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Abstract 
 

Background  
Excess male morbidity and mortality is well recognised in fields like neonatal medicine and 
evolutionary biology. In contrast, within the global nutrition community, it is less understood 
and often stated that girls are most at risk of nutritional deficits. With a focus on a clinical, 
biological, evolutionary, and social perspective, this PhD sets out to explore the evidence for 
sex differences in the epidemiology of undernutrition, the reasons for these differences and 
whether and how these might need to be addressed in policy and practice. 

Methods  
A systematic review and meta-analysis examined undernutrition-specific estimates for 
wasting, stunting and underweight by age and sex using a random-effects model.  A qualitative 
synthesis reviewed how sex differences were reported and explained within studies.  A 
narrative review explored which early life mechanisms might underlie these differences.  A 
further random effects meta-analyses described mortality risk associated with anthropometric 
deficits (wasting, underweight and stunting) in children 6–59 months by age and sex in multi-
country cohort data. A pooled secondary analysis assessed treatment outcomes by age and 
sex.  

Results  
Boys are more likely to be wasted (pooled OR 1.26, 95% CI 1.13 to 1.40), stunted (pooled OR 
1.29 95% CI 1.22 to 1.37) and underweight (pooled OR 1.14, 95% CI 1.02 to 1.26) than girls 
with variations in differences by regions and age groups.  A complex interaction of social, 
environmental, physiological, and genetic factors likely underlies these differences throughout 
the life cycle. Sex differences appear to be more pronounced in early infancy, in more severe 
presentations of malnutrition and in more fragile contexts.  For wasted children, there is no 
difference in mortality risk between children 6–23 months and children 24–59 months (pooled 
RR 1.08, 95% CI 0.52-2.22, p=0.826 for MUAC <125 mm; RR 1.35, 95% CI 0.79-2.33, 
p=0.272 for WHZ <−2). For underweight and stunting, younger children had a significantly 
higher risk of mortality than older children (underweight - pooled RR 2.57, 95% CI 1.65–4.00, 
p<0.001; stunting - pooled RR 2.83 95% CI 2.09–3.82, p<0.001).  Despite a higher risk of 
wasting, stunting and underweight in boys, in pooled analysis for each anthropometric deficit, 
we found no differences in mortality risk between girls and boys.  In wasting treatment 
programmes, we observed very few differences between girls and boys in treatment outcomes 
but have highlighted the need for future research that considers the effect of health and social 
care indicators.   

Conclusions  
The risk of undernutrition differs according to sex and the extent and direction of differences 
is greatly influenced by age and context. This highlights the need to improve data collection in 
programmes, surveys and research through the full disaggregation and analysis of sex and 
age to identify which children are most vulnerable in specific contexts, and to allow comparison 
of programme data with population-level burdens.  Ultimately this research aims to contribute 
to a better understanding of risk so that nutrition interventions, and resources can be targeted 
according to need.   
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Definition of key terms  
 

Gender:   Socially constructed roles, behaviours and identities of girls, women, 

men and boys and gender diverse people2. 

Severe malnutrition:  Any form of malnutrition (undernutrition) associated with high risk of 

severe adverse outcomes1.  

Sex: A set of biological attributes associated with physiological features such 

as chromosomes, hormones and reproductive anatomy that define 

males and females2.  

Stunting:  Defined by low height-for-age. Stunting results from chronic or 

recurrent undernutrition, usually associated with poverty, poor 

maternal health and nutrition, recurring ill health, and/or inappropriate 

feeding and care during infancy and early childhood. Stunting has 

consequences for a child’s ability to achieve their physical and 

cognitive potential.  

Undernutrition:   Insufficient intake of adequate energy and nutrients to meet individual 

needs for good health and growth.  This definition may comprise 

wasting, stunting, underweight or micronutrient deficiencies, or a 

combination of any of these.      

Underweight:  Defined by low weight-for-age. A child who is underweight may be 

stunted, wasted or both.  

Wasting:  Defined by low weight-for-height, or low mid-upper-arm-

circumference. Wasting results from recent and severe weight loss 

which usually occurs when a child does not have adequate quality and 

quantity of energy and nutrients and/or they have frequent or 

prolonged illnesses.  

  

 
1 Kerac M, McGrath M, Connell N, et al. ‘Severe malnutrition’: thinking deeply, communicating simply. 
BMJ Global Health 2020;5:e003023. doi:10.1136/ bmjgh-2020-003023 
2 Heidari, Shirin, Thomas F. Babor, Paola De Castro, Sera Tort, and Mirjam Curno. 2016. 'Sex and 
Gender Equity in Research: rationale for the SAGER guidelines and recommended use', Research 
Integrity and Peer Review, 1:2  
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1 Background and rationale   
 

1.1 Global undernutrition - epidemiology  
 

Good health and nutrition both support a child’s growth and development and are a pre-

requisite to a child’s ability to both survive and thrive.   Undernutrition, however, is a devasting 

obstacle to physiological and cognitive development, affecting millions of children around the 

world, therefore representing a major public health concern.   

Estimates on the global burden show that despite successes in the reduction of prevalence 

estimates, undernutrition persists.    Wasting, is a life-threatening condition characterised by 

loss of muscle and fat mass, resulting from poor nutrient intake and/or disease.  Wasting 

affects an estimated 45 million (6.8%) children around the world, 13.6 million (2.1%) of whom 

are severely wasted.  Stunting results from poor nutrition in-utero and in early childhood and 

affects an estimated 148.1 million (22.3%) children globally, down from the year 2000 when 

an estimated 203 million children (33%) were stunted [1].   The estimates presented here are 

based on prevalence.  If considered in terms of incidence, the true numbers may be 

considerably higher [2].   Figure 1 and Figure 2 show the global distribution of wasting and 

stunting.  Wasting is most prevalent in Southern Asia (25.1% of global share) and Africa (22% 

of global share).  Stunting is most prevalent in Asia (52% of global share), and Africa (43% of 

global share) [1].  

 

Figure 1 Global distribution of wasting (<-2 WHZ score) 

Source: Our World in Data https://ourworldindata.org/ CC-BY 

https://ourworldindata.org/
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Figure 2 Global distribution of stunting (<-2 HAZ score) 

Source: Our World in Data https://ourworldindata.org/  CC-BY 

 

Initiatives such as community based management of acute malnutrition (CMAM), and the up-

scaling of prevention activities following the Scaling Up Nutrition (SUN) movement3 have 

resulted in progress in the management of undernutrition, however, according to the Global 

nutrition report (GNR) 2021 [3], nutrition targets set for 2025 (Figure 3) will not be achieved 

globally, nor in most countries around the world.  As an example, the coverage of wasting 

treatment is a key challenge.  According to the UN Global action plan on child wasting [4], in 

2019, only 11 million of the estimated 45 million wasted children in the world were reached 

with treatment, highlighting the urgent need for the acceleration of progress towards fully 

addressing undernutrition, alongside focussing treatment on the most at risk children and 

ensuring that prevention efforts are effective.  

Challenges to achieving this persist.  Whilst coverage estimates for some nutrition 

interventions remain very low, resources for nutrition services are increasingly limited 

alongside increasing needs linked to climate change, an increase in displaced persons due to 

new and ongoing conflicts, food systems breakdown and Covid-19.  Although funding for 

international humanitarian assistance has nearly doubled in a decade, it largely plateaued 

over the period from 2018-2021 [5] resulting in high levels of unmet needs. 

 
3 https://scalingupnutrition.org/  

https://ourworldindata.org/
https://scalingupnutrition.org/
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Figure 3 The 2025 global Nutrition Targets 

Source: WHO https://www.who.int/publications/i/item/WHO-NMH-NHD-14.2  

 

1.2 Defining undernutrition  
 

Malnutrition comprises both under and over nutrition.  Major forms of undernutrition include 

wasting, stunting, underweight and micronutrient deficiencies. Overnutrition includes 

overweight and obesity which are also associated with nutrition related non-communicable 

diseases [6].  Many countries now face the challenge of a double burden of malnutrition, with 

high prevalence of both under- and over-nutrition [7].   

This PhD focuses on undernutrition in the form of wasting, stunting, concurrent wasting and 

stunting and underweight, also defined as severe malnutrition [8].  Undernutrition is 

traditionally measured through clinical assessment and anthropometric measures and indices.  

Table 1 shows the various references and cut-off points which will serve to define 

undernutrition throughout this research.  In addition to the below Undernutrition can also be 

defined by the presence of bilateral pitting oedema (nutritional oedema, also commonly known 

as “kwashiorkor”).  The terms severe malnutrition and undernutrition will both be used 

throughout this research.   

