canada

1 Cardiovascular Research Methods Centre, University of Ottawa Heart Institute, Ottawa, Ontario,
Canada

Correspondence Alison Y. Riddle, School of Epidemiology and Public Health, University of Ottawa, 43
Bruyere Street, Annex E, room 302, Ottawa, Ontario KIN 5C8, Canada. Emaib58@uottawa.ca

92


mailto:aridd058@uottawa.ca

Plain language summary
The review in brief

There is no clear evidence that empowernabasted nutrition interventions for adolescent girls in-low
and middleincome countries improves their weight, body mass ir{B&4l) , waistcircumference,

haemoglobin, anemidsk, totaldietary intakeor selfefficacy.
What is this review about?

Proper nutrition is crucidbr adolescent health and development, yet many adolescent girls-iarldw
middle-income countrieLMICs) are malnourishedJnequal access to food, education, and health
services due to gender discrimination exacerbate this problem. Empowering adolescent girls as part of
nutrition programmes may lead to improvements in their nutritional status by helping to combat gender
inequities. For the purposes of this review, empowerd@sed nutrition interventions seek to improve
adoe scent gi r | whiealdd fastermg tiyeir agantyakeetheir own health and nutrition and
creating a supportive environmefhis review looked at the impact of these interventions on measures of
adol escent g i r Indudingtheirtveightt body mas$ indextaiat tincusnference,

haemoglobinanemia riskand total dietary intake
What is the aim of this review?

The primary objective of thi€ampbell systematic reviewas to answer two questions: (1) What is the

effect of empowermerthased nutrition interventions on the nutritional status of adolescent girls-in low

and middle income countries? (2) What are the i mp
succes or failure of these interventions8 answer the first questiome review summarizes evidence

from ten studies, including four randomized controlled trials and sixatiomized studieg.o ansver

the second question, one quantitative study and one qualitative study were included
What are the main findings of this review?
What studies are included?

A total of ten studieassessing the effects of empowermesged nutrition interventions die

nutritional statu®f adolescent girlgn LMICs wereincluded Eight of the studies were conducted in
middle-income countries and focused on preventing or treating overweight and obesity among adolescent
girls. One study was conducted in Benin, one study in India, two studies in Brazil, and six studies in Iran.
All studies were conducted in a school settivigst studies had important methodological weaknesses.

Two studies assessing implementation and contextual factors were identified.
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Doempowermenbased nutrition interventions improve the nutritional status of adolescent girls in

LMICs?

It is unclear There is limited, lowquality evidencef the effects oEmpowermenbased nutrition
interventionson the nutritional status of adolescent girls in LMIEsipowermentbased nutrition
interventions may reduce BMAaist circumferencehe risk of anemiand total dietary intakéout the
evidence is very uncertaiBimilarly, empowermerbased nutrition interventiomgayincrease

haemoglobintotal dietary intak, and selefficacy, but the evidence is very uncertain

What are the implementation and contextual factors influencing the success or failure of these

interventions?

Implementation factors thatay contribute to intervention success inchatlapting the intervention to
the local context and culture, training intervention provigensuring adequate availability of personnel,
facilities, and materials, providing material incentives to adolescent girls to encparsiggation,
tailoring the intervention content to the education level of the participants, and pilot testing the
intervention Contextual factors thahay affect intervention success are the samonomic status of the

community, food availabilityand general insecurity.
What do the findings of this review mean?

Evidence of the effectiveness of empowerrdgaded nutrition interventions to improve the nutritional
status of adolescent girls in LMICs is inconclusive and warrants further investigetisrincludes
conducting studiem a variety ofsettings (e.g., lovincome countries, neschool settingsand using
robust, high quality study desigriaurther study of the implementation and contextual factors that

contribute to intervention success is needed.
Howup to dateis this review?

The review authors searched for studies up to 2021.
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Abstract
Background

Proper nutrition during adolescence is crucial for optimal growth and development and helps to prepare
adolescents for adulthood, yet proper nutrition is out of reach for many. Adolescent girls amtbw
middle-income countries (LMICs) are disproportioelyt affected by poor nutrition due to biological and
social factors, including gender inequities. Empowering adolescent girls may contribute to improving

their nutritional status in settings where gender inequality persists.
Objectives

The primary objective of the review was to answer two questions: (RQ1) What is the effect of
empowermenbased nutrition interventions on the nutritional status of adolescent girls-iamalw
mi ddl e income countries? ( RCohtgxtuaMaciots infflueneingthh e i mpl e

success or failure of these interventions?
Search methods

This review applied a segregated mixed methods research synthesis design (MMRS). A comprehensive
search strategy was developed with the assistance of an information specialist. Datatesszsched

up to Sept. 2021 included Ovid MEDLINE®, Embase, PsycINFO, Cochrane Central Register of
Controlled Trials, Cochrane Database of Systematic Reviews, and CINAHL. Grey literature and

handsearching wenducted up to 2023
Selection criteria

The review target population was adolescent girls1@y) residing in LMICs. For RQ1, eligible
interventions were empower ment based nutrition in
reviewds |l ogic model . E | zedgandmbmanda@nized dtydieslvdtis at Igasts  wer e
one comparison group. The primary outcome of interest was nutritional status (e.g., BMI). For RQ2,

eligible studiesverequantitative or qualitative study desighat assessed timplementation or

contextual &ctors of studies included in RQL1.
Data collection and analysis

Study selection, data extraction and quality assessments were conducted in duplicate by two independent
reviewers. Quantitative data were synthesised usi
The fibheDt framewor k ssedtd dyreghesize quatitativetfiodihgswa s  u
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Main results

(RQ1) Four randomized controlled trials and sixsnandomized studies were included. The review

found limited, lowquality evidence that empowermedydased nutrition interventiomsay lead to little/no
improvementina d o | e s c leodytmasg index, wadst circumference, haemoglobin, anemia risk, and
total dietary intakeThe existing evidence base is largely limited to interventions to prevent or treat
obesity among adolescent girls in midéhieome countries. (RQ2) One qualitative study and one

guantitatve study were includedmplementation factors thatay contribute to intervention success

include adapting the intervention to the local context and culture, training intervention providers, ensuring
adequate availability of personnel, facilities, and materials, providing material incentives to adolescent
girls to encourage participation, tailoring content to the education level of the participants, and pilot
testing the intervention. Contextual factors timaty affect intervention success are the saionomic

status of the community, food availability, and general insecrity.e r evi ewds | ogi ¢ mode
to incorporate findings from RQ1 and RQ2.

 dzi K2 NR& O2y Of dzAA 2y &

The evidence on empowerméydsed nutrition interventions to improve the nutritional status of
adolescent girls in LMICs imconclusive and warrants further investigatiBoture research should
include assessment§interventions in lowincome countries where undernutrition remains prominent
and in norschool settings. Study quality needs to be improved with careful attention to managing
selection bias and confounding, blinding assessors and analyses, and tnaespenene and analysis
reporting.Further study of thémplementation and contextual factors that contribute to intervention

success is needed.
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Background
The problem, condition, or issue

Adolescents (10 to 19 years) currently represent the largest global generation of young people in our

collective history[1]. The regions of Africa, Asia, Latin America, and the Caribbean are the home of 1.1

billion young persong?]. I n sub Saharan Africa, people below t
population, with only marginal declines predicted through 28%0Trhe working age population (25 to

64 years) in sub Saharan Africa, Oceania, and par
faster than all other age groUgs. Ensuring the health and well bei ng
ranks of the worl ddés working age population wil!/

[4].

Adolescence is a period of significant physiological change that includes marked skeletal growth,

increased bone mass, and fundamental neurological developgh®@nProper nutrition during

adolescence is crucial for optimal growth and development and helps to prepare adolescents for

adulthood. However, many adolescents face challenges in achieving optimal dietary intake, especially in

| ow and mi ddIs¢LMICs) whemnmmostcadolescéntsieggle | r on deficiency
affects 430.7 millionZ4%) adolescents, with 77% of adolescents living with anaemia in-buutten

countries where communicable, maternal, and nutritional conditions contribute to 2,500 disability

adjusted life years (DALYSs) or more per 100,000 adoles¢&ht3 he prevalence of anaemia is

consistently higher for females than males, and is more than 50% for females in Bhutan, Yemen, India,

and BurkinaFaso in 20167]. Mean BMI (body mass index) and the prevalence of obesity are also rising
among children and adolescents globally. The percentage of adolescents who are overweight or obese was
324.1 million in 2016 an increase of 176.9 million from 1990. The median prevalence of overweight

and obesity among girls is highest in the Eastern Mediterranean region (28%), followed by the Western
Pacific (25%), the Americas (25%), and Europe (2189).Yet more children and adolescents are

moderately or severely underweigholgally, with the largest burden of underweight found in South Asia

and central, east and west Afri€].

The social, economic, and cultural conditions in which an adolescent matures can significantly shape their
health and development, including their nutrition. The social determinants of health are the conditions in
which people are born, grow, develop, liverk, and ag§l0]. Social inequities, particularly those

related to poverty and gender, can [4h Adolescdngeisi nf | ue
a time when gender roles and norms become more heavily engrained, affecting how adofgscactt

with and experience the world. The gendered experience of adolescence can vary depending on the
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context, as Kabeer writes: Al n many LMICs, the ge
patriarchy come into play in heightened ways during adolescence, restricting the agency, opportunities,
aspirations and social networks of young girlsto afargit er e x t €Iijt Wherk considdrablg s 0

gender inequities exist, women and girls are more likely to suffer from nutritional deficiencies than men

and boyd12]. Gender inequities can limit access to an adequate diet and lead to early marrtagh and

fertility rates, putting adolescent girls at greater risk of nutrient deficiencies as well as poor pregnancy and

birth outcome$8,13]. Numerous studies have identified a sigr
empower ment and womends and childrends nutritiona

specific case of adolescent gifl<hi 19].
The intervention

The empowerment of women and girls has been identified as way of improving the nutrition sensitivity of

interventions, in addition to achieving scale and
[20. There is growing interest in assessing the i mjp
empower ment as wel|l as its instrumental value in
and childrends health andiewmistoluildton tleerexisting évielenceb j ect i v

base to examine the effects of integrating empowerment strategies in nutrition interventions to improve

the nutritional status of adolescent girls in | ow
Defining empowerment and its related components

There are various definitions of womends [26impower m

26 A commonly wused definition is that of Naila Ka
peopleds ability to make strategic |Iife choices i
t helg2p Kabeer identifies three interdependent comp
agency, or fithe ability to define oneds goals and
ageky as Athe ability to make meaningful choices. 0
free to do and achieve in pursuit of J|2h&dnteaver goa

to these definitions is (a) the availability of alternatives from which to choose, (b) the individual is aware
of the alternatives available to them and (c) the individual desires to make a[2ihqg?@ Agency is
often described in terms of deci si obargamaé&gotiatg, power

influence, resist, or manipulaf28].

Kabeer (2001) identifies the second component of empowerment, resources, as a precondition for the
ability to exercise choice (agency). Resources can be material, human or social. Alsop and Heinsohn

(2005) refer to this component as opportunity structune, it he f or mal and infor mal
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which actors operate. o We wil!/ use the term Aoppo
for the purposes of this review. A supportive opportunity structure will enable an individual to make their
choices a reality. For example, an adolesgahmay desire to stay in school until graduation, but she

may be prevented from doing so if her parents are not supportive.

The final component is achievements. Agency and opportunity structure interact to result in the
achievement of an individual 6s desired outcomes.
the potential that people have for living the livieeyt want. Notably, chosen actions that lead to undesired
outcomes do not signify a high degree of empowerment. For example, the decision to participate in a

mi crocredit programme may increase a marfrnered adol
husband controls how those resources are spent, the desired outcome of financial autonomy would not be
achieved.

Empower ment can take place in different di mensi on
one area does not automatically translate into empowerment in other areas. For instance, an adolescent

girl may be able to attend school (an indicator @iacempowerment) but she may be denied the right to
access health care without her guardiandés per miss
empowerment). We have adopted six conceptual definitions of empowerment developed by Malhotra and

colleages[25].

1 Economic empowerment reflects access and claims to material resources, such as control over
0 n @nta@ne.

1 Political empowerment is the ability to be included in political processes and to self organise. For
example, the ability to organise and participate in a community group.

1T Legal empower ment is the reflection of womenos
right to an education or the right to vote.

T Socio cultural empower ment reflects the type a
groups outside of the household, often highly
include womenbés and girlsd fr eeendtom oo fg inmrolvsemeend

1 Intrafamilial empowerment affects the social hierarchy and dynamics within the household, such

as influence in household decisioma ki ng or deci sions related to o

etc.
T Psychol ogi cal empower ment is an individual s b
example is an individual és perception of their

to the concept of agency.
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The gender equality challenges, and the relevance of different empowerment dimensions, will vary by
context. For example, sociocultural norms in Sout
without a male rel ati v e capmigranthabopreamangireen is ¢commos,ub Sa h a

giving women greater levels of independence, if not actual autonomy.
Operationalizing empowerment

The operationalization of empowerment in health and development programmes has largely focused on
improving access to resources, assets, and services for adult women. Interventions that have been
assessed include wd@age3R)ocash tsapsfgirogranarie§d3i 3y} noianopradit
programme$31,38 42], agriculture programmdd3,44], and programmes to strengthen inheritance and
property right445,46]

Shankar, Sundar , and Smith (2019) have written ab
interventions, that include Adesigning spaces tha
such as work, relationships, sexuality, spiru al i t y, o r [47].iSimiéamycCoravalllee cur i t y o

highlighted the neglect of building fAcritical con
interventions in favour of a focus on resourgE. As such, we will build on their work by asseggthe
effectiveness of nutrition interventions that include activities to foster agency as well as creating a

supportive opportunity structure (including access to resources) as a way to empower adolescent girls and

improve their nutritional status.
Empowermerntbased nutrition interventions

This review will summarise the evidence concernin
interventions for adolescent girls in | ow and mi

effectives of nutrition interventions thatinckud act i vi ti es to (a) foster adol
create a supportive opportunity structure for ado
review, we define nutrition interventions as interventions intended to improve dietaryantakeg

adolescent girls by promoting a healthy diet or providing additional micronutrients through fortification

or targeted supplementat{d®]. Examples of eligible nutrition interventions are micronutrient

supplementation (iron, folic acid, vitamins A, D, etc.), food supplementation programmes (e.g., school

feeding), and nutrition education or counselling.

To be empower ment based, the intervention must i n
and activities to create a supportive opportunity

intervention that fosters agency will include activitke si gned t o i ncrease adol esc
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and abilities to make informed decisions by provi
important life areap47]. Such i nterventions enabl e adol escent ¢
in decision making, instil a sense of self effica
positive change in pursuit of strategic life goals. Examples of aetitihat foster agency are life skills

training programmes, mentorship programmes, counselling programmes, and other proghatmes

create fAsafe spacesodo for adolescent girls or equi
deci sions. I nterventions can be delivered one on

of settings include at home, at school amthie community.

The intervention must also include activities to build a supportive opportunity structure. Such activities

aim to alter the constraining political, economic
(informal or formal) at the household, comnity, or broader societal levels, as necessary, to support

adolescent girls to exercise agefizy,25] This includes access to and control over resources. The type

of activities that are undertaken to create a supportive opportunity structure willwaoptext, thus we

cannot provide an exhaustive list. Instead, we opted to categorize activities by type according to the

dimension of empowerment they seek to redress. For example:

T Economic di mensi on: Economic activities aimto
over financial and material resources. These include microcredit programmes, cash transfer
programmes, agriculture programmes, homestead or community gargesgngmmes, and
savings and loan programmes.

f Socio cultural dimension: Socio cultural actiyv
customs and practices that restrict adol escent
household and community level. Examples include activitiggdvent child marriage,
programmes to improve freedom of movement, mal
intrahousehold food discrimination, and progra
secondary education.

T Legal di mensi on: Legal activities aim to estahb
di scrimination and protect adolescent girlsodo r

education, family planning, employment, or inheritance.

Table 1provides examples of how the three different intervention components can combine to create an
eligible intervention study. Each intervention must have as its main activity a nutrition intervention aimed
to improve dietary intake among adolescentgirlwasl | as i ncl ude agency rel at

opportunity structure activities.

101



Table 1. Examples of empowermeiased nutrition interventions by intervention component.

Study | Nutrition component Agency component OS component

Study | Nutrition education sessions | Individual nutrition counselling Intrafamilial: Nutrition education

1 and motivational support session for parents

Study | Iron andfolic acid Financial skills training Economic: Opening a savings

2 supplementation account

Study | School lunch program to Peerled support group to Sociocultural: Community

3 improve dietary iron intake support health food choices | engagement tamprove school
menus

How the intervention might work

We

hypot hesi se

t hat i

ncl udi

ng

empower ment

re

| at ed

impact of underlying gender inequities that contribute to poorer health outcomes for adolescent girls and

will result in greater nutritional gains c@ared with programmes that do not promote empowerment.

Our logic model is presented figure 1 The logic model depicts the causal pathways from the

i mpl ementati on

of

an

empower ment

based nut

ri

ti on

adolescent girls. The development of the logic model was informed by a review of existing models and
corceptual frameworks on nutritidd9i 52] and empowermerj21,25,28,30,37,53,54]

Th

I n

e model

begins

with the

1 Activities to improve dietary intake

9 Activities to foster agency

9 Activities to build a supportive opportunity structure

the short

term,

t he el emen

proposed

t hree e

t s ar e

| e

ment s

hypothesi sed

of the choices available to her to improve her nutritional status, and to increase her motivation to act. The

nu
di

trition

et and

positive

heal t h

behavi

our s. The

knowledge she has acquired to increase her awareness and motivation to make ath ahfoicado

improve her health and nutrition. A supportive opportunity structure will enable her to move toward

ac

tion based on

her choi ces.

adolescent girls that includes a peersuppo pr ogr amme

For exampl e,

to build

a

girlséo

r el at & ter avareness,ikrtowledge, and skills fori th pdomion of a healthy

agency r

schoo

nut i

seltconfidence (agency) and a sensitisation programme for parents and teachers to the importance of

S u

i mportance

ppl ementati on

of

for adol

suppl ementati on

escent

girls

for her heal

t h
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supplementation programme, and create an enabling environment that will provide the necessary

resources and supports for her to participate in the programme.

In the intermediate term, the intervention is expected to empower adolescent girls by increasing their
decision making power, improving their access to
contribute to the protection and promotiontedit human rights, such as the right to health care,

education, freedom of movement, freedom from violence so forth. Returning to our illustrative example,

an adolescent girl will have more decisimaking power because she has acquired the informatibn tha

she needs to make an informed decision, she has the confidence to decide, and she has the support from
parents and teachers to enabl e her decision makin
support of the adults in her life. Finally, thensitisation of parents and teachers helps to prevent any

potential restrictions on her rights that may impede her ability to participate in the programme.

Moving along the results chain, the empower ment r
improved health and nutrition behaviours, improved access to a nutritious diet, and improved access to
essential health services. In the case of our exampieteamediate outcome would be adolescent girls

taking micronutrient supplements consistently because they have decided it is important to them, and their
environment supports them to do bothe longer term, the intervention would lead to improved dietar

intake and improved nutritional status.

The exact causal pathways will vary depending on the intervention design which should be informed by
the context and the particular gender related bar
review on interventions to improve dietary intakes lbgic model includes pathways to improved

nutritional status via improved access to essential health services for the prevention of diseases that
contribute to malnutrition (e.g., malaria) and the preventianefarly unwanted pregnangya

significant ontributor to malnutrition among adolescent gjig@].

Promoting girlsd empower ment can also potentially
empowered to choose their own diets, may opt to consume edéarée but nutrieffioor foods, such as

sugar swe et ¢h Ehdre hay alsd besbgcklash within the household or community in
response to adolescent girlsé attempts to assert
threatening traditional power structures. Capturing the adverse effects of the intervemtatidal

componat to be explored that will assist in intervention design that maximises benefits and minimises

harms.

Underpinning the | ogic model are the individual I

that can moderate the expected outcomes along the causal pathway. At the individual level, socially
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stratifying factors that contribute to health inequities have the potential to place additional barriers to

proper nutrition for adolescent girls and need to be considered in intervention design and evaluation. The
PROGRESS Pl u 5]k a uwsefukpmeumdnic summarising these factors: Place of residence,
Race/ethnicity/culture/language, Occupation, Gender/sex, Religion, Education, Socioeconomic status, and
Social capital. The APl uso st an ddsabilitg),featmdsbfer per so
relationships (e.g., children of parents who smok
hospital) that can make an individual more vulnerable to poor health. Household and community
characteristics can affect interventigifiectiveness as well. Things to consider include household food
security and water and sanitation facilities, t he
representation in community leadership or other governing bodies, and other congender norms,

such as son preference. Finally, consideration of
nati onal or regional food environment and food se
institutional practices. The eslstrategies necessary to foster agency and opportunity structure are highly
context specific and point to the importance of u

affects nutrition outcomes, but also how these contextual factors influence nitimmeffectiveness.

A final element to consider are the implementation factors regarding the intervention itself (Cargo et al.,
2018). These include the intervention setting and delivery platform (e.g., school, health facility,
community, etc.), the intervention provider (etgacher, community leader, facilibased health worker,
community health worker, etc.), how participants were recruited, participant retention strategies and
attrition rates, the reach and dose of the intervention, fidelity to intervention desigheauthptability

of the intervention to the local context and circumstances.
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Agency-related
activities

Elements of Shorter-term
outcom Longer-term outcomes
== e ]

ACTION

e

Increased ability
and motivation to
make and act on
informed choices to
improve nutritional
status

R

> |

>

Increased: Improved dietary
_ v Declsion-maki intake
R ‘ 5:;"‘": " Improved
Opportunity and community Reduced risk of hea':th ahd
structure-related environment to Accass to and disease, infection, nutrition
activities support adolescent injury, and early
control over outcomes
girls’ choices e pregnancy
Protection and Adverse effects
fulfilment of
W adolescent girls”
awareness,
human rights

e ntio knowledge and
Nutrition-related St e skills for the
activities A adoption of a
SEIRTEE healthy diet and
positive health
behaviours

\—T—J

Contextual factors:

dividual-level /I , ed level, age, religion, social capital, marital status, number of children, etc.
hold/c level hold food security, community gender norms, household socioeconomic status, health service availability, urban v. rural, women'’s and girls’ freedom of movement,
early marriage
Macro-level: Food security and food environment, national gender policies, etc.

Figure 1. Logical model of the effects of empowermentt 8 SR Yy dzi NAGA 2y Ay (iSNBSyiGAz2ya 2
nutritional status.

Why it is important to do this review

There is a rapidly expanding body of Iliterature o

which offers valuable evidence that #grapowermeritnutrition link is important to understand. Below
we summari se existing reviews of interventions re

and middle income countries. Our systematic revie

nutrition (

oppor

ontheroleok mpower ment in adolescent girl so

separate out the role of agency related and
process, and (c) systematically reviewing and synthesising the evidence on the contextual and

implementation factors that may help to explain the ssoefailure of empowermebtased nutrition

interventions.

Reviews

Van den Bold, Quisumbing, and Gillespie (2015) <co
interventions (cash transfer, agriculture, and mi

empowerment and infant and child nutrition, andhibthat, despite the existence of considerable

evidence depicting the associations between women
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is needed to understand the pathways that connect the two concepts. The review did not examine
outcomes for adolescent girls.

Similarly, Taukobong et al. (2016) reviewed the literature across six sectors, including nutrition, to assess
whether addressing gender inequalities and empowering women and girls improves health and

development outcomes. They identified common gendedeguay and womenés empower:r
that repeatedly emerged as significant predictors of sector outcomes, including control over income,
decision making power , and educati on, but al so id

through which gndered interventions might work. The review did not examine outcomes for adolescent

girls.

Brody et al. (2015) conducted a systematic review
i mproving womends empower ment. They concluded tha
womenbés economic, social, and ngsmdicatedithatdhe poeresp o wer me

women were less likely to participate due to time constraints and fears of racial or caste discrimination.
The review did not assess the impact of economic

adolescent girls

Kumar et al. (2018) c¢ on dhaset magrarames and nutdtional@fang&io me n 6 s
South Asia. They mapped interventions to four conceptual pathways (income, agriculture, health and
nutrition behaviour c¢han @®jmpravednutrtionglstatss pamohgr o m wo me
women and children. They found the strongest evidence linking the behavior change pathways to

improved nutritional status, but also noted a number of challenges in assessing the evidence based
includingthe lackofgor ous studies, difficulties in disentan
with other aspects of the intervention, a paucity of studies targeting nutritionally vulnerable age groups,

and programmes with insufficient reach and duration. They reemmirtiat implementers and evaluators

identify a priori which change pathways they anticipate to activate and measure processes and impacts

accordingly. The review did not examine interventions or outcomes for adolescent girls.

Brandstetter, Ruter, Curbach, and Loss (2015) conducted a systematic review of the various ways of

applying the empowerment concept to healthy nutrition in health promotion. The included eight studies

t hat were al/l based i n diiveriy initha way timeconceptioh t r i es. The
empowerment was operationalized, in the integration of other theoretical frameworks (e.g., socio

cognitive theory), and reporting in the methods of operationalizing and measuring empowerment.

The WHO Guideline, Al mplementing effective action

2018a), summarises the global evidence for addressing malnutrition in adolescents. The guideline
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identifies implementing interventions to empower adolescent girls may prevent early marriage and
pregnancy, reduce sexual coercion, and notes that community stakeholders (including teachers and health
workers) need to support the empowerment of adolestzeatiopt and maintain optimal nutrition and

health practices. The guideline further identifies as a research gap the assessment of impact of
interventions and policies on autonomy, positive development, empowerment, and engagement of

adolescents.

Systematic reviews of adolescent nutrition intervent{@fsutta et al., 2013; Lassi, Moin, Das, Salam, &
Bhutta, 2017; Salantjooda, et al., 2016) have also shed valuable light on the effectiveness of nutrition
interventions in improving adolescent health, but they have not specifically assessed the role of

empowerment in adolescent health and nutrition.

Protocols
Vollmeretal( 2017) have published a protocol for a syst
economic empower ment on childrends health and edu
Objectives

The primary objective of the review was to answer the following two questions:

1. What is the effect ocfmpowermenbased nutrition interventions on the nutritional status of
adolescentgirlsinlonand mi ddl e i ncome countries?
2. What are the implementation and contextual factors influencing the success or failure of these

interventions?
In addition, we sought to answer the following questions as secondary objectives:

3. What are the underlying empower ment related pr
design? How is empowerment defined, operationalized, and measured?

4. What is the effect of empowermelmased nutrition interventions on the empowerment of
adolescent girls?

5. What are the potential adverse effects of an empowefmens ed appr oach on adol

health and well being?
Methodology

This review applied a segregated mixed methods research synthesis design (MMRS). MMRS combines
gualitative, quantitative, and mixed method pri ma

to synthesise and i[36) &g designée mordapprapriate fbrithe stédyaf e sul t s
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interventions that consist of multiple components as it helps to better understand how the different
components are related and interact with each ¢&ér

Through a comprehensive literature search, we identified relevant literature with qualitative and

guantitative study designs that were segregated at the screening phase. Qualitative and quantitative studies
were analysed and synthesised separately, wiglénplications for practice, policy, and research that

form the discussion and conclusion sections of the review draw on both the qualitative and quantitative

syntheses.

Criteria for including and excluding studies

Study design

To answer RQ1, we included the following study designs:

1 Randomised Controlled Trials (RCTSs), including cluster randomized trials
9 Controlled before and after studies (CBAS)

We did not identify any studies that met our inclusion criteria using the following designs:

(Controlled) interrupted time series (CITS, ITS)
Propensity score matching (PSM) on baseline covariates
Regression discontinuity design (RDD)

Difference in difference using regression techniques (DID)

Interventions with a synthetic control group

=A =4 =4 4 4 =4

Ot her quasi experimental designs with at | east

Studies without an observable comparator or credible means for controlling for selection bias were

excluded.

To answer RQ2, we included companion quantitative and qualitative studies that assessed the contextual

and implementation factors influencing the effectiveness of the studies included in our effectiveness
assessment (RQ1). We included qualitative stutiigsexplored the perspectives of intervention

participants (adolescent girls), providers (those who delivered the intervention), or administrators (those

who provided oversight or funding to the intervention) on the contextual and implementation factors
contributing to intervention success or failure wus
observation. Eligible qualitative study designs included case studies, ethnographic research, grounded
theory, and other thematic approaches to qual@atata analysis. Qualitative studies that did not report

clear methods and results sections were excluded. This included opinion pieces and editorials. Eligible
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guantitative studies applied quantitative methods to assess the influence of implementation or contextual

factors on intervention effectiveness, such as through survey, descriptive or correlational research.
Types of participants

The review target population was adolescent girls
countries, regardless of health status. The <cl ass
on the World Bank income groups as definedhattime the studies were conducted. Studies undertaken

in high income countries were excluded.
Types of interventions

Eligible studies were empower ment based nutrition
adolescent girls. More specifically, we included interventions whose primary aim is to improve dietary
intake amongdolescent girls by promoting a healthy diet or providing additional micronutrients through

fortification or targeted supplementation. Examples of eligible nutrition interventions included:

1 Micronutrient supplementation or fortification interventions (iron, folic acid,iifolic acid
(IFA), calcium, vitamin D, vitamin A, zinc, iodine, and multiple micronutrients)
9 Nutrition education or counselling interventions, and

1 Supplementary nutrition programmes such as school feeding.

To be considered fiempower ment based, 0 the nutritdi
intended to foster adolescent girlsbéd agency, and
structure for adol esedrntnegi ralced va mp cevee rt me Hfto.stWea d
spaces for self reflection @7 anhdeqdipaddescéntgirlatboi on of
make informed strategic |ife deci si oagsencytiabmwa mpl e s

searched for included, but were not limited to:

1 Counselling programmes (individual or group)
1 Mentorship programmes (including peer mentorship)
1 Leadership training
9 Life skills training
9 Technical or occupational skills training
These programmes could be delivered one on one (e

group setting such as girlsdé clubs or other peer
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We defined activities to create a supportive opportunity structure as those that aim to alter the
constraining political, economic, sociocultural, interpersonal, and/or legal structures (informal or formal)
at the household, community, or broader socletadls, as necessary, to support adolescent girls to
exercise agendy1,25] Examples of opportunity structure activities by empowerment dimension
include, but were not limited to:

Economic: Activities aimed at increasing adol esce
material resources, such as microcredit programmes, cash transfer programmes, agriculture programmes,

homestead or community gardening programmes, andgsa&itd loan programmes.

Socio cultural: Activities aimed at redressing di
restrict adolescent girlsd ability to exercise ag
Examples include activities to prevent child nege, programmes to improve freedom of movement,

mal e or in | aw engagement strategies to reduce in

support adolescent girlsé completion of secondary

Legal: Activities to establish | aws meant to prev
girlsé6 rights, such as the right to education, fa
Nutrition sensitive interventions, such as water,

programmes including community gardens, cash transfer programmes, food security programmes, and
family planning programmes were considered eligiblarfolusion if they served as a delivery platform
for an intervention whose primary aim is to improve dietary intake among adolescent girls by promoting a

healthy diet or providing additional micronutrients through fortification or targeted.

Comparison

Studies that had a clearly defined comparison group for evaluation of the treatment effect were included.
Types of outcome measures

Pri mary outcomes for RQ1 were measures of adol esc

Body mass index (BMI), BMfor-age, or BMifor-age zscore

Waist circumference

1
1 Haemoglobinserum ferritin, oanemia staus
1
1 Arm circumference
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RQ2 scondary outcomes were:

9 Dietary intake, including micronutrient intake

M Access to a nutritious diet

1 Health behaviours

I Access or use of essential hea#nvices

We included studies that reported at least one outcome for our population of interest.

To answer RQ2, our outcomes of interest were the perspectives of intervention participants (adolescent
girls), providers (those who delivered the intervention), and administrators (those who provided oversight
or funding to the intervention) on the contgadtand implementation factors that affected intervention
success or failure. These data could be qualitative, in the forndefitin interviews, focus groups, or
participant observation, or quantitative saslyuantitative survey results or correlatidretween

implementation/contextual factors and effectiveness outcomes of interest (RQ1).

To answer RQ3, we extracted details onegh@p ower ment r el ated theories, as
authors, that were used to inform the dev-el opment
related and opportunity structdrelated activities). Further, we extracted information endttivities

that primary authors describe as adolescent empow

specific empowerment related activities.

For RQ4, we extracted measures of adolescent girl
measures according to the empowerment dimensions listed above, but only one empowerment measure

was identified in the review.

Finally, to answer RQ5, we extracted measures of the negative or adverse effects of the intervention on

adol escent gi-beihgsd health or wel/l
Duration of followup

We included studies of any follow up duration and
follow up to test the sustainability of treatment

studies to conduct sensitivity analyses.
Types of settings

Any intervention setting was eligible, including the home, community, school, workplace, or health

facility.
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Language
No language restrictionsereapplied.
Publication date

No publication darestrictionswereapplied.
Search strategy

A comprehensive search strategy was developed with the assistance of an information specialist

(Appendix A). Keywords used to develop the search strategy include variations on the following:

=2}

power , 0 Aempower ment, 0 Aself efficacy, 06 fiself de

=1}

womenébés status, o0 Awomends right st,,00 Afndailentu,tor i t i on

ot

micronutrient, o Avitamin, o fAnutrition educati on,

ot

girls, o nAnfemales,c® nitmat d@itreaeln,aigefrgdoliyout h. o
Databases

An experienced medical information specialist developed and tested the search strategy using an iterative
process in consultation with the review authors. A senior information specialist peer reviewed the search
strategy prior to execution using the PRES®%®cklist. We used a combination of controlled vocabulary
(e.g., APower [Psychology], o6 fiWomends Rights, o6 AN
female status, and diet) for the concemhds in al/l
middle-income countries. Vocabulary and syntax were adjusted as necessary across the databases. We
removed ani mal only and opinion pieces from the r
we searched Ovid MEDLINE®, including Epub Aheadafrt and I n Process & Ot he
Citations, Embase Classic + Embase, PsycINFO, and the following EBM Reviews databases: Cochrane
Central Register of Controlled Trials, Cochrane Database of Systematic Reviews, Database of Abstracts

of Reviews of Effets, Health Technology Assessment, and the NHS Economic Evaluation Database. We

also searched CINAHL (Ebsco platform), Web of Science, and Popline. When the search was updated,

Popline was no longer active and omitted.

We documented the search process in enough detail to ensure that it could be reported correctly in the

review/update, including reporting the month and year the search began and ended.
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Grey literature and handsearching

To identify potentially relevant unpublished materials, we contacted the following research groups and

organisations, and/or consult their respective websites:
World Health Organisation Library (includes LILACS)

Epistemonikogno longer active when the search was updated)
3ie Impact and Systematic Review repositories

E Library of Evidence for Nutrition Actions (e
UNICEF

World Food Programme

UNFPA

International Food Policy Research Institute (IFPRI)

Global Alliance for Improved Nutrition (GAIN)

Nutrition International

SPRING Project / USAID Advancing Nutrition

International Centre for Research on Women (ICRW)

UN Women

Gender and Adolescence: Global Evidence (GAGE) Programme
U.K. Department of International Development (DfID)

Bill and Melinda Gates Foundation

Plan International

CARE

Save the Children

World Vision

Young Lives

= =4 =4 =4 =4 4 4 4 4 4 -4 -4 4 4 -4 -4 4 A4 -4 4

Emergency Nutrition Network
Citation and reference lists

The citation and reference |lists of i ncluded refe
articleso features of searched databases were use

tracking using Scopus.
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Contacting authors
We contacted authors of included studies to ask for suggested additional studies.
Screening of studies

Study selection was conducted in duplicate by two independent reviewers using the Covidence platform
(www.covidence.org). Titles and abstracts resulting from the search strategy were independently screened

by two reviewers in the first phase, followedhyd e pendent f ul | text review of
duplicate. Any discrepancies between the independent reviewers were resolved by consensus, and in

cases of disagreement, a third author was consulted. A PRISMA study selection flofp&ihaais

prepared, and a list of excluded studies was compi l
To minimise the risk of excluding eligible studie
title and abstract phase. Attheu | | t ext screening stage, we further

opportunity structure components to determine study eligibility. In instances where articles did not
provide a sufficient description of the intervention to determine its eligibility, weelbfor companion
articles describing the intervention, such as a published protocol or contacted the authors for additional
information. Where we could not obtain additional information on the intervention, the studies were

excluded from the review.
Description of methods used in primary research
The following study is an example of the expected eligible primary research methods:

Hewett et al. (2017) wasamultir m ¢l ust er RCT across 10 sites in f
randomisation to four different study arms (Intervention Arm 1, Intervention Arm 2, Intervention Arm 3,
Control). The sites were evenly split between urbahraral settings (five sites each). The intervention

assessed the effectiveness of the Adolescent Girls Empowerment Programme (AGEP), which consisted of
weekly mentor | ed girlsd group meetings of 20 to
curricula on sexual and reproductive health and life skills, financial literacy, and nutrition. Two additional
components were a health voucher and bank account. Clusters were defined by national Census

Supervisory Areas (CSAs) that were randomly selet¢lde experimental and control arms through a

public lottery. Allocation concealment was unclear. Baseline behavioural surveys and biological

specimen collection were conducted at the beginning of the trial, reassessed immediately after the
programmeendek ( 2015), and evaluated again at the 2 yeat

cluster adjustment method was appligd].
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Criteria for determination of independent findings

Where studies reported different out comes, t hese
were several publications reporting on the same study, we used effect sizes from the most recent
publication. Where studies included multiple outcome messto assess related outcome constructs, we
selected the outcome that reflected the outcome construct of interest most accurately. For studies in which

multiple effects over time were reported, we used the effect sizes for the longestipltone.

Details of study coding strategies

Data extraction and quality assessment of included studies were conpldtgdicateby two

independent reviewers.
Quiality assessment

We used th&€ampbell IDCG risk of bias tool to asséise quality ofquantitative study designs
(Hombrados & Waddington, 2012Zjhe tool assessed risk of bias in the following categories:

Selection bias and confounding
Group equivalence
Spillovers/crossovers/contamination
Outcome reporting

Analysis reporting

=A =4 =4 =4 4 =4

Other risks of bias, including unit of analysis errors, detection bias and placebo effects,

motivation and courtesy biases, coherence of results, and others.

Judgements made on risk of bias in quantitative studies were supported by specific information extracted
from the study being assessed. An overall level of evidence quality (high, moderate, low, and very low)

for each quantitative outcome was assignedasasgh the GRADE proceg§0].

We appraised the quality of the qualitative studies using the Critical Appraisal Skills Programme (CASP)
checklist for qualitative resear¢®l]. We did not applyhe GRADE CERQual approach was used to

assess the overall confidence in the qualitative evidence synthesis because only one study was included in
the qualitative synthesj62].

Data extraction

Data extraction was conducted in duplicate by two independent reviewers. Reviewers uggtbtegdre

data extraction form created in Google Sheets. Discrepancies between extractors were resolved through
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discussion or by consultation with a third reviewer. The final data extraction forms are provided in
Appendix B.

We extracted the following information for quantitative studies:

Study objective

Study population, including PROGRESS+ characteristics

Study setting

Study duration

Key characteristics of study design, including recruitment and sampling procedures
Key characteristics of study intervention

Comparator description

Study outcomesneasurement instruments, and timepoints

Statistical procedures

Description of the theoretical framework used to inform study design

=A =4 =4 =4 4 -4 4 -4 -4 -4 -

Details on the study context (geographic, economic, epidemiological;@adtioal, legal,
political, ethical)

Study sample size (individuals and clusters, where appropriate)

Participant baseline characteristics, including baseline differences between groups

Intervention administrator and provider

= =4 -4 =4

Implementation factors (reach, dose, fidelity, adaptatiofintwvention, contamination,

engagement, quality, cultural adaptation)

=

Study main findings, strengths, limitations
Study ethical approval

Study funding source
For quantitative outcomes, we extracted the following:

1 For dichotomous outcomes, we extracted the total number of participants in the treatment and
control groups and the total number experiencing the event in each group to allow the calculation
of odds ratios and relative risks (or data necessary for tHeulagon).

1 For normally distributed, continuous outcomes, we extracted means, standard deviations (or data

necessary for their estimation) and the number of participants in each treatment group.

Outcomes that were measured at different time points were recorded separately. Quantitative data were

entered into RevMan Web and checked for accuracy.
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For qualitative studies, we extracted the views, experiences, and opinions of intervention participants,
implementers and administrators on factors influencing the success or failure of interventions. Emphasis
was placed on ascertaining the feasibilitypraypriateness, and meaningfulness of the empowerment

components of the intervention.
We extracted the following information for qualitative studies:

Study objective

Study population, including PROGRESS+ characteristics

Study setting

Study duration

Key characteristics of study design, including recruitment and sampling procedures
Analysis approach

Phenomenon of interest

Participant/provider/administrator perspectives on implementation and contextual factors
Main findings

Study strengths and limitations

Study funding source

=A =4 =4 4 =4 -4 4 -4 -4 -4 - -9

Study ethical approval
Statistical procedures and conventions

Quantitative data was synthesised using meta anal
heterogeneity since studies may employ a variety of different nutrition, agency, and opportunity structure
activities. Consequently, we used a randomcigfenodel to produce an overall summary estimate, where

an average treatment effect across studies was coO
possible or deemed inappropriate, results were reported using narrative synthesis, giving eftedd sizes

confidence intervals, where applicable.

We assessed heterogeneity among studies by first
the studiesd popul ations, i nt edsquaedtoistatistisallytestfod out c
heterogeneity between studies. The accucheymeric data was checked by comparing the magnitude

and direction of effects reported by studies and how they were presented in the review. A statistically
nonsignificant pvalue was interpreted as a finding of uncertainty unless confidence intervals we

sufficiently narrow to rule out an important magnitude of effect.
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Our base case comparison was all studies (regardl
component type) versus comparator. We were unable to conduct sensitivity analyses by intervention
components, as planned, due to the low number of studilesied in the review.