 

 

 

The Global nutrition targets (WHO 2014) set for 2025 include:  

• A 40% reduction in the number of children under-5 who are stunted 

• A 50% reduction of anaemia in women of reproductive age 

• A 30% reduction in low birth weight 

• Ensure that there is no increase in childhood over-weight 

• Increase the rate of exclusive breastfeeding in the first 6 months up to at least 

50% 

• Reduce and maintain childhood wasting to less than 5% 

https://www.who.int/publications/i/item/WHO-NMH-NHD-14.2
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Table 1 WHO criteria for major forms of undernutrition. 

 Measured by  Definition of undernutrition 
 

Wasting  

 
Mid-Upper-Arm-
Circumference (MUAC)  

 
<115mm severe acute malnutrition (SAM) 
115mm to <125mm moderate acute 
malnutrition  
 

 
Weight for height  
 

 
Weight for height z-score (WHZ)  

• <-3 = severe acute malnutrition 
• <-2 = moderate acute malnutrition 

 
  
Stunting  

 
Height for age  

 
Height for age z-score (HAZ)  

• <-3 = severe stunting  
• <-2 = moderate stunting  

 
 
Underweight 

 
Weight for age  

 
Weight for age z-score (WAZ)  

• <-3= severe underweight  
• <-2= moderate underweight  
 

 

 

1.3 Causes of undernutrition 
 

To effectively address undernutrition, it is important to understand the aetiology.  The 

conceptual framework for undernutrition provides an outline for understanding the 

determinants of both maternal and child undernutrition (Figure 4).  Many of the driving forces 

for the different types of undernutrition are similar.  For example, analyses of the individual 

determinants of wasting and stunting have demonstrated common pathways which include 

poor maternal nutrition, high parity, low levels of education, low birthweight, and poor infant 

feeding practices  [9-15].   

This suggests that preventative interventions such as achieving adequate maternal nutrition, 

both before and during pregnancy and breastfeeding, ensuring optimal infant and young child 

feeding practices and ensuring a healthy environment which includes access to basic health, 

water, hygiene and sanitation services and opportunities for safe physical activity, have a role 

in addressing multiple forms of undernutrition [16].   



20 
 

A large proportion of undernutrition is understood to originate in-utero.  In 2006, the 

introduction of revised WHO growth standards demonstrated that growth faltering in early 

infancy was more pronounced than previous analysis using NCHS standards had suggested 

[17].   Recent longitudinal research provides further evidence that both wasting and stunting 

are prevalent at birth, peaking between 0-3 months [13, 18].  Wasting and stunting present at 

birth can contribute to further growth failure during infancy and childhood highlighting the 

critical need to improve maternal health and nutrition as a means of prevention [19].   

 

 

Figure 4 Framework of the relations between poverty, food insecurity, and other underlying and immediate 
causes to maternal and child undernutrition and its short-term and long-term consequences 

Source: Black, R. et al, (2008), Maternal and child undernutrition: global and regional exposures and 
health consequences. CC BY-NC-ND  [20]  
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1.4 Consequences of undernutrition  

1.4.1 Short term  
 

In addition to undernutrition being a leading cause of poor health [21], globally, around 45% 

of deaths that occur in children under 5 years of age are linked to undernutrition [22].  In the 

case of wasting, a child who is severely wasted has a mortality risk up to 12 times higher than 

a child who is not wasted [23].  Stunting also carries an increased risk of mortality.  Severe 

stunting is associated with a risk of death up to five times higher than a non-stunted child [24].  

Figure 5 and Figure 6 demonstrate the association between higher levels of wasting and 

stunting and mortality.  With the exception of a few outliers, the majority of countries follow a 

similar trend, whereby as the prevalence of wasting or stunting increases in different countries 

and regions, so too does child mortality.  There are many other non-nutrition related 

determinants of child mortality.  Anthropometric measures despite being a helpful measure of 

nutrition status are not always representative of long term and repeated deficits.  The strength 

of association between mortality and nutritional status is therefore likely to vary between 

settings and may explain some of the observed outliers.  The trend that is observed in rising 

mortality as levels of wasting and stunting increase highlights the association between the two 

and provides justification as to why addressing it effectively should be a global public health 

priority.   

1.4.2 Long-term 
 

In addition to mortality risks, there are further consequences associated with undernutrition, 

though these are often more understood for stunting and less studied for wasting.  Children 

who experience stunting, especially in the first “1000 days” of life have particularly marked 

risks of long-term consequences for adult height, educational attainment, reduced adult 

income, and decreased offspring birthweight [25-27].    Questions remain as to whether it is 

possible to prevent further linear growth failure and support catch up growth after the first 1000 

days [28].  Associations between early stunting and increased risk of chronic diseases have 

also been demonstrated, but are not as clearly understood  [26].   

Until recently most understanding of the long-term consequences of wasting originated from 

studies exploring populations with famine exposure.  However, a growing body of evidence is 

emerging on cohorts exposed to episodes of childhood wasting in other contexts.  One 

systematic review of 30 studies demonstrated strong evidence that childhood malnutrition has 

a negative impact on neurodevelopment and impairs academic achievement and cognition 
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[29].  Another study following a cohort of children previously treated for severe acute 

malnutrition at 7 years post discharge, found that long term survivors were more stunted, had 

less catch-up growth, smaller head circumference, weaker hand grip strength and poorer 

school achievement compared with controls [30].   

There is also evidence of an association between exposure to severe malnutrition or famine 

in childhood and an increased risk of cardiovascular disease, hypertension, impaired glucose 

metabolism and metabolic syndrome in later life; and some evidence of an association with 

obesity and effects on lipid metabolism, although less consistently so [31].     

 

Figure 5 Child mortality versus the prevalence of child wasting. 

Source: Our World in Data https://ourworldindata.org/ CC-BY 

 

Figure 6 Child mortality versus the prevalence of child stunting.  

Source: Our World in Data https://ourworldindata.org/ CC-BY 

 

https://ourworldindata.org/
https://ourworldindata.org/
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1.5 Multiple nutritional deficits  
 

Wasting and stunting have in the past been viewed as separate conditions resulting in a 

division in policy, programming, and financing [7, 32].  Typically stunting has been addressed 

in stable contexts with a focus on prevention and the mitigation of longer-term developmental 

deficits.  Wasting on the other hand has been viewed as a humanitarian problem which is 

addressed when reaching certain levels [33], with a focus on treatment [19].   

Recent work has challenged this categorisation, highlighting that often wasting and stunting 

co-exist in many individual children and that the distinction between the two is arbitrary.  Since 

2014, a technical interest group led by the Emergency Nutrition Network (ENN) has been 

researching the relationship between wasting and stunting, and have generated evidence 

supportive of a direct relationship between the two conditions whereby wasting can lead to 

stunting and stunting can lead to wasting [19] (See appendix 6).   For many children, common 

risk factors drive an accumulation of vulnerabilities and anthropometric deficits, exacerbated 

by factors such as seasonality.  

Wasting and stunting can also occur at the same time, often referred to as concurrence.  An 

estimated 15.9 million children are affected by concurrence, and consequently face a mortality 

risk equal to that of the most severe form of wasting [32]. A meta-analysis exploring the 

prevalence of concurrence in 84 countries [34] showed that the pooled prevalence of 

concurrent wasting and stunting in fragile and conflict affected states (FCAS) was significantly 

higher than in stable contexts (3.6%, 95% CI 3.5, 3.6, versus 2.24%, 95% CI 2.18, 2.30%, test 

of proportion p value <.0001), suggesting that the more fragile a context, the more vulnerable 

a child to concurrent and cumulative anthropometric insults.   

A recent viewpoint published in the lancet has called for a shift in thinking regarding how actors 

assess undernutrition highlighting that approaching wasting and stunting separately neglects 

to recognise the risk of a child being exposed to both conditions and the cumulative effects of 

these.  They call for further research into the pathways and process involved throughout the 

maternal and child lifecycle, as well as evaluation of and operational research into preventative 

and therapeutic interventions that can address the diverse causes and biological processes 

underlying childhood undernutrition [32].    

Some of the early work in this project noted sex differences in prevalence estimates whereby 

boys (younger boys in particular) were more likely to be concurrently wasted and stunted than 

girls, particularly before the age of 30 months, after which the difference becomes smaller [34, 

35], (see Figure 7).   
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Figure 7 Male and Female prevalence of concurrent wasting and stunting by age in 51 countries.   