We analyzed experi ment al and quasi experimental d
the effects of outcomes from quasiperimental studies. Where possible, we used correlation coefficient

values identified in the literature to calculatexfe score SDs, and when not found, we used a

conservative correlation coefficient value of 0[68,64] We use endline values to assess the effects of

outcomes from randomized controlled trials.

Primary and secondary outcome data were extracted and analyzed separately. Binary outcomes were
analyzed using risk ratios (£95% confidence interval (Cl)). Continuous outcomes were analyzed using

mean differences (x95% CI) and standardised mean differafegsdifferent units were used to

measure the same outcome. In the random effects m

used for binary outcomes, and the I nverse Varianc

Unit of analysis errors were investigated to ensure estimates were properly adjusted for clustering. One
included RCT (Bagherniya 2017) did not account for clustering in their analysis, and we used an intra
cluster correlation value of 0.05 to adjust tlisSWe conducted an intentido-treat analysis. We

documented how authors treated missing data. We did not conduct a sensitivity analysis to assess the
effect of missing data since the degree of missingness and the number of included studies wasesmall. Du
to the low number of included studies, we were not able to conduct moderator analyses or assess

publication bias.

Statistical support was provided by a statisticia

software. Results are displayed using forest plots.

The | evel of evidence was considered when formul a
differences in results were explained by giving a description of likely explanatory factors. A GRADE

summary of findings table was prepared to summarize thensgt h of t he reviewbds evi
Treatment of qualitativeesearch

We used the fAbest fito framewhr kThg nfihest sf imead hford:
synthesis method allows for the testing or adaption of an existing model to a potentially different

population. For this review, we adapted existing models for nutrition and empowerment to develop a

logic model (described earller f or adol escent girl sé empower ment a

applicability through the systematic review process. We coded qualitative data against the concepts
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described at each level of the conceptual framework (e.g., implementation factors, expected outputs,
shorter term outcomes, longer term outcomes). Inductive, thematic analysis techniques was used to

synthesise data that did not align to the existing themi® logic model.

The conclusions drawn from the quantitative and qualitative syntheses were combined to inform the
revision of the I ogic model, and the formulati on

discussion section includes reflections on the revipulisy and research implications.

Protocol deviations

We report the following protocol deviations:

1. We did not applyhe GRADE CERQual approach was used to assess the overall confidence in
the qualitative evidence synthesis because only one study was included in the qualitative
synthesis
We analyzed experimental and quasperimental separately.

3. Where studies use different metrics for the same outcome, e.g., anemia status (binary) vs
haemaoglobin (continuous), we did not convert to the same metric using Borenstein's conversion

formulae[66] to synthesise; instead, we reported the outcomes separately.
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Results: Intervention effects on nutrition
Description of studies
Results of the search

We identified23,837records through database searching. An additional 1,876 records were identified
through website searching and backward and forward citation tracking. After title and abstract screening,
1,000 reports were retrieved for full text screening. After applgumgprespecified screening criteria,

893 database reports and 91 website searching/citation tracking reports were excluded. This resulted in
the identification of 10 quantitative studies with a total of 19 reports that met our imctugeria(Table

2).

Table2. Listof primary studies and companion reports.

Primary study Companion reports

Alaofé 2009a Alaofé200%

Bagherniya 2017 Bagherniya 2018

Dunker2018a Dunker 2018B°, Dunker 2020

Leme 2018 Leme 2015, Leme 2016, Leme 2019, Leme 2020pt 2015

Dehdari 2014 --
Dehdari 2016 --
Jeihooni 2019 --
Jeihooni 2021 --
KapadiaKkundu 2014 --

Sabet Sarvestani 2009 --
aQualitative study.

b Study that assessl implementation factors.
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Identification of studies via databases and registers Identification of studies via other methods
_E Records identified from: Records removed before screening: Records identified from:
g Databases (n =23,837) Duplicate records (n = 1,899) Websites (n =1,798)
= Citation searching (n = 87)
E
=
Records screened Records excluded
(n=21,938) (n=21,028)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
2 (n=910) (n=6) (n=104) i (n=8)
[
o
3
Reports excluded: Reports assessed for eligibility Reports excluded:
. —
Wrong population {n = 113} (n=96) (n=91)
T Not empowerment (n = 375)
Report: d for eligibil
eparts SSE(TZSESM‘;'E reibility Not dietary intake (n = 111}
Wrong study design (n =271)
Not sex-disaggregated (n=14)
Duplicate (n =9}
E Studies included in the review
Z (n=10}
= Reports of included studies
(n=19)

Figure 2. PRISMA flow chart.

Included studies
Study design

We includedour experimental studid§7i 70], of which allfour were cluster RCTs. In addition, we
includedsix quastexperimental studies (nonrandomised controlled tr[@lH)77], all of which used a

controlled beforeandafter (CBA) study design.
Study objectives

Al | studies aimed to improve participantsd dietar
participantsé BMI (Leme 2018, Dunker 2018, Bagher
Three studies addressed iron deficiency or anemia (AR, Jeihooni 2021, Kapaekaundu 2014).

One study aimed to increase participants6é breakfa

increase dairy intake (Dehdari 2016).
Study population

The age of study participants ranged from 11 years to 17 years. Three studies targeted adolescent girls
who were overweight or obese (Bagherniya 2017, Jeihooni 2019, Sabet Sarvestani 2009). One study only
included adolescent girls with mild iron deficierayemia (Alaofé 2009). No studies included pregnant

adolescents.
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Six of the included studies were conducted in Iran (Bagherniya 2017, Dehdari 2014, Dehdari 2016,
Jeihooni 2019, Jeihooni 2021, Sabet Sarvestani 2009). One study (Alaofé 2009) was conducted in Benin,
two studies (Dunker 2018, Leme 2018) were conductedaaiBand one study (Kapadikundu 2014)

was conducted in India.

Considering country income at the time the studies were conducted, eight studies (80%) were conducted
in an uppemiddle income country (Iran (h=6), Brazil (n = 2)), one study (10%) was conducted in a
lower-middle income country (India), and one study ()@4as conducted in a leimcome country

(Benin).

Study setting

All included studies were conducted in a school setting. One study (Alaofé 2009) was conducted in

boarding schools. One study (Leme 2018) was conducted in technical high schools. Three studies

(Dehdari 2014, Dehdari 2016, Bagherniya 2017) were conductaitldie schools. Two studies were

undertaken in public high schools (Jeihooni 2019, Jeihooni 2021). One study only described the setting as
Apublic schoolsd (Dunker 2018a). One study report
study was condtted in government schools (Kapa#iandu 2014). One study did not describe the type

of school in which the study was undertaken (Sabet Sarvestani 2009).

Two studies were undertaken in a rural setting (Kapidiadu 2014, Alaofé 2009). One study did not
describe the studydés geographical setting (Sabet

in an urban setting. One study stated it was coeduatlowincome communities (Leme 2018).
Nutrition component

All studies included autrition education component. One study (Dunker 2018a) conducted nutrition
education workshops or group sessions with adolescent girls during school hours, and one study
(Bagherniya 2017) conducted a mixture ekthool and afteschool sessions. The remaining studies did

not specify whether the sessions were held during school hours. Five studies (Bagherniya 2017, Dehdari
2014, Dehdari 2016, Dunker 2018a, Jeihooni 2019) provided written nutrition educational materials to
participarts, such as a nutrition handbook, recipe book, or booklet on the importance of eating breakfast.
One study (Bagherniya 2017) provided participants and their parents with cooking classes and visits to

industrial food companies as part of the nutrition etlonaomponent.

One study (Dunker 2018a) provided participants wifitea meal (lunch) on intervention activity days.
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Agency component

We assessed this criterion by looking for evidence that the intervention included activities designed to
increase adolescent girlsd motivations and abilit

nutrition by creating space for se#flectionand goal setting.

At the individual leveldiaries, goal logs, and activity trackingwere used in several studies. Sabet
Sarvestanet al. (2009) provided participants with a notebook to track their food intake and physical

activity, and then encouraged participants to share their weekly successes and challenges with others in
the group. Leme and colleagues (2018) provided partigpaitit dietary/physical activity diaries to

encourage goal setting and selbnitoring behaviours. Kapadkundu et al. (2014) implemented the
Salonidiaryfor participants to track their activities and document aspirations anddamggoals.

Participans in Dehdari (2014) were provided a form to track their progress on implementing

recommended practical steps for regular breakfast consumption and then discussed their progress with the

intervention provider.

Some studies also employiediividually tailored counselling or adviceto support participants to make
informed choices about their diet. Dunker et al. (2018a) provided participants with two sessions of
individual counselling using motivational interviewing technigtiBagherniya et al. (2017) provided
participants with monthly individual nutritional counselling sessions that included parents. In these
sessions, participants set healthy diet goals and discussed with the researcher the best ways to achieve
them. In Dehda et al. (2014), intervention providers gave feedback to participants based on their
breakfast consumption tracking form. Aloafe et al. (2009) held individual interviews with participants at

three time points to discuss their eating habits and agree@mmaendations for improvement.

Most studies implemented some formgodup discussionor (peer) small group workto encourage
self-reflection, problersolving, and goal setting. Bagherniya et al. (2017) held interactive seminars for
participants employing constructs from social cognitive theory to increase motivation for behaviour
change and se#fficacy. Jeihoonét al. (2019, 2021) used small group discussions among peers and
WhatsApp groups to reinforce healthy choices among patrticipants through social support. Dehdari et al.
(2014,2016) also used small group work, in addition to role playing, to motivate and engage participants.
Dunker et al. (2018) held interactive group educational sessions facilitated by a nutritionist and

psychologist. Alaofé et al. (2009) utilized small gralipcussions and quizzes. Kapa#iandu et al.

2 i Motivational interviewingJs a collaborative, goadriented style of communication with particular attention to

the language of change. It is designed to strengthen personal motivation for and commitment to a specific goal by
eliciting and exploringngkbewpéehsonas awmosehsorsofoaccl
[110]
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(2014) held group education sessions employing th
knowledge, attitudes, skills and resources to act consistently and appropriately across multiple health
behaviours. o Leme et vatheoryif RuBitb®workshgpeahd istavactiveal cogni
seminars to i nc reicagy,ekillp and motivaiiop farimehaviour shangef. In the weekly
nutrition education sessions given by Sabet Sarvestani et al. (2009), participants were talgght pro

solving skills and were encouraged to share they successes and challenges with the group.

Only one study (Kapadigundu 2014) included skill building focus. Participants were trained in
intergenerational communication to empower them to share their nutrition learning and needs with

parents and to address fAasymmetrical communicatio
Opportunity structure component

Engaging parentswas a common strategy for building a supportive opportunity structure. We classified

the engagement strategies as either passive or active. Passive strategies for parental engagement included
text messages (Bagherniya 2017, Jeihooni 2021) and newstettepdilets (Bagherniya 2017, Dehdari

2014, Dunker 2018, Leme 2018). Active parental engagement strategies were phone calls (Bagherniya
2017) and educational seminars (Bagherniya 2017, Dehdari 2014, Dehdari 2016, Jeihooni 2019, Jeihooni
2021,Sabet Sarvestani 2009).

Five studiesengaged teacherghrough seminars (Bagherniya 2017, Dehdari 2014, Dehdari 2016,
Jeihooni 2019, Sabet Sarvestani 2009) and/or written materials (Dehdari 2014).

Two studies targetechanges to the food environmentOne study (Aloafe 2009) assessed and made
changes to boarding school menus to promote iron intake. Another study (Jeihooni 2019) worked with the

education department to review school buffets and prohibit the sale of junk food in intervention schools.

One study (Kapadi&undu 2014) included eommunity engagementomponent to maintain
commitment to a girtentred health program, advocate for and mobilize the community around fulfilling

the health and social needs of girls, and to change social norms.
Other intervention components

Four studies (Leme 2018, Jeihooni 2019, Dunker 2018, Sabet Sarvestani 2009) inpluygksdadh

activity component as part of the intervention arm. One study (Leme 2018) provided enhanced weekly
physical education classes and physical activity during recess. One study (Jeihooni 2019) provided
physical activity education alongside a rope and slimming loep¢ourage activity. One study (Sabet
Sarvestani 2009) provided weekly yoga sessions to participants, and the final study (Dunker 2018)

provided group pysical activity sessions.
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One study (Kapadi&undu 2014) provided weekiyon and folic acid tablets to both the intervention

and control arms.

Two studies conductedkeworming activities among participants in the intervention and control arms.
KapadiakKundu et al. (2014) conducted sixonthly deworming treatments and Alaofé et al. (2009)
treated all participants initially with anthelmintic and antimalaria drugs. The samenaintietirug was

given monthly thereafter when new infections were detected over the course of the study.
Comparators

Comparator groups either received no intervention or usual care (Dehdari 2014, Dunker 2018; Kapadia
Kundu 2014) . Five studies provided some form of t
conclusion (Bagherniya 2017, Alaofé 2009, Leme 20&8)ooni 2019, Jeihooni 2021).

Outcomes
Primary outcomes

Five studies (Sabet Sarvestani 2009, Jeihooni 2019, Leme 2018, Bagherniya 2017, Dunker 2018) assessed
changes in BMI (kg/). Three studies (Jeihoo2019, Sabet Sarvestani 2009, Leme 2018) assessed

changes in weight (kg). One study (Sabet Sarvestani 2009) assessed changes in arm circumference (cm).
Two studies (Leme 2018, Bagherniya 2017) assessed changes in waist circumference (cm).

Two studies (Alaofé 2009, Jeihooni 2021) assessed changes in haemaglgkand serum ferritin
(eg/L). One study (Al aof 2009) assessed changes
transferrin saturation (%) and serum iron (emol /L

hematocrit (%).
Secondary outcomes

Five studies assessed mean changes in total energy intake (kcal) using different methods. Bagherniya
(2017) used a seddministered 24r recall from midnight to midnight. Alaofée et al. (2009) conducted
dietary assessments using aht8ecall tool. Lemest al. (2018) used the Brazilian Food Frequency
Questionnairg¢78]. Dehdari et al. (2014) used ady breakfast record to measure total dietary intake,
and Dehdari et al. (2016) used-@&y record of dairy foods consumdéble3 summarizes the dietary

intakemeasuresised by study.
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Table 3. Dietary intake measures by study.

Outcome

Alaofe 2009

Dehdari 2014

Dehdari 2016

Bagherniya 2017

Leme 2018

Total energy intake (kcal/day

X

X

X

X

X

Carbohydrates (g/day)

X

X

Dietary fibre (g/day)

X

Fat (g/day)

Saturated fatty acid

Monosaturated fatty acids

Polyunsaturated fatty acids

Protein (g/day)

Cholesterol (mg/day)

Calcium (mg/day)

Zinc (mg/day)

+AGFYAY ' 06>13

Vitamin B6 (mg/day)

+A0FYAY . MH 0

X| X| X| X| X| X| X

Vitamin D (mg/day)

XX X X X[ X| X X[ X| X| X[ X| X| X

cC2f 4GS 6>3IkRI

C2tA0 I OAR o>

Vitamin E (mg/day)

Thiamin (mg/day)

Riboflavin (mg/day)

tFyG2GKSYAO |

{ St SyAdzy ¢6>13«k

Niacin (mg/day)

Dietary iron (mg/day)

X| X| X X| X| X[ X]| X

X| X| X| X| X| X[ X| X

Nonheme iron (mg/day)

Heme iron (mg/day)

Absorbable iron (mg/day)

X| X[ X| X

Magnesium (mg/day)

Potassium (mg/day)

Copper (mg/day)

Phosphorus (mg/day)

Vitamin C (mg/day)

X| X| X| X| X

X| X| X| X| X

Daily servings of F&V

Daily servings of fruits

Daily servings of vegetables

Daily servings of loviat dairy
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Outcome

Alaofe 2009

Dehdari 2014

Dehdari 2016

Bagherniya 2017

Leme 2018

Dailyservings of dairy

X

Daily servings of Milk

Daily servings of fats and oilg

Daily servings of oils

Daily servings of rice

Daily servings of meat

Daily servings of beans

Daily servings of sweets

X| X| X| X| X

Worthless junk foods (g/day)

One study (Kapadi& u n d u

2014)

assessed

t he folll

owi

ng

iron and folic acid (WIFA) tablets in the last 6 months, weekly consumption of IFA for girls using

directly observed treatment (DOT), food variety consumed using an indeXfde8), consumption of at

least three meals and one snack daily, consumption of vitamin C rich foods in the week prior to the survey
(Y/N), consumption of sprouted legumes in the weegrga the survey (Y/N), consumption of

deworming tablet every 6 months (Y/N), annual health clhgcky/N). One study (Dehdari 2014)

assessed the weekly frequency of breakfast consumption.

Duration

Study duration ranged from at least four months tm@2aths.

127

t h



Table 4. Characteristics of included studies.

Study ID and | Study Desigr] Aim Participants and Intervention Outcomes
duration setting
Bagherniya Cluster RCT| To improvedietary Participants Nutrition component 14 x 1hr biveekly Anthropometry
2017 habits and reduce BMI | Overweight or obese | nutrition education sessions, visits to BMI (kg/m2)
adolescent girls (326 | industrial food companies, healthy cooking | Waist circumference
Duration: 7.5 yrs) workshops (cm)
months
Setting School, Agency componentSocial Cognitive Theory| Dietary intake
Shahinshabhr, Iran private counselling, motivational test Total energy intake
messages, motivational calls (kcal/day)
Fruits and vegetables
Opportunity structure component Nutrition | (servings/day)
workshops for parents and teachers (one p{ Low fat dairy
month); parents accompany visits to food | (servings/day)
companies, cooking workshops and Fats and oils
counselling sessions; text messages to (servings/day)
parents; calls to parents Worthless junk foods
(g/day)
Comparator No intervention. Nutrition
lectures and educational materials provideq Social cognitive
to control group following study conclusion | Dietary seHefficacy
Dietary social support
Dietary outcome
expectations
Dietary outcome
expectancies
Dietary intention
Dietary situation
Alaofe 2009 Controlled | To reduce iron Participants Nutrition component 4 x weekly nutrition Iron status
BeforeAfter | deficiency anemia (IDA)] Adolescent girls with | education sessions { SNHzy T SNN
Study mild IDA (1217 yrs) { SNHzY A NZRY,
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Study ID and | Study Desigr] Aim Participants and Intervention Outcomes
duration setting
Duration: 5.5 Agency componentindividual ¢L./ o>Y2¢
months Setting Boarding advice/counselling; peer small group work; | Transferrin saturation
school, South Benin | group discussion; use of problem solving af (%)
motivation techniques Haemoglobin (g/L)
Opportunity structure component School Dietary intake
cafeteria menu changes to increase Dietary iron (mg/day)
bioavailability of dietary iron Nonheme iron
(mg/day)
Other intervention components: Heme iron (mg/day)
anthelmintic and antmalarial treatment Absorbable iron
(mg/day)
Comparator Anthelmintic and antimalarial | Vitamin C (mg/day)
treatment; nutrition education at study Total energy
conclusion (kcal/day)
Carbohydrate (g/day)
Fat (g/day)
Protein (g/day)
Calcium (mg/day)
Zinc (mg/day)
Vitamin A (RAE/day)
+tA0FYAY . ™
FolaiS 6>3kR
Kapadia Cluster RCT | To improve health Participants "Saloni Pilot Program" Nutrition behaviours
Kundu 2014 behaviors associated | Adolescent girls (14 At least 3 meals +
with anemia, maternal | yrs) Nutrition component 10 x 1hr monthly shack
Duration: 22 mortality, and nutrition education sessions Food variety index > §
months undernutrition Setting School, rural Consumption of

Uttar Pradesh, India

Agency componentHealth Competence
(social ecology) model; Saloni diary (track
long term goals and aspirations);

sprouted legumes
Consumption of
vitamin C foods
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Study ID and | Study Desigr] Aim Participants and Intervention Outcomes
duration setting
intergenerational communication skills Weekly IFA
building consumption
Weekly IFA
Opportunity structure component consumption using
Community engagement and sensitization { DOTS
support girifocused health programming Annual health check
up
Other intervention componentsEducation
on health seeking, reproductive health, and Health service
hygiene; weekly IFA supplementation, utilization
anthelmintic treatment 2x/yr Consumed >= 24
weekly iron & folic
Comparator Education on health seeking, | (IFA) tablets in last 6
reproductive health, and hygiene; weekly IH months
supplementation, anthelmintic treatment
2x/yr
Leme 2018 Cluster RCT | To reduce BMI, Participants "H3GBrazil" Anthropometry
unhealthy weight Adolescent girls BMI (kg/m2)
Duration: 12 control behaviours, and| attending 1st3rd year | Nutrition component 3 x 90min nutrition BMI zscore
months weight stigma high school workshops; 3 x 1hr interactive seminars; 10 Weight (kg)

Setting Technical high
school, lowincome
communities in Sao
Paolo, Brazil

20min weekly nutrition messages, nutrition
handbook

Agency componentSocial Cognitive Theory
nutrition goalsetting diaries; interactive

seminars; peer text message groups

Opportunity structure componentParent
newsletters

Other intervention componentsPhysical

Waist circumference

(cm)

Dietary intake
Estimated energy
intake (kcal/day)
Rice group
(servings/day)
Veggies group
(servings/day)
Fruits group
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Study ID and | Study Desigr] Aim Participants and Intervention Outcomes
duration setting
education classes and physical activity (servings/day)
sessions; promotion of body acceptance an Milk group
discouragement of unhealthy weight contro| (servings/day)
practices and weightelated teasing Meats group
(servings/day)
Comparator No intervention. Control group| Beans group
received a condensed version of the (servings/day)
intervention at study conclusion. Oils group
(servings/day)
Sweets group
(servings/day)

Social cognitive
Healthy eating self
efficacy

Healthy eating
intentions

Healthy eating social
support

Healthy eating
strategies

Healthy eating
environment

Healthy eating
outcome expectations
Healthy eating
outcome expectanciey

Dehdari 2014

Duration: 3
months

Controlled
BeforeAfter
Study

To improve the
frequency and nutrient
intake of breakfast
consumption

Participants
Adolescent girls
attending middle
school

Nutrition component 4 x 1hr weekly
nutrition education sessions

Agency componentPender's Health

Healthy behaviours
Weekly frequency of
breakfast
consumption
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Study ID and
duration

Study Design

Aim

Participants and
setting

Intervention

Outcomes

Setting Middle
school, Qom, Iran

Promotion Model; selefficacy focused
education session; discussion groups; peer
small group work, individually tailored advig

Opportunity structure component 1 x
training session for teachers; pamphlet for
teachers; 1 x training session for mothers;
pamphlet for mothers

Comparator Usual classroom nutrition
education (provided to intervention group
also)

Dietary intake

Total energy
(kJ/breakfast daily)
Total protein
(g/breakfast daily)
Carbohydrate
(g/breakfast daily)
Dietary fibre
(g/breakfast daily)
Cholesterol
(mg/breakfast daily)
Vitamin A
0>3IkoNBI ¥
Thiamin
(mg/breakfast daily)
Riboflavin
(mg/breakfast ddy)
Niacin (mg/breakfast
daily)

Vitamin B6
(mg/breakfast daily)
Vitamin B12
(mg/breakfast daily)
Folic acid
0>3koNBIF 7T
Pantothenic acid
0>3koNBI 7T
Vitamin C
(mg/breakfast daily)
Vitamin E
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Study ID and
duration

Study Design

Aim

Participants and
setting

Intervention

Outcomes

(mg/breakfast daily)
Ca (mg/breakfast
daily)

Cu (mg/breakfast
daily)

Fe (mg/breakfast
daily)

Mg (mg/breakfast
daily)

P (mg/breakfast daily
K (mg/breakfast daily
{S 6>3k0oNB
daily)

Zn (mg/breakfast
daily)

HPM constructs
Prior related
behaviour

Perceived benefits of
breakfast eating
Perceived barriers to
eating breakfast
Perceived seléfficacy
Positive affect
Negative affect
Interpersonal
influences
Situational influences
Immediate competing
demands and
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Study ID and
duration

Study Design

Aim

Participants and
setting

Intervention

Outcomes

preferences
Commitment to
planning for breakfast

Jeihooni 2019 | Controlled | To improve dietary Participants: Obese | Nutrition component 10 x hmutrition Anthropometry
BeforeAfter | habits and physical adolescent girls education sessions, educational booklet BMI (kg/m2)
Duration: Study activity, and reduce BM| attending high school Weight (kg)
Unclear- at Agency componentPRECEDE model, grou
least 4 Setting: High school, | discussions, peer support through Whatsag PRECEDE constructs
months Fasa City, Iran Knowledge
Opportunity structure component Changes | Attitude
to school buffet, junk food sales prohibited;| Selfefficacy
x education session for parents and school| Enabling factors
officials Reinforcing factors
Nutrition
Other intervention componentsPhysical performance
activity education and provision of rope and
slimming loop to encourage exercise
Comparator No intervention. 1 x educationa
session and an educational booklet provide
at the end of the study
Dunker 2018 | Cluster RCT| To improve dietary Participants "New Moves Program" Anthropometry
habits and physical Adolescent girls (124 BMI (kg/m2)
Duration: 6.5 activity, and reduce BM| yrs) practicing less Nutrition component 8 x 1hr weekly
months than one daily hour of | nutrition education sessions, didactic Socialcognitive

physical activity

Setting Public school,
Sao Paolo, Brazil

materials (e.g., recipe book, posters), lunch
provision on NMP days, 8 x weekly group
lunch meetings

Agency componentSocial Cognitive Theory|

interactive group sessions with dietitians an

Rosenberg self
esteem scale
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Study ID and | Study Desigr] Aim Participants and Intervention Outcomes
duration setting
psychologists, 2 x individual counselling
sessions using motivational interviewing
techniques
Opportunity structure component NMP
postcards for parents; teacher training
Other intervention componentsGroup
physical activity sessions
Comparator Classes instructed "as usual"
Jeihooni 2021 | Controlled To reduce iron Participants Nutrition component: 6 x nutrition education| Nutrition
BeforeAfter | deficiency anemia (IDA] Adolescent girls in 7th| sessions; educational booklet Hemoglobin (g/L)
Duration: Study and 8th grade Hematocrit (%)
Unclear- at Agency componentPRECEDE model; peer| CSNNA G A Y 0
least 5 Setting Public high group work; peer Whatsapp peer group
months school, Fasa City, Iran PRECEDE constructs
Opportunity structure componentteacher, | Knowledge
school official and family sessions (one per| Attitude
week) Selfefficacy
Reinforcing factors
Comparator:No intervention. Education Enabling factors
session provided at end of study Preventive behaviours
Dehdari 2016 | Controlled To increase dairy Participants: Nutrition component: 4 x 4550min nutrition | Dietary intake
BeforeAfter | consumption Adolescent girls in 7th| training sessions Number of servings of
Duration: 8 Study grade dairy foods consumed
months Agency componentPender's Health per day

Setting:Middle
school, Aborz, Iran

Promotion Model; selefficacy focused
education session; large group discussion;
peer small group work

Total energy intake
(kJ)
Carbohydrates (g)
Dietary fibre (g)
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Study ID and
duration

Study Design

Aim

Participants and
setting

Intervention

Outcomes

Opportunity structure componentl x
training session for parents and teachers

Comparator:Not described.

Fat (g)

Saturated fatty acids
(9

Monosaturated fatty
acids (g)
Polysaturated fatty
acids (g)

Protein (g)
Cholesterol (mg)
Calcium (mg)

Zinc (mgQ)

Vitamin A (ug)
Vitamin B6 (mg)
Vitamin B12 (ug)
Vitamin D (mg)

Folic acid (ug)
Vitamin E (mQ)
Thiamin (mg)
Ritoflavin (mg)
Pantothenic acid (mg
Selenium (ug)
Niacin (mg)

Dietary iron (mg)
Magnesium (mg)
Potassium (mg)
Copper (mg)
Phosphorus (mg)
Vitamin C (mg)
Servings of dairy / day

HPM constructs
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Study ID and
duration

Study Design

Aim

Participants and
setting

Intervention

Outcomes

Perceived benefits
Perceived barriers
Seltefficacy beliefs
Positive feelings
Negative feelings
Interpersonal
influences
Situational influences
Competing demands
and preferences
Commitment to a
plan of action

Sabet
Sarvestani
2009

Duration: 4
months

Controlled
BeforeAfter
Study

To improve eating
behaviours and reduce
BMI

Participants Obese
adolescent girls aged
11-15 years

Setting Iran

Nutrition component 16 x 2hr weekly
nutrition education sessions; 4 x dietitican
appointments

Agency componentCognitive restructuring;
problem solving skills; large group discussi
peer small group work

Opportunity structure component 1 x
session with parents

Other intervention component:16 x 2hr
weekly yoga sessions

Comparator Unclear. "Attended 3 sessions
of same program"

Anthropometric
Weight (kg)

BMI (kg/m2)

Arm circumference
(cm)

Eating behaviours
Emotional eating
External eating
Restrained eating
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Excluded studies

Studies were excluded for tha@lowing reasons: wrong study design (n = 313), wrong population (n =
125), lacking a complete empowerment model (n = 394), primary purpose is not to improve dietary intake

(n = 116), data not sedisaggregated (n = 14), wrong outcomes (n = 4).

Of note are the 13 studies that met our inclusion criteria but did noissygregate their resu[9i 92].

I n other words, the studiesd popul ationsgrdaumcl uded
analyses by sex. We contacted study authors to requedissgigregated data but did not receive the data
required to include the studies in ouabysis.

Risk of bias in included studies

We used the Campbell IDCG risk of bias tool to assess all quantitative study ¢@3]gAsrating of

flyesd meant the study had a | ow risk of bias for
Table5. Two studiesvererated at low risk of biaswo studies were rated at moderate risk of bias, and

six studies were rated at high risk of biBetailed justifications for the ratings are provided\ppendix

C.

Selection bias and confounding

Three RCTs (Leme 2018, Dunker 2018a, Kap#diadu 2014) were rated as having a low risk of

selection bias. One RCT (Bagherniya 2017) was rated as having an unclear risk of selection bias. Five out
of six NRS (Dehdari 2014, Dehdari 2016, Jeihooni 2018p0dei 2021, Sabet Sarvestani 2009) were

rated as having a high risk of selection bias and confounding. One NRS was rated as having an unclear

risk of bias for selection bias and confounding.
Group equivalence

All RCTs (Leme 2018, Bagherniya 2017, Dunker 2018, KapHdiadu 2014) and one NRS (Alaofé
2009a) were rated as having an unclear risk of bias for group equivalence. The remaining NRS (Dehdari
2014, Dehdari 2016, Jeihooni 2019, Jeihooni 2021, Sabet Sarvestani 2009) were rated as having a high

risk of bias for group equivalence.
Hawthorne and John Henry effects

All RCTs and NRS were rated as having an unclear risk of bias due to participant reactivity to being

observed (Hawthorne effect) or being in the control group (John Henry Effect).
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Spillover and contamination

Two RCTs (Dunker 2018a, Kapadkaindu 2014) were rated at low risk of bias due to spillover or
contamination. The remaining RCTs (Bagherniya 2017, Leme 2018) and NRS (Alaofé 2009a, Dehdari
2014, Dehdari 2016, Jeihooni 2019, Jeihooni 2021, Sarvestani@ef®yated as having an unclear risk

of bias due to spillover or contamination.
Outcome reporting

One RCT (Kapadiundu 2014) was rated as having an unclear risk of bias for selective outcome
reporting. All other included studies were rated as having a low risk of bias.

Analysis reporting

Four RCTs (Bagherniya 2017, Dunker 2018a, Leme 2018, Kapantidu 2014) and one NRS (Alaofé
2009a) were rating as having a low risk of bias for analysis reporting. The remaining NRS were rated as
having a high risk of bias (Dehdari 2014, Dehdari 201®0deii 2019, Jeihooni 2021, Sabet Sarvestani
2009).

Other risks of bias

Three RCTs (Bagherniya 2017, Dunker 2018a, Leme 2018) were rated as having a low risk of other
forms of bias. One RCT (Kapadikundu 2014) and four NRS (Alaofé 2009a, Jeihooni 2019, Jeihooni
2021, Sabet Sarvestani 2009) were rated as having an unclearthiskbias. Two NRS (Dehdari 2014,
Dehdari 2016) were rated as having a high risk of bias.

Confidence intervals

One RCT (Kapadi#&undu 2014) and three NRS (Alaofé 2009a, Jeihooni 2021, and Sabet Sarvestani
2009) was rated as having a low risk of bias. One RCT (Dunker 2018a) and one NRS (Jeihooni 2019)
were rated as having an unclear risk of bias. Two RCT (Baghez@iya and Leme 2018) and two NRS
(Dehdari 2014, Dehdari 2016) were rated as having a high risk of bias.
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Table 5. Risk of bias assessments for included quantitative studies.

Study Selection bias | Group Hawthorne and| Spillover and Outcome | Analysis Other Confidence | Overall risk
and equivalence | John Henry contamination reporting | reporting | risks of intervals of bias
confounding effects bias

Randomized studies

Bagherniya | Unclear Unclear Unclear Unclear Yes Yes Yes

2017

Dunker 2018| Yes Unclear Unclear Yes Yes Yes Yes Unclear Low

Kapadia Yes Unclear Unclear Yes Unclear Yes Unclear | Yes Moderate

Kundu 2014

Leme 2018 | Yes Unclear Unclear Unclear Yes Yes Yes Low

Nonrandomized studies

Alaofé 2009 | Unclear Unclear Unclear Yes Yes Unclear Moderate

Dehdari Unclear Unclear Yes

2014

Dehdari Unclear Unclear Yes

2016

Jeihooni Unclear Unclear Yes Unclear

2019

Jeihooni Unclear Unclear Yes Unclear

2021

Sarvestani Unclear Unclear Yes Unclear

2009
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Effects of interventions

The results summarized here are for the comparison of a complete empowerment model versus usual

care/no comparator.
Primary outcomes
BMI

RCTs

Three RCTs (Leme 2018, Dunker 2018a, Bagher2ddi/) conducted in middimcome countries with
608 adolescent girls assessed this outcome. One of the included RCTs (Bagherniya 2017) included
overweight or obese participants only. There was some heterogdreity=0.12; Chiz2 = 2.67, df = 2; I2
= 2599. Our analysis showed a naignificant effect on BMI (MD:0.01, 95% CI:-0.77, 0.76 moderate

certainty).
NRS

Two NRS (Jeihooni 2019, Sabet Sarvestani 2009) conducted in Iran with 260 overweight or obese
adolescent girls were included the matmlysis. There was no heterogeneltgiu? = 0.00; Chiz = 0.15,
df =1 (P = 0.70); 12 = 0% Our analysis found a significant effect on BMI (M2:14, 95% CI:1.62,-
0.66; very low certainty).

Experimemal Control Mean di.ference Mean difference
Study or Subgroup Mean [Kg/m2] SD [kg/m2] Total Mean [kg/m2] SD[kgim2] 7otal Weight IV, Random,95% CI [kgim2] IV, Randon:, 95% CI [kgrn:2]
111 RCT
Bagherniya 285 43 43 276 25 42 202% 0.90 [-0.66 , 2. 6] —
Dunker 216 4715019 131 2228 .859501 135 33.0% -0.68[-182  0.8] —
Leme H3G Brazil 2248 35 142 224 361 1M1 46.9% 0.08 [-0.80 , 0.95] —
Subtotal (35% CI) 316 292 100.0% -0.01[-0.77 , 0.76] -

Heterogeneity: Tau® = 0.12; Chi#=2.67, di = 2 (P = 0.26); I? = 25%
Test for overall effect: Z = 0.01 (P = 0.99)

1.1.2NRS

Jeihooni 2018 -0.99 1.96 100 01 2.01 100 79.8% -1.09[-1.64 ,-0.54] ——
Sabet -1.07 1.96 30 0.24 1.83 30 242% -1.31[-2.28 ,-0.34] —
Subtotal (95% Cl) 130 130 100.0% -1.14 [-1.62 , -0.66] ‘

Heterogeneity: Taw® = 0.00; Chi*=0.15,df =1 (P =0.70); F=0%
Test for overall effect: Z = 4.68 (P < 0.00001)

Test for subgroup differences: Chi* = 6.15, df =1 (P = 0.01), I = 83.7% 55 0 1 2
Favours [experimental] Favours [control]

Figurel. Analysis 1 | Comparison: Complete empowerment model v. Control | Outcome: BMI (kg/m2).
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Waist circumference
RCTs

Two RCTs (Bagherniy@017, Leme 2018) conducted in middheome countries with 338 adolescent
girls assessed this outcome. Our analysis found sigaificant effect on waist circumference (MD:
0.02, 95% Cl:2.44, 2.40; low certainty). Some heterogeneity was pre$ant £ 0.93; Chiz = 1.40, df =
1 (P = 0.24); 12 = 28% One of the included RCTs (Bagherniya 2017) include overweight or obese
participants only.

NRS

No NRS assessed waist circumference.

Experimental Control Mean difference Mean difference
Study or Subgroup Mean [cm] SD[cm] Total Mean[cm] SD[ecm] Total Weight IV, Random, 95% CI [em] IV, Random, 95% CI [ecm]
1.21RCT
Bagherniya 86.5 98 43 84.9 6.4 42 36.8% 160[-1.91,5.11] R
Leme_H3G Brazil 76.73 8.7 142 7769 10.24 111 63.2% -0.96 [-3.34 . 1.42] ——
Subtotal (95% CI) 185 153 100.0% -0.02 [-2.44 , 2.40] ‘..

Heterogeneity: Tau® = 0.93; Chi*=1.40, df =1 (P =0.24); I =28%
Test for overall effect: Z = 0.01 (P =0.99)

-10 -5 0 5 10
Favours [experimental] Favours [control]

Figure2. Analysis 2 | Comparison: Complete empowerment model v. Control | Outcome: Waist circumference
(cm).

Arm circumference

RCTs

No RCTs assessed arm circumference.
NRS

One NRS (Sabet Sarvestani 2009) conducted in Iran with 60 obese adolescent girls assessed this outcome.
Our analysis found a significant effect on arm circumference (@B1, 95% CI:3.70,-1.92; very low

certainty).
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Experimental Control Mean difference Mean difference

Study or Subgroup Mean [cm] SD[cm] Total Mean[cm] SD[ecm] Total Weight IV, Random, 95% CI [em] IV, Random, 95% CI [ecm]
1.3.1 NRS

Sabet -2.31 1.79 30 0.5 1.73 30 100.0% -2.81[-3.70.-1.92] _._

Subtotal (95% CI) 30 30 100.0% -2.81[-3.70, -1.92] ’

Heterogeneity: Not applicable
Test for overall effect: Z = 6.18 (P = 0.00001)

4 2 0 2 2
Favours [experimental] Favours [control]

Figure3. Analysis 3 | Comparison: Complete empowerment model v. Control | Outcome: Arm circumference
(cm).

Haemoglobin

RCT

No RCTs assessed haemoglobin.
NRS

Two NRS (Alaofé 2009a, Jeihoo2021) conducted in Benin and Iran with 228 adolescent girls assessed
this outcome. Due to high heterogeneifg2 = 0.17; Chiz = 9.23, df = 1 (P = 0.002); 12 = §9%e did

not metaanalyse the data. Our analysis of Alaofe 2009a (study population: 68 adolescent girls with mild
iron deficiency anemia) found a significant effect on Hb (MD: 0.95, 95% CI: 0.65, 1.25; very low
certainty). Our analysis of Jeihooni et(@021) (study population: 142 adolescent girls) also found a
significant effect on Hb (MD0.34, 95% CI: 0.08, 0.60; very low certainty).

Experimental Control Mean difference Mean difference
Study or Subgreup Mean [g/dl] SD [g/dl] Total Mean [g/dl] SD[g/dl] Tetal Weight IV, Random, 95% Cl [g/dl] IV, Random, 95% CI [g/dI]
1.5.1 NRS
Alaofe 1.02 0.43 34 0.07 0.77 34 49.3% 0.95[0.65 , 1.25] -
Jeihooni 2021 022 0.86 80 -0.12 0.81 80 50.7% 0.34 [0.08 , 0.50] -
Subtotal (95% CI) 114 114 100.0% 0.64 [0.04, 1.24] *

Heterogeneity: Tau® = 0.17; Chi?=9.23, df = 1 (P = 0.002); I = 8%%
Test for overall effect: Z=2.10 (P = 0.04)

-2 -1 0 1 2
Favours [control] Favours [experiment]

Figure4. Analysis 4 | Comparison: Complete empowerment model v. Control | Outcome: Haemoglobin (g/dL).

Anemia
RCT

No RCTs assessed anemia.
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NRS

One NRS (Alaof&009a) (study population: 68 adolescent girls with IDA) reported this outcome. Our

analysis found a relative risk of anemia of 0.38 (95% CI: 0.23, 0.63; very low certainty) among girls in

the intervention arm.

Experimental Control Risk ratio Risk ratio
Study or Subgroup Events Total Ewvents Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.7.1 NRS
Alaofe 11 34 29 34 100.0% 0.38[0.23 , 0.63] _._
Subtotal (95% CI) 34 34 100.0% 0.38 [0.23, 0.63] ’.
Total events: 11 29
Heterogeneity: Not applicable
Test for overall effect: Z = 3.76 (P = 0.0002)
Test for subgroup differences: Not applicable 01 02 05 1 & & 10
Favours [experimental] Favours [control]

Figureb. Analysis 5 | Comparison: Complete empowerment model v. Control | Outcome: Anemia (RR).

Serum ferritin
RCT
No RCTs assessed serum ferritin.

NRS

Two NRS (Alaofé 2009a, Jeihooni 2021) among 228 adolescent girls in Benin and Iran, respectively,

assessed serum ferritin. There was no heterogefi@ity € 0.00; Chi2 = 0.22, df = 1 (P = 0.64); 12 =)0%
Our analysis found a significant effect on serum ferritin (MD: 8.24, 95% CI: 3.31, 13.18; very low

certainty).