Males are plotted on the left and females on the right.  

Source: Myatt, M. (2018) Children who are both wasted and stunted are also underweight and have a 
high risk of death: a descriptive epidemiology of multiple anthropometric deficits using data from 51 
countries.  [35] CC-BY 

  

1.6 Childhood sex differences  
 

Neonatal and infant health fields have long recognised sex differences in neonatal, infant, and 

child health outcomes, with boys recognised as the more vulnerable of the two sexes from as 

early as the point of conception, and through to early infancy [36-41].  Overall, morbidity and 

mortality rates are higher in males than in females throughout life [42].   

Perinatal outcomes are worse when mothers have a male neonate compared to a female, with 

increased risk of complications such as placental insufficiency, pre-term delivery, higher 

incidence of infections and increased risk of pre-eclampsia [43, 44].  This disadvantage 

continues into early infancy and childhood, with increased susceptibility to and severity of 

infectious diseases in males [40].  For example, conditions common in childhood such as 

lower respiratory infections, diarrhoeal diseases, and malaria, are all more common in boys 

than in girls [45].  There are however exceptions to this.  Mortality associated with conditions 

such as measles, pertussis, and tuberculosis, is higher among girls than among boys. A 

defining feature of this difference is age, whereby the higher vulnerability to disease occurs in 

late childhood and early adulthood [37].  
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Early male vulnerability has also been noted in the context of famine whereby women have 

been shown to live longer than men, due in part to differences in infant mortality.  Male infants 

are less likely to survive in harsh famine conditions compared with female infants, reportedly 

due to a combination of biological, environmental and social factors [46].    

 

1.7 Sex and gender  
 

Sex and gender are related but often confused concepts.  Historically, sex and gender 

differences have been overlooked in research design and science communication, limiting the 

generalisability of findings for both females and males.  In response to this, in 2016, the 

European Association of Science Editors developed the Sex and Gender Equity in Research 

Guidelines (SAGER) to provide guidance on a systematic approach to the reporting of sex 

and gender across disciplines [47].  SAGER define gender as referring to the socially 

constructed roles, behaviours, and identities of female, male and gender-diverse people.  By 

this definition, gender can influence people’s own perceptions of themselves and others, and 

their understanding and opinion of behaviours, interactions and distributions of power and 

resources in societies.  Sex on the other hand refers to biological attributes associated with 

physiological features such as chromosomes, genetics, hormone functions and reproductive 

anatomy, and is usually categorised as male or female [47].   

Gender is recognised as an important cross cutting issue to be addressed within humanitarian, 

health, and development programmes.  Across the globe, girls are often identified as the more 

vulnerable of the two sexes and face barriers to equal access to education, health care, work 

and representation in both political and economic decision making [48].  Sex differences 

however are not typically considered when developing programmes and policy inclusive of a 

gender lens.   

The language used to discuss sex and gender can also be emotive.  A recent study highlighted 

the importance of sexed language in effective communication in certain fields such as 

pregnancy, breastfeeding, newborn care and where sex is central to the discussion [49].   For 

this research, I will therefore adopt the SAGER recommendations on defining sex and gender.   

 

 



26 

1.8 Origins of research  

The idea for this research was born from a practical question relating to the use of joint sex 

charts to determine WHZ-scores and classify children as “severely wasted”; “moderately 

wasted” or “normal” for malnutrition programme admission.  Previous NCHS growth reference 

tools included joint sex charts for ease of use, however WHO [50] tools only provided single 

sex tables, meaning that two charts were needed in each health/assessment centre. In 2009, 

the MOYO chart was developed by a group in Malawi [51] both in response to field demand 

for a more user-friendly version of the 2006 WHO growth standards tables to measure children 

and to define discharge targets, and to ensure high quality data collection for a research 

project [52].  The team had identified that look up reference charts were often hard to use and 

entailed multiple errors, resulting in misdiagnosis of children, and so designed a novel weight 

for height slide chart to aid health workers in the correct assessment and interpretation of a 

child’s weight for height Z score.  

Since their development, the MOYO charts have been field tested and shown to improve the 

speed and accuracy of assessment of nutritional status [52]. Following the previous example 

of NCHS tables, the MOYO chart was formatted in both single sex and joint sex slide charts 

(see figure 8).  To date over 16, 000 copies of the chart have been distributed or bought 

around the world4, to be used in settings such as CMAM programmes and growth monitoring 

sites.  In developing the joint sex version of the chart, the midpoint value between boys and 

girls was chosen.  However, this was a rapid, pragmatic choice and the question arose as to 

whether a different, more evidence-informed method should have been chosen, and if so, 

what were the practical, programme and outcome implications of the joint sex chart?   

Figure 8 MOYO WH/LZ Look up charts for boys and girls, girls, and boys (Image reproduced with 
permission) 

4 Personal communication with Marko Kerac 
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At the same time as this question arose, during an international nutrition sector meeting, there 

were discussions as to whether the observed higher numbers of boys within malnutrition 

treatment programmes should be a cause for concern.  The example of Yemen was given:   

“In Yemen, higher numbers of male admissions have been noted and this is thought to be 

due to discrimination against female children”. 

Similarly, during a discussion on the Emergency Nutrition Networks (ENN) EN-Net forum5 one 

user suggested that the use of single sex charts are likely to discriminate against girls and 

result in higher numbers of boys being admitted to therapeutic feeding programmes, as a girl 

would need to lose more weight than a boy to become eligible for admission:  

“Using separate tables for boys and girls may lead to many more boys being admitted to 

therapeutic programs than girls…...the use of the boys table for both sexes is recommended 

to avoid discrimination against female children”. 

It became evident that to determine whether revision of the joint sex MOYO chart was needed 

to account for sex differences, firstly, a better understanding of sex differences in the field of 

undernutrition and what the implications of these differences might be was needed.  

 

1.9 Rationale for research  
 

Despite the recognition of sex differences in neonatal and infant health disciplines, there is a 

limited understanding related to sex differences in the field of undernutrition.   For many years 

now, the concept of gender has been a consideration within nutrition programming and policy 

, where women and girls are often viewed as being more vulnerable to nutrition deficits.  

Globally women and adolescent girls are disproportionately affected by undernutrition 

compared with men, with gender disparity often cited as the cause [54].  However, little 

attention has been given to biological or other sex differences in child undernutrition and the 

programme and policy implications of these.   

Some evidence [34, 55] suggests that boys are more at risk when it comes to anthropometric 

deficits, however, prior to this research there was no systematic overview looking specifically 

at understanding the patterns and causes of these differences.  How underlying biological 

mechanisms and other differences in sex and gender translate to risk of anthropometric 

 
5 https://www.en-net.org/question/1826.aspx  

https://www.en-net.org/question/1826.aspx
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deficits and related morbidity and mortality in undernutrition remains understudied. Likewise, 

the practical implications of these differences for programming remain to be determined.   

This research therefore aims to explore the evidence for sex differences to understand 

whether and how these might need to be addressed in prevention and treatment policy and 

practice.  Focusing on a clinical, biological, evolutionary, and social perspective, this research 

sets out to explore the evidence for sex differences in the epidemiology of undernutrition and 

the reasons for these differences.  I have tried to understand the prevalence, and patterns in 

sex differences (specifically related to age and geography) and explore potential reasons for 

differences observed.    

The research also aims to determine the implications of age and sex differences for mortality 

patterns associated with anthropometric deficits.  Finally, this research looks at whether 

outcomes from wasting treatment programme differ between boys and girls and age groups.  

The findings will inform recommendations for both policy and programming within the field of 

undernutrition.   
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2 Research aims, objectives and structure 

2.1 Overall aim 

The aim of this PhD is to improve the assessment and treatment of undernutrition in both 

female and male children aged 0-5 years.  

This will be achieved by a deeper understanding of differences between the two and exploring 

whether and how these might need to be addressed in prevention and treatment policy and 

practice.  

2.2 Overall objectives 

Focusing on a biological/clinical, evolutionary, and social perspective, the overall objectives of 

this PhD are to:    

1. Review the evidence for female/male differences in the risk of developing

undernutrition:

a. Are girls or boys at greater risk?

b. What is the epidemiology of risk differences - are there age-specific and/or

geographical differences?

c. If differences are found, what are the possible underlying reasons and

mechanisms– for example, social reasons might be likely if strong geographical

patterns emerge; biological reasons might explain consistent global patterns?

2. Review the evidence for female/male differences in mortality associated with

anthropometric deficits (wasting, stunting and underweight):

a. Are girls or boys at greater risk of mortality associated with anthropometric

deficits?

b. What is the epidemiology of risk differences - are there age-specific and/or

geographical differences?