Experimental Control Mean difference Mean difference
Study or Subgroup Mean sD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 NRS
Alaofe 47 23.03 34 -5.4 14.89 34 286% 1010[0.88,19.32] ——
Jeihooni 2021 6.97 18.06 80 -0.53 1959 80 T1.4% 7.50[1.66,13.34] ——
Subtotal (95% CI) 114 114 100.0%  8.24 [3.31,13.18] ’
Heterogeneity: Tau® = 0.00; Chi*=0.22, df =1 (P = 0.64); P = 0%
Test for overall effect: Z = 3.28 (P = 0.001)

20 -0 0 10 20

Favours [control] Favours [experiment]
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Secondary outcomes
Total dietary intake
RCT

Two RCTs (Bagherniya 2017, Leme 2018) with 318 adolescent girls that aimed at BMI reduction
measured total energy intake assessed this outcome. There was moderate heterbaeheit/@4; Chi?
=2.31,df =1 (P = 0.13); I2 = 57%0ur analysis found a nesignificant effect on total energy intake in
(SMD: -0.15, 95% CI:0.52, 0.22; low certainty).

NRS

Three NRS (Alaof2009a, Dehdari 2014, Dehdari 2016) with 310 adolescent girls that aimed to increase
dietary intake of specific foods assessed this outcome. There was substantial heterdgenieitd 30;

Chi2z =16.29, df = 2 (P = 0.0003); 12 = 83%nd the results were not metaalysed. Our analysis of

Alaofé 2009a found a significant effect on total dietary intake (SMD: 0.74, 95% ClI: 0.25, 1.23; very low
certainty). Similarly, our analysis of Dehdari 2014 also found a significant effect ouliitaly intake

(SMD: 0.48, 95% CI: 0.08, 0.88). In contrast, our analysis of Dehdari 2016 found a small but significant
negative effect on total dietary intake (SMD:33, 95% CI:0.66,-0.00; very low certainty).

Experimental Control Std. mean difference Std. mean difference
Study or Subgroup  Mean sD Total Mean sD Total Weight IV, Random, 85% CI IV, Random, 85% CI
1.8.1RCT
Bagherniya 21445 420.3 43 22877 316.2 42 392% -0.38[-0.81, 0.05] —t
Leme_H3G Brazil 297891 981.31 142 297531 809.33 111 60.8% 0.00[-0.24 , 0.25]
Subtotal (85% CI) 185 153 100.0% -0.15[-0.52, 0.22] :

Heterogeneity: Tau® = 0.04; Chi*=2.31,df =1 (P =0.13); = 5T%
Test for overall effect: Z = 0.78 (P = 0.43)

2 1 0 1 2
Favours [experimental] Favours [control]

Figure7. Analysis 7.1 | Comparison: Complete empowerment model v. Control | Outcome: Total dietary intake
(decrease).
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Experimental Control Std. mean difference Std. mean difference
Study or Subgroup Mean  SD  Total Mean  SD  Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.35.1 NRS
Alaofe 232 386.22 34 72 42555 34 316% 0.74[0.25, 1.23] —
Dehdari 2014 457 80123 50 75 775.09 50 33.6% 0.45 [0.08 , 0.88] ——
Dehdari 2016 130.36 22151 71 20019 196.25 71 349%  -0.33[-0.66.-0.00] —
Subtotal (95% CI) 155 155 100.0%  0.28 [-0.38 , 0.94] .
Heterogeneity: Tau? = 0.30; Chi® = 16.29, df = 2 (P = 0.0003); I = 88%
Test for overall effect: Z = 0.82 (P = 0.41)

2 A 0 1 2
Favours [experimental] Favours [control]

Figure8. Analysis 7.2 | Comparison: Complete empowerment model v. Control | Outcome: Total dietary intake
(increase).

Total protein

RCTs

No RCTs assessed total protein intake.
NRS

Three NRS (Alaofe 2009a, Dehdari 2014, Dehdari 2016) with 310 adolescent girls evaluated total protein
intake. The results were highly heterogendteug = 0.15; Chiz = 9.28, df = 2 (P = 0.010); 12 = }8%d

were not metanalysed. Our analysis of Alaofé 2009a found a significant effect on total protein intake
(SMD: 0.68, 95% CI: 0.19, 1.17; very low certainty). Our analysBeadfdari et al. 201#bund a non

significant effec{SMD: 0.32,95% CI:-0.07, 0.72very low certainty. Likewise, our analysis ddehdari

2016 found a nowignificant effect (SMD:0.19, 95%CI-0.52, 0.14; very low certainty).

Experimental Control S$td. mean difference Std. mean difference
Study or Subgroup  Mean sD Total Mean sD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.9.1 NRS
Alaofe 13 20.81 34 1 13.53 34 303% 068019, 1.17] —_—
Dehdari 2014 1.74 5.84 50 -0.15 5.72 50 337% 0.32[-007,072] {—o—
Dehdari 2016 3.36 14.3 71 6.11 14.36 71 36.0% -0.19[-052, 0.14] —
Subtotal (95% CI) 155 155 100.0% 0.25[-0.25, 0.74] .‘
Heterogeneity: Tau*= 0.15; Chi*=9.28,df=2 (P=0.010); I*=T78%
Test for overall effect: Z=0.96 (P = 0.33)

2 - 0 1 2
Favours [control] Favours [experiment]

Figure9. Analysis 8 | Comparison: Complete empowerment model v. Control | Outcome: Protein intake (SD).
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Calcium

RCTs

No RCTs assessed calcium intake.
NRS

Three NRS (Alaofé 2009a, Dehdari 2014, Dehdari 2016) with 310 adolescent girls assessed this outcome.
There was moderate heterogeneitgfz = 0.05; Chiz = 4.25, df = 2 (P = 0.12); 12 = §3@ur analysis
found a significant effect on calcium intake (SMD: 0.37, 95% CI: 0.03, 0.71; very low certainty).

Experimental Control $td. mean difference S$td. mean difference
Study or Subgroup  Mean sD Total Mean sD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.10.1 NRS
Alaofe 1046 13972 34 03 12173 34 268% 0.79[0.29, 1.28] o —
Dehdari 2014 22.97 92.24 50 -2.8 96.85 50 339% 0.27[-012, 0.66] —-——.—
Dehdari 2016 6947 279.05 71 2345 25197 71 394% 0.17[-0.16, 0.50] ——
Subtotal (95% CI) 155 155 100.0% 0.37 [0.03,0.71] -
Heterogeneity: Tau® = 0.05; Chi*=4.25,df =2 (P=0.12) I’ =53%
Test for overall effect: Z=2.15 (P = 0.03)

2 A 0 1 2
Favours [control] Favours [experiment]

Figurel0. Analysis 9 | Comparison: Complete empowerment model v. Control | Outcome: Calcium intake (SD).

Dietary iron

RCTs

No RCTs assessed dietary iron intake.
NRS

Three NRS (Alaofé 2009a, Dehdari 2014, Deh@adi6) with 310 adolescent girls assessed dietary iron
intake. There was moderate heterogendigug = 0.11; Chi2 = 7.34, df = 2 (P = 0.03); 12 = 73@ur
analysis found a nesignificant effect on dietary iron intake (SMD: 0.33 (95%-0I12, 0.77; very low

certainty).
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Experimental Control $td. mean difference Std. mean difference

Study or Subgroup Mean sD Total Mean sD Total Weight IV, Random, 85% ClI IV, Random, 95% ClI
1.11.1 NRS

Alaofe 5 477 34 1.3 5.15 34 294% 0.74[0.24,1.23] —_—
Dehdari 2014 0.41 12 50 -0.07 1.3 50 33.8% 0.38[-0.01, 0.78] |——
Dehdari 2016 13.2 4.07 71 13.41 4.53 71 36.8% -0.05[-0.38, 0.28]

Subtotal (35% Cl) 155 155 100.0% 0.33 [-0.12, 0.77] _;
Heterogeneity: Tau®= 0.11; Chi*=7.34,df =2 (P=0.03); F=T73%

Test for overall effect: Z=1.45 (P =0.15)

2 A 0 1 2
Favours [control] Favours [experiment]

Figurell. Analysis 10 | Comparison: Complete empowerment model v. Control | Outcome: Dietary iron intake
(SD).

Folate

RCTs

No RCTs assessed folate intake.
NRS

Three NRS (Alaofé 2009a, Dehdari 20Dg&hdari 2016) with 310 adolescent girls assessed folate intake.
There was high heterogeneifyau? = 0.25; Chi2 = 13.44, df = 2 (P = 0.001); 12 = §5@ur analysis of

Alaofé 2009a found a significant effect on folate intake (SMD: 1.13, 95% CI: 0.61, 1.64; very low
certainty). Our analysis of Dehdari 2014 found a smaller but still significant effect on folate intake (SMD:
0.59, 95% CI: 0.19, 0.99; velgw certainty). Our analysis of Dehdari 2016 found a-sigmificant effect

on folate intake (SMD: 0.555%%6 CI:-0.06, 1.17; very low certainty).

Experimental Control S$td. mean difference Std. mean difference
Study or Subgroup  Mean sD Total Mean sD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.12.1 NRS
Alaofe 1121 165.41 34 =277 52.45 34 309% 1.13[061, 1.64] —o—
Dehdari 2014 17.02 28.08 50 1.69 236 50 337% 0.59[0.19, 0.99] —o—
Dehdari 2016 95.98 111.05 71 95.05 116.09 71 354% 0.03[-0.20, 0.35] -
Subtotal (95% CI) 155 155 100.0% 0.55[-0.06 , 1.17] ‘
Heterogeneity: Tau?= 0.25; Chi*=13.44, df =2 (P =0.001); I*= 85%
Test for overall effect: Z=1.78 (P = 0.08)

-2 -1 0 1 2
Favours [control] Favours [experiment]

Figurel2. Analysis 11 | Comparison: Complete empowerment model v. Control | Outcome: Folate intake (SD).

Vitamin A
RCTs

No RCTs assessed vitamin A intake.
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NRS

Three NRS (Alaofé 2009a, Dehdari 2014, Dehdari 2016) with 310 adolescent girls assessed vitamin A
intake. There was moderate heterogendigug = 0.06; Chi2 = 4.94, df = 2 (P = 0.08); 12 = g0@ur

analysis found a nesignificant effect on vitamin A intake (SMD: 0.38,05, 0.68; very low certainty).

Experimental Control Std. mean difference Std. mean difference
Study or Subgroup  Mean sD Total Mean sD Total Weight [V, Random, 95% CI IV, Random, 95% CI
1.13.1 NRS
Alaofe 2244 27374 34 2427 31261 34 28.6% -0.06 [-0.54 , 0.41] —_—
Denhdari 2014 36.12 58.91 50 -0.94 5542 50 33.2% 0.64 [0.24 ,1.09] —a
Dehdari 2016 415.64 1091.67 71 15592 42363 71 38.3% 0.31[-0.02, 0.64] -
Subtotal (95% CI) 155 155 100.0% 0.32 [-0.05, 0.68] ‘
Heterogeneity: Tau® = 0.06; Chi* = 4.94, df =2 (P = 0.08); I*=60%
Test for overall effect: Z =1.70 (P = 0.09)

2 B 0 1 2
Favours [control] Favours [experiment]

Figurel3. Analysis 12 | Comparison: Complete empowerment model v. Control | Outcome: Vitamin A intake
(SD).

Zinc

RCTs

No RCTs assessed zinc intake.
NRS

Three NRS (Alaofé 2009a, Dehdari 20D&hdari 2016) with 310 adolescent girls assessed zinc intake.
There was high heterogeneifljau? = 0.35; Chi2 = 18.23, df = 2 (P = 0.0001); 12 = 8@4td the results

were not metanalysed. Our analysis of Alaofé 2009 found a significant effect on zinc intake (SMD:

1.23, 95% CI: 0.71, 1.76; very low certainty). Our analysis of Dehdari 2014 also found a significant effect
(SMD: 0.48, 95%CI: 0.08, 0.88gry low certainty). Our analysis of Dehdari 2016 found & non

significant effect (SMD:0.09, 95% CI:0.42 0.24; very low certainty).
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Experimental Control $td. mean difference
Study or Subgroup  Mean sD Total Mean sD Total Weight IV, Random, 85% ClI

Std. mean difference
IV, Random, 95% ClI

1.14.1 NRS

Alaofe 0.9 1.1 34 0.3 0.62 34 314% 1.23[0.71,1.76]
Dehdari 2014 0.47 0.92 50 0.02 0.94 50 337% 0.48[0.08, 0.88]
Dehdari 2016 1.08 26 71 1.29 22 71 349% -0.09[-042, 0.24]
Subtotal (95% CI) 155 155 100.0% 0.52[-0.19,1.23]

Heterogeneity: Tau® = 0.35; Chi*=18.23, df =2 (P = 0.0001); I* = 89%
Test for overall effect: Z=1.43 (P =0.15)

Favours [control]

2 44 0 1 2
Favours [experiment]

Figurel4. Analysis 13 | Comparison: Complete empowerment model v. Control | Outcome: Zinc (SD).

Fruit and vegetable servings

RCTs

Two RCTs (Bagherniy@017, Leme 2018) assessed fruit and/or vegetable serving consumption. Our

analysis of Bagherniya 2017 (study population: 172 overweight adolescent girls) found a significant

positive effect on fruit and vegetable serving consumpfiéb:(5.00 95% CI:3.81, 6.19very low

certainty). Our analysis of Leme 2018 (study population: 253 participants adolescent girls) found no

effect on fruit serving consumption (MD: 0.01, 95% €134, 036; low certainty) but a significant effect
on vegetable serving consunagpt (MD: 1.17, 95% CI: 035, 1.99 low certainty).

NRS

No NRS assessed fruit or vegetable serving consumption.

Experimental Control Mean difference
Study or Subgroup  Mean sD Total Mean sD Total Weight IV, Random, 95% CI

Mean difference
IV, Random, 85% CI

1.16.1 RCT
Bagherniya 79 3.6 43 29 1.7 42 100.0% 5.00[3.81,6.19]
Subtotal (95% CI) 43 42 100.0% 5.00 [3.81,6.19]

Heterogeneity: Not applicable
Test for overall effect: Z = 8.22 (P < 0.00001)

3
<&

Favours [control]

4 2 0 2 4
Favours [experiment]

Figurel5. Analysis 14.1 | Comparison: Complete empowerment model v. Control | Outcome: Fruits and

vegetables combined (daily servings).

150



Experimental Control Mean difference Mean difference

Study or Subgroup  Mean sD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.16.1 RCT

Leme_H3G Brazil 1.23 12 142 1.22 1.56 111 100.0% 0.01[-0.34, 0.36]

Subtotal (95% CI) 142 111 100.0% 0.01 [-0.34, 0.36]

Heterogeneity: Not applicable
Test for overall effect: Z = 0.06 (P = 0.96)

2 -1 0 1 2
Favours [control] Favours [experiment]

Figurel6. Analysis 14.2 | Comparison: Complete empowerment model v. Control | Outcome: Fruits (daily
servings).

Experimental Control Mean difference Mean difference
Study or Subgroup  Mean sD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.17.1RCT
Leme_H3G Brazil 5.09 345 142 392 321 111 100.0% 1.17 [0.35, 1.99] +
Subtotal (95% CI) 142 111 100.0% 1.17 [0.35, 1.99] -.‘-

Heterogeneity: Not applicable
Test for overall effect: Z=2.75 (P = 0.005)

2 1 0 1 2
Favours [control] Favours [experiment]

Figurel7. Analysis 14.3 | Comparison: Compleampowerment model v. Control | Outcome: Vegetables (daily
servings).

Dairy servings
RCT

Two RCTs (Bagherniya 2017, Leme 2018) assessed dairy serving consumption. There was high
heterogeneityTau? = 1.93; Chi2 = 45.70, df = 1 (P < 0.00001); |12 = $8¥d the results were not meta
analysed. Our analysis of Bagherniya 2017 found a significant effect on dairy serving consumption
(SMD: 1.93, 95% CI: 1.41, 2.45; very low certainty) while our analysis of Leme 2018 (study population:
253 participants adolesnt girls) found a nesignificant effect (SMD:0.05, 95% CI:0.30, 0.20; low

certainty).
NRS

One NRS (Dehdari 2016) assessed dairy serving consumption among 142 adolescent girls. Our analysis
of the data found a significant effect on dairy consumption (SMD: 0.46, 95% CI: 0.13, 0.79; very low

certainty).
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Experimental Control $td. mean difference Std. mean difference
Study or Subgroup Mean sD Total Mean sD Total Weight IV, Random, 85% ClI IV, Random, 95% ClI
1.18.1 RCT
Baghemiya 22 15 43 0.1 02 42 49.3% 193141, 2.45] -
Leme_H3G Brazil 2.29 1.99 142 2.38 1.41 M1 50.7% -0.05[-0.30, 0.20]
Subtotal (35% CI) 185 153 100.0% 0.93 [-1.02, 2.87] b
Heterogeneity: Tau® = 1.93; Chi* = 45.70, df = 1 (P < 0.00001); I* = 98%
Test for overall effect: Z = 0.93 (P = 0.35)
1.18.2 NRS
Dehdari 2016 0.29 0.9 71 -0.12 0.86 71 100.0% 0.46[0.13, 0.79] .
Subtotal (35% CI) 71 71 100.0% 0.46 [0.13, 0.79] ’
Heterogeneity: Not applicable
Test for overall effect: Z=2.71 (P = 0.007)
Test for subgroup differences: Chi* = 0.22, df = 1 (P = 0.64), = 0% VT )

Favours [control] Favours [experiment]

Figurel8. Analysis 15 | Comparison: Complete empowerment model v. Control | Outcome: Dairy servings (SD).

Fat and oil servings

RCT

Two RCTs (Bagherniya 2017, Leme 2018) assessed changes in fat or oil servings. There was high
heterogeneityauz = 0.55; Chi2 = 16.00, df = 1 (P < 0.0001); I2 = 9401d the results were not meta

analysed. Our analysis of Bagherniya 2017 (study population: 172 overweight adolescent girls) found a

significant effect on fat and oil serving consumption (SMD27, 95% CI:1.74,-0.80; very low

certainty). Our analysisf Leme 2018 (study population: 253 participants adolescent girls) found a non

significanteffect on oil serving consumption (SME.19, 95% CI:0.44, 0.06; low certainty).

NRS

No NRS assessed fat or oil serving consumption.

Heterogeneity: Tau® = 0.55; Chi* = 16.00, df =1 (P < 0.0001); I* = 94%
Test for overall effect: Z=1.31 (P =0.19)

Experimental Control Std. mean difference Std. mean difference
Study or Subgroup Mean  SD  Total Mean SD  Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.19.1 RCT
Baghemiya 65 27 43 96 2.1 42 483%  -1.27[-1.74.-0.80] -
Leme_H3G Brazil 366 135 142 39 119 111 517%  -0.19[-0.44, 0.06]
Subtotal (95% CI) 185 153 100.0%  -0.71[-1.77 , 0.35] .J

2 1
Favours [experimental]

0 1 2
Favours [control]

Figurel9. Analysis 16 | Comparison: Complete empowerment model v. Control | Outcome: Fat and oil servings

(SD).

Sweets servings

RCT
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OneRCTs (Leme 2018) (study population: 253 participants adolescent girls) assessed this outcome. Our
analysis found a significant effect on sweets serving consumption-AEx;, 95% CI:1.14,-0.48: low

certainty).
NRS

No NRS assessed sweets serving consumption.

Experimental Control Mean difference Mean difference
Study or Subgroup  Mean sD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.23.1RCT
Leme_H3G Brazil 3.17 1.46 142 3.98 1.24 111 100.0% -0.81[-1.14, -0.48] _._
Subtotal (95% CI) 142 111 100.0% -0.81[-1.14, -0.48] ‘

Heterogeneity: Not applicable
Test for overall effect: Z = 4.77 (P < 0.00001)

2 1 0 1 2
Favours [experimental] Favours [control]

Figure20. Analysis 17 | Comparison: Complete empowerment model v. Control | Outcome: Sweets (daily
servings).

Junk food servings
RCT

One RCT (Bagherniyda017) (study population: 172 overweight adolescent girls) assessed this outcome.
Our analysis found a significant effect on junk food serving consumption {6407, 95% CI:-84.88§ -

36.52 very low certainty).
NRS

No NRS assessed junk food serving consumption.

Experimental Control Mean difference Mean difference
Study or Subgroup Mean  SD  Total Mean  SD  Total Weight IV, Random, 95% CI IV, Random, 95% Cl
1.24.1 RCT
Baghemniya 322 429 43 929 678 42 100.0% -60.70 [-64.88 , -36.52] B
Subtotal (95% CI) 43 42 100.0% -60.70 [-84.88 , -36.52] -

Heterogeneity: Not applicable
Test for overall effect: Z=4.92 (P < 0.00001)

100 -50 0 50 100
Favours [experimental] Favours [control]

Figure21. Analysis 18 | Comparison: Complete empowerment model v. Control | Outcome: Junk food (g).
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Health behaviours
Daily consumption of three meals and a snack
RCT

One RCT (Kapadi#&undu 2014) assessed this outcome (study population: 1201 adolescent girls). Our
analysis found a significant effect on daily consumption of three meals and a snhack (RR: 1.31, 95% CI:
1.12, 1.43; moderate certainty).

NRS

No NRS assessed this health behaviour.

Experimental Control Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.26.1RCT
Kapadia-Kundu 434 600 3N 601 100.0% 1.31[1.20, 1.43] -.-
Subtotal (95% CI) 600 601 100.0% 1.31[1.20, 1.43] ‘
Total events: 434 3N

Heterogeneity: Not applicable
Test for overall effect: Z =6.10 (P < 0.00001)

05 07 1 15 2
Favours [control] Favours [experiment]

Figure22. Analysis 19 | Comparison: Complete empowerment model v. Control | Outcome: Daily consumption
of 3 meals + 1 snack (RR).

Food variety index > 8
RCT

One RCT (Kapadi#&undu 2014) assessed this outcome (study population: 1201 adolescent girls). Our
analysis found a significant effect on food variety consumption (RR: 1.24, 95% CI: 1.13, 1.36; moderate

certainty).
NRS

No NRS assessed this health behaviour.
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Experimental Control Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI

Risk ratio
M-H, Random, 95% CI

Heterogeneity: Not applicable
Test for overall effect: Z = 4.66 (P < 0.00001)

1.2T.1RCT

Kapadia-Kundu 406 600 327 601 100.0% 1.24[1.13, 1.36]
Subtotal (95% Cl) 800 601 100.0% 1.24 [1.13, 1.36]
Total events: 406 327

L 3
<

07

Favours [control]

1 15 2
Favours [experiment]

Figure23. Analysis 20 | ComparisorComplete empowerment model v. Control | Outcome: Food variety index >

8 (RR).

Consumption of sprouted legumes

RCTs

One RCT (Kapadi#&undu 2014) assessed this outcome (study population: 1201 adolescent girls). Our
analysis found a significant effect on the consumption of sprouted legumes (RR: 3.22, 95% CI: 2.57,

4.03; moderate certainty).
NRS

No NRS assessed this health behaviour.

Experimental Control Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI

Risk ratio
M-H, Random, 95% CI

Heterogeneity: Not applicable
Test for overall effect: Z = 10.23 (P = 0.00001)

1.28.1RCT

Kapadia-Kundu 257 600 80 601 100.0% 3.22[2.57 . 4.03]
Subtotal (95% CI) 600 601 100.0% 3.22[2.57 , 4.03]
Total events: 257 80

. 3
<

0.5

Favours [control]

1 2 5
Favours [experiment]

Figure24. Analysis 21 | Comparison: Complete empowerment model v. Control | Outcome: Consumption of

sprouted legumes (RR).

Consumption of vitamin C foods

RCT

One RCT (Kapadi#&undu 2014) assessed this outcome (study population: 1201 adolescent girls). Our

analysis found a significant effect on the consumption of vitamin C foods (RR: 1.85, 95% CI: 1.55, 2.20;

moderate certainty).
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NRS

No NRS assessed this health behaviour.

Experimental Control Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 85% CI
1.28.1 RCT
Kapadia-Kundu 253 600 137 601 100.0% 1.85[1.55, 2.20] _._
Subtotal (95% CI) 600 601 100.0% 1.85 [1.55, 2.20] ’
Total events: 253 137

Heterogeneity: Not applicable
Test for overall effect: Z = 6.91 (P = 0.00001)

05 07 1 15 2
Favours [control] Favours [experiment]

Figure25. Analysis 22 | Comparison: Complete empowerment model v. Control | Outcome: Consumption of
vitamin C foods (RR).

IFA consumption

RCT

One RCT (Kapadi#undu 2014) assessed this outcome (study population: 1201 adolescent girls). Our
analysis found a significant effect on the consumption of more than 24 IFA tablets in the previous six
months (RR: 6.38, 95% CI: 5.12, 7.94; moderate ceyfaint

NRS

No NRSassessed this health behaviour.

Experimental Control Risk ratio Risk ratio
Study or Subgreup Events Total Events Tetal Weight M-H, Random, 95% CI M-H, Random, 5% CI
1.30.1RCT
Kapadia-Kundu 465 600 73 601 100.0% 6.38 [5.12, 7.94] .
Subtotal (95% Cl) 800 601 100.0% B.38 [5.12,7.94] ’
Total events: 465 73

Heterogeneity: Not applicable
Test for overall effect: Z = 16.56 (P < 0.00001)

0102 05 1 2 5 10
Favours [control] Favours [experiment]

Figure26. Analysis 23 | Comparison: Complete empowerment model v. Control | Outcome: Consumption of IFA
tablets (RR).
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DOTS for IFA consumption

RCT

One RCT (Kapadi#&undu 2014) assessed this outcome (study population: 1201 adolescent girls). Our
analysis found a significant effect on the use of DOTS among adolescent girls who consumed IFA tablets
(RR: 3.67, 95% CI: 3.11, 4.33; moderate certainty).

NRS

No NRS assessed this health behaviour.

Experimental Control Risk ratio Risk ratio
Study or Subgreup Events Total Events Tetal Weight M-H, Random, 95% CI M-H, Random, 5% CI
1.31.1RCT
Kapadia-Kundu 443 600 121 601 100.0% 367 [3.11,4.33] ..
Subtotal (95% CI) 600 601 100.0% 3.67 [3.11,4.33] .‘
Total events: 443 121

Heterogeneity: Not applicable
Test for overall effect: Z = 15.32 (P < 0.00001)

Total (95% CI) 600 601 100.0% 3.67 [3.11, 4.33] ‘

Total events: 443 121

Heterogeneity: Not applicable 0?2 0?5 1 2 5

Test for overall effect: Z = 15.32 (P < 0.00001) Favours [control] Favours [experiment]

Test for subgroup differences: Not applicable

Figure27. Analysis 24 | Comparison: Complete empowerment model v. Control | Outcome: DOTS for IFA (RR).

Annual health cheekp

RCTs

One RCT (Kapadi#&undu 2014) assessed this outcome (study population: 1201 adolescent girls). Our
analysis found a significant effect on the talgeof an annual school health check up (RR: 6.54, 95% CI:
5.11, 8.38; moderate certainty).

NRS

No NRS assessed this health behaviour.
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Experimental Control Risk ratio Risk ratio

Study or Subgreup Events Total Events Tetal Weight M-H, Random, 95% CI M-H, Random, 5% CI
1.32.1RCT

Kapadia-Kundu 392 600 60 601 100.0% 6.54 [5.11, 8.38] ..
Subtotal (95% Cl) 800 601 100.0% 6.54 [5.11, 8.38] ‘
Total events: 392 60

Heterogeneity: Not applicable
Test for overall effect: Z = 14.90 (P < 0.00001)

0102 05 1 2 5 10
Favours [control] Favours [experiment]

Figure28. Analysis 25 | Comparison: Complete empowerment model v. Control | Outcome: Annual health
checkup (RR).

Deworming tablet consumption

RCTs

One RCT (Kapadi#&undu 2014) assessed this outcome (study population: 1201 adolescent girls). Our
analysis found a significant effect on the consumption of a deworming tablets every six months (RR:
5.33, 95% CI: 4.40, 6.46).

NRS

No NRS assessed this health behaviour.

Experimental Control Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.33.1RCT
Kapadia-Kundu 430 600 92 601 100.0% 5.33 [4.40 . 6.45] .
Subtotal (95% CI) 600 601 100.0% 5.33 [4.40, 6.46] ’
Total events: 430 92

Heterogeneity: Not applicable
Test for overall effect: Z = 17.11 (P < 0.00001)

02 05 1 2 5
Favours [control] Favours [experiment]

Figure29. Analysis 26 | Comparison: Complete empowerment model v. Control | Outcome: Consumption of
deworming tablet every 6 months (RR).

Breakfast consumption
RCTs

No RCT assessed this health behaviour.
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NRS

One NRS (Dehdari 2014) assessed this outcome (study population:100 adolescent girls). Our analysis
found a nossignificant effect on the weekly frequency of breakfast consumption (MD: 0.90, 95% CI:

0.12, 1.92; very low certainty).

Mean difference Mean difference

Experimental Control
IV, Random, 95% CI

Study or Subgroup  Mean sD Total Mean sD Total Weight IV, Random, 95% CI

1.34.1NRS
Dehdari 2014 113 254 50 023 268 50 100.0%  090[-0.12,1.92] e
Subtotal (35% Cl) 50 50 100.0%  0.90 [-0.12, 1.92] <

Heterogeneity: Not applicable
Test for overall effect: Z=1.72 (P = 0.08)

4 2 0 2 4
Favours [control] Favours [experiment]

Figure30. Analysis 27 | Comparison: Complete empowerment model v. Control | Outcome: Breakfast
consumption (no. per week).
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Results: Contextual and implementation factors

Results of the search

We found one qualitative companion article and one quantitative companion article that assessed

implementation or contextual factors for the studies included in our effectiveness analysis.

Included studies

We included two reports (Dunker 2018b, Dunker 2021) that assessed implementation or contextual
factors related to the New Moves Brazil programme (Dunker 2018a). The aim of Dunker 2018b was to
provide the researcher s 6 tatersteguaptng and imgementing thé e

New Moves program from a highcome to low and middleincome country context using a case study

barr

format. Dunker et al. (2021) provided a quantitative analysis of the association between participation level

and eatig behaviour among the trial participants.

Excluded studies

We found no other reports assessing implementation or contextual factors pertaining to the studies

included in our effectiveness assessment, thus no studies were excluded from this analysis.

Quiality assessment of included studies

We appraised the quality of the qualitative study (Dunker 2018b) using the Critical Appraisal Skills
Programme (CASP) checklist for qualitative resedbdl. The results of the assessment are summarized

in Table6.

Table 6. Quality assessment of Dunker 2018b using the CASP checklist for qualitative research.

Assessment question Decision
1 | Was there a clear statement of the aimstioé research? Yes
2 | Is a qualitative methodologgppropriate? Yes
3 | Was the research design appropriate to address the aims of the research? Cannot tell
4 | Was the recruitment strategy appropriate to the aims of the research? Cannot tell
5 | Was the data collected in a way that addressedrémearch issue? Cannot tell
6 | Has the relationship between researcher and participants been adequately considq Cannot tell
7 | Have ethical issues been taken into consideration? Cannot tell
8 | Was the data analysis sufficiently rigorous? Cannottell
9 | Is there a clear statement of findings? Yes
10 | Will the results help locally? Yes
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The quality of the quantitative study (Dunker 2021) was assessed usiDgrtipbell IDCG risk of bias
tool to assesthe quality ofguantitative study designs (Hombrados & Waddington, 204@2pendixC).

Synthesis of results

In the following sections we summarize the findings from the included studies (Dunker 2018b, Dunker
2021) according to the implementation and context
model (Figure 1).

Recruitment

Challenges were identified regarding the recruitment of schools to participate in the trial. They were: lack
of interest on the part of school management, lack of time to participate, changes in school management,
and limited facilities to host the triaD(inker 2018b).

Reach, retentiopand attrition

The intervention reach was limited. Of the 131 participants enrolled in the intervention arm, 40.5%
(53/131) of participants attended more than 10/17 sessions. Faightypercent (37/131) of intervention
arm participants did not attend any session. Ati@ae in the maintenance phase was wiojgst 31.1%

(32/131) of the intervention arm participants attended five or more sessions (Dunker 2021).

Reasons for low participation included: school location compared to where students lived since students
had to return to school for the intervention sessions that were delivered outside of regular school hours;
and studentsd abi Ivéntiogcomntent andrstdyefacisaedattentivet Students fromn e r
troubled neighbourhoods had greater difficulty with reading and attention deficits, and with inconsistent

attendance/commitment to the program (Dunker 2018b).

The provision of incentives to participants (e.g., the offer of snacks) was identified as a potential strategy

to improve patrticipation (Dunker 2018b).
Dose

No findings.

Fidelity

The intervention content was adapted from a program originally designed fordome adolescents in
the US. The extensive program content was difficult to adhere to because of time limitations and lack of

student interest or engagement (Dunker 2018b).
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Adaptability

During implementation, the program had to adapt to operating in-seleaurce environment. Lack of
classroom space, competition for the use of school facilities, and finding alternative materials to use
during program sessions (e.g., the use of bagsodfdis weights for physical activity sessions) were

examples of situations that required adaptation (Dunker 2018b).
Setting

The socioeconomic status of participating schools affected program implementatieredomnce
schools had limited facilities and limited ability to monitor or support program activities. Schools that had
better management were more likely to adheredgnam activities (Dunker 2018b).

Due to government policy, the program had to be delivered outside of school hours, which contributed to

low student participation because they had to return to school for program activities (Dunker 2018b).

Provider

Providers needed to be trained to deliver programmes that go beyond traditional, didactic teaching
methods. Skills that need to be acquired include managing group dynamics, supporting participants to
reflect on program content in a nfurdgemental and acptng environment, conducting motivational
interviewing, and leading discussions about feelings, beliefs, and perceptions related to food and the

social conditions involved in food choices (Dunker 2018b).
Quality

Despite the interest and support of school management, delivery quality was affected by a lack of teacher
time to participate and the limited availability of facilities and training materials (Dunker 2018b).

Cultural appropriateness

The original US program had to be adapted to acco
outside of school hours, and to reflect local food choices. Even with these adaptations, challenges were
encountered due to socioeconomic and cultural effiees between the contexts. For example, the

program emphasized parental engagement, but in Brazil, parents are not as engaged with schools because
their children may not attend a school in their local community. Careful consideration about whether a

program can be adapted to a local context should be undertaken (Dunker 2018b).
Contamination

No findings.
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Cointervention
No findings.
Participant engagement

Participant engagement was a challenge for several reasons: their lack of familiarity with the new
teaching methods, such as motivational interviewing; their inexperience with participatcipot

related extracurricular activities; and the heavy content of the programme that could be mentally taxing
on top of their regular school activities. Participants from communities with high levels of violence had
reading and attention deficits thatl l®> inconsistent attendance (Dunker 2018b).

A statistical analysis found no association betwe

participantsé BMI or eating behaviours (Dunker

Sustainability

20

The only activity that continued after the study?o

physical activity component because it was included in the school curriculum where school management

prioritized student health and had the financial ressjrinfrastructure, and staff to support the activities
(Dunker 2018b).

Individual level factors

The sociecultural profile of the participants made some of the novel content difficult for participants to

engage with, e.g., discussions around body i mage.

understanding and recognition of the importancel@althy lifestyle (Dunker 2018b).
Household and community level factors

The socieeconomic status of schools and communities affected the quality of program delivery due to
limited teacher participation, facilities, and training materials. Participants from communities with high

levels of violence has inconsistent participati®unker 2018b).
Macro level factors

Food availability and basic insecurity in Brazil presented additional challenges. Food choicareself
and physical activity were not prioritized in
reality. Food marketing was hypothesizednfluence food choice, preferences, and consumption
towards energy dense but nutrient poor foods among participants. Manufactured foods, while lower in

nutritional value, were also more affordable (Dunker 2018b).
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Fostering agency

Addressing issues like body acceptance, media influence, beauty standards, and healthy eating behaviours
i mpr oved pa-esteentanglediotadditer eelatiorfship with food, body satisfaction and
reduced disordered eating behaviours (Dunker 2018b

The response to the use of motivational interviewing was varied among participants. Even when

participants were engaged, they had difficulty setting personal goals (Dunker 2018b).
Creating a supportive opportunity structure

Parental engagement in the program was low due to limited parental engagement in schools that are
outside of their communities. This affected their ability to encourage their children to participate (Dunker
2018b).
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Results: Application of empowerment theory

Theoretical frameworks

Eight studies used theoretical frameworks to inform interventionddsignc h st udy és descri p

theoretical framework is provided irable 7.Three studies (Bagherniya 2017, Leme 2018, Dunker
2018a) applied social cognitive theory (S@94]. One study (KapadiKundu 2014) used the health
competence mod@5]. Two studies (Dehda®# 0 1 4, Dehdar i 2016) wused
model[96]. Two studies (Jeijooni 2019, Jeijooni 2021) applied the PRECEDE rfgxXel

Table 7. Theoretical framework descriptions by study authors.

Study

Theoretical framework description

Alaofé2009a

None.

Bagherniya 2017

dhyS 2F (KS Y2alil -dasef progfam in EhfideeNdnd doglddderitsOs
social cognitive theory (SCTWhich suggests that human behavior is the result of
REYFYAO AYGSNIOGA2Y 0S0G6SSy LISNE2pB8.f =

G2A0K GKS FAY 2F YI1Ay3 OKIFIy3aSa Ay RA
weight of study subjects, a schdmsed intervention by considering evidetesed
psychological (i.e., sedffficacy, outcome expectation) behavioral (i.e., knowleaigys
skills), and environmental (i.e., parents, teachers support, and situation) component
52y R dzpB& R X ¢

Dehdari 2014

dhyS 2F G(GKS Y2RSf & dza S RSWDAKHBIX WK a
0ltado® tSYRSNRA Ita Aa +y FidSYLI G2
individuals interacting with their interpersonal and physical environments as they pu
health(17). The model includes three basic components that influence {peaitioting
behaviour: (i) individual characteristics and experiences (prior related behaviour and
personal factors); (ii) behaviogpecific cognitions and affect (perceived benefits of
action, perceived barriers of action, perceived-e#fltacy, situational influeces,
interpersonal influences and activitglated affect); and (iii) desirable health promotion
behaviour (commitment to a plan of action and immediate competing demands
FYR LINBFSNByOSavomyod ! fiK2dza3K t Sy RSNJ
behaviour(19), few studies have used this model for promoting healthy behaviour an
FR2f SAO0SYpBESO H NI H MO DE

Dehdari 2016

éHence, in the present study, we use Yy RSN & | S| £ (i O t tSNERSAN
as a conceptudtamework in designing the content of training sessions. The model h
been recommended for diet interventiofi3ehdari, Rahimi, Aryaeian, & Gohari, 2014).
includes three main elements that influence heatthancingoehavior: (i) individual
variables and experiences; (ii) cognitions and feelings about a behavior; afaddiigble
health promotion behavior (Pender, Murdaugh, & Parsons, 20p2)92193.

Dunker 2018

a . |y Rsabldl Cognitive Theogyrovided the primary theoretic framework for New
az2@Sad LG adl S gperdeptibnimusi iitglly charyedd BeRiitatd S
0SKI@GA2NIf OKIy3aSe® ¢2 NBRIzOS | R2f Saos
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Study

Theoretical framework description

their body image by way of promoting their whole selhge and sefesteem. Self

esteem protection and enhancement are, therefore, appropriate and desirable to all
adolescents, being particularly relevant in the treatment and prevention of body ima
andeating problems as well as obesity since lowasiéem is considered to be a poten
NA&al FFEOG2NI F2Np.BOBIDA Y I LINPOf SYa wHcB O

Jeihooni 2019

a{23 SYLX2eAy3a Y2RSta F2NI Ay@SadAaalr da
useable and appropriate models in this field isphecede modelThe constructs of this
model are the predisposing factors (individual and social characteristics motivating
people for taking healthy behaviors), reinforcing factors (material and spiritual rewar
causing the contenuity of healthy behaviors) and enapiéctors (environmental factors
facilitating healthy behaviors or any skills in individuals) (Jeihooni et al. 2017). In
economic and environmental determination and evaluation, predisposing factors are
factors which are prior to the changitghavior and they provide motivation for
changing behaviors (such as knowledge, attitudes, behaviors and values). Enabling
are the preparations of behavioral or environmental changing realizing an attitude of
environmental politics (such as the dadhility of sources, protocols and skills).
Reinforcing factors are factors that follow behavior and provide continuous rewards
saving a particular behavior (such as families, teachers, managers and health officig
OWSAK22YA PRI I X HAMT O DE

Jeihooni 2021

G/ 2y aARSNRAY I RREGEDE mNader 34 ENJO23/® ( NHzOG aT
knowledge, attitude and se#fficacy, reinforcing factors (family and school authorities
and enabling factors (access to information and educational resources in eating beh
preventing IDA), we used the PREEEodel, which has been introduced as a succes
model in many clinical and field trials [21, 25]. This model provides a framework by
which factors affecting behavior such as predisposing factors (knowledge, attitude, ¢
reinforcing factors (family, peers, etc.), and enabling factors (access to resources,
skills, etc.) in the diagnosis of education are identified [27]. The PREEDEEED mod
systematically plans, implements, and evaluates health education activities. It is deg
with an ecological approach in interconnected stages and a logical pr{Els
PRECERPROCEED consists of nine phases, including four planning phases, one
implementation phase, and three evaluation phases. Its main approach is to identify
desired outcome, determine the causes of the desired outcome, and interveneeweac
GKS RSAANBRp2dziO2YS wHMB dE

KapadiaKundu
2014

a9 02t 2 3 A Qubutlly refer2ora Sdntinuum off explanatory factors, from individ
to cultural that have nested effects. Barriers to individual behavior may occur at the
household level, the community level, the service delivery level or the policy level.
Socioecononaiconditions, access to food, clean water and other resources; the strug
of healthcare delivery systems and the behavior of healthcare providers; the functior
of schools and education systems; social norms and social capital thighcommunity
and relationships within the family all may contribute to whether or not a young girl ¢
achieve and maintain health. Therefore, models that address specific barriers and
facilitating factors at more than one level in an integrated wayéngreater chances of
success.
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Study

Theoretical framework description

A key concept in this effort to develop miitvel explanations is health competence.
Health competenc&k & 0SSy RSFTAYSR | a aKI@Ay3a
NBaz2daNOSa G2 | O0G Oz2yaraidSyidte FyR I LI
(Storey et al., 2008; Pollock and Storey, 2012) and therefore goes beyond individua
factors (e.g., health knowledge, behavioral intentions orsiifacy) described in
classical behavior change theories such as social cognitive theory (Bandura, i997),
health belief model (Rosenstock, 1974) and the integrated behavioral model (Monta
FYR YFALINI 8132 FRRAMGKO2YAYy3IAZ [/ KD c 0 dé

Leme 2018

GThei KS2 NB G A OF f NX T Sohil8 gogriftivedThearisCT) 12 RHZNI Q &
Intervention componentwere developed using taxonomy of behawibange strategies
14 anddesigned to target potentiahediators of behavior change in nutritiamd
[physical activityf Leme et al. 2015.1384.