3. Review the evidence for female/male differences in outcomes in current wasting

treatment programmes.

a. Do differences occur in outcomes following wasting treatment?

b. What is the epidemiology of differences - are there age-specific and/or

geographical differences?



30 

2.3 Thesis structure 

This thesis follows the research paper structure.  

Chapter 1 provides a background on the global burden of undernutrition, the different forms 

that it takes and how these affect child health and survival outcomes.  It also provides 

background on sex differences in related public health fields and provides a rationale for why 

it is important to understand sex differences in the context of undernutrition.   

Chapter 2 outlines the aims and objectives of the work and describes how the thesis is 

presented.  

Chapter 3 outlines methods involved in the research to complement the methods sections in 

the publications.

Chapter 4 presents the findings of a systematic review and meta-analysis of sex 

differences in undernutrition which has been published in BMJ Global Health.  It 

describes how sex differences present in wasting, stunting and underweight, and how 

these differences are reported in published work. 

Chapter 5 presents the findings from a narrative review which formed an extension of the 

systematic review, exploring the early life mechanisms which might underlie sex 

differences in undernutrition.  The paper has been published in Nutrients.   

Chapter 6 presents the findings from a meta-analysis of mortality risk associated with 

anthropometric deficits (wasting, stunting and underweight) in children 6–59 months by age 

and sex, to explore whether differences in age and sex affect mortality risk.    The paper has 

been published in Maternal and Child Nutrition Journal.   

Chapter 7 presents the findings from a multi-country secondary analysis exploring whether 

age and sex affect treatment outcomes for severe malnutrition.  The paper has been 

published in Maternal and Child Nutrition Journal.       

Chapter 8 summarises the main findings from the research in relation to the objectives set.  It 

draws on research findings from this PhD and other work that has taken place during 

the course of this research.  The strengths and limitations of the research are outlined.  

Chapter 9 considers the implications of the findings for current policy and practices and 

outlines future research recommendations and final conclusions.   
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Table 2 Overview of chapters aims, objectives, methods and outputs 

Chapter number and 
title 

Objective Specific objectives Methods Related Outputs 

1 Background and 
rationale  

NA Describe undernutrition and the rationale for this research Literature review NA 

2 Research, 
objectives and 
structure   

NA NA NA NA 

3 Methods NA To provide additional detail on methods adopted for each 
of the study chapters  

NA NA 

4 Systematic review 
and meta-analysis 

Overall PhD 
Objective 1 

Review the evidence for sex differences in undernutrition 

Review the recognition and understanding of these 
differences if they occur 

Review the explanations offered for these differences 

Systematic review and 
meta-analysis, using both 
qualitative and 
quantitative synthesis:   

Published: peer-reviewed 
paper 1 

Podcast: Sex differences in 
undernutrition 

Blog 
5 Understanding 

Sex differences in 
childhood 
undernutrition  

Overall PhD 
objective 1 

Review the underlying causes or reasons for sex 
differences in undernutrition 

Narrative review 
expanding on the above 
systematic review  

Published: peer-reviewed 
paper 2 

Podcast: Sex differences in 
undernutrition  

Blog 
6 Mortality review Overall PhD 

objective 2 
Describe variation in mortality risk associated with 
anthropometric deficits in children 6-59 months by age, sex 
and geographical region  

Meta-analysis of multi-
country pooled data from 
12 cohort studies. 

Published: peer-reviewed 
paper 3  

Blog/opinion piece 
7 Treatment 

analysis 
Overall PhD 
objective 3 

To describe demographic variations in treatment outcomes 
in children 6-59 months according to age, sex, admission 
anthropometry and geographical region, using secondary 
data.   

Multi-country secondary 
analysis using logistic and 
linear regression methods  

Submitted: paper 4, in peer 
review, June 2023 

8 Discussion Overall PhD 
objectives 1-3 

To bring together the main findings of this thesis, and 
consider the strengths and limitations of the research 

NA NA 
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9 Implications and 
conclusions   

Overall PhD 
objectives 1-3 

To consider the implications for future research based on 
evidence presented  

NA NA 

10 Appendices NA NA NA Peer reviewed papers 
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2.4 List of publications 

List of papers included in this PhD 

Paper 1: Boys are more likely to be undernourished than girls: a systematic review and 

meta-analysis of sex differences in undernutrition 

Thurstans S, Opondo C, Seal A, et al.  Boys are more likely to be 

undernourished than girls: a systematic review and meta-analysis of sex 

differences in undernutrition BMJ Global Health 2020.  

http://dx.doi.org/10.1136/bmjgh-2020-004030  

Paper 2: Understanding Sex Differences in Childhood Undernutrition: A Narrative 

Review 

Thurstans, S.; Opondo, C.; Seal, A.; Wells, J.C.; Khara, T.; Dolan, C.; Briend, 

A.; Myatt, M.; Garenne, M.; Mertens, A.; Sear, R.; Kerac, M. Understanding 

Sex Differences in Childhood Undernutrition: A Narrative 

Review. Nutrients 2022, 14, 948. https://doi.org/10.3390/nu14050948 

Paper 3: Anthropometric deficits and the associated risk of death by age and sex in 

children aged 6–59 months: A meta-analysis 

Thurstans, S., Wrottesley, S. V., Fenn, B., Khara, T., Bahwere, P., Berkley, J. 
A., Black, R. E., Boyd, E., Garenne, M., Isanaka, S., Lelijveld, N., McDonald, C. 

Paper 4: 

M., Mertens, A., Mwangome, M., O'Brien, K. S., Stobaugh, H., Taneja, S., West, 

K. P., Guerrero, S., … Myatt, M. (2023). Anthropometric deficits and the 

associated risk of death by age and sex in children aged 6–59 months: A meta-

analysis. Maternal & Child Nutrition, 19, 

e13431. https://doi.org/10.1111/mcn.13431

How age and sex affect treatment outcomes for severe malnutrition: a multi-

country secondary data analysis  

Thurstans, S., Opondo, C., Bailey, J., Stobaugh, H., Loddo, F., Wrottesley, S. 

V., Seal, A., Myatt, M., Briend, A., Garenne, M., Mertens, A., Wells, J., Sear, 

R., & Kerac, M. (2023). How age and sex affect treatment outcomes for 
children with severe malnutrition: A multi‐country secondary data analysis. 

Maternal & Child Nutrition, e13596. https://doi.org/10.1111/mcn.13596 
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Supporting research papers (see appendices) 

Paper 5: Changing sex differences in undernutrition of African children: findings from 

Demographic and Health Surveys 

Garenne M, Thurstans S, Briend A, Dolan C, Khara T, Myatt M, Seal A, and 

Wells JC. Changing sex differences in undernutrition of African children: 

findings from Demographic and Health Surveys. Journal of Biosocial Science. 

https://doi.org/10.1017/S0021932021000468 

Paper 6: The relationship between wasting and stunting in young children: A systematic 

review  

Thurstans, S., Sessions, N., Dolan, C., Sadler, K., Cichon, B., Isanaka, S., 

Roberfroid, D., Stobaugh, H., Webb, P., & Khara, T. (2021). The relationship 

between wasting and stunting in young children: A systematic review. Maternal 
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2.5 Ethics 

All of the data used in this PhD is secondary.  Much of the previous research in which this 

data was collected has received previous ethical approval.  Further approval has been 

granted by the London School of Hygiene and Tropical Medicine ethics committee for the 

following papers: 

Paper 3: 

Paper 4: 
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Child Nutrition, e13246. https://doi.org/10.1111/mcn.13246   

LSHTM Ethics Reference 26401 
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https://doi.org/10.1111/mcn.13246
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3 Methods 

3.1 Scope of chapter 

This chapter aims to describe the processes and methods involved in the research to 

complement the methods sections in each of the publication chapters. 

3.2 Overview of the PhD research process 

After registering for my PhD in April 2018, I shared my initial concept paper with a number of 

experts in the field of undernutrition with an interest in the area of sex differences, inviting 

them to join the advisory committee and to review and comment on the concept paper.  This 

group aligned with a sub-working group of the overall wasting and stunting project led by ENN 

(as described in section 1.5).   I have continued to communicate with this group throughout 

the process of my PhD, mostly through emails and sharing of research concepts and various 

iterations of the publications, to discuss direction of the research and key themes.  All 

members of the group have contributed to the papers produced through this research.  The 

roles for each of the individual studies are outlined in Appendix 4.   

3.3 Summary of methods for objective 1 

The first stage of the research was a systematic review and meta-analysis to determine if sex 

differences do occur in undernutrition.  I designed the review and shared the research concept 

paper with the advisory committee.  I also shared the search strategy with the advisory 

committee and invited them to share any papers they considered relevant to the review. All 

other papers, including grey literature were identified through the search of databases, 

described in detail in paper 1.   Though we did include grey literature, we excluded standard 

nutrition survey reports to manage the amount of data.  Grey literature that considered the 

effects of sex or gender on nutrition outcomes were included.  The search, selection, data 

extraction, analysis and write up were all managed by myself (see appendix 4 for a full list of 

responsibilities).  Funding restrictions meant that screening for the studies was conducted by 

only one author, this has been acknowledged in the limitations section in the paper, and in 

Chapter 8 of this thesis.   
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Where papers identified in the search results were not available online attempts were made 

to source these through the LSHTM, UCL and Senate House libraries. If after these additional 

attempts to locate the papers they could still not be found, they were excluded.  

The systematic review and meta-analysis aimed to assess if and how studies recognised and 

explained sex differences identified.  In the data extraction table, I included a section to 

determine if differences were acknowledged, and if they were, what explanations were given. 

All explanations given were extracted and coded into one of the following categories:  

1. No explanation/discussion

2. No new explanation/discussion but similar results cited

3. Social explanation for the differences (for example, gender preferences or the roles in

which girls and boys play in society)

4. Biological differences (for example, physiological/hormonal differences between girls

and boys)

5. A combination of social or biological reasons

The broad nature of the search strategy meant that there was a large amount of literature 

identified that did not necessarily fit into the scope of the systematic review and meta-analysis 

but which were helpful to explain the possible reasons for why sex differences occur.  This 

promoted discussions with my supervisors as to how to manage the scope of the review.  I 

made the decision to perform a less formal narrative review (paper 2), utilising studies 

identified in the initial search as a starting point, which offered more detailed explanation as to 

why sex differences might occur.  Around twenty-six papers from the systematic review and 

meta-analysis search which explored the causes of sex differences and how they might relate 

to undernutrition were taken forward to the narrative review.  I extracted explanations for sex 

differences given in the papers used for paper 1 (where they were given – 43 papers), 

alongside explanations from the additional 26 papers and used Nvivo software to generate a 

word graph to try and identify themes for the narrative review (see Figure 9).  As in-utero 

origins and age seemed to emerge as a theme from my reading, I chose a lifecycle approach 

around which to theme the presentation of the paper.  I also felt this was fitting for the way in 

which nutrition programming is considered and would be able to capture the distinction 

between the effects of sex and gender for boys and girls at different stages of the lifecycle, 

capturing the general principles as described in the SAGER guidance.  Following this, 

additional papers were sourced in two ways, the first was through reference lists in these 

papers and the second was by searching around themes identified within these papers.    
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Figure 9: Word graph for sex differences in undernutrition 

3.4 Summary of methods for objective 2 

After the systematic review and meta-analysis and narrative review, I looked more closely at 

the implications of the differences identified.  The idea of male biological vulnerability was a 

surprising finding for many.  My own programming experience, alongside presentation of these 

findings in different meetings highlighted the need to understand what if anything do sex 

differences mean for programming.  For example, what are the practical implications, do 

outcomes differ for boys and girls in terms of overall mortality risk or wasting treatment 

outcomes?   

At the same time, the ENN technical working group for wasting and stunting, with which this 

work aligned, were looking at the best anthropometric criteria for identifying children at high 

risk of mortality to determine if a combined case definition of WAZ and MUAC would identify 

children at highest risk of mortality, including children with concurrent and cumulative deficits 

[56].   Understanding sex and age differences was not a direct objective in the first analysis 

and so we used the same dataset to perform a meta-analysis to explore if age and sex affect 
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the risk of mortality associated with anthropometric deficits.  Full details of methods followed 

can be found in paper 3.   

 

3.5 Summary of methods for objective 3 
 

Following the mortality analysis, whether sex affects outcomes specific to wasting treatment 

outcomes remained as a practical outstanding question.  To answer this question, I developed 

a research concept and following a discussion with a fellow researcher, I applied for access 

to a dataset they had stored on the LSHTM data repository which comprised data from 

community based therapeutic feeding programmes from four different countries.  This data 

originated from phase 1 of the ComPAS trial [57] which comprised analysis of routine NGO 

data from CMAM programmes to assess theoretical performance of a simplified dose of ready 

to use therapeutic foods.  This preceded a randomised control trial comparing simplified and 

standardised treatment protocols, which found that simplified protocols were non-inferior to 

standard care  [58].  The stage one data was not collected under research conditions but 

represents real life programme implementation of standard CMAM programmes.  I was 

granted access and signed a data sharing agreement with owners of the datasets.   

Following an exploration of the data obtained, I performed a multi-country secondary data 

analysis using logistic and linear regression to determine if age and sex affect treatment 

outcomes for children with severe malnutrition.  Full details of methods followed can be found 

in paper 4.   

 

3.6 Addressing sex and gender throughout the research  
 

As highlighted in chapter 1, I felt it was important to ensure that the distinction between sex 

and gender was captured throughout the research as both are likely to contribute towards sex 

differences in undernutrition.  For example, physiological sex differences in early infancy are 

more likely to affect male vulnerability towards undernutrition, whilst gender discrimination is 

more likely to affect female vulnerability to undernutrition.   I have therefore adopted the 

SAGER guidance.  Table 3 describes the principles laid out in the SAGER guidance and how 

these have been addressed throughout the research [47].   
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Table 3 SAGER guidelines general principles and how they have been addressed. 

SAGER guiding principle  How this has been addressed throughout  

“Authors should use the 

terms sex and gender carefully in order to 

avoid confusing both terms”. 

 

I have been careful throughout this PhD to 

use the terms sex and gender correctly as 

defined in the SAGER guidance.  For 

example: 

• physiological sex differences between 

males and females in early infancy 

• gender ideals that affect the way in which 

male and female children might be 

treated differently.   

“Where the subjects of research comprise 

organisms capable of differentiation by sex, 

the research should be designed and 

conducted in a way that can reveal sex-

related differences in the results, even if 

these were not initially expected”. 

 

Where relevant and possible, all results have 

been disaggregated by sex and analysis has 

been conducted to determine the differences 

between outcomes in males and females.  

“Where subjects can also be differentiated 

by gender (shaped by social and cultural 

circumstances), the research should be 

conducted similarly at this additional level of 

distinction”. 

 

In paper 2, the effects of gender are explored 

to determine whether it contributes towards 

differences in nutritional outcomes between 

males and females.   

Papers 1, 3 and 4 also consider how gender 

might have affected outcomes based on sex. 
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4 Systematic review and meta-analysis 

4.1 Scope of this chapter 
This chapter presents the first research paper entitled “Boys are more likely to be 

undernourished than girls: a systematic review and meta-analysis of sex differences in 

undernutrition”.  This paper describes the findings of a systematic review and meta-analysis 

of sex differences in childhood malnutrition and explores how these differences are recognised 

and explained within published studies and reports.    

The findings show that undernutrition is more common among boys than girls, though the 

extent of these differences varies and is reversed in some contexts.  Both biological and social 

mechanisms have been proposed to be responsible for the observed differences as well as a 

combination of the two. The paper was published in BMJ Global Health in December 2020 as 

an open access article.   

4.2 Figures 
Figure 1 PRISMA flow diagram. PICO, Population, Intervention, Comparison, Outcome; 

PRISMA, Preferred Reporting Items for Systematic reviews and Meta-Analyses. 

Figure 2 Forest plots showing the odds ratios for wasting, stunting and underweight in boys 

compared to girls. 