Sabet Sarvestani
2009

None.

Definitions of empowerment

No studies provided a definition of empowerment.

Operationalization of empowerment

No studies described an approach to operationalizing empowerment.
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Results: Intervention effects on empowerment

Six studies (Bagherniya 2017, Dehdari 2014, Dehdari 2016, Jeihooni 2019, J@b@dbnieme 2018)

assessed sefffficacy, a concept closely related to empowern@sit Bagherniya et al. (2017) adapted a
guestionnaire for social cognitive measures related to adolescent dietary beHa®jodise adapted

scale included seven questions aboutetifacy using a goint Likerttype scale (1 = strongly disagree,

6 = strongly agree; score range: 7 to 42). Leme and colleagues also adapted the Dewar et al. (2012) scale
and defined seléfficacya Aconf i dence i n tribretoadbpt dnd matain healtyv e r ¢ o n
b e h a v[100].rTkey used a-Bem selfefficacy Likerttype scale (1 = strongly disagree, 6 = strongly

agree; score range: 5 to 30). Dehdari et al. (2014) createdaadsgHistered questionnaire based on the

Health Promotion ModdlL01]. Eight items were used to measure perceiveeestitfacy measured on a

5-point Likerttype scale (1 = completely unconfident, 5 = completely confident; score range: 8 to 40).
Dehdari et al. (2016) similarly used the HPM to cre&l8-#em scale for perceived sedfficacy on a 5

point Likerttype scale (1 = strongly unconfident, 5 = strongly confident; score range: 10 to 50). Jeihooni
and colleagues (2019) developed a questionnaire using the PRECEDH@hd&¢lfefficacy was

measured by a Hlem questionnaire using agint Likerttype scale (0 = not at all, 4 = very much;

score range: 0 to 40). Jeihooni et al. (2021) also developed a questionnaire based on the PRECEDE
model. The selefficacy scale inclded 15 items and wereaasured on a-point Likerttype scale (1 =
completely disagree, 5 = completely agree; score range: 15 to 75).

Selfefficacy
RCTs

Two RCTs (Bagherniya 2017, Leme 2018) assessed this outcome. Our analysis fousdaificent
effect on seHefficacy (SMD: 1.05, 95% CI: 0.81, 1.26; low certainty).

NRS

Four NRS (Dehdari 2014, Dehdari 2016, Jeihooni 2019, Jeihooni 2021) assessed this outcome. We found
substantial heterogeneity § 99%) and the data were not matalyzed. Our analysis of Dehdari 2014

found a significant effect on sedffficacy (SMD = 0.47, 95% CI: 0.08, 0.87; very low certainty). Our

analysis of Dehdari 2016 also found a significant effect ore$titfacy (SMD =0.41, 95% ClI: 0.08,

0.74; very low certainty). Our analysis of Jeihooni 2019 found a significant effect esffeedty (SMD

=6.31, 95% CI: 5.63, 6.31; very low certainty). Our analysis of Jeihooni 2021 found a significant effect

on seltefficacy (SMD: 5.61, 95% CI: 4.92, 6.31; very low certainty).
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Test for subgroup differences: Chi® = 2.33, df = 1 (P =0.13). I*= 57.0%

Experimental Control Std. mean difference Std. mean difference
Study or Subgroup Mean sD Total Mean 5D Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.25.1 RCT
Bagherniya 274 47 43 224 4.8 42  253% 1.04 [0.59 , 1.50] -
Leme_H3G Brazil 35 1.115127 142 2.39 1.010097 M 747% 1.03[0.77 . 1.30] O
Subtotal (95% CI) 185 153 100.0% 1.04 [0.81, 1.26] ‘.
Heterogeneity: Tau®= 0.00; Chi*=0.00, df=1 (P =0.97) I7=0%
Test for overall effect: Z = 8.89 (P < 0.00001)
1.25.2 NRS
Denhdari 2014 2.92 485 50 0.42 5.59 50 251% 0.47 [0.08, 0.87] e
Dehdari 2016 1.42 7.3 71 -1.61 7.42 71 252% 0.41[0.08, 0.74] e
Jeihooni 2019 30.87 473 100 0.89 473 100 24.9% 6.31[5.63, 7.00] -
Jeihooni 2021 22.07 3.68 80 0.74 3.88 80 24.9% 5.61[4.92, 6.31] -
Subtotal (95% CI) 301 301 100.0% 3.19[0.43, 5.94] ..*..
Heterogeneity: Tau® = 7.82; Chi* = 390.57, df = 3 (P < 0.00001); I =99%
Test for overall effect: Z=227 (P =0.02)

4 2
Favours [control]

0

2 4
Favours [experiment]

Figure31. Analysis 27 | Comparison: Complete empowerment model v. Control | Outcome:-8#i€acy (SD).

Results: Adverse effects

One study (Dunker 2018a) assessed potential harms. They repohadmor unintended effects were

observed in either group that could be directly attributed to the intervention.

169



Results: Revised logic model

Figure34 presents a revised | ogic model based on t
Based on our findings, we expanded the descriptions of the activities and outputs that contribute to an

empowermenbased approach, identified important impéertation and moderating factors for

intervention success, and clarified the impact pathways between the concepts outlined in the logic model.

We included the nutrition outcomes that were measured in the effectiveness assessment, regardless of
whethe our analysis found a significant effect of the intervention on the measured outcome. Finally, we
removed concepts from the original logic model that we did not identify through our review. We
recognize that these elements may still be important contcepdsmisider in the design, implementation,

and evaluation of empowermemased nutrition interventions for adolescent girls, but we sought to
summarize our findings using this logic model, as opposed to it serving as a full conceptual model for
empowermenbased nutrition interventions. In the following sections we describe the concepts presented

in the revised logic model.

Resources

Train providers to deliver
Adequate programmes

availability of
personnel, —>
facilities,
materials

Shorter term outcomes | ‘ Longer term outcomes

Activities | ‘ Outputs

Adapt programme and
materials to local context
and girls’ skill level

Pilot test
Build girls” skills for self-

reflection and goal k. Improved dietary intake®
setting

Intervention quality Improved nutritional
status™

Implementation

)(

Girls have adequate
knowledge and skills to
meaningfully participate

Build girls’ nutrition
awareness, knowledge
and skills

Increased uptake of
essential services™

Increased agency*

Agency

Girls are confident,
motivated and engaged
to achieve their goals

Create safe spaces for
self-reflection and goal
setting

education level
of girls and
parents, socio-
economic
status of HH
and community,
food availability,

general L \ Parents and guardians
insecurity Sensitize and engage

parents/guardians

- - v Increased adoption of
Provide material healthy behaviours*
incentives

are committed to
supporting girls

Girls have access to a
healthy diet

Supportive 05

Adapt the food ‘
environment ‘

Girls have access to
essential services

Provide access to
essential services

Opportunity structure

* At least one outcome measured in the effectiveness assessment

Figure32. Reviseddgicmodel of the effects of empowermenbased nutrition interventions on adolescent girls'
nutritional status.

Implementation activities

Under the resources category, we highlight the need for adequate personnel, facilities, and materials to
support effective implementation, but resource availability alone is insufficient. Personnel must receive

training to apply empowermentlated concept such as motivational interviewing, in their engagement
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with adolescent girls. Intervention content and delivery strategies may need to be adapted to the local
context and girlso6 skills | evels. Pil ot testing o
step in the adaptation process.

Activities to foster agency
We identified four main activities that are used
(a) Building skills for selfreflection and goal setting

In some instances, the concepts of-sefifection and goal setting may be foreign to participants, and they
will need support from intervention providers to increase their capacity to undertake these processes for

themselves.
(b) Increasing nutritiorrelated awareness, knowledge, and skills

Adolescent girls will also need to be supported to increase their awareness of the importance of proper
nutrition and the adoption of healthy behaviours, the knowledge of what a healthy diet and lifestyle
entails, and the skills to obtain adequate nutrifar themselves (e.g., through advocacy with parents and

guardians, cooking skills, etc.).
(c) Creating safe spaces for sedflection and goal setting

Al ongsi de bui | di-mfgctianiand gal&Gettingid the Ineed td aaate safe phces for
them to exercise these skills. A key component of this activity is training intervention providers to create
and maintain safe spaces for particiggao reflect and develop plans for action to improve their own
nutrition. This requires a shift from a didactic to a facilitative teaching approach that is collaborative,

reflective, and inquinfocused102].
(d) Providing material incentives

Maintaining participant engagement can be supported by the provision of material incentives, such as free

meals, snacks, or gifts (pens, notebooks, etc.)
Activities to create a supportive opportunity structure

We identified three activities that can contribute to creating a supportive opportunity structure that

empowers girls for improved nutrition:

(a) Sensitive and engage parents and guardians
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A consistent approach across all of the included studies was engaging parents, and less frequently,
teachers, to support adolescent girlsé to adopt h
approaches can be active, such as holding sensitizatssions for parents or including them in

intervention activities alongside their children, or passive, such as sending information pamphlets home to

inform parents about the interventionds objective
(b) Provide access to a healthy diet

Creating a supportive opportunity structure can also include changing the food environment for
adolescent girls to support healthier choices. This can be done by working with parents to adjust what
foods are available at home, or changing the foods ala#alschool through cafeterias, snack machines,
etc.

(c) Provide access to essential services

A final activity we identified was improving gir/l
health care, sexual and reproductive health services, or micronutrient supplementation through the school.

Output level

At the output level, we propose that the implementat&ated activities will to intervention quality,

which will influence the outputs of the ageneyd OSrelated activities. Specifically, for the agency

related activities, we anticipate that adolesagrls would have improved knowledge and skills to

meaningfully participate in the intervention, and increaseecseifidence, motivation, and engagement

in the intervention to achieve their goals. As a result of€@&ed activities, we propose thairents and
guardians will be more committed to supporting th

have improved access to a healthy diet and essential services.
Outcome level

Following along the causal chain, we propose that the combination of outputs would lead to the
establishment of a supportive OS for girlsd empow
(i.e., the ability to set and achieve goals) among adolege&nt Their increased agency would then

translate into actions that improve their dietary intake, increase their uptake of essential services, and their
adoption of healthy behaviours. And in the longer term, adolescent girls would experience an overall

improvement in their health and nutrition status.
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Intervention moderators

We identified moderators at the individual, household, and community levels that may influence
intervention effectiveness. At the individual |l ev
they can understand and apply the conceptsconteyed ough t he intervention. At
level of education can similarly affect their engagement in the intervention and their ability to support
their childrends participation and succcetkes. The h
availability of parents to participate in the intervention due to constraints on their time, and the resources
available in the household for food or health ser
the availability and quality of ehfacilities (e.g., schools) or other resources available for the
interventionbés successful i mpl ementation. Al so at
intervention participation or the relative importance of a healthy diet in corapadsoncerns about

safety and security.

What we did not find

There were some concepts in our original logic model that we did not find evidence for in this review.
They include evidence of any adverse effects of empowerbamatd nutrition interventions, measures for
adol escent -mpking posvér, redcairéccaess anmirol, or rights protection and fulfilment, and

measures related to risk of iliness, disease, or early/unwanted pregnancy.
Discussion
Summary of main results

We synthesized ten studies that met our inclusion criteria for this review. We found limitemldéity

evidence that empowermemta s ed nutrition interventions i mprove
analysis of included RCTs showed a rsignificant effect on BMI and waist circumference among

adolescent girls living in middilmcome countries (MICs) (low to very low certainty). Our analysis of

NRS found significant effects of empowermdiaised nutrition interventions on reducing BMI, waist
circumference, and arm circumference among adolescent girls living in MICs; however, the included

studies had a high risk of bias, and we have very low confidence that these results demonstrate the true
intervention effect. We did not find any studies thaeased BMI or other anthropometric measures

among adolescent girls in leilmcome countries.

Two NRS that assessed intervention effects on haemoglobin found a significant positive effect (very low
certainty), but they could not be metaalysed due to substantial heterogeneity among studies, likely due

to their different populations and settingdaofé 2009a was conducted in boarding schools in south
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Benin, where a high prevalence of anemia among adolescent girls g&83%ta\ll study participants

had mild iron deficiency anemia at the study outset. In contrast, Jeihooni 2021 was conducted among
adolescent girls with no piexisting medical conditions attending public school in Fasa City, Iran. Our

analysis of the studies @lved a significant effect of empowermédrased nutrition interventions on

adol escent girlsdé haemoglobin | evels in owdueh sett
to the studiesd moderate to high risks of bi as, S
we have very low certainty that empowermbatsed nutrition interventions improve anemia status and

serum ferritin based on evidence fromed\RS with a moderate risk of bias and small sample size.

We found limited evidence that empowermbased nutrition interventions significantly affect dietary

intake (low to very low certainty), but the evidence base was limited by small sample sizes and substantial
heterogeneity. The preponderance of evideneéownd on macroand micronutrient intake came from

three NRS, two of which were conducted in Iran (Dehdari 2014, Dehdari 2016) and one inABassfi (

2009a) We did not conduct a metmalysis for several of these outcomes due to high heterogeneity

amag studies. The study conducted in Benin consistently showed greater effects oramécro

micronutrient intake compared to the studies conducted in Iran (except for vitamin A). We hypothesized
that differences in t he rributedtothisdfferencet $pecifiaally,ttheons an
Benin study included an OS component that altered the food environment by revising school menus,
making healthier foods more convenient and limiting access to unhealthy foods for adolescent girls
residing inthe participating boarding schools. These girls would have had less opportunity to choose
unhealthy foods compared to girls who attend school but live at home. In contrast, the OS components in
the Iranian studies only included parental sensitizationteféord participants lived at home, thus even if
study participants wanted to improve their diet, there was no guarantee that their food environment would

improve to accommodate that decision.

When examining dietary intake using sedported measures of food group servings, most evidence came
from two RCTs conducted in Iran (Bagherniya 2017) and Brazil (Leme 2018). There is some evidence
that empowermerbased nutrition interventions may redtilee intake of sweets (low certainty) and junk

food (very low certainty) and increase fruit and vegetable consumption (low certainty). In some cases,
these studies did not measure the same food serving types (e.g., one study measured fruit and vegetable
savings as a combined outcome while the other measured them as two separate outcomes), making it
difficult to metaanalyze the results; and there was substantial heterogeneity when both studies measured
the same outcome. In these instances, the Iraniay gtaduced greater effect sizes while the Brazilian

study often found no significant intervention effect. One variation in the interventions that may explain

the difference in outcomes is the more active engagement of parents in the Iranian study iteuding
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participation in workshops, visits to industrial food companies, and sensitization sessions. The Brazilian
study only engaged parents through newsletters. It may be that the active engagement provided parents
with the additional knowledge and skills to teetsupport adolescent girls to make healthier dietary

choices.

We found evidence from one RCT conducted in India that empowetrasatl nutrition interventions
may lead to improved health behaviours, including IFA and deworming tablet consumption, annual health
checks, greater dietary diversity, and increased consumgit certain foods (e.g., sprouted legumes)
(moderate certainty). One NRS conducted in Iran showed a significant increase in breakfast consumption

among intervention participants, but the certainty of evidence was very low.

Two RCTs and four NRS all found a significant positive effect of empowerbss®d nutrition

i nterventi ons o refficaay fow & yerydow certajnityy. The lack af @ $tahdardized tool
to measure concepts related to empowerment presehdlenge to fully understanding the ways in
which empowermerbased nutrition interventions translate into increased agency and empowerment

among participants and prevents effective comparisons across studies.

None of our included studies employed the term de
empowermenbased nutrition interventions based on the presence of activities to foster agency and create

a supportive OS. We found that interventions that met @lwsion criteria most often employed a

behaviour change theory that includes traits related to the concept of empowerment. For example, social
cognitive theory puts forth that human behaviour is a result of the interaction between a person, their
environmet and behaviour. The SCT constructs ofgseff f i cacy (a personds confid
ability to successfully perform a behaviour) and behavioural capalziliperson's actual ability to

perform a behavior through essential knowledge and s&llgn with the concept of agency in

empowerment theory, while the SCT concept of reinforcemamesifal or external responses to a

person's behavior that affect the likelihood of continuing or discontinuing the bétaigas with the

concept of opportunjtstructure. SCT seeks to support gdiaécted behaviour, much as empowerment

theory seeks to support women and girls to make strategic life choices and achieve their goals. While we

can gain valuable lessons from studies that employ concepts clostdy telampowerment, as we have

tried to do here, there is a need to undertake high quality research that explicitly aims to test

empowerment models.

We identified two companion articles that assessed the influence of implementation or contextual factors
on the effectiveness of empowerméaised nutrition interventions for adolescent girls. Both articles were

related to one RCT (Dunker 2018) thatwasihnuded i n this reviewbds effecti
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gualitative study we identified provided the pers

barriers and facilitators to adapting and implementing a foaftiponent obesity prevention program

from a highincome country (United States) toraddle-income country context (Brazil). The second

article was a statistical analysis of the association between participant engagement and study outcomes.
Implementation factors thatay contribute to intervention success include adapting the intervention

the local context and culture, training intervention providers, ensuring adequate availability of personnel,
facilities, and materials, providing material incentives to adolescent girls to encourage participation,
tailoring content to the education &hof the participants, and pilot testing the intervention. Contextual
factors thatnayaffect intervention success are the sagonomic status of the community, food

availability, and general insecurityte mapped and summarized the findings from tmapamion reports

to the components of our logic model. We then updated our logic model based on the results of this
review. Based on our findings, we expanded the descriptions of the activities and outputs that contribute
to an empowermeiased approachdeéntified important implementation and moderating factors for

intervention success, and clarified the impact pathways between the concepts outlined in the logic model.
Overall completeness and applicability of evidence

Most of the studies included in the review were conducted in upper riddime countries (Iran,

Brazil) and addressed nutritional challenges related to overnutrition, such as overweight and obesity; only
two studies were conducted in countries where umdgtion (including micronutrient deficiencies)

remains a primary concern (Benin, India). While the nutrition transition is highly impactful on

adolescents globallyy], there remains a need to understand the role of empowebassd nutrition

programming on adolescenmdernutrition as well.

All studies were conducted in a school setting which leaves a gap in our understanding of the
effectiveness of empowermelnased nutrition programmes conducted in other settings, such as the
community. Only targeting adolescent girls who are in schookkaut an important segment of this age

group who may be at even greater risk of disempowerment and malnytrih05]

We identified a further 13 studies that met our inclusion criteria regarding the intervention, outcomes, and
comparators, but because the study authors did not disaggregate their results by sex, we could not include
them. We reached out to study authorsetjuest sexlisaggregated data and we hope to include these

studies in a future update of the review.

We found only two companion articles assessing implementation and contextual factors of the included
studies. Consequently, there were some concepts in our original logic model that we did not find evidence

for in this review. They include evidence of aamverse effects of empowermdrgsed nutrition
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interventions, measur ensakifgpaweraatauiceascess controlgorrightss 6 d e c

protection and fulfilment, and measures related to risk of illness, disease, or early/unwanted pregnancy.
These are potentially important elements obmplete causal chain to evaluate the effectiveness of

empowermenbased nutrition interventions that need to be evaluated in future research.
Quiality of the evidence

We included two RCTs rated as low risk of bias, one RCT rated at unclear risk of bias (due to unclear
outcome reporting) and one RCT at high risk of bias (due to concerns about selection bias and
confounding). Five out of six NRS were rated as high ridkiad due to the high risk of selection bias

and confounding, concerns about group equivalence, and high risk of bias for analysis reporting. The
sixth NRS was rated as having an unclear risk of bias (due to unclear risk of selection bias and
confounding ad unclear group equivalence).

The quality of the evidence was rated to be moderate to very low (Apd@ndike outcome quality was
downgraded due to study limitations, includimgclear sequence generation and allocation concealment

methodslack of blinding,high heterogeneity, and imprecision
Potential biases in the review process

This type of review requires authors to make several subjective judgements regarding study eligibility and
risk of bias; other authors may have made different decisions. We have tried to minimize the risk of bias
by conducting several steps in the reviaagess in duplicate by two independent assessors including: (1)
assessments of study eligibility, (2) data extraction, and (3) assessments of risk of bias and evidence

quality.
Agreements and disagreements with other studies or reviews

To our knowledge, this is the first systematic review to examine the effects of empowbaseaht

nutrition interventions on the nutritional status of adolescent girls in LMICs. The results of recent
systematic reviews of interventions to treat overweggtat obesity in adolescents are equivocal. A
Cochrane review of diet, physical activity, and behavioural interventions to treat overweight or obese
adolescent similarly found low quality evidence of multidisciplinary interventions to reduce BMI, mainly
whencompared with no treatment or waiting list cont{d@86]. In contrast, Moores and colleagues
reviewed communitypased interventions for the treatment of adolescents with overweight and obesity
and found significant reductions in BMI and improvements inesiéem/seléfficacy in three out of

four studies thameasured the outconi07]. Both reviews drew on research from higbome countries

only. An article summarizing strategies and interventions for healthy adolescent growth, nutrition and
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development reported that health interventions that combine, dietary, physical activity and behavioural
strategies with family have the potential to reduce overweight and obesity in adolescents, but we did not
find evidence of this in our revie{&08].

A 2020 systematic review of théfects of preventive nutrition interventions amadplescents on health
and nutritional ddt @t u % c idonmellimites evdtlendeiotaeseffectiveness of
micronutrient supplementation/fortification among adolescents on health and nutritional status in LMICs,
with lack of evidence on nutrition education and counselling and macronutrient supplemg¢h@jon

Our review identified several studies that employed nutrition education and counsellingaispar
empowermenbased approach, and only one study that included micronutrient supplementation. There
may be an opportunity to employ empowermigased approaches in micronutrient supplementation
programs for adolescent girls in LMICs.

L dzi K2NBRQ O2y Of dzaA2Yy a
Implications for practice

The evidence on empowermdrdsed nutrition interventions to improve the nutritional status of
adolescent girls in LMICs imconclusive and definitive implications for practice cannot be drdia
existing evidence base is largely limited to assessing interventions to prevent or treat obesity among

adolescent girls in middimcome countries.
Implications for research

Future studies assessing empowernat@sed nutrition interventions among adolescents should focus on
assessing the effectiveness of interventions initmeme countries where challenges related to
undernutrition remain prominent. Studies should also bentaken in the community and other non
school settings. Studies that target boys and girls shouldisaggregated their results and reporting.
Study quality needs to be improved with careful attention to managing selection bias and confounding,
blinding assessors and analyses, and transparent outcome and analysis ré&pottiagstudy of the
implementation and contextual factors that contribute to intervention success is needed. Finally,

standardized tools and measures for dietary intake, Hesithviours, and empowerment are needed.
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Appendix A: Medline search strategy

1. "power (psychology)"/

2. self efficacy/

3. personal autonomy/

4. self concept/

5. (Empower* or agency or sedfficac* or power* or autonomy or (self adj2 determin*) or (self adjz
concept*) or (self adj2 percept*) or (self adj2 esteem) or (women* adj2 right*) or (women* adj2
status)).tw.

6.1lor2or3or4or5

7. MALNUTRITION/

8. OVERNUTRITION/

9.OBESITY/

10. Growth Disorders/

11. (Nutrition* or malnutrit* or undernutrition or (under nutrition) or overnutrition or (over nutrition
obesity or stunting or wasting or underweight or (under weight) or overweight or (over weight) or
malnourish* or (nutrition* adj2 deficienc*)).tw.

12. Feeding Behavior/

13. DIET/

14. MICRONUTRIENTS/

15. VITAMINS/

16. (Micronutrient* or (iron adj4 supplement*) or folate or folic acid or (folic adj4 supplement*) or
adj2 folic) or (iron adjZolate) or vitamin*).tw.

17. ((Nutrition* adj3 education*) or (nutrition adj3 counsel*)).tw.

18. ((food adj2 supplement*) or (food adj3 fortif*)).tw.

19. (school adj2 feed*).tw.

20. Diet*.tw.

21. 7or8or9orl10orllorl2orl13orl14 oo0i%6or17 or 18 or 19 or 20

22.6 and 21

23. Developing Countries/

24. Africa/ or Asia/ or Caribbean/ or West Indies/ or South America/ or Latin America/ or Central
America/

25. (Afghanistan or Albania or Algeria or Angola or Argentina or Armenia or Armenian or Azerba
Bangladesh or Benin or Byelarus or Byelorussian or Belarus or Belorussian or Belorussia or Bel
Bhutan or Bolivia or Bosnia or Herzegovina or Hercgga or Botswana or Brazil or Bulgaria or
Burkina Faso or Burkina Fasso or Upper Volta or Burundi or Urundi or Cambodia or Khmer Repi
Kampuchea or Cameroon or Cameroons or Cameron or Camerons or Cape Verde or Central Af
Republic or Chad or Chinor Colombia or Comoros or Comoro Islands or Comores or Mayotte or
Congo or Zaire or Costa Rica or Cote d'lvoire or Ivory Coast or Cuba or Djibouti or French Somge
or Dominica or Dominican Republic or East Timor or East Timur or Timor Leste or BroaBgypt or
United Arab Republic or El Salvador or Eritrea or Ethiopia or Fiji or Gabon or Gabonese Republi
Gambia or Gaza or Georgia Republic or Georgian Republic or Ghana or Grenada or Guatemala
Guinea or Guiana or Guyana or Haiti or Hondurakdia or Maldives or Indonesia or Iran or Iraq or
Jamaica or Jordan or Kazakhstan or Kazakh or Kenya or Kiribati or Korea or Kosovo or Kyrgyzs
Kirghizia or Kyrgyz Republic or Kirghiz or Kirgizstan or Lao PDR or Laos or Lebanon or Lesotho
Basutolad or Liberia or Libya or Macedonia or Madagascar or Malagasy Republic or Malaysia o
Malaya or Malay or Sabah or Sarawak or Malawi or Mali or Marshall Islands or Mauritania or Ma
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or Agalega Islands or Mexico or Micronesia or Middle East or Moldova or Moldovia or Moldoviar
Mongolia or Montenegro or Morocco or Ifni or Mozambique or Myanmar or Myanma or Burma ol
Namibia or Nepal or Netherlands Antilles or Nicaragua or Niger orridige Muscat or Pakistan or
Palau or Palestine or Panama or Paraguay or Peru or Philippines or Philipines or Phillipines or
Phillippines or Papua New Guinea or Romania or Rumania or Roumania or Rwanda or Ruanda
Lucia or St Lucia or Saint Vincewot St Vincent or Grenadines or Samoa or Samoan Islands or Na
Island or Navigator Islands or Sao Tome or Senegal or Serbia or Montenegro or Seychelles or £
Leone or Sri Lanka or Solomon Islands or Somalia or Sudan or Suriname or Surinam tarveazi
South Africa or Syria or Tajikistan or Tadzhikistan or Tadjikistan or Tadzhik or Tanzania or Thail:
Togo or Togolese Republic or Tonga or Tunisia or Turkey or Turkmenistan or Turkmen or Ugani
Ukraine or Uzbekistan or Uzbek or Vanuatu omNeebrides or Venezuela or Vietnam or Viet Nam
West Bank or Yemen or Zambia or Zimbabwe).tw.

26. exp africa/ or exp africa, northern/ or algeria/ or egypt/ or libya/ or morocco/ or tunisia/ or exg
south of the sahara"/ or africa, central/ or cameroon/ or central african republic/ or chad/ or cong
"democratic republic of the congo"/ equatorial guinea/ or gabon/ or africa, eastern/ or burundi/ or
djibouti/ or eritrea/ or ethiopia/ or kenya/ or rwanda/ or somalia/ or south sudan/ or sudan/ or tan;
uganda/ or africa, southern/ or angola/ or botswana/ or lesotho/ or malawizamivique/ or namibia/
or south africa/ or swaziland/ or zambia/ or zimbabwe/ or africa, western/ or benin/ or burkina fas
cape verde/ or cote d'ivoire/ or gambia/ or ghana/ or guinea/ or ehigsau/ or liberia/ or mali/ or
mauritania/ or niger/ amigeria/ or senegal/ or sierra leone/ or togo/ or americas/ or exp caribbean
or exp west indies/ or exp central america/ or belize/ or costa rica/ or el salvador/ or guatemala/
honduras/ or nicaragua/ or panama/ or panama canal zone/ or latinadrar mexico/ or exp south
america/ or argentina/ or bolivia/ or brazil/ or chile/ or colombia/ or ecuador/ or french guiana/ or
or paraguay/ or peru/ or suriname/ or uruguay/ or venezuela/ or asia/ or asia, central/ or kazakhs
kyrgyzstan/ or tajikistan/ or turkmenistan/ or uzbekistan/ or exp asia, southeastern/ or borneo/ or
or cambodia/ or timeleste/ or indonesia/ or laos/ or malaysia/ or mekong valley/ or myanmatr/ or
philippines/ or singapore/ or thailand/ or vietnam/ or,asestern/ or bangladesh/ or bhutan/ or india
sikkim/ or middle east/ or afghanistan/ or bahrain/ or iran/ or irag/ or israel/ or jordan/ or kuwait/ ¢
lebanon/ or oman/ or gatar/ or saudi arabia/ or syria/ or turkey/ or united arab emirates/ ooyeme
nepal/ or pakistan/ or sri lanka/ or far east/ or china/ or beijing/ or macau/ or tibet/ or korea/ or m
or taiwan/ or indian ocean islands/ or comoros/ or madagascar/ or mauritius/ or reunion/ or seyc!
pacific islands/ or exp melanesi@ exp micronesia/ or polynesia/ or pitcairn island/ or exp samoa/
tonga/ or prince edward island/ or west indies/ or "antigua and barbuda"/ or bahamas/ or barbad
cuba/ or dominica/ or dominican republic/ or grenada/ or guadeloupe/ or hitidaica/ or martinique
or netherlands antilles/ or puerto rico/ or "saint kitts and nevis"/ or saint lucia/ or "saint vincent ar
grenadines"/ or "trinidad and tobago"/ or united states virgin islands/ or oceania/

27. ((developing or less* developed or under develapechderdeveloped or middle income or low*
income or underserved or under served or deprived or poor*) adj (countr* or nation? or populatic
world or state*)).tw.

28. ((developing or less* developed or under developed or underdeveloped or middle income or
income) adj econom®).tw.

29. (low* adj (gdp or gnp or gross domestic or gross national)).tw.

30. (low adj3 middle adj3 countr*).tw.

31. (Imic or Imics or third world or lami countr*).tw.

32. transitional countr*.tw.

33. 23 or 24 oP5 or 26 or 27 or 28 or 29 or 30 or 31 or 32

34. 22 and 33

35. WOMEN/

36. Female/
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37. (woman or women or female* or girl* or matern* or mother* or wife or wives).tw.
38. 35 or 36 or 37
39. 34 and 38
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Appendix B: Data extraction codebooks

Quantitative study data extraction form

Extractor name and date

Citation information

Author and year

Full citation

Parent study

Contextual factors

Geographical

Ex: country, geography, climate, human la
use, access to healthcare

Epidemiological

Ex: Incidence, prevalence, spatial
distribution, life expectancy, population
density, family size

Socieeconomic

Ex: SES, income, occupation, living
conditions, burden of disease

Sociecultural

Ex:Language, means of communication,
values, symbols. religion, lifestyle,
discrimination

Political Ex: political system, distribution of power,
political stability, violence, corruption,
ideology

Legal Ex: norms, values underlyitegislation,
regulations, guidelines,

Ethical Ex: autonomy, moral distress, privacy,
conflicting interests. morality

Methods Objective What was the study aim or research
question?

Study design RCT, CBA, ITS

Relevant details of study
design

ForRCTs, randomization, allocation,
blinding, etc.

For NRS, controls for confounding, analys
etc.

Target population

e.g., pregnant women of reproductive age
and their infants

Recruitment and sampling
procedures

Sample size at baseline (total
and per study arms)

Setting

Physical location, e.g., health facility, scho
workplace

Participant eligibility criteria

Inclusion and exclusion criteria
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Participant baseline
characteristics

Include relevant PROGRESS+ characteris
Place ofesidence,
race/ethnicity/culture/language,
occupation, gender/sex, religion, educatio
SES, social capital, personal characteristic
associated with discrimination (e.g., age,
disability, sexual orientation or identity)

Differences in baseline
characteristics

Study duration

Intervention

Name of intervention

Description of the intervention

Theoretical model

e.g., Health Belief Model, Theory of Planng
Behavior, Social Cognitive Theory

Description of the comparison
intervention

Administrator

Provider

Intervention provider and any training they
were provided

Needs assessment/formative
research

Description of any prior needs assessmen
or formative research to inform interventior
design

Culturalsensitivity

Activities undertaken to design the
intervention in a culturally sensitive manne

Outcomes

PRIMARY outcomes reported
by study

E.g., BMI, weight, MUAC, dietary diversity

Instruments used and scale
interpretation

E.g., Dietary diversity score (DDS). Food
groups considered were cereals/roots,
vegetables, fruits, legumes/lentils,
meat/fish/egg & milk/dairy products. If an
individual eate any quantity of any food
group at least once per day, it was taken
into count.

Include any authors comments on measur
validity or reliability

Timing of outcome
measurements

E.g., baseline, 6 months, 12 months

Adverse outcomes reported by
authors

E.g., gendebased violence, consumption g
sugar sweetened foods dreverages

SECONDARY outcomes
reported by study

E.g., selefficacy, dietary intake, depressive
symptoms
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Instruments used and scale
interpretation

E.g., Dietary diversity score (DDS). Food
groups considered were cereals/roots,
vegetables, fruits, legumes/lentils,
meat/fish/egg & milk/dairy products. If an
individual eate any quantity of any food
group at least once per day, it was taken
into count.

Include any authors comments on measur
validity or reliability

Timing of outcome
measurements

E.qg., baseline, 6 months, 12 months

Statistical analyses

Results

Participant follow-up

How many participants [in each group]
completed the study? Was drequt
balanced between intervention and control
groups? Were losses more common for a
particular PROGRESS+ characteristic?

Summary data binary
NUTRITION outcomes

Intervention group sample size

Intervention group number of events

Control group sample size

Control group number of events

Summary data continuous
NUTRITION outcomes

Mean

Variance of mean (measure of variance,
standard deviation or 95%CI)

Betweengroup estimates

For RCTs or NRSI, this could be OR, Log
RR, Log RR, MD, SMD. Always include 95

Summary data binary
EMPOWERMENJutcomes

Intervention group sample size

Intervention group number of events

Control group sample size

Control group number of events

Summary data continuous
EMPOWERMENT outcomes

Mean

Variance of mean (measure of variance,
standarddeviation or 95%CI)

Betweengroup estimates

For RCTs or NRSI, this could be OR, Log
RR, Log RR, MD, SMD. Always include 95

Implementation factors

Reach The proportion of participants who attend
sessions or have exposure to various
programelements.

Dose Frequency, intensity and duration of

intervention delivery to participants
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Fidelity Degree to which the intervention was
delivered according to original design

Adaptation Adaptation during implementation to
respond to changingircumstances

Cointervention Unintentional delivery of another
intervention to study population

Contamination Unintentional delivery of intervention to

comparison group or failure to provide
intervention to intervention group

Engagement Activeparticipation and receptivity to the
intervention

Quality Quality of intervention materials and
resources

Contribution of agency As described by authors

component to intervention

results

Contribution of OS component| Asdescribed by authors
to intervention results
Other Main conclusions
Study strengths As described by authors
Study limitations As described by authors
Funding

Conflicts of interest
Ethics

Extractor comments

Qualitative study data extraction form

Code Extraction

Extractor name and date extracted
Full citation

First author and year

Type of publication

Parent study

Study aim(s)

Study duration

Study start date
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Study end date

Study desigrdescription

Recruitment strategy

Study analysis approach

Study perspective

Study participant inclusion criteria

Study participant exclusion criteria

Number of participants

Participant age range

Participant characteristics according to
PROGRESS+

Study setting

Study conclusion

Study strengths

Study limitations

Implementation factors

Recruitment

Retention

Attrition

Reach

Dose

Fidelity

Adaptability

Delivery platform

Setting

Provider

Quality

Culturalappropriateness

Contamination
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Cointervention

Participant engagement

Short term outcomes

Motivation to improve nutrition behaviours

Knowledge and/or skills for improved nutrition
behaviours

{ dzLILI2 NI A @S K2YS Sy @AN
and/or nutrition

{ dzLJLI2 NI A @S O2YYdzyAde
agency and/or nutrition

Intermediate outcomes

DANX &Q I 38 y-@aking ppvier fét S O
improved nutrition

DANIaQ 00Saa G2 I yR
improved nutrition

t NPGSOGA2Y YR Fdzf TAE

Access to a healthy diet

Use of essential health services

Adoption of healthy behaviours

Longer term outcomes

Improved dietary intake

Reduced risk of illness and disease

Reduced risk oéarly or unwanted pregnancy

Adverse effects

Improved health or nutritional status

Contextual factors

Individual level

Household/community level

Macro-level

Other
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Appendix C: Risk of bias assessments

Quantitative studies

Alaofe 2009
Criteria Assessment
Mechanism of assignment Unclear.

Was the allocation mechanism, or method of analys
able to control for selection bias?

The schools were not purposely selected from amor
six boarding schools located in six different
departments of Benin.

Multivariable analysis was conducted controlling for
oaStAyS O2@0FNAIFGSa ol 3
education, and baseline knowledge of food sources

Group equivalence

Was the method of analysis executed to ensure
comparability of groups throughout the study to
prevent confounding?

Unclear.

The multivariable analysis included baseline covarig
0138y NBftAIA2YyIT LI NByGa
knowledge of food sources) but potential confounde
may be omitted.

{2YS 061 aStAyS RAFTFSNByO
baseline results revealed no significant differences
between the intervention and control groups in age,

BMI, use of supplements during the past month,

NEtAIAZ2Yy S LINByGaqQ 200dz

majority of the parents in both groups were literate.
higher proportion of mothers of girls in the
intervention group had a secondary or university
degree than mothers of girls in the control group (p
.03), and more fathers of girls in the intervention
group had a university degree than fathers of girls ir]
GKS O2yiNRBf 3ANRdzL) 6LI T

No losses to follovup but 4 participants in the contro
group were eliminated randomly to have equal
number of participants between groups. Without
knowing whether the eliminated participants were
similar the rest of the group, the impact is unclear.
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Hawthorne and John Henry effects

Was the process of being observed causing motivat
bias?

Unclear.

It is unclear whether participants were aware they
were in a study/trial and if this affected their actions,

Spillovers and crossovers

Was the study adequately protected against
performance bias?

Yes. The two schools welacated 70km apart.

Selective outcome reporting

Was the study free from outcome reporting bias?

Yes.

All outcomes reported in the methods section match
the results section. No protocol available.

Selective analysis reporting

Was the study free from analysis reporting bias?

Yes.
Appropriate methods of estimation applied.

G{aOGraAraaarort FylrteasSa o
and SAS software [35]. Sociodemographic
characteristics of the two groups and the percentagg
of subjects with iron status indicators below the cutg
values were compared by the ebguare test. The
independent samplestest (two-tailed) was used to
compare group means for iron status indicators. A
two-way analysis of variance with repeated measuré
was used to study the effect of the factor group
(intervention vs. control) on the evolution of each
nutrient. The repeated factor was the period. The
linear mixed procedure of the SAS program [35] wa
used with a repeated statement and the covariance
structure that minimizes the Akaike criterion. When
assumptions of normality and homogeneity of
variance werenot met, the logarithmic or square
transformations were used. Pairwise comparisons
SNE YIRS o6& dzaAy3d CAak
difference) protected. Serum ferritin had a skewed
distribution; therefore, this value was log transforme
for all statistcal calculations. Differences between th
two groups in knowledge scores and percentages o
subjects with iron status indicators below the cutoff
values were assessed by the McNemar test. Chang
in means of iron status indicators within groups ove
time were assessed by paireddsts. Analysis of
covariance (ANCOVA) was used to compare means
iron status indices between the two groups. The
020K NAF(GSa adGddzRASR ¢SNB
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education, and baseline knowledge of food sources
vitamin C. Finally,

logistic regression analysis was used to determine
whether there were differences between the groups
in the prevalence of anemia, iron deficiency, iron
deficiency anemia, malaria, and intestinal parasitic

infections (dependent variables). Logistic regressior|
were adjusted for age and baseline values cited abd

{GFrGAAGAOFE &AIYAFAOIYO

Other

Was the study free from other sources of bias?

Unclear.
Assessors not blinded.

Selfreporting of dietary intake subject to bias.

Confidence intervals

Was the study conducted with an appropriately
powered sample size and the analysis carried out a
the correct unity of treatment assignment?

Yes.

! &l Y3RXirlS in 8a€h boarding school was
required to show a statistically significant difference
the prevalence of irordeficiency anemia between

INRdzLIA 6AGK | LI2oSNI 27
Bagherniya 2017
Criteria Assessment
Mechanism of assignment Unclear.

Was the allocation mechanism, or method of analys
able to control for selection bias?

Method of sequence generation not described.
Allocation concealment not described.

GLM analysis of repeated measures with covariate
adjustments for baseline measures and potential
confounders.

Participant recruitment took place after randomizatio
(see participant flow chart p38)

Group equivalence

Was the method of analysis executed to ensure
comparability of groups throughout the study to
preventconfounding?

Unclear.

GLM analysis of repeated measures with covariate
adjustments for baseline measures and potential
confounders.
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There vere significant differences in BMI and waist
circumference between treatment and control group
at baseline.

At the end of the study, the intervention arm had mo
losses to followup, e.g., 12 intervention groups
participants refused to be measured vs. 3 control
group participants.

Hawthorne and John Henry effects

Was the process of being observed causing
motivation bias?