4.3 Tables 
Table 1 Study characteristics 

Table 2 Odds of boys being undernourished compared with girls by regions and age groups 

Table 3 Risk of bias assessment 

4.4 Citation 
Thurstans S, Opondo C, Seal A, et al.  Boys are more likely to be undernourished than girls: 

a systematic review and meta-analysis of sex differences in undernutrition BMJ Global 
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ABSTRACT
Background Excess male morbidity and mortality is 
well recognised in neonatal medicine and infant health. In 
contrast, within global nutrition, it is commonly assumed 
that girls are more at risk of experiencing undernutrition. 
We aimed to explore evidence for any male/female 
differences in child undernutrition using anthropometric 
case definitions and the reasons for differences observed.
Methods We searched: Medline, Embase, Global health, 
Popline and Cochrane databases with no time limits 
applied. Eligible studies focused on children aged 0–59 
months affected by undernutrition where sex was reported. 
In the meta- analysis, undernutrition- specific estimates 
were examined separately for wasting, stunting and 
underweight using a random- effects model.
Results 74 studies were identified: 44/74 studies were 
included in the meta- analysis. In 20 which examined wasting, 
boys had higher odds of being wasted than girls (pooled 
OR 1.26, 95% CI 1.13 to 1.40). 38 examined stunting: boys 
had higher odds of stunting than girls (pooled OR 1.29 95% 
CI 1.22 to 1.37). 23 explored underweight: boys had higher 
odds of being underweight than girls (pooled OR 1.14, 95% 
CI 1.02 to 1.26). There was some limited evidence that the 
female advantage, indicated by a lower risk of stunting and 
underweight, was weaker in South Asia than other parts of 
the world. 43/74 (58%) studies discussed possible reasons 
for boy/girl differences; 10/74 (14%) cited studies with 
similar findings with no further discussion; 21/74 (28%) had 
no sex difference discussion. 6/43 studies (14%) postulated 
biological causes, 21/43 (49%) social causes and 16/43 
(37%) to a combination.
Conclusion Our review indicates that undernutrition in 
children under 5 is more likely to affect boys than girls, 
though the magnitude of these differences varies and is more 
pronounced in some contexts than others. Future research 
should further explore reasons for these differences and 
implications for nutrition policy and practice.

INTRODUCTION
Undernutrition is a serious public health 
problem affecting millions of children world-
wide. Recent estimates indicate that stunting 

(low height- for- age) affects approximately 
149 million children, with consequences for 
growth and cognitive development. Wasting 
(low weight- for- length), a life- threatening 
consequence of acute nutrient deficits and/or 
disease affects over 49 million children glob-
ally; 17 million of whom are severely wasted.1 
However, these numbers are based on prev-
alence estimates meaning true numbers may 
be considerably higher when incidence is 
taken into consideration.2

Sex (referring to biological attributes) and 
gender (referring to socially constructed 
roles, behaviours and identities)3 are 
important considerations in the public health 
domain and receive different prominence in 
different academic and professional fields. 
Despite considerable research on childhood 
sex differences in neonatal and infant health, 
different disciplines often hold surprisingly 

Key questions

What is already known?
 ► Undernutrition (wasting, stunting and underweight)
is a public health problem affecting millions of chil-
dren aged under 5 years globally.

 ► Although higher neonatal and infant morbidity/mor-
tality for boys is well described, little attention has
been given to sex differences in the field of undernu-
trition due to an assumption that girls are very often
disadvantaged over boys.

What are the new findings?
 ► In most settings studied, undernutrition is more
common among boys than girls, though the extent
of these differences varies and is reversed in a few
contexts.

 ► Both biological and social mechanisms have been
proposed to be responsible for the observed differ-
ences as well as a combination of the two.
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contrary views on the relative vulnerability of male and 
female children.

In neonatal medicine and infant health communities, 
excess male morbidity and mortality is almost universally 
reported and is widely recognised.4 5 Boys are known to be 
more vulnerable than girls, from as early as the point of 
conception.6 Conditions common in childhood such as 
lower respiratory infections, diarrhoeal diseases, malaria 
and preterm birth are all more common in boys than 
girls, with the exception of measles, whooping cough and 
tuberculosis.7 All of these are not only causes of death but 
also of weight loss, growth faltering or severe undernutri-
tion among young children.8 Boy–girl differences have 
not been explored in detail within the nutrition field, but 
girls are often widely viewed as more disadvantaged and 
vulnerable9 from a gender perspective.10–13

How underlying biological mechanisms related to sex 
and social differences in gender translate into the risk 
of anthropometric deficits and related morbidity and 
mortality in the field of nutrition remains understudied. 
Likewise, the practical implications of these differences 
remain to be determined. In terms of growth and nutri-
tion status, sex differences have long been recognised 
and reflected through growth charts targeted at indi-
vidual sexes.14 15 On average, boys are slightly heavier and 
longer at birth and throughout infancy compared with 
girls, and more detailed studies have shown that the extra 
average weight of boys is primarily lean mass, whereas fat 
mass is more similar between the sexes.16 17 To evaluate 
growth and nutritional status therefore, raw anthropo-
metric data are conventionally converted to indices (eg, 
weight- for- age; weight- for- length, length- for- age) and 
expressed in comparison to reference populations as 
z- scores (SD scores, whereby +1 and −1 z- scores are one
SD above and below the reference population median,
respectively). Data published by WHO in 2006 represent
a ‘gold standard’ of how children should grow and were
developed from a globally representative reference popu-
lation of healthy, breastfed children. In constructing
the growth standards, data for boys and girls were anal-
ysed separately15 and the resulting growth charts should
already therefore account for any sex differences. What

has received little attention to date is whether sex differ-
ences reappear when z- scores are shifted away from the 
healthy reference range, which would indicate sex differ-
ences in susceptibility to undernutrition.

The objectives of this review were to systematically 
review the evidence for sex differences in undernutrition 
in children aged under 5 years, to explore evidence of any 
male/female differences in child undernutrition, and to 
document reasons given for any observed differences.

METHODS
This systematic review was conducted following the 
Preferred Reporting Items for Systematic reviews and 
Meta- Analyses (PRISMA) guidelines.18 A protocol for the 
review was defined, including inclusion and exclusion 
criteria, and was shared among authors for consensus. 
The protocol was then registered with the PROSPERO 
International prospective register of systematic reviews 
(CRD42018094818). The scope of this initial protocol 
was broad but as the review progressed and the heteroge-
neity of identified studies became increasingly apparent, 
we made a decision to divide our work into two parts: 
the first (this study) focuses on prevalence and recogni-
tion of sex- related differences; and the second, which will 
focus on the physiological and sociological mechanisms 
that may account for any identified differences.

Search strategy
Our search strategy captured the concepts of undernutri-
tion, sex and gender. Detailed search terms are in box 1.

Studies were identified by searching the Medline data-
base using the above terms which were then adapted to 
Embase, Global health, Popline and Cochrane databases. 
No limits were applied for year of publication in order 
to capture historical publications on the subject. Studies 
were restricted to those that included terms for boy, girl, 
male, female, gender, or sex in the title or abstract, with 
the aim of filtering through the large body of literature 
that exists for undernutrition and capturing studies 
which either directly focused on sex and/or gender in 
the context of undernutrition or those which disaggre-
gated and reported on it within main findings. As per the 
PRISMA recommendations, the search strategy was peer 
reviewed by a librarian.

Eligibility criteria
Studies were included in the review if they met the 
following criteria: human studies, age range of 0–59 
months, male and female participants, outcomes related 
to the prevalence or determinants of undernutrition, and 
related morbidity and mortality. Studies were eligible 
for inclusion in the meta- analysis if they presented data 
disaggregated by sex for both the overall sample and the 
outcome of interest (wasting, stunting, underweight), 
or relevant ORs. Studies of children over 59 months, 
non- English language, animal studies and studies on 
overweight/obesity and micronutrient deficiencies were 
excluded. Both peer- reviewed and grey literature were 

Key questions

What do the new findings imply?
 ► Greater awareness of actual sex differences is needed within the
field of nutrition.

 ► While sex- specific data are routinely analysed and reported in nu-
trition surveys, it should be used in nutrition programming to better
identify and understand what differences exist. Analysis should as-
sess if the sex balance in programme admissions is reflective of the 
population undernutrition burden.

 ► Further research is needed to understand both the mechanisms
behind and the reasons for that lead to sex and gender differences
in undernutrition and their implications for nutrition policy and prac-
tice. Better epidemiological understanding is a priority, as is work to 
explore their consequent effects on morbidity and mortality.
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selected. In studies that included data for children both 
under and over 59 months, where possible, we extracted 
the data for children <59 months only. Where this was 
not possible, studies were excluded.

Data extraction
All records identified through the search were imported 
into EndNote (EndNote V.X8, Clarivate Analytics). 
Duplicates were identified and removed. Initial screening 
was conducted by reading titles and abstracts to identify 
and remove studies which clearly did not fit our scope. 
Detailed review of the full text of all remaining results 
was conducted to determine which met the inclusion 
and exclusion criteria. When it was not clear how to clas-
sify an article, this was resolved through discussion and 
consensus with two or more authors.

A data extraction template was piloted on a small number 
of articles before being finalised. Data were extracted 
on study characteristics and outcomes of interest. These 
included aims and types of studies, sample size, prevalence 
and male/female ORs for undernutrition, and explanations 
offered for any differences identified.

Analysis
Due to variations in type of paper and study design, the anal-
ysis was conducted in two parts: a qualitative systematic review 
followed by a meta- analysis. We performed random- effects 
meta- analyses to pool estimates from studies that included 
a measurement of undernutrition prevalence, or which 
assessed risks and determinants of undernutrition, and 

stratified results by sex. Missing counts, denominators and 
effect estimates such as ORs, relative risk and their associated 
CIs were calculated from other information provided where 
it was possible to do so. Studies that presented only adjusted 
ORs or risk ratios were excluded given that studies were likely 
to adjust for different factors and such adjusted effect esti-
mates were not directly comparable. Undernutrition- specific 
estimates were pooled separately for wasting, stunting and 
underweight using a random- effects model. Analysis was also 
stratified by age and country. Pooled effects are presented as 
ORs and 95% CIs. Meta- regression was conducted to assess 
whether study- specific factors could explain the heteroge-
neity of effect estimates across studies. Statistical analysis was 
conducted using Stata V.15.1 (StataCorp 2017, Stata Statis-
tical Software, College Station, Texas, USA).

In all studies conducted earlier than 2006, the National 
Center for Health Statistics (NCHS) growth19 references 
had been used. In all post-2006 studies that were included, 
the WHO (2006) growth standards for wasting, stunting 
and underweight, as measured through SD from the mean 
z- scores, were used. Wasting was defined by weight- for- height 
z- score <−2; stunting was defined by height- for- age z- score 
<−2; underweight was defined by weight- for- age z- score <−2.

Risk of bias assessment
We adapted the National Heart, Lung and Blood institute 
study quality assessment tools for Observational cohort and 
cross- sectional studies to assess the quality of studies,20 and 
applied it to studies identified for the meta- analysis. Using 
this tool, we assessed data sources, a study’s presentation of 
aims and objectives and target populations, the appropriate-
ness of anthropometric methods and the presentation of 
results. We adapted the tool to assess if studies acknowledged 
sex differences in the discussion of results.

Patient and public involvement
The design of this review meant it was not appropriate or 
possible to involve patients or the public in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

RESULTS
Study selection
The study flow chart in figure 1 summarises our 
process of identifying studies. The final search of 
Embase, Global health, Popline and Cochrane data-
bases conducted in March 2020 identified 34 270 
studies, including both peer- reviewed studies and 
grey literature. In addition, 21 studies were found 
from other sources. After removing duplicates, 22 
357 studies remained. Initial screening excluded 21 
925 studies as they were unrelated to our review ques-
tions. Full texts of the 432 remaining studies were 
reviewed in detail to assess eligibility. At this stage, 
a further 358 studies were discarded as they did not 
meet the inclusion criteria, mostly because there was 
no mention of sex or gender in relation to undernu-
trition. Seventy- four studies were therefore included 

Box 1 Search terms

1. undernutrition.mp. (5708)
2. malnutrition.mp. (39279)
3. malnutrition/ or exp fetal nutrition disorders/ or exp refeeding syn-

drome/ or exp severe acute malnutrition/ or exp kwashiorkor/ or
exp starvation/ or exp wasting syndrome/ (25202)

4. (severe adj2 malnutrition).mp. (2131)
5. stunting.mp. (3456)
6. exp Growth Disorders/ (30538)
7. chronic malnutrition.mp. (519)
8. stunt*.mp. (6655)
9. MUAC.mp. (407)

10. mid upper arm circumference.mp. (771)
11. exp Nutritional Status/ (38539)
12. marasmus.mp. or Protein- Energy Malnutrition/ (7366)
13. famine.mp. (1726)
14. exp Starvation/ (9562)
15. (failure adj2 thrive).mp. (5307)
16. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or

14 or 15 (123406)
17. limit 16 to (“all infant (birth to 23 months)” or “newborn infant

(birth to 1 month)” or “infant (1 to 23 months)” or “preschool child
(2 to 5 years)”) (35919)

18. (boy* or girl* or male* or female* or gender or sex).ti,ab. (177252)
19. 17 and 18 (6631)
Numbers in parenthesis show the number of search results for each
line.
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in the qualitative synthesis. Finally, we reviewed the 
74 studies for inclusion in the meta- analysis and 
excluded 30 on the basis of insufficiently disaggre-
gated data (which prevented the calculation of ORs). 
Thus, 44 studies were included in the meta- analysis.

Study characteristics
Table 1 shows the characteristics of each of the 
studies included in the review. The studies selected 
for the review varied widely in terms of aims and study 
design. Many were observational, assessing prevalence 
of undernutrition and related risk factors and many 
included secondary data analysis. The outcomes, both 

primary and secondary, also varied widely. The studies 
took place in more than 30 countries (some covered 
multiple countries). The studies were spread across 
Central Africa (3/74) East Africa (33/74), East Asia 
(1/74), North Africa (1/74), Oceania (1/74), South 
America (2/74), South Asia (10/74), South East Asia 
(9/74), South West Pacific (1/74), West Africa (8/74) 
and multiple countries (5/74).

Where sample size was clearly stated, the included 
studies involved 3 361 736 participants. Distribution 
of boys and girls was not provided for all studies but, 
where they were, results showed a total of 1 489 586 
(44.3%) girls and 1 531 859 (45.6%) boys. Inclusion 

Figure 1 PRISMA flow diagram. PICO, Population, Intervention, Comparison, Outcome; PRISMA, Preferred Reporting Items 
for Systematic reviews and Meta- Analyses.
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criteria for age entailed a mix of studies covering all 
children aged 0–59 months with others focused on 
subsets of these children.

Meta-analysis
We identified 74 studies that had measured undernutri-
tion in the form of wasting, stunting and underweight 
and reviewed them for inclusion in the meta- analysis. 
Forty- four studies included extractable data, fully disag-
gregated by sex and were therefore eligible for inclusion, 
41 of these were cross- sectional and 3 were longitudinal 
(in which case the most recent prevalence data were 
used). Results from the analysis are presented in the 
forest plots in figure 2.

Pooled analysis by outcome
Twenty studies were included in the pooled analysis of 
wasting. In 17 of the 20 studies, wasting was more prev-
alent in boys than girls, with evidence of a difference 
in 11/17 of the studies. In the remaining three studies, 
wasting was more prevalent in girls than boys, with a 
significant difference in 1/3 of the studies. The pooled 
results of individual studies for wasting showed that boys 
had 26% higher odds of being wasted than girls (pooled 
OR 1.26, 95% CI 1.13 to 1.40, p<0.001).

Thirty- eight studies were included in the pooled anal-
ysis of stunting. In 32 of the 38 studies, stunting was more 
prevalent in boys than girls, with evidence of a difference 
in 28/32 of the studies. In the remaining six studies, 
stunting was more prevalent in girls than boys, with a 
significant difference in 3/6 of the studies. The pooled 
results for stunting showed that boys had 29% higher 
odds of being stunted than girls (pooled OR 1.29 95% CI 
1.22 to 1.37, p<0.001).

Twenty- three studies were included in the pooled anal-
ysis of underweight. In 18 of the 23 studies, underweight 
was more prevalent in boys than in girls, with evidence 
of a difference in 10/18 of the studies. In the remaining 
five studies, girls were more likely to be underweight than 
boys, with a significant difference in 4/5 of the studies. 
The pooled results for underweight showed that boys had 
14% higher odds of being underweight than girls (OR 
1.14, 95% CI 1.02 to 1.26, p<0.001).

Pooled analysis by region
When organised by region, the odds of boys being 
malnourished were nearly always higher than for girls 
for wasting, stunting and underweight. For wasting, the 
odds were higher for boys than for girls in all regions. 
For stunting, the odds were higher for boys than for girls 
in all regions except South Asia (pooled OR 0.88, 95% 
CI 0.62 to 1.26, p=0.492), where there was no difference 
by sex. For underweight, the odds were higher for boys 
than for girls in all regions except Central America (OR 
0.53, 95% CI 0.40 to 0.72, p<0.001), although this finding 
was from a single study, and South Asia (pooled OR 0.84, 
95% CI 0.52 to 1.35, p=0.475). Results from the analysis 
are presented in table 2.S
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Pooled analysis by age
When organised by age groups, the odds of boys being 
wasted, stunted or underweight were higher in all age 
categories for boys than for girls. Results from the anal-
ysis are presented in table 2.