Unclear.

It is unclear whether participants were aware they
were in a trial and if this affected their actions.

Spillovers and crossovers

Was the study adequately protected against
performance bias?

Unclear.

Authors do not address the subject.

Selective outcome reporting

Was the study free from outcome reporting bias?

Yes.

Reported outcomes match those listed in the study
protocol hitps://www/irct.it/trial/14540

Selective analysis reporting

Was the study free from analysis reporting bias?

Yes.

!ttt RFEGF 6SNB FylftelsSR
the Social Sciences (SPSS), version 18, at significat
level of less than 5%. Differences between fyvoups
at baseline, middle, and the end of study were
assessed by an independent t test.

For psychosocial variables, General Linear Model
Univariate analysis was used to assess differences
between the two group outcomes controlling baselin
values of these variables and potential confounders,
with the SCT constructs at the end of study as
dependent variables and groups as the fixed factor.

General Linear Model analysis of repeated measure
was selected to assess differences between two
groups, follow up in three times (baseline, middle, ar
end of the study) and the interaction between
intervention group and time of followp with
covariateadjustments for baseline values and for the
potential confounding factors including age, and
sociodemographic factors.
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The betweersubjects factor was groups (interventior
and control) and the withirsubjects factor was BMI,
2/ a2 FYR YydziNAGA2Y It 0SS

ITT analysissee CONSORT flow chart.

Other

Was the study free from other sources of bias?

Yes.
Assessors were blinded to group allocation.

Selfreporting of secondary variables (dietary intake
and psychosocial variables) subject to bias.

Confidence intervals

Was the study conducted with an appropriately
powered sample size and the analysis carried out &
the correct unity of treatment assignment?

No.

Clustering not accounted for in the analysis. Small
sample size.

Dehdari 2014

Criteria

Assessment

Mechanism of assignment

Was the allocation mechanism, or method of analys
able to control for selection bias?

No.

Recruitment and randomization not adequately
described. "The study was carried out among 100
female middleschool students in Qom, Iran, during
AprilcJune 2011. Given the estimated sample size,
middle schools were randomly selected. Then, fifty
students were randomly selected from each school
and assigned to the experimental group (recipient o
classroom nutrition education plus designed nutritio
SRdzOF GA2Yy o6l aSR 2y tSyR
group (recipient of classroom nutrition education).

Participant selection was based on a small
convenience sample.

No multivariable analysis to control for baseline
covariates.

Group equivalence

Was the method of analysis executed to ensure
comparability of groups throughout the study to
prevent confounding?

No.

No multivariable analysis. Analyses before and afte
(KS AYGSNDBSyiGrAzy 6SNB O
pairedsamples itest.

No losses to followup.
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No significant differences in baseline characteristics
aXy2 aA3IYyAFAOLYy(d RAFTFSN
two groups for any of the demographic characteristi
t SYRSNDR& Ita O2yailNHzOGa
or the nutrient intake of breakfast consuriph 2 y* ®

Hawthorne and John Henry effects

Was the process of being observed causing motivat
bias?

Unclear.

It is unclear whether participants were aware they
were in a trial and if this affected their actions.

Spillovers and crossovers

Was the study adequately protected against
performance bias?

Unclear.

Authors do not address subject.

Selective outcome reporting

Was the study free from outcome reporting bias?

Yes.

All outcomes reported in the methods section match
the results section. No protocol available.

Selective analysis reporting

Was the study free from analysis reporting bias?

No.

No multivariable analysis conducted.

Other

Was the study free from other sources of bias?

No.
Primary outcomes were seféported.

Unclear whether assessors or analysis were blinded

Confidence intervals

Was the study conducted with appropriately
powered sample size and the analysis carried out a
the correct unity of treatment assignment?

No.

Small sample size. No sample size calculation
provided.

Dehdari 2016

Criteria

Assessment

Mechanism of assignment

Was the allocation mechanism, or method of analys
able to control for selection bias?

No.

Recruitment and randomization not adequately
RSAONAOGSR® GCANRGET Gg2
selected. In the next step, 71 female students in the
7th grade were selected from each school and then
allocated to either intervention group (n=71) or the
COYLI NR &2y 3INRdzLI 6yl TMO D
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Participant selection was based on a small
convenience sample.

No multivariable analysis to control for baseline
covariates.

Group equivalence

Was the method of analysis executed to ensure
comparability of groups throughout the study to
prevent confounding?

No.

No multivariable analysis conducted. Pairegsts
used to test within group changes. Differences in
outcomes between two groups were tested with
ANCOVA.

Hawthorne and John Henry effects

Was the process of being observed causing motivat
bias?

Unclear.

It is unclear whether participants were aware they
were in a trial and if this affected their actions.

Spillovers and crossovers

Was the study adequately protected against
performance bias?

Unclear. Authors do not address subject.

Selective outcome reporting

Was the study free from outcome reporting bias?

Yes. All outcomes reported in the methods section
match the results section. Narotocol available.

Selective analysis reporting

Was the study free from analysis reporting bias?

No.

No multivariable analysis conducted.

Other

Was the study free from other sources of bias?

No.
Primary outcomes were seféported.

Unclearwhether assessors or analysis were blinded

Confidence intervals

Was the study conducted with an appropriately
powered sample size and the analysis carried out a
the correct unity of treatment assignment?

No.

Small sample size. No sample size calculation
provided.

Dunker 2018

Criteria

Assessment

Mechanism of assignment

Was the allocation mechanism, or method of analys
able to control for selection bias?

Yes.

GwlkyR2YAT I GA2Y 6+ & LISNF
prevent contamination across students between the
intervention and observation arms. We used an
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allocation ratio of 1:1. School hames were assigned
paper slips and then randomly selected by the scho
principals to assign each school to the intervention
control groups. The randomization was not performe
with replacement but was blocked, ultirtedy
SyadzNAy3a Fy Sldzt &l YL

Convenience sample was used to select individuals
GAOGKAY a0OK22fad® abt¢tKS L]
the project during school hours ll seventh and
eighth-grade students. During the recruitment
process, only girls were asked to participate in a
research study to evaluate the impact of the followir]
aspects in preventing weiglielated issues: body
satisfaction, eating habits, and phgal activity. After
the randomization process, schools in the interventi
arm were informed about the NMP activities" p4

Unclear whether allocation was concealed.

Randomization occurred after recruitment.

Group equivalence

Was the method of analysis executed to ensure
comparability of groups throughout the study to
prevent confounding?

Unclear.
Multivariable analysis conducted (GEE).
Comparable # of losses to follewp across groups.

Significant differences between groups at baseline f
SES and weight.

Hawthorne and John Henry effects

Was the process of being observed causing motivat
bias?

Unclear.

Participants were volunteers therefore aware they
were in a study.

Spillovers and crossovers

Was the study adequately protected against
performance bias?

Yes.

Gwlk yR2YAT FGA2Y 61 & LISNF
prevent contamination across students between the
AYGSNBSYyiA2y YR 20aSND

Selective outcome reporting

Was the study free from outcome reporting bias?

Yes.

All outcomegeported in the methods section match
the results section. No protocol available.

Selective analysis reporting

Was the study free from analysis reporting bias?

Yes.

Multivariable analysis conducted. ITT analysis.

Other

Yes.
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Was the study free from other sources of bias?

Primary outcome objectively measured.

Analysis was blinded.

Confidence intervals

Was the study conducted with an appropriately
powered sample size and the analysis carried out a
the correct unity of treatment assignment?

Unclear.

Analysis accounted for clustering, but sample size
calculated based on individuals (not clusters).

Jeihooni 2019

Criteria

Assessment

Mechanism of assignment

Was the allocation mechanism, or method of analys
able to control for selection bias?

No.

Lft20FGA2Y YSOKIFIYAAY AY
schools out of 22 female high schools with similar
economic and social conditions were selected
randomly in cluster sampling and subjects were
randomly divided into two groups of experimental ar
control (100subjects for experimental and 100
subjects for control

groups) ... Finally, the 100 samples were allocated i
SI OK 3INER dzLIp¢

Unclear whether allocation was concealed.

Unclear whether recruitment happened before
randomization.

No multivariable analysis conducted.

Group equivalence

Was the method of analysis executed to ensure
comparability of groups throughout the study to
prevent confounding?

No.
No multivariable analysis conducted.
No losses to followup.

No significant differences between groups at baselir

Hawthorne and John Henry effects

Was the process of being observed causing motivat
bias?

Unclear.

It is unclear whether participants were aware they
were in a trial and if this affected their actions.

Spillovers and crossovers

Was thestudy adequately protected against
performance bias?

Unclear.

Authors do not address subject.
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Selective outcome reporting

Was the study free from outcome reporting bias?

Yes.

All outcomes reported in the methods section match
the resultssection. No protocol available.

Selective analysis reporting

Was the study free from analysis reporting bias?

No.

No multivariable analysis conducted.

Other

Was the study free from other sources of bias?

Unclear.

Unclear whether assessors/analysis were blinded.

Confidence intervals

Was the study conducted with an appropriately
powered sample size and the analysis carried out a
the correct unity of treatment assignment?

Unclear.

Sample size calculation not adequately described.

Jeihooni 2021

Criteria

Assessment

Mechanism of assignment

Was the allocation mechanism, or method of analys
able to control for selection bias?

No.

Mechanism of assignment inadequately described.
G hdzi 2 ¥ 20d2NS y3lASNI & Q LJdzo A
schools were randomly selected (two as the
experiential group and two as the controlled group),
with forty students from each school. Samples were
be vdunteers and stdy at one of the public high
a0K22f ad¢

Unclear whether allocation was concealed.
No mention of recruitment before allocation.

No multivariable analysis conducted.

Group equivalence

Was the method of analysis executed to ensure
comparability of groups throughout the study to
prevent confounding?

No.
No multivariable analysis conducted.
No losses to followup.

No significant differences between groups at baselir
G¢CKSNB glayQd Fyeg araya

the two groups based on the independenteist (p =
0.204). Regarding the education level (p = 0.144),
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K2dzaSK2f R Y2ydKfeé Ayo2yY
SRdzOI GA2Y O0LI T nomepyo =
Y20KSNDa 200dzLd GA2Y onod
0.221), there was no statistically significant differend
between the two groups (Table 1). The riswalso
showed that there was no significant difference
between the two groups in terms of knowledge,
attitude, selfefficacy, reinforcing factors, enabling
factors, and nutritional behaviors preventing iron
RSTFAOASYyOe FySYAl o6S7T2N|

Hawthorne and John Henry effects

Was the process of being observed causing motivat
bias?

Unclear.

Participants were volunteers therefore aware they
were in a study.

Spillovers and crossovers

Was the study adequately protected against
performance bias?

Unclear.

Authors do not address subject.

Selective outcome reporting

Was the study free from outcome reporting bias?

Yes.

All outcomes reported in the methods section match
the results section. No protocol available.

Selective analysis reporting

Was the study free from analysis reporting bias?

No.

No multivariable analysis conducted. No mention of
blinding assessors/analysis.

Other

Was the study free from other sources of bias?

Unclear.

Unclear whether assessors/analysis wbliaded.

Confidence intervals

Was the study conducted with an appropriately
powered sample size and the analysis carried out a|
the correct unity of treatment assignment?

Yes.

Sample size calculation appropriate.

Kapadiakundu 2014

Criteria Assessment
Mechanism of assignment Yes.
Was the allocation mechanism, or method of analyg ¢ ! Of dza 1 SNJ w/ ¢ ¢l a O2YyR

able to control for selection bias?

October 2011 with adolescent girls (11e14 years of
age) in 30 rural schools in Hardoi district. The trial ig
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two-level, nested RCT with the unit of randomizatior
being the block. Hardoi has 19 blocks with about
180,000 to 240,000 population per block. The distriq
main town, Hardoi city is located in the center of the|
district.Blocks were stratified based orstéince from
Hardoi city to ensure equitable inclusion of schools
FNRBY (GKS NBY20SadG of 2071
blocks, two blocks were randomly selected from ead
2F GKS aidNYdF NBadzZ GAy3
Random assignment of blocks to intertiem or
control was done after the baseline survey. A list of
girls' schools was prepared for each block. Five sch
were then randomly selected from each block,
resulting in a total of 30 schools. A list of girls from
grades 7 and 8 was prepared andgifls were
randomly selected from each school. If the school h
less than 40 girls in grades 7 and 8, then girls from
INI RS ¢ 6SNB NryR2Yf& &

Recruitment undertaken before randomization.

Group equivalence

Was the method of analysis executed to ensure
comparability of groups throughout the study to
prevent confounding?

Unclear.

Study uses crossectional (vs panel) data. Baseline
characteristics between groups appear similar (Tabl
2) but no statistical tests presented to compare
samples at baseline and endline within and betweer
groups.

Hawthorne and John Henry effects

Was the process of being observed causing motivat
bias?

Unclear.

It is unclear whether participants were aware they
were in a trial and if this affected their actions.

Spillovers and crossovers

Was the study adequately protected against
performance bias?

Yes.

a! OtdzaldISNI w/ ¢ g1 & 2LIS
based RCT to avoid contamination between
AYUSNBSYylGAz2y |yR 02y (NP

Selective outcome reporting

Was the study free from outcome reporting bias?

Unclear.

Outcomes are notlescribed in the Methods section.

Selective analysis reporting

Was the study free from analysis reporting bias?

Yes.
I NBRAOES Fylfteara YSGK?2
at the individual and cluster levels. Individual

level analysis includes adjusted chi square analysis
looking at a difference in proportions. The chi squar
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for the individual level analysis was adjusted for
clustering using the Rao Scaott statistic (Reed, 2004
The analysis looked at the difference in proportion f

the four groups. In addition, cluster level analysis w:
done using a twesample ttest for comparisons of
means between baseline and end line for both the
AYGSNBSYyiGA2y YR 02y iNER

Other

Was the study free from other sources of bias?

Unclear.

Outcome data were collected by interview and may
subject to bias.

Confidence intervals

Was the study conducted with an appropriately
powered sample size and the analysis carried out a
the correct unity of treatment assignment?

Yes.

Adequate sample size and clustering accounted for
analysis.

Leme 2018
Criteria Assessment
Mechanism of assignment Yes.
Was the allocation mechanism, or method of analys ¢ ¢ KS aOK22f & ¢SNB LI ANJ

able to control for selection bias?

location, size, and demographics and randomized
within pairs by an individual not involved in the
research project. For instance, the numbers one or
two were written on individual small papers then
folded,and added to a plastic bag. Each number
represented a school (e.g., number 1 was school A)
Schools remained in their allocated group for the
RdzN>F GA2y 2F (GKS &adddzRe o¢

Allocation concealment unclear.

Recruitment was undertaken before randomization.

Group equivalence

Was the method of analysis executed to ensure
comparability of groups throughout the study to
prevent confounding?

Unclear.

Authors used mixed model repeated measures
ANCOVA that controlled for baseline values.

There were statistical differences between groups a
baseline.

/ 2y OSNY a | 62 dzi -morithiphisk G A 2
intervention assessments, 89 (62.7%) and 55 (49.6¢
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girls were retained in the intervention and control
groups, respectively (Fig. 1) and no significant
differences were found between retained and
dropped girls in relation to socidemographic

DI NRAIF of Sa e

Hawthorne and John Henry effects

Was the process of being observed causing motivat
bias?

Unclear.

It is unclear whether participants were aware they
were in a trial and if this affected their actions.

Spillovers and crossovers

Was the study adequately protected against
performance bias?

Unclear.

Authors do not address subject.

Selective outcome reporting

Was the study free from outcome reporting bias?

Yes.

Outcomes in protocol (Leme 2015) match those
reported.

Selective analysis reporting

Was the study free from analysis reporting bias?

Yes.

Credible methods used. ITT analysis conducted.

Other

Was the study free from other sources of bias?

Yes.
Primary outcomes objectively measured.
Assessors were blinded.

Authors note that they did not correct for substantia
number of tests conducted.

Confidence intervals

Was the study conducted with an appropriately
powered sample size and the analysis carried out a|
the correct unity of treatment assignment?

No.

Authors report that the sample size was
underpowered to test effects.

SabetSarvestani 2009

Criteria

Assessment

Mechanism of assignment

Was the allocation mechanism, or method of analys
able tocontrol for selection bias?

No.

Mechanism of assignment inadequately described.
G¢KS LI NGLAOALIYyidGa oSNB
FaaA3dySR G2 G2 3ANRJzZLIE O

Multivariable analysis not conducted.
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Group equivalence

Was the method of analysis executed to ensure
comparability of groups throughout the study to
prevent confounding?

No.

Multivariable analysis not conducted. Authors used
two-sample ttests to examine differences between
the control and experimental groups, and sequentia
analysis was used to evaluate the effect of the
program over 6 months.

20% dropout rate reported but no further assessme
conducted.

Hawthorne and John Henry effects

Was the process of being observed causing motivat
bias?

Unclear.

It is unclear whether participants were aware they
were in a trial and if this affected their actions.

Spillovers and crossovers

Was the study adequately protected against
performance bias?

Unclear.

Authors do not address subject.

Selective outcome reporting

Was the study free from outcome reporting bias?

Yes.

All outcomes reported in the methods section match
the results section. No protocol available.

Selective analysis reporting

Was the study free from analysis reporting bias?

No.

No multivariable analysis conducted.

Other

Was the study free from other sources of bias?

Unclear.

Unclear whether assessors were blinded.

Confidence intervals

Was the study conducted with an appropriately
powered sample size and the analys#sried out at
the correct unity of treatment assignment?

Yes.

Sample size calculation provided. The sample size
calculation for this study was based on previously
reported intervention changes in weight and body
mass index (BMI) in children. These suggested that|
least 14 in each group would allow detection of
statistically significant differences with an effect size
of 0.80.
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Qualitative studies

C hf EB W, casp-uk.net
;’3 info@ casp-uk.net

Critical Appraisal -
Skills Programme [ * P Summertown Pavilion, Middle
) Way Oxford Ox2 7LG

CASP Checklist: 10 questions to help you make sense of a Qualitative research

How to use this appraisal tool: Three broad issues need to be considered when appraising a
qualitative study:

I\ Are the results of the study valid? (Section A)
I\ What are the results? (Section B)
l\ Will the results help locally? (Section C)

The 10 questions on the following pages are designed to help you think about these issues
systematically. The first two questions are screening questions and can be answered guickly.
If the answer to both is “yes”, it is worth proceeding with the remaining questions. There is
some degree of overlap between the questions, you are asked to record a “yes”, “no” or
“can’t tell” to most of the questions. A number of italicised prompts are given after each
question. These are designed to remind you why the question is important. Record your
reasons for your answers in the spaces provided.

About: These checklists were designed to be used as educational pedagogic tools, as part of a
workshop setting, therefore we do not suggest a scoring system. The core CASP checklists
(randomised controlled trial & systematic review) were based on JAMA 'Users’ guides to the
medical literature 1994 (adapted from Guyatt GH, Sackett DL, and Cook DJ), and piloted with
health care practitioners.

For each new checklist, a group of experts were assembled to develop and pilot the checklist
and the workshop format with which it would be used. Over the years overall adjustments
have been made to the format, but a recent survey of checklist users reiterated that the basic
format continues to be useful and appropriate.

Referencing: we recommend using the Harvard style citation, i.e.: Critical Appraisal Skills

Programme (2018). CASF (insert name of checklist i.e. Qualitative) Checklist. [online] Available
at: URL. Accessed: Date Accessed.

@CASP this work is licensed under the Creative Commons Attribution — Non-Commercial-
Share A like. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-
sa/3.0/ www.casp-uk._net
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CNSP

Paper for appraisal and reference: Dunker et al. 2018. https://doi.org/10.1590/0103-110420
Section A: Are the results valid?

clear Yes /

Can't Tel

No

Comments:* The pbjective of this report was to reflect on the adaptation, on the
difficulties and on the potentialities of implementing the joint prevention
program for obesity and eating disorders New Moves for girls from public
schools in S&o Paulo (SP)."

Yes /

Can't Tel

MNo

Comments: The study aim was to share the perspective of the researchers on

implementation challenges and lessons learnt for a randomized controlled
trial using a case study approach.

Is it worth continuing?

(45}

Yes

f the Can't Tel /

No

Comments: The methods are not described.
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CNS

Skills Programime

4. 'Was the recruitment Yes
strategy appropriate to *
the aims of the Can't Tell
research? /
MNo
app
type of knowledge sought by t

e |f there are any discussions aro
recruitment {e.g. why some pe

chose not to take part)

Comments: The report is a reflection by the researchers (authors). It is not clear
whether others involved in the trial's implementation were consulted.

5. Was the data collectad in Yes HINT: Consider
a way that addressed the = [f the setting for the data collection was

research issue? Can't Tell / ustified

= Ifitis clear ho
No focus gri

group,

etc.)

the methods

chosen

= [fthe re

explicit (e.

g. forin

ter
-ation ¢

saturation of data

Comments: The report does not describe how data were collected or analyzed.
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6. Has the relationship es HINT: Consider
between researcher and
narticipant = .
particip Can't Tell
adequately considered?
No

Comments: It is unclear whether anyone other than the study authors provided data for
the study.

Section B: What are the results?

7. Have ethical issues been Yes

taken into consideration?

[1*]

Can't Tel

Mo

Comments: |t is unclear whether anyone other than the study authors provided data, and
therefore, unclear whether ethics was required.
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HINT: Consider

8. Was the data analysis Yes
sufficiently rigorous? n of the

Can't Tell p

No how the categories/themes were d

D

ata are

taken into account

¥amined

presentation

Comments: The analysis approach is not described.

er whether

9. Is there a clear statement Yes / HINT: Consi
s |fthe find

a
of findings?

Can't Tell .

researcher s arguments

Mo

& [ftheres cher has discussed

credibility of their finding

triangulation, respondent validation, mc

than one analy

liscussed in relatio

s |f the findir

the original research question

Comments: The NME hias the potential 1o be regilcated and used 35 a reference for new Intenention modes: In the country, rEquinng adaptations In its contents,
- with a reduction In the amount of Information of the manual, as well as Me reduction of activites proposed In each session, specificaly those nelated to

full-ime Schooks 35 3n optional SUBjEct Jimad at gins.”
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[ Section C: Will the results help locally?

10. How valuable is the

research?

Comments: The research provides valuable information on the challenges of culturally
adapting obesity and eating disorder programmes designed in high-income
countries to low- and middle-income country contexts.

219



AppendixD: GRADEBssessments

Summary of findings:

EmpowermeHiased nutritiomterventions compared to usual care/control for improving adolesce!
nutritional status in LMICs (RCTSs)

Patient or populatioimproving adolescent girls' nutritional status in LMICs (RCTs)

SettingLMIC

Interventionempowermebased nutrition interventions

Comparisonusual care/control

Risk with usua
care/control

Outcomes

Anticipated absolute effetts
(95% CI)

Risk with
empowerment
based nutrition

interventions

Body Mass Indt

MDO0.01 kg/m2

of
Relative effec]

(95% ClI) (studies)

participants

Certainty of th

evidence
(GRADE)

Comments

(BMI) The mean bod lower 695 8§ Empowermebased nutrition
followup: range Mass Index we (077 lower to - (3RCTs) interventions may result in little t
6.5 monthsto 1 23.1kg/m2 0.76 higher) Low difference in Body Mass Inde>

months

Waist MD0.02 cm

circumference The mean wai lower Empowermebased nutrition

(WC) circumferencé (2'4449‘?:“ E ) 425 a interventions may reduce/have it
followup: range was79.7cm 2.4 higher) (2 RCTs) Very low no effect owaistCircumference, bt
7.5 months to 1 ' the evidence is very uncertain

months

Total energy SMD0.15 SD N
intake lower Empowermebased nutrition
followup: range } (0.52 lower to ) 425 a interventions may reduce/have lif
75 p’;h tg ] 0.22 higher) (2 RCTs) Very low no effect ofotalEnergyintake, but
-~ mon hS o the evidence is very uncertain
months
SelfEfficacy SMDL.04 SD Empowermebased nutrition
followup: range ) higher ) 338 | interventions may increase/have
7.5 months to 1 (0.81 hlgher 1 (2 RCTs) Very logpe to no effect @eltEfficacy but the
1.26 higher) evidence is very uncertain.

months

*The risk in théntervention groufand its 95% confidence interval) is based on the assumed risk in the comparisoelgtivaeHadifitae

intervention (and its 95% CI).

Cl:confidence intendD:mean differenc@MDstandardised mean difference
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Summary of findings:

EmpowermeHiased nutritioimterventions compared to usual care/control for improving adolesce!
nutritional status in LMICs (RCTSs)

Patient or populatioimproving adolescent girls' nutritional status in LMICs (RCTs)
SettingLMIC
Interventionempowermebéased nutrition interventions

Comparisonusual care/control

Anticipated absolute effetts
(95% CI)

Risk with
empowerment

Risk with usua based nutrition S EEIEVVERE]ji=le BN oF (i {o]] s 1 evidence

Outcomes care/control  interventions (95% ClI) (studies) (GRADE) Comments

GRADE Working Group grades of evidence

High certaintywe are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certaintye are moderately confident in the effect estimate: the true effect is likely to be close to the estinthier®ittee mifsibil
that it is substantially different.

Low certaintyour confidence in the effect estimate is limited: the true effect may be substantially different from thetestimate of the efi
Very low certaty: we have very little confidence in the effect estimate: the true effect is likely to be substantially diff¢ecof éftentthe est

Explanations

a. Studies only include middtame countries; interventions only target overnutrition.
b. Small sample size.

c. One study at high risk of selection bias; outcerapastself
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Summary of findings:

EmpowermeHiased nutrition interventions compared to usual care/control for improving adolesc

nutritional status in LMICs (NRS)

Patient or populatioimproving adolescent girls' nutritional status in LMICs (NRS)
SettingLMIC
Interventionempowermebéased nutrition interventions

Comparisonusual care/control

Anticipatedabsolute effects
(95% ClI)

Risk with
empowerment

based nutritionSEEIEWYERE =l
interventions (95% ClI)

Risk with usua
care/control

participants
(studies)

Outcomes

Body Mass Indt MD1.14 kg/m2

evidence
(GRADE)

Comments

Empowermebased nutrition

(BMI) l'\l'/lhe mlezn b°‘? lower i 5 b260 tion: a interventions may reduce/have lit
followup: mean 3254?9 /EXZWC (1.62 lower to ( ostﬁzirzz)lon‘ Very loapc  No effect on Body Mass Index, bt

4months : 0.66 lower) evidence is very uncertain.
Anemia 32 per 100 68 . _ Empqwermehased nutrition .
followup: mean 85 per 100 (20 to 54) RR 0.38 (1 observation: a interventions may _reduce/h'ave lit
(0.23t0 0.63) tdy) Very loged no effect on Anemia,thatevidence

5.5 months study is very uncertain.

SMD0.28 SD 310 . Empowermebased nutrition
Total Energy ) higher i (3 observation o interventions may increase/have
Intake (0.38 lower to studies) ' Very loaee o no effect on Total Engrtgke, bu
0.94 higher) the evidence is very uncertain

Haemoglobin not pooled Empowermehased nutrition
(Hb) The mean 208 . interventions rriay:rease/haye littl
followup: h lobi ) a to no effect on Haemoglobin, bu

p: range haemoglobin (2 observation ) : B

hs 10 5. was0 studies) Very loaef ewd_ence is very uncertain. Styd
4 months MD = 0.95 (95%Cl 0.65, 1.25); <
months 2: MD = 0.34 (95%ClI 0.08, 0.6

not pooled Empowermebased nutrition
interventions may increase/have

SelfEfficacy to no effect on SEfficacyput the
602 evidence is very uncertain. Stud

followup: range The mean sell
3 months to 8 Efficacy wds

studies)
months

- (4 observation: a

Very loap.cgh

SMD = 0.47 (95%CI 0.08, 0.87).
2: SMD = 0.41 (95%Cl 0.08, 0.’
Study 3: SMD = 6.31 (95%Cl 5.
7.00). Study 4: SMD = 5.61 (95¢

4.92,6.31).

*The risk in the intervention grdi@md its 95% confidence interval) is based on the assumed risk in the comparisoelgtiveetadfttae

intervention (and its 95% CI).

Cl:confidence intenD:mean differendeR:risk ratic§MDstandardised mean difference
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Summary of findings:

EmpowermeHiased nutrition interventions compared to usual care/control for improving adolesc
nutritional status in LMICs (NRS)

Patient or populatioimproving adolescent girls' nutritional status in LMICs (NRS)
SettingLMIC
Interventionempowermebéased nutrition interventions

Comparisonusual care/control

Anticipatedabsolute effects
(95% ClI)

Risk with
empowerment

Risk with usua based nutrition S EEIEVVERE]ji=le BN oF (i {o]] s 1 evidence

Outcomes care/control  interventions (95% ClI) (studies) (GRADE) Comments

GRADE Working Grogmades of evidence

High certaintywe are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certaintye are moderately confident in the effect estimate: the true effect is likely to be close to the estinthier®ittee mifsibil
that it is substantially different.

Low certaintyour confidence in the effect estimate is limited: the true effect may be substantially different from thetestimate of the efi
Very low certaintyve have veritlé confidence in the effect estimate: the true effect is likely to be substantially different from the estim:

Explanations

a. Norrandomized design subject to selection bias and confounding.
b. Studies only inclagiddléencome countries; only target overnutrition.
c. Small sample size.

d. Study population: adolescent girls with iron deficiency anemia

e. Substantial heterogeneity 12 = 88%

f. Substantial heterogeneity 12 = 89%

g. Substantial heterogeneity 12 = 99%

h. Included studies all conducted in Iran.
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RCTs

Outcome: BMI Certainty: Moderate
Assessment Explanation
No. of studies and design 3 RCTs
RoB Not serious
Inconsistency Not serious
Indirectness Serious Only middleincome countriesinterventions only
target overnutrition.
Imprecision Not serious
Other None
Outcome: Waist circumference Certainty: Low
Assessment Explanation
No. of studies and design 2 RCTs
RoB Not serious
Inconsistency Not serious
Indirectness Serious Only middleincome countries; interventions only
target overnutrition.
Imprecision Serious Small sample size.
Other None
Outcome: Total energy intake Certainty: Low
Assessment Explanation
No. of studies and design 2 RCTs
RoB Not serious
Inconsistency Not serious
Indirectness Serious Only middleincome countries; interventions only
target overnutrition.
Imprecision Serious Small sample size.
Other None
Outcome: 3 meals + snack Certainty: Moderate
Assessment Explanation
No. of studies and design 1RCT
RoB Serious Uses crossectional data. Selective reporting unclea
because outcomes not defined. Blinding of assesso
unclear.
Inconsistency Not serious
Indirectness Not serious
Imprecision Not serious
Other None
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Outcome: Food variety index

Certainty: Moderate

Assessment Explanation
No. of studies and design 1RCT
RoB Serious Uses crossectional data. Selective reporting unclea
because outcomes not defineBlinding of assessors
unclear.
Inconsistency Not serious
Indirectness Not serious
Imprecision Not serious
Other None
Outcome: Sprouted legumes Certainty: Moderate
Assessment Explanation
No. of studies and design 1RCT
RoB Serious Usescrosssectional data. Selective reporting unclea
because outcomes not defined. Blinding of assesso
unclear.
Inconsistency Not serious
Indirectness Not serious
Imprecision Not serious
Other None
Outcome: Vitamin C foods Certainty: Moderate
Assessment Explanation
No. of studies and design 1RCT
RoB Serious Uses crossectional data. Selective reporting unclea
because outcomes not defined. Blinding of assesso
unclear.
Inconsistency Not serious
Indirectness Not serious
Imprecision Not serious
Other None
Outcome: IFA consumption Certainty: Moderate
Assessment Explanation
No. of studies and design 1RCT
RoB Serious Uses crossectional data. Selective reporting unclea
because outcomes not defineBlinding of assessors
unclear.
Inconsistency Not serious
Indirectness Not serious
Imprecision Not serious
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Other None
Outcome: DOTS for IFA Certainty: Moderate
Assessment Explanation
No. of studies and design 1RCT
RoB Serious Usescrosssectional data. Selective reporting uncleal
because outcomes not defined. Blinding of assesso
unclear.
Inconsistency Not serious
Indirectness Not serious
Imprecision Not serious
Other None
Outcome: Annual health check Certainty: Moderate
Assessment Explanation
No. of studies and design 1RCT
RoB Serious Uses crossectional data. Selective reporting unclea
because outcomes not defined. Blinding of assesso
unclear.
Inconsistency Not serious
Indirectness Not serious
Imprecision Not serious
Other None
Outcome: Deworming tablet Certainty: Moderate
Assessment Explanation
No. of studies and design 1RCT
RoB Serious Uses crossectional data. Selective reporting unclea
becauseoutcomes not defined. Blinding of assessory
unclear.
Inconsistency Not serious
Indirectness Not serious
Imprecision Not serious
Other None
Outcome: Fruit & veg intake Certainty: Very low
Assessment Explanation
No. of studies and design 1RCT
RoB Serious Significant baseline imbalances. No allocation
concealment reported. Blinding not reported.
Inconsistency Not serious
Indirectness Serious Study population: middléncome, overweight
Imprecision Serious Small sample size
Other None.
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Outcome: Fruit intake

Certainty: Low

Assessment Explanation
No. of studies and design 1RCT
RoB Not serious
Inconsistency Not serious
Indirectness Serious Only middleincome countries; interventions only
targetovernutrition.
Imprecision Serious Small sample size
Other None
Outcome: Veg intake Certainty: Low
Assessment Explanation
No. of studies and design 1RCT
RoB Not serious
Inconsistency Not serious
Indirectness Serious Onlymiddle-income countries; interventions only
target overnutrition.
Imprecision Serious Small sample size
Other None
Outcome: Dairy intake Certainty: Very low
Assessment Explanation
No. of studies and design 2 RCTs
RoB Serious One study witlsignificant baseline imbalances. No

allocation concealment reported. Blinding not
reported.

Inconsistency

Very serious

12 = 98%

Indirectness Serious Only middleincome countries; interventions only
target overnutrition.
Imprecision Serious Small sample size
Other
Outcome: Fat and oil servings Certainty: Very low
Assessment Explanation
No. of studies and design 2 RCTs
RoB Serious One study with significant baseline imbalances. No

allocation concealment reported. Blinding not
reported.

Inconsistency

Very serious

12 =94%

Indirectness Serious Only middleincome countries; interventions only
target overnutrition.

Imprecision Serious Small sample size

Other
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Outcome: Rice servings

Certainty: Low

Assessment Explanation
No. ofstudies and design 1RCT
RoB Not serious
Inconsistency Not serious
Indirectness Serious Only middleincome countries; interventions only
target overnutrition.
Imprecision Serious Small sample size
Other
Outcome: Meat servings Certainty: Low
Assessment Explanation
No. of studies and design 1RCT
RoB Not serious
Inconsistency Not serious
Indirectness Serious Only middleincome countries; interventions only
target overnutrition.
Imprecision Serious Small sample size
Other None
Outcome: Beans servings Certainty: Low
Assessment Explanation
No. of studies and design 1RCT
RoB Not serious
Inconsistency Not serious
Indirectness Serious Only middleincome countries; interventions only
target overnutrition.
Imprecision Serious Small sample size
Other None
Outcome: Sweets servings Certainty: Low
Assessment Explanation
No. of studies and design 1RCT
RoB Not serious
Inconsistency Not serious
Indirectness Serious Onlymiddle-income countries; interventions only
target overnutrition.
Imprecision Serious Small sample size
Other None
Outcome: Junk food servings Certainty: Low
Assessment Explanation
No. of studies and design 1RCT
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RoB Serious Significant baseline imbalances. No allocation
concealment reported. Blinding not reported.
Outcome is selfeported.

Inconsistency Not serious

Indirectness Serious Only middleincome countries; interventions only
target overnutrition.

Imprecision Serious Small sample size

Other None

Outcome: Sekefficacy Certainty: Low

Assessment Explanation

No. of studies and design 2 RCTs

RoB Serious One RCT has unclear risk of selection bias; outcom
seltreported.

Inconsistency Not serious

Indirectness Serious Only middleincome countries; interventions only
target overnutrition.

Imprecision Serious Small sample size

Other None

NRS
Outcome: BMI Certainty: Very low
Assessment Explanation
No. ofstudies and design 2 CBA

RoB

Very serious

High risk of selection bias & confounding. Blinding
unclear. Blinding unclear.

Inconsistency Not serious
Indirectness Serious Only middleincome countries; interventions only
target overnutrition.
Imprecision Serious Small sample size
Other None
Outcome: Hb Certainty: Very low
Assessment Explanation
No. of studies and design 2 CBA
RoB Serious Nonrandomized design. Blinding unclear.
Inconsistency Serious 12 = 89%
Indirectness Not serious
Imprecision Serious Small sample size
Other None
Outcome: Serum ferritin Certainty: Very low
Assessment Explanation
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No. of studies and design 2 CBA
RoB Serious High risk of selection bias & confounding. Blinding
unclear.
Inconsistency Not serious
Indirectness Not serious
Imprecision Serious Small sample size.
Other None
Outcome: Anemia Certainty: Very low
Assessment Explanation
No. of studies and design 1 CBA
RoB Serious Risk of selection bias &nfounding. Blinding unclear
Inconsistency Not serious
Indirectness Serious Study in adolescents with IDA
Imprecision Serious Small sample size
Other
Outcome: Total Energy Intake Certainty: Very low
Assessment Explanation
No. ofstudies and design 3 CBA

RoB

Very serious

Risk of selection bias & confounding. Blinding uncle,
Outcome is selfeported.

Inconsistency Serious 12 = 88%

Indirectness Not serious

Imprecision Serious Small sample size.

Other None

Outcome:Total protein Certainty: Very low
Assessment Explanation

No. of studies and design 3 CBA

RoB

Very serious

Risk of selection bias & confounding. Blinding uncle
Outcome is selfeported.

Inconsistency Serious 12 =78%

Indirectness Not serious

Imprecision Serious Small sample size.

Other None

Outcome: Certainty: Very low
Assessment Explanation

No. of studies and design 3CBA

RoB

Very serious

Risk of selection bias & confounding. Blinding uncle
Outcome isselfreported.

Inconsistency

Not serious

Indirectness

Not serious
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Imprecision Serious Small sample size.

Other None

Outcome: Dietary iron Certainty: Very low
Assessment Explanation

No. of studies and design 3 CBA

RoB

Very serious

Risk ofselection bias & confounding. Blinding unclea
Outcome is selfeported.

Inconsistency Serious 12 =73%

Indirectness Not serious

Imprecision Serious Small sample size.

Other None

Outcome: Folate Certainty: Very low
Assessment Explanation

No. of studies and design 3 CBA

RoB

Very serious

Risk of selection bias & confounding. Blinding uncle
Outcome is selfeported.

Inconsistency Serious 12 = 85%

Indirectness Not serious

Imprecision Serious Small sample size.

Other None

Outcome: Vitamin A Certainty: Very low
Assessment Explanation

No. of studies and design 3 CBA

RoB

Very serious

Risk of selection bias & confounding. Blinding uncle
Outcome is selfeported.

Inconsistency Not serious

Indirectness Not serious

Imprecision Serious Small sample size.

Other None

Outcome: Zinc Certainty: Very low
Assessment Explanation

No. of studies and design 3CBA

RoB

Very serious

Risk of selection bias & confounding. Blinding uncle
Outcome is selfeported.

Inconsistency Serious 12 = 89%
Indirectness Not serious

Imprecision Serious Small sample size.
Other None

Outcome: Folate

Certainty: Very low
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Assessment Explanation
No. of studies and design 3CBA
RoB Veryserious Risk of selection bias & confounding. Blinding uncle
Outcome is selfeported.
Inconsistency Serious 12 = 85%
Indirectness Not serious
Imprecision Serious Small sample size.
Other None
Outcome: Dairy intake Certainty: Very low
Assessment Explanation
No. of studies and design 1 CBA

RoB

Very serious

Risk of selection bias & confounding. Blinding uncle
Outcome is selfeported.

Inconsistency Not serious
Indirectness Serious Only middleincome countriesinterventions only
target overnutrition.
Imprecision Serious Small sample size
Other None.
Outcome: Breakfast consumption Certainty: Very low
Assessment Explanation
No. of studies and design 1CBA

RoB

Very serious

Risk of selection bias énfounding. Blinding unclear
Outcome is selfeported.

Inconsistency Not serious
Indirectness Serious Only middleincome countries; interventions only
target overnutrition.
Imprecision Serious Small sample size
Other None.
Outcome:Selfefficacy Certainty: Very low
Assessment Explanation
No. of studies and design 4 CBAs

RoB

Very serious

Risk of selection bias & confounding. Blinding uncle
Outcome is selfeported.

Inconsistency

Very serious

12 =99%

Indirectness Serious Only middleincome countries; interventions only
target overnutrition.

Imprecision Serious Small sample size

Other None.
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their nutritional status in EasfAfrica

Chapter overview

Chapter 4addresses theecondesearch objective presented in Chapter 1: To identify the dimensions of
empower ment significantly associated with adol esc
presents a manuscript publishe®iMC Public Healthof a structural equation modelling study that used
crosssectional data from five East African countries to model the relationship between dimensions of

empowerment ancharrieda d ol escent girl sdé nutritional status.

We developed this study to fill an evidence gap on the specific challenges/opportunities for adolescent
girl sé6 empowerment in relation to their nutrition
adult womends e mp o wehildmeatrtion oataordes. e setected thé regiom af East

Africa because it is an understudied region where gender inequalities and malnutrition persist. The
empowerment process is contsptecific, thus we wanted to focus on understandingmni@owermerit

nutrition relationship in a specific geographical region that can be used to inform policy and programme
design. Finally, we used exploratory structural equation modelling (ESEM) because of its ability to model
complex concepts that cannot be directly measured (iet her e i s no fAoned object
empowerment as there is for weight, for example) while properly accounting for measurement error. This

is the first study of empowerment that uses ESEM.

In Chapter 5 we present the findings of similar models for single adolescent girls in East Africa. We
chose to model these two populations separately for two reasons. First, single versus married adolescent
girls likely face different challenges or opparities to their empowerment and nutrition because they are

at different life stages. We wanted to understand how these different life stages affect empowerment and
nutrition. Second, our dataset provided more empowernetated measures for married respents

compared to single respondents. This provided us the opportunity to develop a more complex model for

married adolescent girls.
Manuscript status

This manuscript is published.
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Related thesis appendices

Appendix A2: Published manuscripts The PDF of the published manuscript is presentégppendix
A2.

Appendix A3. Mplus Code. An example of the exploratory structural equation modelling code is

provided in AppendiA3.

Appendix A4. Mplus output. An example of the exploratory structural equation modelling output is

provided in AppendiA4.
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Abstract

Background: Empowering adolescent girls is an important component of combating malnutrition in this

age group. Because empowerment is multidimensional and context specific, it can be difficult for

policymakers and practitioners to target the dimensions of empowermens soci at ed wi th ad
nutrition in a particular setting. This study sought to identify the empowerment dimensions significantly
associated with married adolescent girls' nutritional status in East Africa; a region where malmuntition

gender inequality stubbornly persist.

Methods. We used crossectional Demographic and Health Survey (DHS) data from Ethiopia (2016),
Kenya (2014), Tanzania (204%) and Uganda (2016) to construct and test theoretically informed
structural equation models of the relationship between six dimendiengpowerment and BMior-age

and haemoglobin levels for married adolescent girls agekPAears.

Resuts Our model s were found to be a good fit for t
information, measured by their education level and mass media use, was directly and positively associated
with their BMI-for-age (p < 0.05). Asset ownership, measdusy owning a house or land alone or

jointly, was directly and positively associated with haemoglobin (p < 0.05) and reduced odds of being
moderately to severely anemic. Rejecting justifications for intimate partner violence, a measure of
respondens & i ntrinsic agency, was directly and positi
obese. Adolescent girlsodé |l evel of empower ment acrtr

country of residence and household wealth.

Conclusions Our findings suggest that investment in gi
mass/social media and their economic empowerment may be important contributors to their overall
empowerment and nutritional status. However, caution is neededasrgautonomy may contribute to

increased consumption of unhealthy foods that can contribute to overweight and obesity. Strategies to
empower married adolescent girls should be tailored to their specific circumstances. There is an urgent
needfor better data on adolescent empowerment and health, including increased research sd®& age

and gendemppropriate empowerment measures and longitudinal data to assess causality. The use of

statistical models should be complemented by robust qizgditeésearch to further results interpretation.
Keywords

Adolescent girls; Adolescent Nutrition; Adolescent Empowerment; East Africa; Structural Equation
Models
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Background

Late adolescence, from the ages of 15 to 19 years, is a time of important physiological growth and
neurodevelopment for girls that can be undermined by poor nutrition. Bone acquisition continues into late
adolescence, with final bone mineral content plategin girls at around 18 years.[1] Undernutrition in

late adolescence can have negative consequences on brain development while chronic malnutrition
increases the risk of adiposity and rammmunicable diseases later in [i1§¢.Adolescent pregnancy has

sever al negative consequences for adolescent girl

malnutrition[2]

East Africa is a region where progress on addressing malnutrition among adolescent girls is slow. In the
last decide, thinness (BMobr-age (ZBFA) <-2 standard deviations (SD)) among girls age®%ears in

East Africa declined only 0.5% to 4.6%, whiletprevalence of overweight and obesity (ZBFA > 1 SD)
increased from 5.5% to 17.3% over the same p¢Bpdpproximately 32% of all women and girls aged

1549 years in the region are anerjt.

Sex and genderelated disparities in nutrition are a consequence of physiological and sociocultural

factors. Irondeficiency anemia affects both sexes, but adolescent girls carry the greatest burden due to the
additional iron requirements that come witle onset of menarche. Boys acquire more lean body mass
during adolescence while girls accrue more fat body mass, contributing to higher rates of thinness in boys
and overweight and obesity in giffs. Early and child marriage contributes to adolescesgmpancy

which accounts for over 10% of global total births annydllyThe competition for nutrients between the

still growing mother and the fetus restricts maternal growth and increases the risk of preterm delivery,

low birthweight, and smaflor-gestational age among neondfsSon preference in families results in

many girls eating last, least, and of lesser quality compared to boys and men in the h¢6ist radsah

de-prioritizes their timely access to healthcare needed to prevent disease amntieginpvegnancy.

The drivers of malnutrition among adolescents are multifactorial. Individual behaviours such as food

choice, dietary intake and physical activity are influenced by the food environment which is shaped by
household and community dietary and activity pateetonomic development, urbanization and food

and agriculture systenfig] Gender inequality and restrictive gender norms play an important role in

shaping thesesoe®wc ol ogi cal systems and di sproportionately
health[78]|Ri gi d gender norms are absorbed as early as
roles in the family and community on gendered lifdd=or girls, this often means a decline in their

agency and autonomy relative to boys, yet agency, or their ability to define and achieve goals, is critical
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to adolescent welbeing[10] The empowerment of adolescent girls is an important component of
combating malnutrition in this age gro[idli 13] Empowering married adolescent girls may require

special attention compared to adult women. This group can face additional challenges to their agency and
autonomy due to their relatively young age and lower status in the household. Younger age at sarriage i
associated with decreased bargaining power in the hougéHdpldarge age gaps between child brides

and theithusbands further disempower adolescent girls in the household hidistMarried

adolescents are more likely to become pregnant and prematurely leave school, stunting their learning and
limiting their economic prospecf$6] Child marriage itself is a disempowering action and a human rights

violation as girls often have little say in the decision of when and who to fd&iry.

Empowerment is a complex construct that is multidimensional and context specific. As such, it can be

difficult for policy makers and practitioners to identify and target the dimensions of empowerment that

may positively i nfl umrinaparticala seltimgsAcrecentsystpimatidreviewaf ut r i t
womendés empower ment measures in developing countr
were household decision making, financial and economic decision making, freedom of moversent, self
esteemand sexual and reproductive decision makii@j.Further, there is evidence that different

di mensions of womendés empower ment i nigi2B|@eace mater
hypothesized that a similar phenomenon exists for married girls in late adolescence, but there may be

di fferences as to which empower ment dimensions ar
nutritional and empowermeimng¢lated challenges. Comped to adult women, the relationship between

mar ri ed ad erpevweanentdnd their nutrittodal status is understudied. As such, the objective

of this study was to model the relationship betwe
empowerment and their nutritional status using esessional Demographic and HéaSurvey data from

four East African countries (Ethiopia, Kenya, Tanzania, and Uganda).

Methods
Conceptualizing empowerment

Empower ment refers to Athe process by which those
Il i fe choi ces ac[2Butiinvobvess pragressiamfrorna dpioditiontofylacking choice, to

once in which choice is exercised. Most importantly, itreflagency or t he dAabil ity to
goal s and aigimponaptdfeareafa3¢Decisions regarding strategic life choices have long
term consequences f or -leingchasothodesegdrding teeir edocatiors e an d
reproductive health, and economic prospects. Agency over strategic life choices contributes to the

realization and protectionofindvi dual s6 human rights.
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Empowerment is a complex and multidimensional construct. People can be empowered or disempowered

in different area of their lives, which we terdimensionsFor example, a married adolescent girl may

have the ability to choose what food is cooked daily, but she may not make decisions regarding
contraceptive use. The ability to make strategic
capabilties Capabilities are ways of 6doing or being, 0

different life areas that are important to thgn,25]

A personb6s ability to access and control resource
identifies resources as necessary preconditions to the exercise of gpmdgsources are defined

broadly to encompass not only economic or financial resources, such as earning an income or owning

assets, but also human and social capital, time, and information. The more disempowered an individual,

the greater likelihood thattiie have | i mited resources at their di s
resourcess shaped by their surrounding political, economic, legal, and-sattioral environment. Alsop

and Heinsohn (2005) d e dppontunitystiudtuseor the formad gnd inf@mal a per s
institutions including | aws, regulatory frameworKk
that A[t]he presence and operation of the for mal
determine whether idduals and groups have access to assets, and whether these people can use the

asss t o achieve th@ger desired outcomes. 0

Our conceptual model (Figure 1) brings together these components of empowerment to describe a process
whereby agency, resources, and opportunity structure work together to create individual capabilities.

These capabilities across different dimensions gf@merment are proposed to contribute to the
achievement of an individual 6s goals. Specificall
across six empowerment dimensions have a direct influence on their nutritional status (Figure 1). The
dimensions are: (1) the ability to access information, (2) the ability to access healthcare, (3) the ability to
make household decisions, (4) the ability to reject intimate partner violence, (4) the ability to own assets,

and (6) the ability to exert soci@ldependence. The empowerment dimensions are measured

(imperfectly) as latent constructs using observed indicators from the DHS. We reviewed existing studies
(seeAdditional File ) that modelled the nutritiecempowerment relationship using DHS data tanidg

indicators and empowerment dimensions to include in our model. We sought to identify indicators that
measured not only the ability to make decisions (a direct measure of agency), but also measures of

adol escent girl so6 a cteneofa supportive eppastunity steustureahatdvouldh e e x i
promote adolescent girls6 agency and empower ment .

available across datasets with the percentage of missing data close to zero, (2) previously used as a
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measure of empowerment, (3) have sufficient variation to have adequate explanatory power, (4) be
theoretically justified, and (5) contain no indicator correlations greater thaf2d,28] Detailson
indicator coding and scales are available in Additional File 1.

Dimension 1: Access to information

Access to information is necessary for adolescent girls to make infal@eesions about their health and

nutrition. We identified four relevant DHS indicators that we hypothesized would measure this construct.
The first indicator was adolescent girlsodé | evel 0
level is a strog predictor of health and nutrition among women and [#8$The remaining indicators
measured respondentsdé use of mass media. The DHS
(1) watched television, (2) read the newspaper or magazine, dislgj3¢d to the radio. The use of mass

media in behaviour change interventions has been shown to positively influence¢laédith knowledge

and attitudes among adolescents and has the potential to positively shape gender norms alongside social

media andechnology{30,31]
Dimension 2: Access to healthcare

Adolescent girls can face various barriers to healthcare, many of which are linked to gender norms and
inequality. Limited access to healthcare contributes to their increased risk of iliness, disease, and

unwanted pregnancyall important contributors tmalnutrition in this population. The DHS includes

four variables to assess respondents6é ability to
foll owing barriers to healthcare are fia ,d g probl
not wanting to go alone, (3) getting money for treatment, and (4) distance to the health facility.

Dimension 3: Role in household decisiagaking

Decisionmaking power is frequently used as a measure of agency and autonomy. The DHS includes four
indicators to assess married r espomdkeng(eithadnol ev el o]
at all, alone, or jointly with their partner/otheousehold member) in the following situations: (1) when

the respondent wants to seek healthcare for themselves, (2) when they want to visit family or relatives, (3)
when large household purchases are made, and (4) when decisions about their husbhaedsaénco

made.
Dimension 4: Rejecting IPV
Adol escent girlsdéd views on intimate partner viole

har mful gender norms. Other studies have used the
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agency32i 34] The DHS asks respondents whether they agree (yes/no) that a husband is justified in
beating his wife under the following scenarios: (1) when she neglects the children, (2) when she burns
food, (3) when she refuses sex with her husband, (4) when sheugegthout telling her husband, and

(5) when she argues with her husband.

Dimension 5: Asset ownership

Access to these various assets was hypothesized t
ability to access and control financial resources. Three indicators were included in this dimension: (1)
whether the respondent owns a house either alojoéntly, (2) whether the respondent owns land either

alone or jointly and (2) whether the respondent earns a cash income.

Dimension 6: Social independence

The final di mension examined respondents6 ability
women and girls, such as child/early/forced marriage and adolescent pregnancy. It included (1)
respondent 6s age at f i r s pretedahgeebtér engponierdds]((2 hi gher
respondent 6s age at first sex (early sexual actiwv
girl s6 when adol escent pf3&,gn(a3n)c yr € sepaodnsd et not 6ssc haogoel ¢
partner (smaller gap = greater empowerment), and (4) her education level difference with her partner

(smaller gap = greater empowerment).
Data and study sample

The study population was adolescent girls in late adolescend® (i&ars) who (1) were surveyed as part
of the most recent DHS VII surveys conducted in Ethiopia, Kenya, Tanzania, and Uganda (2) were
selected for anthropometric and anemia testing an@f®rted being currently partnered (married) at the

time of the survey.

The DHS is a nationally representative cresstional survey of women of reproductive age4{®year3
and men aged 189 years 1554 years or 1559 years The surveysample is based on a stratified two
stage cluster desighat istypically representative at the national level, at the residence level
(urban/rural), and the regional level (e.g., statésg DHSuses standardized questionnaires lzagdarge
sample sizes (usually between 5,000 and 30,000 housghidi@ssurveysre conducteth low- ard
middle-income countries with support from the U.S. government approximately five years to allow

for comparisonsicross countries arione.
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The DHS is one of the only data sources with comsmtry comparable quantitative data on older

adolescengy i r(15-499years) nutrition and empowerment. While the module is not specifically designed

for adolescent girls, it can still provide insigh
status modul e assesses f etmmhasemokl depisiemakiagicobllecied abi | i t
for married respondents onjytheir attitudes toward gender roles, their employment, and thagrship

of ahouse or land.
Outcome measures

We assessed the direct association of -fodageMensi ons
score) and haemoglobin levels (Hb) (g/dl). A separate model was tested for each nutrition outcome. Z
scores were calculated using the 2007 WHO growth stdadiar age and s487] Haemoglobin values

were adjusted for altitude and smoking st§88.Fur t her mor e, we di chfot-omi zed
age and haemoglobin outcomes to construct and test models for the following: (1) thinness @2BFA <

SD), (2) memia Hb < 12.0g/dI for nofpregnant respondents and Hb <11.0g/dI for pregnant

respondenids (3) moderate to severe anentitb(< 11.0g/dl for nospregnant respondents and Hb

<10.0g/dl for pregnant responden@and (4) overweight/obesity (ZBFA > 1 SD).

Covariates

I ndependent variables for adolescent girlsdé count
and pregnancy status were included in the model to control for their effects on nutritiondBSiat@k.

We selected covariates based on a review of similar studies, the content and methodological expertise of

the author team, and variable availability in the DHS. The-Rivlage model controlled for the current
breastfeeding status of respondents (yes,hmajsehold wealth (measured as a continuougposite

measure of a householddés cumul ative wealth as par
respondents were omitted from the Bfl-age model. We included country of residence as a proxy

measure of engrained rules, norms, and practiegskiape choice for adolescent ¢i#i3] Effect coding

was used to create dummy variables for country of residence whereby ones, zeros, and negative ones were
used to assign group (country) member$#g].Indicator values represented the deviation of the country

value from the unweighted grand mean (UGM) of the outcome variable. The Hb model included the same

covariates and controlled for current pregnancy status (yes, no).

Model development and testing

We employed exploratory structural equation modelling (ESEM) with covariates to construct and test our

model. Structural equation modelling (SEM) is a group of statistical procedures used for causal inference
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that tests hypotheses regarding the linear relations among observed variables and latent constructs (or
factors)[27] SEM uses a combination of factor analysis and multiple regression analysis and is
appropriate for research questions that involve complex, multifaceted constructs measured with error, and
to specify systems of relationships with direct and indirect efféd] Because empowerment is muilti
dimensional and cannot be directly measured, SEM offers a viable alternative to multiple regression
beause it can appropriately accommodate multiple indicators measuring a latent construct with
measurement error. The basic datum analysed in SEM is covariance, which represents the strength of the
linear association between two variables. The observed kexiadn be continuous, censored, binary,

ordered categorical (ordinal), and combinations thdijfThe goals of SEM are to understand the

patterns of covariance among a set of observed variables and to explain as much of their variance as
possible withthe model. Exploratory structural equation modelling (ESEM) is a less restrictive SEM
approach that allows observed variables to (minimally) dazss onto more than one factor instead of
restricting factor loadings to zero on all other factors it isdesigned to measure. Such a restriction has

been shown to be unrealistic in real world settings and contribute to the inflation of factor correlations and
biased estimatdd6]

We built the model in a stepwise manner, beginning with an exploratory factor analysis (EFA) of the 24
empowerment indicators (see Hfind side of Figure 1) using Mplus Versiof$8] The Mean and
VarianceAdjusted Weighted Least Squares (WLSMV) estimator was used, and an oblique (geomin
rotation) was applied. A series of 1 to 10 factor models were run. Complex survey design was
incorporated using TYPE=COMPLEX in the Analysis commadod@with variables for stratification,
weighting, and clustering, #=r the DHS survey design for each country. Empowerment indicators were
retained if their primary factor loading was above 0.40, below 0.30 for alternative factors, and
theoretically justified47] Model fit was assessed using recommended model fit indices and
corresponding cubffs.[44] The number of extracted factors was determined by model fit values, scree
plot inspection and Eigenvalue > 1, factor interpretability, and parsink@cyor quality was assessed by
examining the number of indicators thaadied on each factor and the correlation between the estimated

factor score and the factp¥4]

Once a stable EFA structure with good fit was obtained, a nutrition outcome was added to the model to
assess the direct effect of each factor (empowerment dimension) on the outcome of interest using
regression analysis (rightand side of Figure 1). Covates were added in the following step and model
stability and fit were r@assessed. As a final step, modification indices were checked to identify missing
paths that were theoretically justified, and improved mod@4itIndicators that contributed torent

positive definite residual covariance matrix were investigated and, where appropriate, removed from the
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model. The model was thennen. Separate models were run for Bii-age, Hb, thinness (ZBFA

standard deviations from the reference population), overweight and obesity (ZBFA > 1 SD), anemia (Hb

< 12.0g/dl for normpregnant respondents and Hb <11.0&gdpregnant respondents), and moderate to

severe anemia (Hb < 11.0g/dl for npregnant respondents and Hb <10.0g/dI for pregnant respondents)..
Statistical significance was determined at the U

respmdent.

Results
Study population characteristics

The total sample size was 1,927 married adolescent girls (Table 1). The mean age of respondents was
17.9 years (SD = 1.1). Most were from the two poorest ssmdmomic quintiles (57.6%) and lived in

rural settings (80.2%). Education levels varied by tgumvith Ethiopia having the lowest mean level of
completed education (3.8 years, SD = 3.5), and Kenya the highest (6.5 years, SD = 3.6). AlImost 22% of
respondents were pregnant and 41.2% were breastfeeding at the time of the surveys. The mean BMI of
nonpregnant respondents was 20.8 kg/fihe prevalence of thinness and overweight (including obesity)
among norpregnant respondents was 3.5% and 7.0%, respectively. Almost 44% of respondents with

available data were anemic.

Fifty-five percent of respondents reported listening to the radio while only 28.5% watched TV and 18.9%
read the newspaper (Table 2). The highest reported barriers to healthcare were money (41.6%) and

di stance (44. 4%) . R e s p abitatienrand dirst sex wegerl@ hyearsandd 5.5t f i
years, respectively. Just over 28% earned some cash income. Over 39% owned a house and 32.9% owned
land, either alone or jointly. Respondents had the greatest role in household duaisiog regarding

their own healthcare (67.6%) and the lowest influence on decisions regarding large household purchases
(52.3%). Most respondents rejected the view that husbands were justified in beating their wives if they

burn food (72.9%), but a majority (51.6%) agreed thalence is justified if a wife neglects the children.
Model results

The final model included six empowerment dimensions measured by 21 oliselicatbrs Table 2)

with good model fit (RMSEA = 0.023, CFl = 0.987, TLI = 0.972, SRMR = 0.024). The original six
dimensions were retained in the final model; however, three indicators were eliminated because they did
not significantly contribute to any dimension: Earns atClacome, Age Difference with Partner,

Education Difference with Partner.
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The final ESEM models for BMior-age and haemoglobin are presentefijitres 2 and 3The final

models included the addition of paths representing the direct influence of household wealth and country
of residence on each empowerment dimension based on a review of modification indices and a
consideration of their theoretical justificatioviodel fit results are presentedAwlditional File 1.

Standardized path coefficients for continuous outcomes and adjusted odds ratios (aOR) for binary
outcomes with 95%onfidence intervals are reported in this sectigmstandardized results are reported

in Additional File 1.

Haemoglobin

After controlling for household wealth, country of residence, pregnancy, and breastfeeding, one
empowerment dimension, asset ownership, had a direct positive association with haemoglobin levels
among respondents (0.148, (0.061, 0.23Bapb(e 3 and Figure)2 Expressed in original units, each one
unit increase in asset ownership was associated with a 0.262 (0.108, 0.415) increase in haemoglobin

(Additional File 1). No other empowerment dimensions were significantly associated with haemoglobin.
Anemia

Asset ownership was significantly associated with reduced odds of being moderately to seeenidy
(aOR =0.817 (0.716, 0.983ut the relationship was naignificant (p > 0.05) between all
empowerment dimensions and anemia when mild cases were included in the model. No other

empowerment dimensions were significantly associated with anemia.
BMI-for-age

The final BMIor-age model included only four empowerment dimensions: access to information, access

to healthcare, role in household decisiaking, and rejection of IPV. The remaining empowerment

domaing social independence and asset ownershigreremoved from the model because they

produced negative residual variances. Consequently, access to information was the only empowerment
domain directly and positively associated with Bdi-age (0.188, 95% CI = 0.075, 0.301)) among-non

pregnant respondenafter controlling for household wealth, breastfeeding status, and country of
residenceTable 3 and Figure)3Expressed in original units, a one unit increase in access to information

was associated with a 0 -fdr-ag8 zscorecTheeansieng enmpowerenenp o n d e n

domains were nogignificant.
Overweight and obesity

Rejecting justifications for IPV was directly and positive associated with the odds of being overweight or

obese (aOR =1.168, (1.026, 1.330)) amongpregnant respondents, but the sample size was small
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(only 103 respondents (7%) were overweight or obese). No other empowerment dimensions were
significantly associated with being overweight or obese.

Thinness

The relationships between thinness and all empowerment dimensions waigmbcant after

controlling for country of residence, household wealth, and breastfeeding statuspiregoant
respondents. These results should be interpreted with cautido theesmall number of respondents who
were thin (n = 52 (3.5%)).

Discussion

The relationship between adolescent girlsé empowe
study found a statistically significant associat:i
empowerment and their nutritional stain€ast Africa using a theoretically informed model of the
empowermeritutrition relationship. Owning assets (a house or land) either alone or jointly was

significantly and positively associated with haemoglobin and lower odds of being moderately tly severe
anemic. Access to information (measured by girlso
use) was significantly and positively associated with Bbtlage. Rejection of justifications for IPV was
associated with the odds of being overweimhbbese. No empowerment dimensions were significantly
associated with being thin, however the sample size was small. The empowerment dimensions of access

to healthcare, role in household decisinaking, and social independence were not significantly

assaiated with any assessed nutrition outcomes.

The positive relationships between asset ownership and access to information with haemoglobin and
BMI-for-age, respectively, suggest that access to economic and educational resources play an important
role in theempowermetitutrition relationship. In settings where female empowerment is far from
complete, such as East Africa, measures of resource access and control may be just as informative as
direct measures of agency and may be critical to understanding the prosegmofermenf23,48]

Married adolesent girls who (ceown a house or land, particularly in places where agriculture is the

main source of economy for women, may have greater access to resources in general that can translate
into access to a good diet and healthcare. Higher education asdn®dia use may increase adolescent

gi rl sd expo-anddietrelate informationiandiindinectly affect their nutritional status by
reducing adolescent fertility and delaying marriage and childbearing. On the other hand, peer influence,
the ctanging food environment, and mass/social media can promote unhealthy rutidied

behaviours, such as increased consumption ofpitreessed foods, as well as unhealthy

conceptualizations of body imafe3,49]Rej ect i on of justifications of |
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agency, was associated with increased odds of being overweight or obese in our study population. A
possible explanation is that girls with higher levels of intrinsic agency have greater freedom to exercise
choice in their diet and may therefore chooseatd@ds that are popular or convenient but may be

lacking in nutritional value.

We did not find any significant associations betw
independence. Age at first marriage and first birth (the indicators used to measure social independence)

have been previously shown to be associated wittition; women who delay marriage and childbearing

generally have better maternal and child health and nutrition outcomes. It may be that the absence of
important mediating variables along the causal chain from social independence to nutritionalustatus, s

as level of education, are needed to help explain the relationship.

Girlso ability to overcome barriers to healthcare
for-age or haemoglobin. We hypothesized that given our study population was generally healthy (mean
Hb = 12.0g/dL, mean BMI = 20.8kg#n they may not regularly seek healthcare, making it difficult to

detecting a statistical relationship with nutritional status.

Recent studies have identified threed fourf act or model s f or wo3®akamads e mpowv
Africa that resemble our dimensions for social independence, role in household deeking, and

rejection of IPV[32,50 52] Jones and colleagues used structural equation modelling to assess the
relationship bet we4B8)rmpoveermerit and nutwtimmalestatdssn fiye Ed&st African

countrieg21] Their model included the three domains listed above and found significant positive

associationsteween all three domains and womeno6-s BMI, an
maki ngdéd and haemogl obin. We were unable to identi
household decisiema ki ng and adol escent gmayHde&ss meanitgiulifor i on, Db

married adolescent girls as they are less likely to hold sway in the household compared to adult women,

their husbands, and-iaws.

There is |imited understanding of how YlaWhilati ons
our data included older adolescents, we were able to explore the influence of selected contextual factors

on empowerment and nutrition. Our initial model did not include pathways from covariates representing
household wealth and country of residehce e mpower ment di mensions, but t
indices recommended the addition of these paths to reflect the significant relationship betveeen thes

contextual measures and empowerm€ontextspecific structural characteristics, such semonomic

status and gendered norms, beliefs, and practices

behaviour, values, and preferences. Geographic measures, such as country of residectcas paoxy
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indicators for engrained rul es [23]Otharsthave @mmlally pr act i c

found that levels of empowerment vary by country and household j23)80,53]Existing models of
adolescent empowerment recognize that supportive laws, policies, structures, and adultsfdakesien

are a crucial influence on pathways from adolescent empowerment to improved health-and well
being[11,12,54]These relationships undoubtedly vary by household, community, region, and state, and
must be eamined when seeking to design and measure meaningful empoweetaéed change. In East
Africa, continued high rates of HIV infection among adolescents, especially girls, is an important
contextual factor given the intersection of the HIV/AIDS epidemit atolescent health seeking

behaviour in this regiofb5]

Our greatest limitation was data availability. There are few choices for researchers seeking datasets that
include both genderlated and healtrelated data. The DHS is one of the few options available, but it is
not designed for analyses of adolesceytations and does not collect data for younger adolescents
(aged101 4 years), nor does it collect the womenods
unable to test single country models because of small country sample sizes for our taigébpoand

our results suggest that this would be meaningful given country of residence is directly related to
empowerment. The DHS also lacks measures for other potentially important empowerment dimensions
and confounders of the nutritiempowerment rationship. We included as many relevant and available
empowerment indicators and covariates as possible and maximized our sample by pooling country
datasets to form a regional sample to overcome these limitations. However, we still had two dimensions
measued by only two indicators, which led to the elimination of both dimensions in thef@hige

because of model instability. One benefit of using DHS data is that this model can be used to test the
association of dimensions of empowerment with other healitomes and across contexts due to the

DHS standardized format that allows crassintry andtime comparisons.

Our findings suggest that investment in girlso
media remains an important strategy for their empowerment and nutrition. Others have similarly argued
that investing in secondary education, particulfwhgirls, provides extensive opportunities for health

and weltbeing[56] Thiswill require investments in interventions that address some of the greatest

gendesr el ated barriers to girlsé education, includi

st

ac

education, cultural practices of child/early/forced marriage and early pregnancy, and inadequate water and

sanitation facilities in schools. Schools can also serve as important platforms for health promotion and

services, such as nutrition education aond and folic acid supplementati¢ii]

Recent evidence points to the value of social media for addressing overnutrition. Increasing rates of

overweight and obesity in the region signal the need to invest in these areas ldeweler, low access
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to digital technology in the region could beiarpedimen{57] Cautionshould also be exercised given
the potentially negative influence of social media on body image and the ability of industry to directly
market unhealthy food and beverage choices to adolescents through variouglatiedias|7,49]

The economic empowerment of adolescent girls is receiving increasing attention, whether it is through
examining gender disparities in economic opportunities between adolescent bgirtsd8], or the

incorporation of economic empowerment strategies such as income generating activities, savings and loan
programs, and life skills training in adolescent nutrition interven{ie®®&0] Our findings suggest that

adol escent girlsd economic empower ment magt i nfl ue
this relationship for BMfor-age due to modelling limitations. Others have found equivocal results on the
economic empowerment and nutrition link for adolescent girls ag%8IMore investigation is

warranted.

There is an urgent need for better data on adolescent empowerment and health to facilitate research on the
gendered pathways to better health for adolescents. This includes the need for datasets to be sufficiently
powered to analyse other socially stratifyfactors such as ethnicity and disability, and more balanced

data that captures genetetated measures for boys and ¢jifi8,5961,63 Much work remains to further

our understanding of the mechanisms of action tha
Studies that assess causality and further our options for validated measures across contexts are needed.

This latter point canot replace the importance of understanding the role of context in the empowerment
process, such as the reasons behind varying levels of empowerment by country. The use of statistical

models should be complemented by robust qualitative research to feghks interpretation.
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TABLES

Table 1. Demographic characteristics and nutritional statfanarried adolescent girls (389 years) from Demographic and Health Surveys conducted in
Ethiopia (2016), Kenya (2014), Tanzania (208, and Uganda (2016).

Variable Regional Ethiopia Kenya Tanzania Uganda
(n=1,927) (n = 664) (n = 352) (n=619) (n=292)
Mean age (SD) 17.9 (1.1) 17.7 (1.1) 18.0 (1.1) 17.9 (1.2) 18.1 (1.0)
Mean level of completed education (SD) 5.1(3.4) 3.8(3.5) 6.5 (3.6) 5.4 (3.0) 5.9 (2.5)
Living in an urbasetting, % (n) 19.8 (381) 16.7 (111) 33.8 (119) 17.6 (109) 14.4 (42)
Household wealth below the middle quintile, % (n) 57.6 (1,109) 56.3 (374) 60.8 (214) 55.7 (345) 60.3 (176)
Currently pregnant, % (n) 21.6 (416) 16.1 (107) 22.7 (80) 25.5 (158) 24.3(71)
Currently breastfeeding, % (n) 41.7 (804) 33.1 (220) 50.3 (175) 43.6 (270) 47.6 (139)
Anemic (Hb < 12.0g/dl, <11.0g/dI (preg)Xrf6 43.8 (664) 32.3(198) NA 57.1 (350) 40.1 (116)
Mean BMI (SD) 20.8 (3.1) 19.7 (3.0) 21.0 (3.1) 21.6 (3.3) 21.4 (2.4)
Thin (ZBFA 2SD), % (n) 3.5(52) 7.8 (41) 2.6 (7) 0.9 (4) 0.0 (0)
Overweight or obese (ZBFA > 1SD), % (n) 7.0 (103) 3.0 (16) 9.9 (27) 9.0 (41) 8.7 (19)

BMI = Body Mass Index.

NA = Not Available. Kenya DHS (2014) did not conduct anestiiag.
SD = Standard Deviation.

ZBFA = BMbr-age zscore.

aTotal sample size for anemia testing = 1,515.

bTotal sample size for anthropometric measures = 1,476.
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Table 2. Empowerment indicator means, proportions, and factor loadifgs.

Indicator name aSly @It dzS 2N LINBl F1 F2 F3 F4 F5 F6
n=1,927
Dimension 1: Access to information
Completed level of education, mean (S 5.1(3.4) 0.570 | 0.050 | 0.032 | 0.084 | -0.072| 0.150
Watches TV, % (n) 28.5 (549) 0.635 | 0.117 | 0.039 | 0.004 | -0.091| -0.013
Reads newspaper or magazine, % (n) 18.9 (364) 0.763 | -0.181| 0.016 | -0.011| 0.003 | 0.048
Listens to the radio, % (n) 55.0 (1060) 0.771 | 0.025 | -0.155| 0.004 | 0.060 | -0.035
Dimension 2: Barriers to healthcare
Getting permission, % (n) 81.4 (1569) 0.002 | 0.876 | -0.070| 0.017 | 0.040 | 0.014
Money, % (n) 54.8 (1056) 0.074 | 0.737 | 0.021 | -0.016| -0.010| -0.024
Distance, % (n) 55.6 (1072) 0.020 | 0.878 | 0.046 | -0.042| -0.037| -0.016
Going alone, % (n) 69.4 (1337) -0.027| 0.840 | -0.007 | 0.046 | 0.024 | 0.035
Dimension 3: Social independence
Age at # marriage, mean (SD) 16.0 (1.6) 0.053 | 0.004 | -0.038| 0.008 | 0.011 | 0.895
Age at #sex, mean (SD) 15.5(1.7) 0.051 | -0.012| 0.057 | -0.023| 0.001 | 0.693
Partner age difference, mean (SD) -7.4 (4.6) E E E E E E
Partner education difference, mean (SI -1.1 (3.7) E E E E E E
Dimension 4: Asset ownership E E E E E E
Earns a cash income, %°n) 28.1 (541) E E E E E E
Owns house alone or jointly, % (n) 39.5 (761) -0.091| -0.015| 0.022 | -0.003| 0.827 | 0.013
Owns land alone or jointly, % (n) 32.9 (633) 0.033 | 0.030 | 0.000 | 0.006 | 0.998 | -0.004
Dimension 5: Role in HH decisimaking
Own healthcare, % (n) 67.6(1301) 0.099 | -0.031| 0.831 | -0.022| 0.004 | 0.008
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HH purchases, % (n) 52.3 (1007) -0.034| 0.007 | 0.929 | 0.013 | 0.043 | -0.024
Visits to family and friends, % (n) 62.1 (1195) -0.166| 0.075 | 0.795 | 0.060 | -0.086| 0.042
Use of husband income, % (n) 57.45 (1103) 0.097 | -0.046| 0.742 | -0.039| 0.081 | -0.034
Dimension 6: Rejects IPV

Goes out without permission, % (n) 55.0 (1059) -0.035| 0.051 | 0.043 | 0.881 | -0.009 | -0.029
Burns food, % (n) 72.9 (1404) 0.233 | 0.030 | -0.037| 0.743 | -0.026 | 0.027
Neglects child, % (n) 48.4(933) -0.031| -0.066 | -0.006 | 0.938 | 0.045 | -0.046
Refuses sex, % (n) 64.5 (1243) 0.141 | -0.016| -0.005| 0.820 | 0.010 | 0.030
Argues with husband, % (n) 53.2 (1025) -0.001| 0.004 | 0.026 | 0.885 | -0.022| 0.020

E = Eliminated. Indicator was eliminated from the fimaldel because its did not meet the pestablished cubff.

HH = Household.

IPV = Intimate Partner Violence.

SD = Standard Deviation.

al  FI OG2NJ f 21 RAy3 Aa

iKS

LISNOSy il 3sS 27
b Proportion of respondents who earned any cash income.

Fy AYRAOIF(2ND&

DI NRIFOATAGE
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Table 3. Standardizepath coefficientsand adjusted odds ratios witB5% confidence intervals for nutrition outcomes by empowermetitnension

*

*

*

*

Outcome Access to info| Access to HC| HHdecisiormaking | Rejection of IP\{ Social independenc{ Asset ownership

Hb 0.078 0.020 0.029 0.040 -0.030 0.148
(-0.031, 0.187) (-0.060, 0.101)  (-0.053, 0.110) (-0.041, 0.120) (-0.098, 0.037) (0.061, 0.235)

Anemia& 1.005 1.015 0.966 0.989 1.046 0.928
(0.866, 1.168)| (0.918, 1.123) (0.862, 1.083) (0.888, 1.101) (0.958, 1.143) (0.816, 1.053)

Mod.-sev. anemia 0.872 0.974 0.954 0.905 1.046 0.817
(0.730, 1.042)| (0.863, 1.100) (0.843, 1.081) (0.796, 1.028) (0.951, 1.150) (0.716, 0.933)

ZBFA 0.188 -0.016 -0.028 0.036 NA NA
(0.075, 0.301)| (-0.104, 0.072)  (-0.112, 0.055) (-0.044, 0.116)

Overweight or obese 1.203 0.989 0.913 1.168 NA NA
(0.976, 1.481)| (0.837, 1.169) (0.775, 1.076) (1.026, 1.330)

Thinnesd 0.558 1.088 1.079 1.184 NA NA

a Adjusted odds ratio.

* Confidence intervals too wide to report here.
95%CI = 95% confidence interval.

Bolded = p < 0.05.

Hb = Haemoglobin (g/dL).

HC = Healthcare.
HH = Household.

IPV = Intimate Partner Violence.

NA = NotApplicable.

ZBFA = BMbr-age zscore.
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Figure 1 Exploratory structural equation model of the relationship between dimensions of empowerment and nutrition status, controfimgmportant
covariates.

Notes: Rectangles indicate observed (directly measured) variables. Ovals represent latent constructs or factors (endioemsinas).
Unidirectional arrows represent direct effects of exposure on outcome. The lefthand side of the model is anyefqutwatoralysis of
empowerment indicators to define the underlying factor structure (empowerment dimensions). The righthand side of the regassion
analysis of a nutritional outcome on empowerment dimensions. Both sides of the model aredestimataneouslyNot shown:Error terms for

estimated variablegovariance of factors.
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CAIdzNB uHd CAYylLf SELI 2Nl 02NE &GNUzOGdzNI £ SljdzZt GA2y Y2 RStsan @mpawerdenNSt | A2y & KA
dimensions.

Notes: Rectangles indicate observed (directly measured) variables. Ovals represent latent constructs or factors (endioemsinas).

Unidirectional arrows represent direct effect of exposure on outcome. Values are standardized beta coefficépastifioe paths. Bolded values

are significant at the 0.05 level. Only statistically significant paths and values are presented. Paths indicated tipeweteeddded to the

model following a review of modification indices. Similar paths from housklehllth and countries of residence to the remaining empowerment
dimensions were statistically significant but are not shown to simplify figure interpretdtbahown:Error terms for estimated variables

covariance of factors.
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Table Al. Model indicator descriptions and coding.

DHS variable DHS variable description Recode name Recode description
name
v133 Education in single years educ Recoded to replace zero values with
missing "."
Constructed from the education level (v106) and the grade at that leve
(v107)
V157 Frequency of reading newspaper or magazine News 1 = reads less than once per week o
more
0 ="Not at all" 0 = not at all
1 ="Less than once a week"
2 ="At least once a week"
3 ="Almost every day"
v158 Frequency of listening to radio Radio 1 = listens less than once per week o
more
0 ="Not at all" 0 =not at all
1 ="Less than once a week"
2 = "At least once a week"
3 ="Almost every day"
v159 Frequency of watching TV TV 1 = watches less than once per week
more
0 ="Not at all" 0 =not at all
1 ="Less than once a week"
2 ="At least once a week"
3 = "Almost every day"
v190 Wealth index - --
1 ="Poorest"
2 ="Poorer"
3 ="Middle"
4 ="Richer"
5 = "Richest"
v191 Wealth index factor score (5 decimals) wealth Recoded to add 5 decimal spaces
v213 Currently pregnant -- --
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DHS variable DHS variable description Recode name Recode description
name
0 ="No or unsure"
1="Yes"
v404 Currently breastfeeding - --
0=No
1=Yes
v437 Respondent's weight (kg) (1 decimal) wgt Recoded to add 1 decimal place
v438 Respondent's height (cm) (1 decimal) hgt Recoded to add 1 decimal place
v445 CBMI Calculated using AnthroPlus
ZBFA Calculated using AnthroPlus
thin 1 ="Thin" (ZBFA <2)
0 = "Not thin" (ZBFA2)
overwgt 1 ="Overweight or obese" (ZBFA > 1
0 = "Not overweight or obese" (ZBFA 1
1)
v456 Hb level adjusted for altitude and smoking (g/dL) ( 1decimal) hb Recoded to add 1 decimal place
v457 Anemia status Anemia 1 =(v456 < 120) or (v456 < 110 for

- Number of nompregnant women whose hemoglobin count is less than 1

- plus number of pregnant women whose count is less thaf @/dl (v456 <

- Number of norppregnant women whose hemoglobin count is between 1]

1 ="Severe"
2 = "Moderate"
3 ="Mild"

4 = "Not anemic"

Any anemia:

grams per deciliter (g/dl) (v456 < 120)

110)

2) Mild anemia:

pregnant respondents)
0 = Not anemic
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DHS variable
name

DHS variable description

Recode name

Recode description

- plus number of pregnant women whose hemoglobin count is between ]

- Number of nomregnant women whose hemoglobin count is between 8

- Number of pregnant women whose hemoglobin count is between 7.0 &

- Number of nompregnant women whose hemoglobin count is less than §

- Number of pregnant women whose hemoglobin cour¢ss than 7.0 g/dl

and 11.9 g/dl (v456 in 110:119)

and 10.9 g/dl (v456 in 100:109)

3) Moderate anemia:

and 10.9 g/dl (v456 in 80:199

9.9 g/dl (v456 in 70:99)

4) Severe anemia:

g/dl (v456<80)

(v456<70)

Mod to sev
anemia

1 = (v456 < 110) or (v456 < 100 for

pregnant respondents)

0 = Not moderately to severely anemi

v467b

Permission is a barrier to health care for self

0 = "No problem"
1 ="Big problem"
2 ="Not a big problem"

permis

1 = No problem or not a big problem

0 = big problem

v467c

Money is a barrier to health care for self

0 ="No problem"
1 ="Big problem"
2 ="Not a big problem"

money

1 = No problem or not a big problem

0 = big problem

v467d

Distance is a barrier to health care for self

0 = "No problem"

distance

1 = No problem or not a big problem

0 = big problem
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DHS variable
name

DHS variable description

Recode name

Recode description

1 = "Big problem"
2 ="Not a big problem"

v467f

Going alone is a barrier to health care for self

0 = "No problem"
1 = "Big problem"
2 ="Not a big problem"

alone

1 = No problem or not a big problem

0 = big problem

v511

Age at first union

v531

Age at first sex (imputed)

v715

Partner education level

v730

Partner age

v741

Type of earnings

0 ="Not paid"
1 ="Cash only"
2 ="Cash and ikind"
3 = "Inkind only"

earnings

2 = Cash and ikind or cash only

1 = inkind only
0 = not paid

v743a

Person who decides on health care

1 = "Respondent alone"

2 = "Respondent and husband/partner"
3 = "Respondent and other person"
4 = "Husband/partner alone”

5 ="Someone else"

6 = "Other"

health

1 = Decides alone or jointly (with

husband or other)
0 = no role in decisiemaking

v743b

Person who decided on large HH purchases

1 = "Respondent alone"

2 = "Respondent and husband/partner"
3 = "Respondent and other person"
4 ="Husband/partner alone"

5 ="Someone else"

6 = "Other"

purchase

1 = Decides alone or jointly (with

husband or other)
0 = no role in decisiemaking
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DHS variable DHS variable description Recode name Recode description
name
v743d Person who decides on visits to friends and family visit 1 = Decides alone or jointly (with
husband or other)
1 = "Respondent alone" 0 = no role in decisiemaking
2 = "Respondent and husband/partner"
3 = "Respondent and other person"
4 = "Husband/partner alone"
5 ="Someone else"
6 = "Other"
v743f Person who decided on husbhand's income husband 1 = Decides alone or jointly (with
husband or other)
1 ="Respondent alone" 0 = no role in decisiemaking
2 = "Respondent and husband/partner"
3 = "Respondent and other person"
4 ="Husband/partner alone"
5 ="Someone else"
6 = "Other"
7 = "Husband/partner has no earnings”
v744a Going out without tell husband is justification for violence out 1=No
0 = Yes or don't know
0 ="No"
1="Yes"
8 ="Don't know"
v744b Neglecting children is justification for violence neglect 1=No
0 = Yes or don't know
0 ="No"
1="Yes"
8 ="Don't know"
v744c Arguing with husband is justification for violence argue 1=No
0 = Yes or don't know
0 ="No"
1="Yes"
8 ="Don't know"
v744d Refusing sex is justification for violence refuse 1=No

0 = "No"

0 = Yes or don't know
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DHS variable DHS variable description Recode name Recode description
name
1="Yes"
8 = "Don't know"
v744e Burning food is justification for violence burns 1=No
0 = Yes or don't know
0 ="No"
1="Yes"
8 ="Don't know"
v745a Owns a house house 1 = Owns house alone or jointly
0 = Does not own
v745b Owns land land 1 = Owns land alone or jointly
0 = Does not own
-- - country 11 = "Ethiopia"
22 ="Tanzania"
33 ="Kenya"
44 ="Uganda"
55 = "Rwanda"
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Table A2. Unstandardized path coefficients with 95% confidence intervals for nutribatcomes by empowerment dimension.

(-1.181, 0.0357)

(-0.239, 0.389)

(-0.339, 0.486)

(-0.555, 0.894)

Outcome N Access to info Access to HC | HH decisiormaking| Rejection of IPV Social Asset ownership
Independence
Haemaoglobin (g/dL) 1575 0.111 0.036 0.050 0.074 -0.056 0.262
(-0.042, 0.264) (-0.106, 0.178) (-0.092, 0.192) (-0.077, 0.225) (-0.182, 0.069) (0.108, 0.415)
Anemid 1575 0.004 0.015 -0.034 -0.012 0.048 -0.075
(-0.116, 0.124) (-0.086, 0.116) (-0.034,-0.147) (-0.125, 0.101) (-0.045, 0.141) | (-0.202, 0.051)
Mod.-sev. anemi& | 1575 -0.108 -0.026 -0.046 -0.104 0.046 -0.198
(-0.248, 0.032) (-0.145, 0.093) (-0.166, 0.075) (-0.237, 0.029) (-0.052, 0.145) | (-0.327,-0.069)
BMHor-age 1511 0.113 -0.012 -0.023 0.031 NA NA
(z-score) (0.045, 0.181) (-0.080, 0.055) (-0.092, 0.045) (-0.037, 0.099)
Overweight 1511 0.134 -0.010 -0.090 0.161 NA NA
(-0.018, 0.286) (-0.165, 0.144) (-0.253, 0.072) (0.028, 0.293)
Thinnes$ 1511 -0.412 0.075 0.073 0.170 NA NA

Bolded = p < 0.05.

BMI =Body mass index.
Cl = Confidence Interval.

HC = Health Care.
HH = Household.

IPV = Intimate Partner Violence.

NA = Not Available.

aHb < 12.0 g/dl for nopregnant, Hb < 11.0 for pregnant.
®Hb < 11.0 g/dl for nopregnant, H1 < 10.0 for pregnant.

¢ZBFA > 1SD.
dZBFA <2SD.
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Table A3. Standardized path coefficients with 95% confidence intervals for nutrition outcomes by empowerment dimension.

Outcome N Access to info Access to HC | HH decisiormaking| Rejection of IPV Social Asset ownership
Independence
Haemoglobin (g/dL) 1575 0.078 0.020 0.029 0.040 -0.030 0.148
(-0.031, 0.187) (-0.060, 0.101) (-0.053, 0.110) (-0.041, 0.120) (-0.098, 0.037) (0.061, 0.235)
Anemid 1575 0.005 0.015 -0.035 -0.011 0.045 -0.075
(-0.144,0.155) (-0.086, 0.116) (-0.149, 0.080) (-0.119, 0.096) (-0.043, 0.134) (-0.203, 0.052)
Mod.-sev. anemi& | 1575 -0.137 -0.026 -0.047 -0.100 0.045 -0.202
(-0.315, 0.041) (-0.147, 0.095) (-0.171, 0.078) (-0.228, 0.028) (-0.050, 0.140) | (-0.334,-0.069)
BMHor-age 1511 0.188 -0.016 -0.028 0.036 NA NA
(zscore) (0.075, 0.301) (-0.104, 0.072) (-0.112, 0.055) (-0.044, 0.116)
Overweight 1511 0.185 -0.011 -0.091 0.155 NA NA
(-0.024, 0.393) (-0.178, 0.156) (-0.255, 0.073) (0.026, 0.285)
Thinnes$ 1511 -0.583 0.084 0.076 0.169 NA NA
(-199.532, (-28.414, 28.581)| (-25.414, 26.070) | (-57.386, 57.723)
198.366)

Bolded = p < 0.05.

BMI = Body mass index.

Cl = Confidence Interval.

HC = Health Care.

HH =Household.

IPV = Intimate Partner Violence.
NA = Not Available.

aHb < 12.0 g/dl for nopregnant, Hb < 11.0 for pregnant.
®Hb < 11.0 g/dl for nopregnant, H1 < 10.0 for pregnant.

¢ZBFA > 1SD.
dZBFA <2SD.
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Table A4. Model fit results.

Model Chisquare value (df) palue RMSEA CFlI TLI SRMR
BMHor-age 436.624 (156) 0.0000 0.035 0.954 0.929 0.049
Haemoglobin 437.478 (201) 0.0000 0.027 0.966 0.942 0.042
Anemia 435.596 (201) 0.0000 0.027 0.966 0.942 0.043

Mod to sev anemia 439.189 (201p.0000 0.027 0.965 0.941 0.043
Overweight 430.124 (156) 0.0000 0.034 0.955 0.930 0.049
Thin 353.129 (156) 0.0000 0.029 0.965 0.945 0.081

BMI = Body mass index.
CFI = Confirmatory Factor Index.
df = Degrees of freedom.

RMSEA = Root Mean Square EApproximation.
SRMR = Standardized Root Mean Square Residual.

TLI = Tucker Lewis Index.
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Table A5. Standardized path coefficients and 95% confidence intervals for nutrition outcomes by empowerment domain for niudetiing additional

covariates®

Outcome Access to info Access to HC HH decisiormaking Rejection of IPV Social independence Asset ownership
Hb 0.074 0.019 0.033 0.054 -0.053 0.138
95%ClI (-0.038, 0.187) (-0.062, 0.101) (-0.053, 0.119) (-0.025, 0.133) (-0.129, 0.023) (0.049, 0.227)
ZBFA 0.212 -0.027 -0.027 0.046 -0.074 NA
95%ClI (0.099, 0.324) (-0.118, 0.063) (-0.108, 0.053) (-0.035, 0.127) (-0.154, 0.006)

Bolded = p < 0.05.

Cl = Confidence interval.

Hb = Haemoglobin (g/dL).

HC = Health care.

HH = Household.

IPV = Intimatdartner Violence.
NA = Not Available.

ZBFA = BMbr-age zscore.
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Table A6. Model fit results for models with additional covariates.

Model Chisquare value (df) palue RMSEA CFlI TLI SRMR
BMHor-age 963.698 (251) 0.0000 0.036 0.909 0.866 0.066
Haemoglobin 986.075 (264) 0.0000 0.036 0.919 0.874 0.074

BMI = Body mass index.

CFI = Confirmatory Factor Index.

df = Degrees of freedom.

RMSEA = Root Mean Square Error Approximation.
SRMR = Standardized Root Mean Square Residual.
TLI = Tucker Lewiisdex.
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Table A7. Standardized path coefficients and 95% confidence intervals for the direct association of model covariates andermpat dimensions.

F1 F2 F3 F4 F5 F6
Info Health care Decisions IPV Assets Soc. Indep.

Lives in Ethiopia

Hb model -0.462 -0.237 0.372 -0.097 -0.089 0.165
(-0.531 t0-0.393) | (-0.318 t0-0.155) (0.291 t0 0.454) | (-0.186 t0-0.008) (-0.178 to 0.000) (0.073 to 0.258)

ZBFA model -0.503 -0.373 0.379 -0.126 NA NA
(-0.578 t0-0.429) | (-0.458 t0-0.288) (0.288't0 0.470) | (-0.224 t0-0.028)

Lives in Kenya

Hb model NA NA NA NA NA NA

ZBFA model 0.204 0.281 -0.044 0.131 NA NA
(0.140 to 0.268) (0.216 to 0.346) (-0.121 to 0.032) (0.053 to 0.209)

Lives in Tanzania

Hb model 0.385 -0.007 -0.242 -0.091 -0.064 -0.109
(0.324 t00.446) (-0.082 t0 0.069) | (-0.3101t0-0.174) | (-0.161 to-0.020) (-0.133 t0 0.006) | (-0.195 t0-0.022)

ZBFA model 0.232 -0.107 -0.218 -0.164 NA NA
(0.167 t0 0.297) | (-0.175t0-0.038) | (-0.289 t0-0.147) | (-0.236 t0-0.092)

Lives in Uganda

Hb model 0.077 0.244 -0.130 0.188 0.153 -0.056

ZBFA model 0.067 0.199 -0.117 0.159 NA NA

Household wealth

Hb model 0.444 0.292 0.086 0.138 -0.338 0.165
(0.377 to 0.511) (0.214 to 0.370) (0.020 to 0.152) (0.074 t0 0.201) | (-0.416 t0-0.259) (0.086 to 0.224)

ZBFA model 0.529 0.292 0.049 0.157 NA NA
(0.474 to 0.584) (0.232 to 0.353) (-0.016 t0 0.114) (0.088 to 0.226)

Hb = Haemoglobin.
NA = Not available.
ZBFA = BMbr-age.
The Kenya covariate was omitted from tHb model because anemia testing was not conducted during the 2014 Kenya DHS.
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their nutritional status in East Africa

Chapter overview

Chapters addresses the second research objective presented in Chapter 1: To identify the dimensions of
empower ment significantly associated with adol esc
presents a manuscrigtibmitted tdVorld Developmerih October 2022f a structural equation

modelling study that used cressctional data from five East African countries to model the relationship

between dimensions of empowerment aimgjle (neveimarried)a d ol escent girl sdé nutr.i

As noted in Chapter 4, we opted to create separate models for single and married adolescent girls for two
reasons. First, single versus married adolescent girls likely face different challenges or opportunities to

their empowerment and nutrition becauseythre at different life stages. We wanted to understand how

these different life stages affect empowerment and nutrition. Second, our dataset provided more
empowermentelated measures for married respondents compared to single respondents. Given the much
larger sample size of single adolescent girls, we were able to develop single country models and conduct
subgr oup analyses that e x ambchoeldtatusiarfdjeagraphicdoeasion,b as e d ¢

which we could not do with the married adoledagirl sample.
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Abstract

Adolescent girls have a right to health and nutrition that often goes unfulfilled. Adolescent nutrition

frameworks emphasize empowering adolescent girls as an important component of any comprehensive
strategy. Previous studies have demonstrated a pasitvé at i onshi p bet ween womenbod
maternal and child nutrition. Here, we sought to investigate whether a similar association exists between
adol escent girlsd empower ment and their hutrition
sinde adolescent girls in East AfriGaand developed a theoreticallyformed structural equation model

using validated measures of empowerment from Demographic and Health Surveys conducted in five East
African countries. We tested the relationship of titemains of empowermenthe ability to access

information, the ability to access healthcare, and the ability to reject intimate partner viokence h gi r | s 6
BMiI-forrage and haemogl obin. We found that girlsdé abil
associated with their BMfor-age and haemoglobin after controlling for household wealth and country of
residence (p < 0.05). The remaining domains were not significantly associated with any nutrition
outcomes. However, t he r areattandoutriional gfatubveas moeeen gi r | s
complex when subgroup differences-¢ichool status and geographic location) were examined. The

relevant empowerment domains and the magnitude of their relationship with nutritional status changed
according to thesendlividual and contextual factors. This finding underscores the importance of

identifying contextspecific challenges to gender equality, empowerment, and nutrition. Intersectional
approaches that consider the unique characteristics of individuals thabhdmempowerment and

increase their vulnerability to malnutrition need to be incorporated in nutrition intervention design. We

suggest that engaging adolescent girls through participatory research and program design should be
prioritized to ensure nution programs adopt relevant empowerment strategies that meet their needs and

priorities.

Keywords: Nutritional Status, Adolescent Girls, East Africa, Empowerment, Gender, Structural Equation
Model

Highlights

T The relationship between single adolescent gir
Africa is understudied.

f Overall, improving girlsé ability to access in
haemoglobin and BMior-age.

T The significance of di fferent empower ment do ma

geographic location and-gchool status.
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1 Applying an intersectional lens and meaningfully engaging adolescent girls in intervention design

using participatory methods is recommended.

Introduction

Adolescent nutrition is an efteglected component of the global health agenda. Adolespeaific

nutrition targets are missing from key global commitments, such as the Sustainable Development
Goals[1] Adolescent nutrition has frequently been viewed through the lens of maternal nutrition and
focused on preparing adolescent girls for pregnancy and motherhood. However, adolescent girls have a
right to health that transcends their reproductive capabilities.

Adolescence is a critical window for growth and development that affects the health abdinglbf
current and future generations. Globally, levels of underweight and micronutrient deficiencies among
adolescent girls have stubbornly persisted, and cdtegerweight and obesity are risif®]. Poor

nutrition during adolescence has negative consequences for musculoskeletal growth, cardiovascular
fithess, neurodevelopment, and immunity, and increasesaramunicable disease rigK. It can also
reduce edcational performance and work productivity in adulthf®é] Malnutrition during adolescent
pregnancy increases the risk of maternal mortality, stillbirth, preterm birth -fmakstationabge

babies, and low birth weight] Among breastfeeding mothers, poor nutrition can have significant

negative effects on both the mother and on the survival, growth, and development of their.[8jildren

The evidence of O0what worksé t o -scahphigbguaiity adol escen
research on adolescent nutrition programmes in & middleincome countries (LMICSs) is scarce

beyond assessments of single interventions of micronusugmiementatiof®] Hargreaves and

colleagues advocate for a move away from single interventions to adopting multifaceted and multisectoral
approaches that consider the interaction between adolescent emotional development, identity formation,

and their soial environment[10]

Empowering women and girls for improved health and nutrition is gaining increased attention. The

concept of empowerment is reflected in several conceptual frameworks as an important enabling factor

for adolescent nutrition. Supporting adolescent agencyesilience is one of five domains included in

the Adolescent WelBeing Conceptual Framewofk1] Increased seléfficacy and empowerment

mediate the relationship between meaningful adolescent engagement and improved health and wellbeing
outcomes in a Wdd Health Organization framewofk2] Another conceptual framework for adolescent
growth and nutrition highlights adolescentsd grow

shaping their food environmeyi]
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There are several reviews available on the quant.i
empowerment and maternal and child nutri{ib8i. 18] These reviews have produced mixed results on
theempowermetitnutrition relationship due to intestudy differences in population characteristics,

settings, and conceptualization of empowernigdit.There is evidence, however, that different domains

of empowerment influence maternal and child nutrition differently and that study context influences the
relationshig.13,14] Most studies have been conducted in South Asia, but more recent studies have
examined the relationship between womendés empower
Africa.[19,20]These st udies showed positive associations
and maternal and child nutritional status, including maternal BMI and child wieigheight and height

for-age.

I n contrast, there are relatively few studies tha
particular needs in relation to empowerment and nutrition, and the links between them. One study

conducted in the USA found that empowerment(meae d by si x i tems assessing
selfcontr ol and of being valued members of their col
efficacy, perceptions of food choice, healthy eating, attitudes towards physical activity aogehair

motivation for healt§21] A limited number of studies incorporate empowerment strategies (such as life

skills training and mentorship programs) in LMb@sed adolescent girl nutrition programmes, but the

results either showed no impact on nutritional statusre not yet availabl@2,23]

Adolescent girls in LMICs face myriad challenges to their ability to exercise agency in their lives, and
often experience a shrinking of their autonomy and independence as they transition from childhood to
adulthood24] In many circumstances, adolescent girls have little say in important life domains,

including how long they remain in school, who they marry and when, how many children they will have,
and even what and when they eat. The ability to exercise agencya@uss life domains. An

adolescentig may have the autonomy to access healthcare but not to choose her future husband. Being
empowered in one domain does not necessarily translate into empowerment in others. Understanding
which domains are significantly associated with improved nutritistaéilis can help policy makers and
practitioners to tailor nutrition interventions to include empowerment strategies that lead to lasting

change.

In this study we sought to understand the relatio
life domains and their nutritional status. We selected an understudied population group for theianalysis

single adolescent girls in East Africaand developed a theoreticallgformed model using validated

measures of empowerment from Demographic and Health Surveys conducted in five East African

countries. This paper describes the model 6s devel
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recommendations for incorporating empowerment strategies into nutrition programmes for this

population.
Materials and methods
Conceptualizing empowerment

OQur model (Figure 1) is informed by the work of p
empowerment, including Kabeer, Alsop, Heinsohn, Sen, and NusgBau28] Kabeer defines

empower ment as fAthe process by which those who ha
choi ces acqgui [29 A cntral btomponentafeempowernyent s the ability to exercise
agency, or fthe ability t o[25Agéncymneludesnhe dsitytgsetal s and
goals, to believe one can achieve those goalséstlf i cacy), and to be motivate
preferencesTo exercise agency, adolescent girls need access to resources, including income, assets,
information, time, and social capital to progress toward their ¢@@]g:inally, they need a supportive

opportunity structure at home and in the community in the form of adoldsiegrtly and gender

sensitive laws, policies, institutional practices, services, and norms that empower them to achieve their

goals[26] Together, agency, resources, and opportunity structure work together to provide adolescent

girlswithcert ain capabilities, or wR¥28]Thede capabititiescgn and b
be present or absent to various degrees in girlsbo
6empower ment domains.d® Our interest in this study

capabilities across different empawent domains lead to improved nutrition outcomes.
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Figure33. Conceptual model of the process of empowerment.
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NO ¢
ax

Data and sample population

We used crossectional Demographic and Health Survey data from five East African countries: Ethiopia
(2016), Kenya (2014), Rwanda (2018), Tanzania (201%6), and Uganda (2016). Our study population
was single (never married) adolescent girls {®5yeas old) who were sampled for anthropometric

measurements and anemia testing.
Model development

Because empowerment is complex and multidimensional, it can be difficult to measure directly. We used
exploratory structural equation modelling (ESEM) to capture the complexity of empowerment by using
multiple indicators to measure capabilities as latenstructs. Structural equation modelling (SEM) is a

group of statistical procedures used for causal inference that tests hypotheses regarding the linear relations
among observed variables and latent constructs, making it appropriate to measure a camplex an
multidimensional construct such as empowerment that cannot be directly oj28ijvEae main benefit

of ESEM is its allowance for observed variables to cload onto more than one factor, thus preventing

the inflation of factor correlations and biased estimgd@EThis flexibility is needed for measuring

empowerment because much debate remains regarding optimal approaches to its mea@irement.

There are two components to an ESEM medieé measurement model and the structural model. The

measurement model is an exploratory factor analysis (EFA) in a confirmatory factor analysis structure
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that confirms the latent structure (factors) of the empowerment indicators. The structural model assesses
relationships between the factors and any observed (directly measured) items in the model. We
hypothesized a three factor fustder ESEM model desbing the relationship between three

empowerment domains (factors) and a nutritional outcome while controlling feef@eted covariates

(Figure 2). Separate ESEM models were run for each nutrition outcome of interest.

Outcomes measures

We tested separate models for two primary continu
(Hb) (g/dl) (adjusted for altitude and smoking status) and-Bivtage (BMIZ) (zscore calculated using
WHO growth standards for age and si@9)] Further, we dichotomized the nutrition measures to test
models for thinness (BMIZ <2 SD), overweight and obesity (BMIZ > 1 SD), and anemia (Hb <12.0

o/dl).

Table4. Empowerment indicator names, descriptions, and coding by domain.

Empowerment Indicator | Indicator description Coding
domain name
Access to information| TV Respondent watches TV less than once per week ( 1 = Yes
more 0=No
Radio Respondent listens to the radio less than once per| 1 = Yes
week or more 0=No
News Respondent reads theewspaper or magazines less| 1 = Yes
than once per week or more 0=No
Educ wSaALRYRSyiQa tS@St 27F ( Integervalue
from O to 17
Access to healthcare | Permis Obtaining permission is not a barrier to access 1=Yes
0=No
Alone Going alone is not a barrier to access 1=Yes
0=No
Money Money for treatment is not a barrier to access 1=Yes
0=No
Distance | Distance to the health facility is not a barrier to 1=Yes
access 0=No
Rejection of Burns A husband is not justified to beat his wife if she bun 1 = Yes
justifications for IPV food n T bz 2
know
Out A husband is not justified to beat his wife if she gog 1 = Yes
out alone n I bz 2
know
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Neglect A husband is not justified to beat hisfe if she 1=Yes
neglects the children n I b2 2
know
Argue A husband is not justified to beat his wife if she 1=Yes
argues with him n r bz 2
know
Refuse A husband is not justified to beat his wife if she 1=Yes
refuses sex n T bz 2
know

aThe indicator is scored as either true (yes) or false (no) for each respondent. In other words, if the statement for
indicatorj is true for thath respondentRi) thenRij = 1. If it is not true, thelij = 0. IPV = Intimate Partner

Violence.

Empowerment domains

We selected 13 empowerment indicators to include in our model based on a review of similar studies

measuring empowerment using DHS survey data (appendix). The indicators were hypothesized to

measurecapabilities in three empowerment domains: (1) the ability to access information, (2) the ability

to access healthcare, and (3) the ability to reject intimate partner violence (IPV).

Selected indicators had to meet the following criteria: (1) previously used as a measure of empowerment,

(2) theoretically justified, (3) have sufficient variability to be meaningful, and (4) collected for our sample

population across all country datag&3]}

Empowerment indicators

Access to
information

Access to
health care

Rejection
of IPV

X ———
T

Capabilities Qutcomes

Covariates

Nutrition
outcome

Country of
residence
HH wealth

Figure34.9 E LJ 2 NJ { 2 NB
empowerment domains

& G NJzO G dzNJ €

Slidat GA2y Y2RSt

27

GKS NBftI (G

Domains (Access to information, Access to healthcare, Rejection of intimate personal violence) and their nutritional
status. Rectangles indicate observed (directly measured) variables. Ovals represent latent constructs or factors
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(empowerment domains). Unidirectional arrows represent direct association between exposure on outcome. The
lefthand side of the model is an exploratory factor analysis of empowerment indicators to define the underlying
factor structure (empowerment domairempabilities). The righthand side of the model is an adjusted regression
analysis of a nutritional outcome on empowerment domains. Both sides of the model are estimated simultaneously.
Error terms for estimated variables are omitted to simplify presentddH = Household, IPV = Intimate Partner
Violence.

Capability #1: Ability to access information

The ability to access information is measured by four indicatord ) a gi rl 6s | evel of
education, (2) whether she watches TV, (3) reads the newspaper or magazines, and (4) listens to the radio
(Table 1). Access to information is a prerequiitegirls to make informed choices about their nutrition

and weltbeing. Higher education among women and girls is associated with lower fertility rates, delayed
marriage and motherhood, and improvements in theirterrg health, productivity, and webeing [34]

The longer a girl stays in school, the more likely it is that she will be exposed to empowering life skills
programs that can build her confidence, skills, and social capital (such as through peer group learning).
We hypothesized that mass media use cavige girls with healtfrelated information through public

service announcements and mass media campaigns, expose them to positive role models, and inspire them
to set goals beyond the confines of what theirtdegay life may present to themm tontrast, we also
acknowledge that mass media may reinforce unhealthy eating behaviours through the promotion of
energydense, processed and micronutrdpabr foods or unrealistic body image that can lead to eating
disorderq35,36]

Capability #2: Ability to access healthcare

This capability i s meas overeothe fouy bamietsad headthearéh)fackg i r | s 6
of money, (2) obtaining permission, (3) distance to the health facility, and (4) not wanting to go alone

(Table 1). Adolescent girls can face a multitude of barriers to healthcare that are a producloséeheir

status in the household and commufiy] As a result, adolescent girls may struggle to access resources

to obtain timely health care, such as money for transport or treatment. Going alone to a health facility may
be intimidating if they fear misteément by health workers, or harassment or abuse while travelling. Time

away from the household and their responsibilities may also be discouraged.
Capability #3: Ability to reject intimate partner violence

The ability to reject intimate partner violence (IPV) was measured by whether a girl rejects any or all five
proposed justifications for a husband to beat his w({tg) if she burns food, (2) if she neglects the
children, (3) if she argues with him, (4she goes out without telling him, and (5) if she refuses sex

(Table 1). It is not uncommon for women and girls to internalize unequal gender norms and practices. It
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can be difficult for them to counter views generally held in their community, such as those related to the
appropriate roles and behaviours attributed to women and men in society. The acceptance of justifications

for intimate partner violence illustratesa i nt er nal i zati on of womends | owe
to reject justifications for intimate partner violence can indicate a sense of intrinsic agency-aadtself

that is critical to empowerment.
Covariates

We included covariates to control for household wealth and country of residence. We hypothesized that
household wealth would influence adol escent girls
food, health care, and a healthy environmgént. mi | ar |y, we expected responde
affect nutritional status due to differing food environments at national ardasigimal levels. Household

wealth was measured as a continuous composite indicator constructed as part of th&deHSding

was used to create a series df oountry indicators, where n is the total number of countries in the

model, and the path coefficient value was the country value of a given measure compared to the

unweighted grand mean (UGM) of all countrieshe model.

Model estimation and evaluation

Model estimation and evaluation was conducted in Mplus 8.1. The models were built stepwise, beginning
with the measurement model. We tested two measurement models using the Mean and-Adjuiatex:
Weighted Least Squares (WLSMV) estimator. The first avasnfirmatory factor analysis of the three
first-order factors whereby empowerment indicators were restricted to only load onto their a priori
theorized factors and creksadings were restricted to zero. The second model was an ESEM whereby
empowermentridicators were again modelled to load onto their theorized factor, however, in this model
crossloadings onto other factors were permitted. An oblique targeted rotation was used that allowed the
factors to be correlated. We hypothesized that the ESEM madedl provide a better fit for the data

given that restricting crodsadings to zero is considered an overly restrictive modelling approach that
has been shown to produce biased factor correlations and lof2bh&ath models accounted for the

DHS compex survey design by incorporating variables for sampling weights, stratification, and

clustering. Model fit was assessed against the criteria set out by van Zyl and ten KB&)ster.

Measurement quality of the competing models was assessed by examining (1) the standardized parameter
estimates (factor loadings) with a @ff of > 0.400 on a priori factor and less than 0.300 on other factors,

(2) item uniqueness (residual error variane8.10 and <0.90), and (3) overallfBr each iteni38] The

model with the superior model fit and measurement quality, along with lower factor correlations

(indicating better discriminate validity) was retained.
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Once the best fitting measurement model was obtained, the structural model was built by first adding the
nutrition outcome and capturing the crude estimates of association between the outcome and the
empowerment domains, followed by a fully adjusted mtdai included the model covariates. Model fit

was assessed using the same indices as the measurement model and according to standard model fit
indices cutoffs.[39] Modification indices were then inspected to ascertain whether the addition of paths

to themodel would improve model fit. Any paths that were considered for addition needed to be
theoretically justified. Additional paths were added one at a time beginning with the path that would lead
to the greatest reduction in the -cguare value (and greatémprovement in model fit). Once all

theoretically justified paths were added, the model was finalized. We report the standardized path
coefficients () from the structural model which represent the relative magnitude of association between

the outcomemd e mpower ment domains. Statistical signifioc
Subgroup analyses

We conducted two prespecified subgroup analyses to assess differences between (1) respondents living in
urban and rural settings and (2) respondents who reported attending school in the last year and those who
did not. Geographic location can affect botlritional status and level of empowermgt,41]

Similarly, schools are important delivery platforms for nutrition and empowen®&ii.

Results
Sample population

The total sample included 9,849 respondents. Their mean age was 16.7 years and mean level of
completed education was almost 7 years. Most respondents reported attending school in the last year
(63.5%) and onthird lived in an urban setting. Few respondemére either pregnant (1.2%) or
breastfeeding (3.0%). Anemia affected just over 30% of the sample population. The prevalence of
thinness was low (3.9%) while more than 12% of girls were overweight or obese. Half of respondents
were from a household abotle median wealth quintile. These statistics varied considerably by country
(Table 2).

Most respondents (69.3%) reported listening to the radio while half (50%) watched TV and fewer than
40% reported reading a newspaper or magazine (Table 2). Ethiopian respondents reported the lowest
levels of mass media use, with significantly fewer Ettdogiirls reporting listening to the radio or

reading a newspaper or magazine compared to their regional peers. Most respondents were able to
overcome common barriers to healthcare access; obtaining money for treatment was the most common

challenge they f@ed. Kenyan respondents reported the greatest ability to overcome all healthcare barriers.
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Across all countries, more than half of respondents rejected all justifications for IPV with the highest
percentage saying burning food was not a justification for a husband to beat his wife. Child neglect
received the most support as a justification RW (40.8%).
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Table5. Regional and countrgpecific descriptive statistics of the study population.

Variable Regional Ethiopia Tanzania Kenya Uganda Rwanda
(n = 9849) (n=2710) (n=2248) (n=2473) (n=1082) (n=1336)
% (n) % (n) % (n) % (n) %(n) % (n)
Mean age (SD) 16.7 (1.4) 16.7 (1.3) 16.7 (1.4) 16.7 (1.4) 16.6 (1.3) 16.8 (1.4)
Mean level of completed education (years), (SD) 6.9 (3.0) 5.9 (3.4) 7.5(2.4) 7.9 (2.7) 6.6 (2.9) 5.9 (2.4)
In school in the last year 63.5(6240) | 65.0(1761) | 50.2 (1128) | 78.3(751) 66.6 (721) 53.3 704)
Living in an urban setting 33.5(3303) | 40.7(1104) | 36.2(814) | 30.4(1926) | 24.3 (263) 27.8 (371)
Household wealth quintiles
Poorest 17.1(1684) | 18.0(488) 11.1 (249) 21.0(519) 20.2 (219) 15.6 (209)
Poorer 15.7 (1545) | 10.7 (289) 13.1 (294) 22.6(560) 17.7 (190) 15.9 (212)
Middle 17.4 (1718) | 13.1(354) 16.6 (373) 22.7 (562) 19.0 (206) 16.7 (223)
Richer 19.4 (1910) | 14.7 (399) 25.6 (576) 18.3 (452) 19.6 (212) 20.3 (271)
Richest 30.4 (2992) | 43.5(1180) | 33.6 (756) 15.4 (380) 32.6 (255) 31.5(421)
Currently pregnant 1.2 (121) 0.1(3) 2.1 (48) 1.4 (35) 1.9 (20) 1.1 (15)
Currently breastfeeding 3.0 (291) 0.3(9) 4.2 (95) 4.5 (111) 4.1 (44) 2.4 (32)
Mean Hb (g/dl), (SD) 12.6 (1.6) 13.0 (1.7) 12.0 (1.6) NA 12.5 (1.6) 13.0 (1.4)
Anemia 30.3 (2143) | 21.7 (530) | 46.5(1033) NA 31.6 (334) 18.5 (246)
Moderate to severe anemia 5.8 (410) 4.8 (118) 9.3 (207) NA 5.2 (55) 2.3 (30)
Mean BMI (kg/r), (SD) 20.9 (3.3) 19.9 (2.8) 21.3(3.5) 21.0(3.8) 21.2 (2.8) 21.9(2.9)
Thin 3.9 (367) 7.6 (192) 2.4 (53) 3.8 (89) 1.5 (16) 1.3 (17)
Overweight or obese 12.2 (1145) 6.5 (164) 14.8 (324) 12.6 (297) 12.0 (125) 17.9 (235)
Watches TV 49.8 (4800) | 44.5(1205) | 65.0(1462) | 45.3(1120) 33.1 (358) 56.6 (755)
Reads the newspaper 39.4(3878) | 27.1(734) | 53.1(1193) | 47.6(1176) | 25.2(273) 37.6 (502)
Listens to the radio 69.3 (6825) | 39.6 (1074) | 80.2(1803) | 81.0(2002) | 70.7(765) | 88.6(1181)
Permission is not a barrier to HC 85.4(8411) | 72.3(1958) | 85.0(1911) | 92.0(2274) | 90.7 (981) | 96.3 (1287)
Money is not a barrier to HC 58.4 (5746) | 54.2 (1469) | 57.8(1299) | 64.4 (1592) | 56.6 (612) 57.9 (774)
Distance is not a barrier to HC 70.0 (6892) | 61.1(1656) | 66.1(1486) | 77.8 (1924) | 65.5(709) 83.6 (1117)
Going alone is not a barrier to HC 74.1(7297) | 63.8(1738) | 72.1(1620) | 84.4(2080) | 75.3(815) | 78.9 (1054)
Going out alone is not a justification for IPV 67.2 (6622) | 66.5(1803) | 58.3(1310) | 73.5(1818) | 64.7 (700) 74.2 (991)
Burning food is not a justification for IPV 80.5(7929) | 70.7 (1918) | 79.1(1778) | 88.6 (2190) | 79.2(857) 89.0 (1186)
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Neglecting the children is not a justification for IPV 59.2 (5830) | 61.6 (1668) | 52.4 (1177) | 60.8 (1503) | 55.0 (595) 66.4 (887)
Refusing sex is not a justification for IPV 73.8(7272) | 73.0(1979) | 66.4 (1492) | 80.1(1981) | 76.9(832) 74.0 (988)
Arguing is not a justification for IPV 67.8 (6675) | 67.2 (1820) | 56.6 (1272) | 74.9 (1852) | 65.1(704) | 77.0 (1027)

BMI = Body Mass Index, Hitfaemoglobin, HC = Healthcare, IPV = Intimate Partner Violence, NA = Not Available, SD = Standard Deviation.

299



Measurement model

The ESEM measurement model produced a better fit compared to its CFA counterpart and was selected

as our final mo d e | (appendix). The model s measur
estimates exceeding 0.400 and cross loadings belowdtspecified threshold (appendix). Item residual

variances ranged from 0.187 to 0.524 and factor correlations were low enough (range: 0.301 to 0.433) to
suggest sufficient discriminant validity. A thréasctor model was confirmed with all 13 items meeting

our prespecified measurement eoffs.

Structural model

The standardized results of the structural models are presented below and in Table 3, Figure 3, and Figure
4. The unstandardized results are available in the appendix.

Haemoglobin model

Of the three empowerment domains, only the ability to access information had a direct and statistically
significant association with increased haemaoglobin (R = 0.070, 95% CI = 0.006, 0.134). Expressed in
original units, each one unit increase in the abibitaccess information was associated with a 0.122
increase in Hb (appendix). Neither the ability to access healthcare nor the ability to reject IPV had a
statistically significant association with haemoglobin (Table 3). Further, the ability to acoessaitidn

was the only empowerment domain significantly associated with the odds of being anemic (OR = 0.923,
95% CI = 0.860, 0.992) (appendix).

Hb model by geographic location

The magnitude of the association between the ability to access information and haemoglobin was higher
for girls living in a rural setting (8 = 0.117, 95% CI = 0.049, 0.185) and was no longer statistically
significant for girls living in urban areas ([¥6:066, 95% CI =0.148, 0.015). In contrast, the ability to

access healthcare was directly associated with higher haemoglobins levels among girls living in an urban
setting (3 = 0.117, 95% CI = 0.049, 0.185) but remaineesigmficant for girls in rural geas (I3 =

0.007, 95% CI =0.056, 0.043). The ability to reject IPV was not significantly associated with

haemoglobin for urban or rural respondents (Table 3).
Hb model by ischool status

No empowerment domains had a statistically significant association with haemoglobin when the

respondents were stratified bysohool status.
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BMIZ model

The ability to access information was significantly associated with increased BMIZ (3 = 0.094, 95% CI =
0.045, 0.143) and increased odds of being overweight or obese (OR = 1.088, 95% CI| = 1.014, 1.166)
(appendix). Expressed in original units, a one umitdase in the ability to access information was
associated with a 0.087 increase in BMIZ (appendix). The ability to access healthcare and the ability to
reject IPV were not significantly associated with BMIZ (Table 3). No empowerment domains were

significantly associated with thinness (appendix).
BMIZ model by geographic location

The association between the ability to access information and BMIZ increased in magnitude for girls
living in a rural setting (3 = 0.114, 95% CI = 0.060, 0.169) but becamsigoificant for girls living in
urban areas (3 6.022, 95% CI =0.082, 0.039)The ability to access healthcare was not significantly
associated with BMIZ for girls living in urban or rural areas (Table 3). The ability to reject IPV had a
small but significantly association with increased BMIZ for girls living in rural areas (849095% CI
=0.003, 0.076) but not for girls in urban areas (3 = 0.022, 95%-@0D8&9, 0.074).

BMIZ model by iachool status

The association between the ability to access information and BMIZ increased in magnitude for girls who
reported attending school in the last year (R =0.212, 95% CI = 0.151, 0.272). This relationship-was non
significant for girls who did not attend schaolthe previous year (3 = 0.021, 95% CI0-054, 0.097).

The ability to reject IPV was significantly associated with increased BMIZ for girls who attended school
in the last year only (8 = 0.043, 95% CI = 0.001, 0.086) (Table 3).

The influence of country of residence

Our original model only included paths from country of residence to nutritional status; however, a review
of the modification indices suggested #udgition of paths from country of residence to each
empowerment domain to improve model fit. After considering their theoretical justification, we included

these paths in the final models.

Country of residence was significantly associated
of empowerment across all domains, but the association varied by country. Ethiopian respondents had

lower empowerment domain scores across all ahgedbcompared to the UGM, while Kenyan and

Rwandan respondents trended higher on all domains (Figures 3 and 4). Tanzanians score lower than the

UGM for access to information and rejecting IPV, but higher for access to healthcare. Ugandans scored
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lower on access to information and higher on access to healthcare; their score on rejecting IPV was close
to the UGM in both models.

The influence of household wealth

A review of modification indices also suggested additional paths from household wealth to each

empowerment domain, and these were included in the final models.

Household wealth was significantly associated with increased BMIZ (3 = 0.160, 95% CI = 0.126, 0.194),
increased ability to access information (3 = 0.512, 95% CI = 0.488, 0.536), increased ability to access
healthcare (3 = 0.238, 95% CI = 0.191, 0.286)inadtased ability to reject IPV (3 = 0.215, 95% Cl =

0.174, 0.256).

Like the BMIZ model, household wealth was also directly and positively associated with all

empowerment domains in the Hb model (appendix). However, household wealth was not significantly
-0.08% @)l obin | evel

associated

Wi

t h

respondent so

Table6. Standardized path coefficients and 95% confidence intervals for haemoglobin and BMIZ by
empowerment domain for main models angub-groups.

Model N Standardized path coefficients (95% CI)
Access to information Access to healthcare Rejects IPV

Haemoglobin

Main model 7376 0.071 0.027 0.018
(0.011, 0.130) (-0.014, 0.068) (-0.017, 0.053)

Subgroup analyses

Lives iman urban setting 2552 -0.066 0.074 0.034
(-0.148, 0.015) (0.008, 0.140) (-0.032, 0.099)

Lives in a rural setting 4824 0.112 -0.007 0.010
(0.047,0.178) (-0.056, 0.043) (-0.032, 0.052)

In school in the last year | 4314 0.051 0.025 0.021
(-0.041, 0.143) (-0.028, 0.078) (-0.028, 0.070)

Not in school in the last 3046 0.085 0.026 0.008

year (-0.004, 0.174) (-0.039, 0.091) (-0.045, 0.060)

BMIZ

Main model 9728 0.089 -0.007 0.030
(0.044, 0.134) (-0.044, 0.030) (-0.002, 0.063)

Subgroupanalyses

Lives in an urban setting | 3266 -0.022 0.025 0.002
(-0.082, 0.039) (-0.045, 0.095) (-0.069, 0.074)

Lives in a rural setting 6462 0.114 -0.023 0.040
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(0.060, 0.169) (-0.066, 0.020) (0.003, 0.076)
In school in the last year | 6205 0.212 0.005 0.043

(0.151, 0.272) (-0.040, 0.050) (0.001, 0.086)
Not in school in the last 3496 0.021 -0.028 0.046
year (-0.054, 0.097) (-0.083, 0.027) (-0.003, 0.095)

BMIZ = BMfor-age zscore, Cl = Confidence Interval, IPV = Intimate Paxtisdence.

Access to
information

Access to
health care

Rejection
af IPV

’ HH wealth

Figure35.9 ELJ 2 N} (G2 NB a0 NHzOGdzNI £ Sljdz2t GA2y Y2RSt 2F GKS NBf I
empowerment domains (Access to information, Access to healthcare, Rejection of intirpateonal violence)
and haemoglobin

Values are standardized path coefficients. Bolded values are significant at the 0.05 level. Only statistically
significant paths and values are presented. Paths indicated by a dotted line were added to the model following a
review of modification indicesotimprove model fit. Similar paths from household wealth and countries of
residence to the remaining empowerment domains were statistically significant but are not shown to simplify
figure interpretation. ETH = Ethiopia, Hb = Haemoglobin, HH = Housdhdld, Ihtimate Partner Violence, RWA =
Rwanda, TZA = Tanzania.

303



infarmation % \‘

S

‘ L7
Access to Money ‘:“ %
[ Money | V‘V- XX 77

health care aVa¥:

e

>
L TR
r (7 SR
'4’)"-‘.
[ Bunsfood W7 X

Burns food %‘\

> BMIZ

care

P 0.160*
Rejection Neglects child il’ 0.022
of IPV 7
Refuses sex

’—
—

0.512* .

: HH wealth

Figure36.9 ELJ 2 N} (2 NB &G NHzOGdzNI £ SljdzZt GA2y Y2RSt 2F GKS NBf I
empowerment domains (Access to information, Access to healthcare, Rejection of intimate personal violence)
and BMIZ.

Values are standardized path coefficients. Bolded values are significant at the 0.05 level. Only statistically
significant paths and values gpeesented. Paths indicated by a dotted line were added to the model following a
review of modification indices to improve model fit. Similar paths from household wealth and countries of
residence to the remaining empowerment domains were statisticallyifsignt but are not shown to simplify

figure interpretation. BMIZ = BMbr-age zscore, ETH = Ethiopia, HH = Household, IPV = Intimate Partner Violence,
KEN = Kenya, RWA = Rwanda, TZA = Tanzania.

Discussion
Our model s demonstrate that there is a relationsh
their nutritional status in East Africa, and that

characteristics and context. This study helpditan important gap in our understanding of the role that

empowerment plays in the nutritional status of adolescent girls.

Out of the three empowerment domains examined in our study, we found that the ability to access
information, measured by level of education and mass media use, was significantly associated with four
out of five nutrition outcomes of interest. The abilityatccess information was significantly associated

with increased haemoglobin and BMIZ after controlling for household wealth and country of residence.
The same domain was significantly associated with reduced odds of being anemic and increased odds of
being overweight or obese. No significant relationship between empowerment and thinness was

identified, however, only 367 (3.9%) of sample respondents were categorized as thin in our sample.
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When examining subgroup differences, the relationship between empowerment and nutrition was more

complex. Living in a rural setting increased the magnitude of the positive relationship between the ability

to access information and haemoglobin and BMIZ Jaevtlie same relationships were rgignificant for

girls living in an urban setting. Instead, the ability to access healthcare by overcoming common gender
related barriers to health care, such as permission and cost, was positively associated withifiremoglo
levels for girls living in an urban setting, but nsignificant for BMIZ. Further, the ability to reject IPV

had a small but statistically significant association with increased BMIZ for rural residents and

respondents who attended school in theylaat. However, the lower bound of the 95% confidence

intervals closely approached zero in both models, which may indicate a spurious rather than substantive

association. The relationship between the ability to reject IPV and nutritional status wagnfarant

for all other groups.

For girls living in rural settings, the ability to access information through education and mass media may

be their most direct avenue to accessing nutrition education and services. Schools are a primary delivery

platform for nutritionrelated interventiomfor adolescent girls, including nutrition education,
micronutrient supplementation, and dewornm#g,44] The importance of the ability to access healthcare
for urbanbased respondents may reflect the fact that there are fewer barriers to healthtee in u
settings, and this capability is easier for them to acH#&seWith increased access to healthcare, iliness
and disease most often associated with haemoglobin deficiencies, such as malaria or soil transmitted
helminth infection, may be more easily avoided or treated, and access to iron supplementation may be

higher.

East Africa faces a double burden of malnutrition characterized by persistent rates of undernutrition and

micronutrient deficiencies and increasing rates of overweight and opEiQur results show that the

ability to access information can lead to increased BMIZ, including increased odds of being overweight or

obese. This relationship may be due to increased exposure to mass media advertising-déasergy
processed and micromignt-poor foods. With increased agency, adolescents may opt for thoetse f
depending on their food environment and sociocultural coft&kinterventions that seek to improve
adol escent girlsd access to information as an
negative influences of media on diet and body image and seek to empower them with a complete
portrayal of what constites healthy choices. Social media can be leveraged to encourage healthier

choices and meaningfully engage adolescents in the change gldiess.

Our findings agree with existing literature that the empowerment process is highly dependent on an
i ndi vi dual 6s characteristics and context, and

and nutrition need to consider their specific chmastics and circumstances that contribute to their
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disempowerment and increase their vulnerability to poor health, such as geographic location,

socioeconomic status, and level of education. For example, a-migdobds study in Ethiopia found that

gender discrimination intersects with other social idegtifage, disability) and structural factors

(rurality, service availability) to affect their nutrition and food insecydg). Another study showed that

favourable social norms related to education, marriage and nutrition were positively associated with

adol escent [49P]iAddressing cargneunitg structures and norms is considered an integral

component of empowering girls to prevent adolescent pregfa@cinvestments in adolescent
capabilities must address not only individual age

well-being[51]

Applying an intersectional | ens to understanding
how individual identities combine with structural challenges to contribute to disempowerment and poor
nutrition[51] The concept of intersectionality examines hc
race, sexual orientation, etc., and systems of po
Interventions to empower adolescent girls for improved imutrghould consider their intersagy

identities and develop strategies that respond to their particular circumstances.

Our study has several strengths. First, the development of our model was informed by existing
empowerment theory and evidence that emphasises the multidimensional nature of the process of
empowerment. Second, we used robust statistical methods, ESEkhutthhiccommodate the challenge

of measuring a concept that cannot be directly observed. Third, we used previously validated measures of
empowerment (for example, sg€,52,53) from nationallyrepresentative, standardized surveys. We
recognize two limitaons to our study. First, the use of creestional data precludes drawing

conclusions about the causal relationship between empowerment and nutrition. Second, our study sample
did not include measures for other empowerment domains, such as economieemgu. Strategies to
economically empower women for improved nutrition, such as through conditional cash transfers or
microfinance programs, are among the most common intervention strategies, though with mixed
results[18,54] There is some evidence okthritical importance of economic empowerment in positive
reproductive health outcomgsb] A similar exploration of the role that economic empowerment and

ot her empower ment domains can play in adolescent

Engaging adolescents through participatory research and program design is one way to support nutrition
programs to adopt relevant empowerment strategies that meet their needs and priorities. Adolescents
should be viewed as change agents with the powaefltence their communities in positive ways and
should be included as -@veators of programmes that seek to serve their interests. Meaningful

participation that goes beyond adolescents being physically present to supporting them to safely express
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themselves and contribute to decismaking is an empowering approach and should be prioritized in

adolescent nutrition programming.
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Table S1. SEM model fit statistics and assessment criteria.

Fit Cutoff criterion Sensitive to| Penalty for model
indices N complexity

Chi - Lowestcomparative value between models Yes No

square - Nonsignificant ChSquare (p >0.01)

Significant difference in Ceuare between models
For model comparison: retain model with lowest
ChiSquare

RMSEA - 0.060.08(marginally acceptable, 0.6L05 No Yes
(excellent)

Nonsignificant (p>0.05)

90%CI range does not include zero

90%CI range should not overlap between models

For model comparison: Retain model where
[change]RMSEA <= 0.015

SRMR - 0.060.08 (marginally acceptable), 00105 Yes No
(excellent)

For model comparison: Retain model with
[change]SRMR <=0.015

CFlI - 0.900.95 (marginally acceptable fit), 0.96.99 No No
(excellent)

For modelcomparison: Retain model with highest
CFl value ([change]CFI > 0.01)

TLI - 0.900.95 (marginally acceptable fit), 08699 No Yes
(excellent)

For model comparison: Retain model with highest
CFl value ([change]CFI > 0.01)
Source: van 2Zyl, L. E., & ten Klooster, P. M. (2022). Exploratory Structural Equation Modeling: Practical Guidelines
and Tutorial With a Convenient Online Tool for MpRntiers in Psychiatrg2, 795672.
https://doi.org/10.3389/fpsyt.2021.795672
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Table S2. Comparison of model fit for CFA and ESEM models.

Model X (df) RMSEA CFlI TLI SRMR
(90% ClI)

1. CFA 629.743 (62) 0.030 0.976 0.970 0.044
(0.028, 0.033)

2. ESEM 441.370 (42) 0.031 0.983 0.969 0.024
(0.028, 0.034)

Difference (MiM2) 188.373 -0.01 -0.007 0.001 0.020

Table S3Standardized parameter estimates for measurement model

Empowerment indicator Access to Access to Views on
information healthcare IPV

Level of completed education 0.550 0.018 0.113

Watches TV 0.664 0.078 -0.013

Reads the newspaper or magazines 0.783 -0.112 -0.026

Listens to the radio 0.657 0.082 -0.017

Permission is not a barrier to HC -0.002 0.816 0.038

Money is not @arrier to HC 0.054 0.734 -0.029

Distance is not a barrier to HC 0.008 0.831 0.012

Going alone is not a barrier to HC -0.037 0.798 -0.016

Going out alone is not a justification for IPV -0.051 0.032 0.881

Burning food is not a justification for IPV 0.166 0.017 0.777

Neglecting the children is not a justification for -0.135 -0.002 0.917

IPV

Refusing sex is not a justification for IPV 0.073 -0.053 0.822

Arguing is not a justification for IPV -0.015 0.007 0.905

HC = Healthcare.
IPV dntimate Partner Violence.
Bolded = significant at 0.05 level.
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Table S4. Odds ratio for overweight/obesity, thinness, anemia.

Model N Standardized path coefficients (95% CI)
Access to information Access to healthcare Rejects IPV
Anemia 7376 0.923 0.958 0.969
(0.860, 0.992) (0.907, 1.011) (0.924, 1.015)
Overweight/obesity 9728 1.088 0.957 1.035
(1.014, 1.166) (0.899, 1.018) (0.983, 1.091)
Thinness 9728 0.935 1.022 0.982
(0.836, 1.047) (0.944, 1.106) (0.914, 1.055)

Table S5. Unstandardized parameter estimategath coefficients and 95% confidence intervals for
haemoglobin and BMIZ by empowerment domain for main models and gubups.

(-0.043, 0.076)

(-0.071, 0.023)

Model N Ungandardized path coefficients (95% CI)
Access tanformation Access to healthcareg Rejects IPV

Haemoglobin

Main model 7376 0.122 0.036 0.028
(0.020, 0.224) (-0.020, 0.092) (-0.027, 0.083)

Subgroup analyses

Lives in an urban setting 2552 -0.141 0.103 0.052
(-0.317, 0.035) (0.011, 0.196) (-0.049, 0.154)

Lives in a rural setting 4824 0.112 -0.007 0.010
(0.047,0.178) (-0.056, 0.043) (-0.032, 0.052)

In school in the last year 4314 0.085 0.036 0.027
(-0.067, 0.238) (-0.039, 0.111) (-0.036, 0.090)

Not in school in the last year | 3046 0.136 0.037 0.012
(-0.005, 0.227) (-0.057, 0.131) (-0.073, 0.097)

BMIZ

Main model 9728 0.087 -0.006 0.029
(0.042, 0.131) (-0.038, 0.026) (-0.002, 0.061)

Subgroup analyses

Lives in an urban setting 3266 -0.024 0.021 0.002
(-0.090, 0.042) (-0.038, 0.080) (-0.063, 0.068)

Lives in a rural setting 6462 0.105 -0.066 0.027
(0.054, 0.157) (-0.190, 0.058) (0.002,0.052)

In school in the last year 6205 0.229 0.005 0.034
(0.162, 0.296) (-0.036, 0.045) (0.001, 0.068)

Not in school in the lagtear 3496 0.017 -0.024 0.042

(-0.002, 0.086)

317




CHAPTER: Discussion and conclusion

Chapter overview

This thesis explored the relationship between adol
in LMICs. Specifically, the effects of empowermdnae s ed nutri ti on i nterventi on
nutritional status in LMICs were assessed via xeghimethods systematic review (Chapter 3), and the
statistical associations between di mensions of ad
were assessed using theoretically informed exploratory structural equation models (ESEM) fdr marrie

adolescent girls (Chapter 4) and single (newarried) adolescent girls in East Africa (Chapter 5).

This final chapter serves as an overall discussion and conclusion for the thesis. Each manuscript contained

in Chapters B5 includes a discussion section specific to that study.
This chapter is intended to:

1 Summarize the thesis rationale, objectives, and main findings.

1 Consider the implications of the thesis findings for Canadian policy and practice.
9 Highlight the novelty of the thesis and describe its strengths and weaknesses.

9 Provide suggestions for future research in this area.

Summary of thesis rationale and objectives

Proper nutritional support during adolescence is critical for optimal physiological, neurological,

emotional, and immunological development, with consequences for current and future generations.

Persistent rates of undernutrition, including thinness aedomitrient deficiencies, and rising rates of

overweight and obesity among adolescents in LMICs require the global health community to adopt a
comprehensive approach to adolescent health and n

nutritional support as well as address the underlying drivers that contribute to malnutrition generally.

Global strategies and frameworks addressing adolescent health, nutrition, abdimgonsistently

highlight the importance of empowering women and girls. However, empowerment is a complex and
multidimensional construct that is challenging to defineragionalize, and measure. While many recent
studies have focused on understanding the relationship between empowerment and maternal and child
nutrition, a specific focus on adolescent girls has been lacking. Consequently, this thesis developed and

applieda theoretically informed model of the empowernientrition relationship for adolescent girls to:
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3. Assess the effects of empowerména s e d

status in LMICs, and

4. I dentify the di mensi

nutritional status in LMICs.

Findings and implications

Summary of findings

nutrition intervent.

ons

(O

ons of empower ment signifi

The manuscripts included in this thesis are distributed across three chapters (Chaptétsekey

findings from each chapter in relation to the thesis objectives are summarizulenl.Following the

table, the implications of the thesis findings for Canadian policy and practice are discussed.

Table 1. Summary of key thesis findings.

Research objective

Chapter

Key findings

To assess the effects of
empowermentbased nutrition
AYGSNBSyliAz2ya
nutritional status in LMICs

2

Chapter 3

Mixed
methods
systematic
review

f

There is currently limited/no evidence that
empowermentbased nutrition interventions
contribute to improved nutritional status among
adolescent girls in LMICs, but the evidence base i
scarce, heterogenous, and largely lacking in
methodological quality.

The existing evidence base is largely limited to
interventions to prevent or treat obesity among
adolescent girls in middlsmcome countries.
Heterogeneity in intervention design, along with a
lack of standardized measures for empowerment,
dietary intake, and nutrition behaviours, make it
difficult to synthesize results across studies.
Many studies lack sufficient methodological qualit
lowering the confidence that the true intervention
effect is represented by current evidence.

More research is needed into the implementation
and contextual factors that contribute to
intervention success.

Adolescent nutrition researchers need to sex
disaggregate their results and consider the sex ar
gender implications of their research.

Some important nutrition and empowerment
outcomes along the causal chain are not currently
measured in studies.

To identify the dimensions of
empowerment significantly

Chapter 4

al NNASR FR2tSao0Syd 3IAN
information through education and mass media us
is positively associated with their B¥tir-age.
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Research objective Chapter Key findings
Faa20AFGSR @AQGK|Exploratory [ al NNASR | R2f Sa0Syid 3IAN]

nutritional status in LMICs. structural owning a house or land either alone or jointly) is
equation positively associated with haemoglobin and reduc
modelling odds of being moderately to severely anemic.

T al NNASR I R2fSaoOSyid 3IAN]
directly associated with their level of household
wealth and the country they live in.

1 Greater autonomy may contribute to increased
consumption of unhealthy foods that can contribut
to overweight and obesity.

1 Strategies to empower married adolescent girls
should be tailored to their specific circumstances.

1 There is an urgent need for better data on
adolescent empowerment and health, including
increased research into agesex and gender
appropriate empowerment measures and
longitudinal data to assess causality.

Chapter 5 1 Improvingsingle adolescerd A NX 4 Q I 0 A ¢

information issignificantly and positivelgssociated

Exploratory with haemoglobin andMHor-age including
structural reduced odds of being anemic and increased odd
equation being overweight or obese

modelling f The significance of different empowerment domai

G2 FANI AQ ydziNAGAZ2Y @I
geographic locatioiurban/rural)and inschool
status

1 Like married adolescent girlevel of empowerment
Ad RANBOGEe aaz20Al SR
household wealth and the country they live in.

1 Applying an intersectional lens and meaningfully
engaging adolescent girls in intervention design
using participatory methods is recommended.

Notes: LMIC tow and middleincomecountry.

Implications for practice

This section proposes implications for practice that apply to Canadiagovennmental organizations
(NGOs) that design and deliver nutrition programmes for adolescent girls, such as Nutrition International
[1] and World Vision Canadi,3] These implications relate primarily to the need for increased

investment by NGOs in monitoring and evaluating the impact of programmes designed to empower

adolescent girls for improved health and nutrition.
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The first implication for practitioners is that there is evidence that empowerment and nutrition are

interlinked for adolescent girls in LMICs, and therefore, including empowerbas®d strategies in
nutrition programmes ma yutritiona status. bloweverpwe etill do mat Imaves i n
the evidence to inform which strategies are effective to help plan and design programmes. In this absence,
NGOs can develop theoretical models, such as the logic model presented in Chapter 3, of the

empowement nutrition relationship that clearly articulate the hypothesized pathways through which a
programmeods -bearspeodveaaneinti ti es contribute to girlsé
The use of a logic model in programme design and managentantdevelopment sector is now

common and facilitates the planning and conduct of programme evalydiions.

The second implication is that the theoretical model used to design an intervention or programme should

be informed by a comprehensive assessment of the coatekindividualspecific gender equality and

social equity factors that contribute to adolescengi r | s6é6 di sempower ment and ma
found that adolescent girlsdé empowerment and nutr
characteristics and their context. Gender equality and social inclusion (GESI) analysis helps NGOs to

identify social norms, power relations, and systems barriers that perpetuate inedqoaifesticular

context. Several GESI frameworks and tools exist, including those developed by Canadian NGOs and

their affiliates[5,6]E n g e n d e rGdmder,| Youthpasd Social Inclusion (GYSI) Analysis Framework

and Toolkit provides the additional advantage of including a youth analysi§7lens.

To ensure programmes identify and address individual characteristics that may contribute to
disempowerment and malnutrition, such as education level, ethnicity, sexual orientation, disability, etc.,
an intersectional lens should also be applied alonggiEeS frameworK8] Participatory approaches

that engage adolescent girls in programme design are another important strategy for incorporating
individual needs and priorities. Strategies such as participatory action research can also be empowering

bybuild ng girl sdé capacities and engagi[fg them as <cha

Third, robust monitoring and evaluation plans should be developed for programmes; informed by the
programmeds theoretical model . This thesis found
empowerment to improved nutrition fadolescent girls are missing from existing studies and datasets.

The studies that do exist are often lacking in methodological rigour or leave out key populations, such as
girls living in low-income countries or those who are out of school. Canadian N&Osetp to fill these

evidence gaps by investing in high quality impact evaluations and implementation research. Inherently,
nutrition programmes that include empowerment strategies are complex intervéentiepsnay have

multiple interacting componentsrget multiple populations, groups, and settings, measure multiple

outcomes, or require tailoring and flexibility throughout implementdiohGuidance for developing

321



and evaluating complex interventions ex[4ts] and can be applied at the programme planning stage so
that an appropriate and robust evaluation strategy is in place from the beginning of programme

implementation.

When developing monitoring and evaluation plans, careful thought should be given to identifying
appropriate measures for concepts along the causal chain. This thesis found that important mediating
measure$or the relationship between empowerment and nutrition, such as access to health services, were
missing from existing studies and datasets. Using a logic model to inform the development of the
monitoring and evaluation plan can help to avoid these omisfologic model describes theorized

linkages betwen programme resources, activities, outputs, and immediate (dbamgrintermediate,

and longeiterm outcomes, making the identification of critical outcomes for assessmen{4asier.

Consideration should also be given to assessing potential adverse effects of empobhasetent

interventions. This thesis found only one intervention study that assessed adverse effects, yet the potential
for negative repercussions is evident. The ESEMeaisoid Chapters 4 and 5 showed that empowerment

may lead to increased levels of overweight or obesity among adolescent girls. Other adverse outcomes,

such as an increased risk of gendased violencfl2] are also possible and need to be understood.

A final implication for Canadian NGOs is the importance of disseminating their findings. It is possible

that programme monitoring and evaluation data that would have been relevant to this thesis are not

publicly available. Programme evaluations may reragiinternal documents, depriving the rest of the
research and devel opment assistance community fro
learned. Some NGOs are beginning to collect programme monitoring data that include gender,

empowerment, andutrition measures that could help to fill data gaps if they are more widely $hated.

To put these implications into practice, Canadian NGOs need appropriate levels of resources and
expertise. The following section summarizes considerations for Canadian policymakers, including the

need to increase investment in research as part of theiosup NGOs working in global health.
Considerations for Canadian policymakers

This section applies the thesis findings to the ¢
Pol i cy ( F Ire&adgnizes thattsuppoltingfgyender equality and the empowerment of women and

girls is the best way to build a more peaceful, more inclusive and more prosperoud tévjridpriority

action area of the policy muman dignity whi ch i ncl udes a c o nsensitvment t o
nutritiono that is focused on undernutrition and

young childre15] The FIAP states that Canada will strengthen the evidence base by investing in policy
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research, better data collection, and evaluation for gender eqaa4lifihis thesis has shown that
increased investment in these areas is urgently needed in the context of adolescent empowerment and

nutrition.

Three implications for the FI AP are proposed. Fir
address adolescent nutrition that includes strategies to empower adolescent girls is warranted. The current
version of the policy does not directlgidress the challenges faced by adolescent girls in accessing

nutritious foods or nutrition servicgs5] Nor does it make an explicit link between empowering

adolescent girls (or women) and improving their nutritional status. This thesis showed that the
empowermeritnutrition relationship for adolescent girls is important and complex and should be

considered as a challenge separate from those faced by adult women. The importance of the adolescent

life stage should be recognized and specifically addressed in pursuit of thie £IAM urelatéd gdals. n

Second, the Government of Canada (GoC) should consider expanding its nutrition focus in the FIAP to
include addressing the challenges of overweight and obesity. Rates of overweight and obesity continue to
rise among all age groups in LMICKS] The ESEM models in Chapters 4 and 5 showed that

empowerment is also associated with increased odds of being overweight or obese for adolescent girls. It
is no longer practical to focus on undernutrition only; the double burden of malnutrition is growing i

LMICs, paticularly among the pooregt7]

Third, the GoC should develop a research investment strategy to underpin its commitment to
strengthening the evidence base for gender equality, as outlined in the FIAP. Within this research
strategy, the government can commit to funding operational réseanducted by Canadian and non
Canadian nutrition partners to better understanetigowermeritnutrition relationship. This can

include funding for operational research assessing the impact of nutrition programmes that take an
empowermenbased approacdind for the development and testing of validated measures for
empowerment and nutrition. Consideration should be given to ensuring a sufficient duration of research

funding to partners so that programme impact can be properly assessed.
Novelty of the thesis

This thesis represents the first comprehensive assessmeneofgbeermeritnutrition relationship for
adolescent girls in LMICs. Each chapter within the thesis makes a unique contribution to the literature, as

outlined inTable 2
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Table 2. Summary of key thesis contributions.

Chapter

Area of contribution

Unique contribution

Chapter 3

Effects of empowerment
based nutrition
interventions for
adolescent girls in LMICs

il

il

Since the project was conceived in 2018, there have b
no published systematic reviews of empowermdatsed
nutrition interventions for adolescent girls in LMICs.
The logic model describing the concept of an
empowermentbased nutrition intervention and its
AYLI OG 2y | R2tSao0OSyd 3IAN
developed and refined through the systematic review is
unigue contribution to the published literature.

A presentation of the logic model was given at the 201
Canadian Conference on Global HeakbgendixA5)

Chapter 4

Exploratory structural
equation modelling

Since this study was conceived, no published studies |
applied exploratory structural equation modelling to
modelling theempowermentnutrition relationship in
adolescent girls or other populations.

Modelling the
empowermentnutrition
relationship for married
adolescent girls

This is the first published study to model the
empowermengnutrition relationship for married
adolescent girls in East Africa.

The model that was developed of tieenpowerment;
nutrition relationship for married girls for this study is a
unique contribution to the published literature.

The study identified statistically significant empowerme
domains associated with nutritional status that can
inform decisiommaking by policymakers and practitione
in the field ofadolescent nutrition.

Chapter 5

Modelling the
empowermentnutrition
relationship for single
adolescent girls

This study applied an ESEMCFA framework and
included subgroup analyses which added an additional
level of complexity and information compared to the
model used for married adolescent girls.

This is the first study to model trampowerment;
nutrition relationship for single adolescent girls in East
Africa.

The model that was developed of teenpowerment;
nutrition relationshipfor single girlor this study is a
unique contribution to the literature.

The study identified important individugdnd context
specific factors that can influence tleenpowerment
nutrition relationship for single adolescent girls that car
inform decisiommaking by policymakers and practitione
in the field of adolescent nutrition.

Notes: CFA = Confirmatory factor analysis; ESEM = Exploratory structural equation model; LMIC = Low &
middle-income country.
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Strengths and limitations

While the strengths arliinitations of each study that compose this thesis are described in detail in

Chapters 3, this section provides an overview of the strengths and weaknesses of the thesis overall.
Strengths

A key strength of this thesis is that it addresses a global health priority (adolescent nutrition) and seeks to
help fill an i mportant evidence gap (operationald]
nutrition). Strengths associated with eablapter are summarizedTiable 3.

Table 3. Thesis strengths

Chapter Strengths

Chapter 3 I The systematic review followed a published, peeviewed protocol.

1 A comprehensive search of published and grey literature developed by an
experienced medical information specialist resulted in more than 23,000
records screened for eligibility.

1 The systematic review was theoretically informed and based on a logic moc
(published with the protocol) derived from key empowermeand nutrition
related frameworks in the literature.

1 A Canadian NGO that delivers nutritiprogramming for adolescent girls
contributed to the systematic review.

Chapter 4 1 The ESEM model was theoretically informed and based on a review of othe
studies using similar data to measure thimpowermentnutrition relationship.

1 The study appliedobust statistical methods, ESEM, ttzae more appropriate
for measuring and analysing latent constructs (such as empowerment)

I The studyused previously validated measures of empowerment ftara-stage
cluster randomizednpationallyrepresentative Demographic and HealthuBreys
that are standard across countries.

Chapter 5 1 In addition to sharing the same strengths as Chapter 4, this study was able

expand its analyses due to a larger sample size to look at important subgro

differences (irschool status, and urban/rural residence) in grapowerment;
nutrition relationship.

Notes: ESEM = Exploratory structural equation model; N&@hgovernmentalorganization.

Limitations

There arghreeoverarching limitations that should be highlighted here: data/study availaslity
guality, and methodological limitation§hese challenges are discussed below in relation to each thesis

objective.
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Data and study availability

In assessing the impact of empowerrleased nutrition interventions for adolescent girls in LMICs,

despite an exhaustive search of published and grey literature, only ten eligible studies were identified for
inclusion, and only one included study assessgtkimentation and contextual factors. Reasons for study
exclusion were wrong study design, wrong population, lack of a complete empowerment model, primary
purpose is not to improve dietary intake, data notdisaggregated, and wrong outcomes. The

generat abi l ity of the reviewbds findings waisconel so | i m
countries where populations face the triple burden of undernutrition, micronutrient deficiencies, and

overweight/obesity. Studies conducted with-ofsschoolgirls were also not identified.

Regarding the ESEM models, sources of secondary data on adolescent empowerment and nutrition across
multiple countries and with a sufficient sample size to allow for statistical modelling was limited to
Demographic and Health Surveys (DHS), which onlyemdl data for adolescent girls aged 15 to 19

years old. In addition, many empowermegiaited variables in the DHS are only collected for married
respondents (e.g., role in household decisi@king). The DHS also lacks measures for other potentially
important empowerment dimensions and confounders of the nutetiggowerment relationship that

could not be tested in the ESEM models. Finally, DHS data aresgosenal limiting causal analysis.

Study quality

The studies included in the systematic review included several methodological limitations that resulted in
six out of ten included studies being rated as having a high risk offhi@sutcome qualityaccording to
GRADE [18] was downgraded due to study limitations, includinglear sequence generation and

allocation concealment methqdisck of blinding,high heterogeneity, and imprecisiorhese limitations
prevented the determination of conclusive recommendations for policy and practice, but thikgvedsb a

for the identification of important areas for future research.

Methodological limitations

Using factor analysis can limit the ability of later studies to replicate findings because this statistical
method involves subjective decisions, such as the selection of the number of factors to extract and the
rotation method used. These decisions cay batween researchers, leading to different factor structures.
Additionally, factor analysis is sensitive to the specific sample and variables included in the study, which
may not be identical in subsequent research. Consequently, these variationaltaminesnsistencies

and challenges in replicating the findingesented here
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Using DHS data to model empowerment presents challenges related to measurement validity and

reliability that cannot be avoided. For instance, construct validity may be compromised because DHS

items do not fully capture all dimensions of empowerment, ragutt an incomplete measure.

Additionally, reliability issues can stem from sampling variability, as the factor structure may vary across
different populations, affecting the consistency and generalizability of the findings. These limitations
highlight the need to address measurement gaps and develop more comprehensive and consistent tools for

assessing empowerment.
Directions for future research

In this research, many important and novel findings were discovered, as described above. However, it
also identified several areas of inquiry requiring further study and investigation. Two of these areas are
elaborated below.

Addressing measurement gaps alongehgpowermentnutrition causal chain

This thesis used theoretical models of éhgpowermerfitutrition relationship to underpin its objectives,
methods, and results interpretation. It found that there are currently several deficiencies in the global
health communityés ability to measure and model
One significant challenge was the lack of measures available along the proposed causal chain from
empowerment to nutritiarFigure 1presents the revised logic model from the systematic review. Boxes
containing asterisks indicate outcomes that were measured by studies included in the systematic review.
Measures at the output level are missing, as are measures of a supportive opjgtniictiutre at the

shorter outcome level. Outcomes related to agency, dietary intake, uptake of essential services, and
healthy behaviours that were measured in the systematic review were difficult to synthesize because they
were measured differently betere studies. Attempts to measure empowerment were limited to

measuring seléfficacy, which is just one dimension of empowerment (related to intrinsic agency).
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Resources ‘ ‘ Activities | ‘ Outputs ‘ ‘ Shorter term outcomes | ‘ Longer term outcomes

Train providers to deliver
Adequate programmes

availability of
personnel, >
facilities,
materials

)

Adapt programme and
materials to local context
and girls’ skill level

Pilot test
Build girls’ skills for self-

reflection and goal k. Improved dietary intake*
setting

Intervention quality Improved nutritional
status™

Implementation

[

Girls have adequate
knowledge and skills to
meaningfully participate

Build girls’ nutrition
awareness, knowledge
and skills

Increased uptake of
essential services*

Increased agency*

Agency

Girls are confident,
motivated and engaged
to achieve their goals

Create safe spaces for
self-reflection and goal
setting

education level
of girls and
parents, socio-

economic Provid terial 4 Increased adoption of
status of HH ro.w c m_a et healthy behaviours*
2 incentives
and community,

food availability, -
general P — \ Parents and guardians
insecurity SELHE2ED er!gage are committed to
parents/guardians L
supporting girls

r

Girls have access to a
healthy diet

Adapt the food ‘
environment ‘

Supportive 05

Opportunity structure

Girls have access to
essential services

Provide access to
essential services

* At least one outcome measured in the effectiveness assessment

Figure 1 Revised logic model of the effects of empowermebésed nutrition interventions on adolescent girls
nutritional status.

Similarly, the models used in Chapters 4 and 5 were missing measures for potentially important
empowerment concepts that apply directly to nutrition, such as deaisikimg power over diet (a
measure of agency specific to nutritional status). Mediatoc$, as those that measure a supportive

opportunity structure (e.g., food availability in the household), were similarly missing.

To help address these gaps, research is needed to identify and validate measures of the components of
empowerment (agency and opportunity structure) as they relate to adolescent nutrition, based on a
conceptual framework, such as the one proposed heree3darch would need to break down and

identify measures of the different sabmponents of agency and opportunity structure that are relevant to
adolescent nutrition. These sabmponents are articulated in the logic model as the blue boxes
representing giential measures of contributors to agency and orange boxes being potential measures of
opportunity structure. Decisiemaking power over the green boxes would be demonstrations of agency,

while the achievement of the green boxes would demonstrate dégpaltihese life domains.
Undertaking high quality intervention studies in understudied populations and contexts

To complement the development of measures as outlined in the previous section, there is a need to
conduct high quality impact evaluation and implementation research of empowdiasedtnutrition

interventions. The conceptual framework(s) used to devetgsuares could also be applied to
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intervention design and evaluation, ensuring that a complete empowerment model (agency + opportunity

structure) is applied and evaluated.

Rigorous experimental study design is needed to overcome some of the limitations found through the
systematic review, such as selection disk of blinding, and reporting bias. Again, guidance for

developing and evaluating complex interventions can be of assistan¢&djérkis includes assessing
intervention implementation because a finding of a lack of effect may be due to implementation failure, as

opposed to a real absence of effect.

Beyond improving on study and intervention design, where studies are conducted and in what populations
also needs to be considered. Studies are needed-indome country settings where the triple burden of
malnutrition remains prominent. Studies ar@alseded outside of school settiiigargeting owf-

school youth. Studies that target adolescent boys and girls needdisaggregate their findings.

Experimental design should be complemented with the use of qualitative méthimasqualitative or
mixed-methods study designs to explore the issue of empowerment and adolescent vwatnition
beneficial because these approaches capture the complexity and context of individual experiences.
Qualitative methods allow for idepth understanding of personal and cultural factors influencing
nutrition and empowerment. Mixadethod desigsintegrate this rich qualitative data with quantitative

measures, providg a comprehensive view that can inform more effective and tailored interventions.
Conclusion

This thesis provides a comprehensive examination of existing evidence of the relationship between

adol escent girl sd e mpo wtdemnestrated that thielatianghipist i on i n LM
significant and complex, requiring careful consideration when designing and evaluating interventions.

The models that were developed, tested, and refined through this research are important contributions to

the literature that can guide @adian policymakers and NGOs in the investment, design and evaluation of
interventions to empower adolescent girls for improved nutrition. While many important findings have

been highlighted, important opportunities for future research are also identified, laying a solid foundation

for further inquiry in this important area of resgaand practice.
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1 | BACKGROUND

1.1 | The problem, condition or issue

Adolescents {10 to 19 years) currently represent the largest global
generation of young people in our collective history {United Nations,
2015). The regions of Africa, Asia, Latin America, and the Caribbean
are the home of 1.1 billion young persons {United Nations
Department of Economic and Social Affairs Population Division,
2017). In sub-Saharan Africa, people below the age of 25 make up
62% of the population, with only marginal declines predicted through
2050 {United Nations Department of Economic and Social Affairs
Population Division, 2019). The working age population {25 to 64
years) in sub-Saharan Africa, Oceania, and parts of Asia, Latin
America, and the Caribbean is growing faster than all other age
groups {United Nations Department of Economic and Social Affairs
Population Division, 2019). Ensuring the health and well-being of
adolescents who will fill the ranks of the world’s working age

population will help to propel global economic growth and develop-
ment {Patton et al., 2014).

Adolescence is a period of significant physiological change that
includes marked skeletal growth, increased bone mass, and fundamental
neurological development {Das et al., 2017; Patton et al., 2016). Proper
nutrition during adolescence is crucial for optimal growth and
development and helps to prepare adolescents for adulthood. However,
many adolescents face challenges in achieving optimal dietary intake,
especially in low- and middle-income countries {LMICs) where the
majority of adolescents reside {WHQO, 2014). Iron-deficiency anemia
affects 430.7 million (24%) adolescents, with 77% of adolescents living
with anaemia in multiburden countries where communicable, maternal,
and nutritional conditions contribute to 2,500 disability adjusted life-
years {DALYs) or more per 100,000 adolescents {Azzopardi et al., 2019).
The prevalence of anaemia is consistently higher for females than males,
and is more than 50% for females in Bhutan, Yemen, India, and Burkina
Faso in 2016 (Azzopardi et al., 2019). Mean BMI {body mass index) and

the prevalence of obesity are also rising amaong children and adolescents
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globally. The percentage of adolescents who are overweight or obese
was 324.1 million in 2016—an increase of 176.9 million from 1990
{Azzopardi et al, 2019). The median prevalence of overweight and
obesity among girls is highest in the Eastern Mediterranean region
(28%), followed by the Western Pacific {25%), the Americas {25%), and
Europe (21%; Akseer, Al-Gashm, Mehta, Mokdad, & Bhutta, 2017). Yet
more children and adolescents are moderately or severely underweight
globally, with the largest burden of underweight found in South Asia
and central, east and west Africa {Abarca-Gémez et al., 2017).

The social, economic, and cultural conditions in which an
adolescent matures can significantly shape their health and
development, including their nutrition. The social determinants of
health are the conditions in which people are born, grow, develop,
live, work, and age {Viner et al., 2012). Social inequities, particularly
those related to poverty and gender, can heavily influence
adolescent health and well-being {Patton et al., 2016). Adolescence
is a time when gender roles and norms become more heavily
engrained, affecting how adolescents interact with and experience
the world. The gendered experience of adolescence can vary
depending on the context, as Kabeer writes: “In many LMICs, the
gendered norms embedded in local structures of patriarchy come
into play in heightened ways during adolescence, restricting the
agency, opportunities, aspirations and social networks of young
girls to a far greater extent than boys” {Kabeer, 2018). Where
considerable gender inequities exist, women and girls are more
likely to suffer from nutritional deficiencies than men and boys
(Elder, 2003). Gender inequities can limit access to an adequate
diet and lead to early marriage and high fertility rates, putting
adolescent girls at greater risk of nutrient deficiencies as well as
poor pregnancy and birth outcomes {Akseer et al., 2017; Bhutta
et al, 2013). Numerous studies have identified a significant
association between women’s empowerment and women’s and
children’s nutritional status (Alaofé, Zhu, Burney, Naylor, &
Douglas, 2017; Bhagowalia, Menon, Quisumbing, & Soundararajan,
2012; Cunningham, Ruel, Ferguson, & Uauy, 2015; Na, Jennings,
Talegawkar, & Ahmed, 2015; Pratley, 2016; Sinharoy et al., 2018;
Smith, Ramakrishnan, Ndiaye, Haddad, & Martorell, 2003; Tauko-
bong et al., 2016).

1.2 | The intervention

The empowerment of women and girls has been identified as way of
improving the nutrition sensitivity of interventions, in addition to
achieving scale and increased coverage of at-risk households and
individuals {Ruel & Alderman, 2013). There is growing interest in
assessing the impact of empowerment interventions on women's
empowerment as well as its instrumental value in improving develop-
ment outcomes, including women'’s and children’s health and nutrition.
The objective of this is review is to build on the existing literature base
to examine the effects of integrating women's empowerment strategies
in nutrition interventions to improve the nutritional status of adolescent

girls’ in low- and middle-income countries.

1.3 | Defining women's empowerment and its
related components

There are various definitions of women’s empowerment, illustrating the
complexity of the construct {Alsop & Heinsohn, 2005; Batliwala, 1994;
Kabeer, 1999; Lee-Rife, 2010; Malhotra, Schuler, & Boender, 2002; G.
Sen & Batliwala, 2000; A. Sen, 1985a). A commonly used definition is
that of Naila Kabeer. She defines empowerment as “the expansion in
people’s ability to make strategic life choices in a context where this
ability was previously denied to them” {Kabeer, 2001). Kabeer identifies
three interdependent components to women’s empowerment. The first
is agency, or “the ability to define one’s goals and act upon them”
{Kabeer, 2001). Alsop and Heinsohn {2005) define agency as “the ability
to make meaningful choices.” Similarly, A. Sen {1985b) describes agency
as “what a person is free to do and achieve in pursuit of whatever goals
or values he or she regards as important.” Central to these definitions is
{a) the availability of alternatives from which to choose, {b) the
individual is aware of the alternatives available to them and {c) the
individual desires to make a choice {Alsop & Heinsohn, 2005; Kabeer,
2001). Agency is often described in terms of decision-making power, but
it can also reflect an ability to bargain, negotiate, influence, resist, or
manipulate {Kabeer, 1999).

Kabeer (2001) identifies the second component of empower-
ment, resources, as a precondition for the ability to exercise choice
{agency). Resources can be material, human or social. Alsop and
Heinsohn {2005) refer to this component as opportunity structure , or
“the formal and informal contexts within which actors operate.” We
will use the term “opportunity structure” to represent this second
component for the purposes of this review. A supportive opportunity
structure will enable an individual to make their choices a reality. For
example, an adolescent girl may desire to stay in school until
graduation, but she may be prevented from doing so if her father
prefers her to be married.

The final component is achievements. Agency and opportunity
structure interact to result in the achievement of an individual’s
desired outcomes. A. Sen {1985b) refers to this interaction as
capabilities, or the potential that people have for living the lives they
want. Notably, chosen actions that lead to undesired outcomes do
not signify a high degree of empowerment. For example, the decision
to participate in a microcredit programme may increase a woman’s
access to financial resources, but if her husband controls how those
resources are spent, the desired outcome of financial autonomy
would not be achieved.

Empowerment can take place in different dimensions of women’s
lives. A high degree of empowerment in one area does not
automatically translate into empowerment in other areas. For
instance, an adolescent girl may be able to attend school {an
indicator of social empowerment) but she may be denied the right to
access health care without her guardian’s permission {an indicator of
household or intrafamilial empowerment). There are six conceptual
definitions of empowerment commonly used in the literature
{Malhotra et al.,, 2002; Pratley & Sandberg, 2018). Below we briefly
describe each and provide indicators at the individual level.
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