We repeated the analysis for relative risk and found the 
results were consistent with results for ORs. There was 
strong evidence of between- study heterogeneity of effect, 
(wasting I2=81.6%, p<0.001, stunting I2=88.0%, p<0.001, 
underweight I2=91.3%, p<0.001) which meta- regression 
by age group and region did not explain.

Risk of bias within studies
The quality assessment can be seen in table 3. All studies 
presented appeared to be of acceptable quality. It is worth 
noting however that a number of studies were excluded 
prior to this process due to the absence of suitable data. 
The main differences in quality were in the domain which 
assessed whether sex differences were acknowledged and 
explored (see Qualitative synthesis section).

Qualitative synthesis
Seventy- four studies reported on outcomes related to 
undernutrition—wasting, stunting and underweight. 
From this, 38/74 studies reported on wasting as an 
outcome with 31/38 (81%) reporting a higher preva-
lence of wasting in boys, 6/38 (16%) reporting a higher 
prevalence of wasting in girls, 1/38 (3%) reporting no 
difference in the prevalence of wasting between boys 
and girls. Sixty- seven of 74 studies reported on stunting 
as an outcome. Fifty- four of 67 (81%) reported a higher 
prevalence of stunting in boys and 13/67 (19%) reported 
higher prevalence of stunting in girls. Thirty- five of 74 
studies reported on underweight as an outcome. Twenty- 
eight of 35 (80%) reported higher prevalence of being 
underweight in boys, 7/35 (20%) reported a higher prev-
alence of underweight in girls.

We reviewed the discussion sections of the reports to 
see if these findings were explicitly acknowledged and if 
explanations were offered. Forty- three of 74 (58%) of the 
studies discussed the findings, 10/74 (14%) studies cited 
articles with similar findings but did not speculate as to 
the causes of these differences and 21/74 (28%) of the 
studies did not discuss the findings related to sex differ-
ences at all.

Among those study reports that did offer explana-
tions for sex differences, the reasons varied widely and 
were often conjectural. We coded explanations as either 
biological (6/43; 14%), social (21/43; 49%) or a combi-
nation of the two (16/43; 37%). Biological reasons 
varied from a simple statement of ‘biological differ-
ences’ to more detailed exploration of sex differences 
in the immune and endocrine system between boys and 
girls. Social reasons given varied widely and were almost 
entirely conjectural, with exceptions identified through 
regression analysis related to son preference and related 
to sibling order and sex. Other social reasons given 
were gender dynamics, preferential feeding practices Fi
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for either boys or girls, infant and young child feeding 
practices such as early weaning for boys and children’s 
behaviours whereby girls might stay closer to the home 
and have more access to food being cooked, while boys 
play outside and in turn eat less while expending more 
energy.

DISCUSSION
This review offers a systematic look at sex differences over 
a wide geographical area. The studies included in the 
meta- analysis show that boys aged 0–59 months are much 
more likely to be wasted, stunted and underweight using 
anthropometric case definitions than girls. This indicates 
sex differences in susceptibility to undernutrition. The 
reasons currently provided for these differences vary 
and are often speculative rather than informed by direct 
evidence.

When stratified by region, the results also showed that 
boys are more likely to be wasted, stunted or underweight 
than girls. There were however some exceptions where 
ORs were reduced or reversed for boys with respect to 
undernutrition, in East Africa, Central America, South 
and South East Asia. The differences in Central America 
were based solely on one study, with a limited sample size 
and therefore need to be interpreted with caution. Our 
analysis potentially masks some of the complexities of 
regional variations in sex differences, particularly in South 

and South East Asia as many studies from these regions 
did not qualify for inclusion in the meta- analysis due to 
insufficient data. It is possible these differences might 
be under or overestimated. In reviewing the individual 
studies identified in the main search, results from this 
region are inconsistent and often conflicting compared 
with those coming from other regions of the world, such 
as Africa, which show a more consistent pattern of male 
disadvantage, a finding resonating with other studies.5 21 
The inconsistencies in findings for parts of South and 
South East Asia, however, may be explained in part by 
well- described social preferences for men,22 and warrant 
further investigation. Such differences have also been 
described for under-5 mortality, with excess female child 
mortality for certain diseases, and according to socioeco-
nomic status, birth order and family composition.23–26

These findings challenge commonly held assumptions 
within the nutrition community that girls are more likely 
to be affected by undernutrition. Recent studies focused 
on the relationship between wasting and stunting have 
also highlighted similar findings showing boys are 
more likely to be concurrently wasted and stunted than 
girls4 27–29 and have identified this as an unexpected 
finding.

We found that even where sex differences are reported, 
they are not always acknowledged or explored. Just over 
a quarter of studies (28%) did not provide any discussion 

Table 2 Odds of boys being undernourished compared with girls by regions and age groups

Region/age groups

No. of 
studies of 
wasting

Pooled OR
(95% CI) P value

No. of 
studies of 
stunting

Pooled OR
(95% CI) P value

No. of 
studies of 
underweight

Pooled OR
(95% CI) P value

Africa   

  East 8 1.18
(0.95 to 1.47)

0.126 17 1.50
(1.29 to 1.72)

<0.001 11 1.24
(1.02 to 1.50)

<0.0034

  West 3 1.34
(1.12 to 1.59)

0.001 4 1.24
(1.18 to 1.30)

<0.001 3 1.32
(1.19 to 1.47)

<0.001

  Central   1 1.23
(1.13 to 1.33)

<0.001

  North   1 1.21
(1.05 to 1.40)

0.009

Oceania   1 2.44
(1.37 to 4.33)

0.002

Asia   

  South 5 1.39
(1.12 to 1.72)

0.003 7 0.88
(0.62 to 1.26)

0.492 4 0.84
(0.52 to 1.35)

0.475

  South East 3 1.08
(0.99 to 1.17)

0.092 5 1.25
(1.08 to 1.45)

0.003 3 1.09
(0.91 to 1.32)

0.350

Central America   1 1.56
(1.17 to 2.07)

0.003 1 0.53
(0.40 to 0.72)

<0.001

Multiple studies 1 1.58
(1.52 to 1.64)

<0.001 2 1.26
(1.07 to 1.49)

0.006 1 1.38
(1.35 to 1.41)

<0.001

Age group (months)   

  0–24 5 1.19
(1.06 to 1.34)

0.004 12 1.46
(1.20 to 1.79)

<0.001 5 1.15
(0.80 to 1.65)

0.445

  24–59   3 1.21
(0.63 to 2.33)

0.572

  0–59 15 1.30
(1.13 to 1.48)

<0.001 24 1.24
(1.16 to 1.32)

<0.001 17 1.13
(0.99 to 1.29)

0.066
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on reported differences and 14% cited similar findings 
but did not consider causes. Where explanations for sex 
differences in the prevalence of undernutrition were 
offered, nearly half (49%) of the studies reviewed offered 
explanations related to social reasons or based on specu-
lation or preconceived supposition rather than evidence. 
The search criteria used (which filtered articles to those 
which use terms related to sex or gender in the abstract) 
might have introduced some bias here with a potential 
overestimation of studies that report and explore the 
issue of sex differences.

When stratified by age, the meta- analysis also shows 
that boys are at higher risk across all age groups, though 
again, our analysis potentially masks some of the complex-
ities in age as detailed analysis of different age groups 
was not possible. While the results for age show that boys 
are more likely to be stunted than girls, the ORs are 
lower in the older age group compared with the younger 
group. Limited data in the 24–59 month age category, 
especially for wasting and underweight, however mean 
results must be interpreted with caution. These tenta-
tive results might indicate any sex- specific risks differ at 
different ages: further study is warranted. Two studies 
exploring concurrent wasting and stunting28 29 found it 
to be a condition that affects children below 30 months 
more than it does older children, and found that sex 
ratios in undernourished children change with age, with 
a higher susceptibility for boys up to 30 months that then 
disappeared. Alongside other studies,30 they suggest 
that sex hormones, specifically testosterone, luteinising 
hormone and follicle- stimulating hormones might play 
a role in this. Selection effects might also contribute to 
this, whereby if boys are more likely to die than girls, the 
remaining pool of boys would represent healthy survivors.

Adair and Guilkey31 studied children in the Philippines 
and found men were more likely to become stunted in 
the first year of life (using the NCHS reference), but 
women were more likely than men to become stunted 
in the second year. They suggest differences in parental 
caregiving behaviours may partly account for this finding, 
but these were not measured in the study. Bork and 
Diallo32 also found evidence of interaction between age 
and sex in that the deficit in boys compared with that 
in girls increased between the first and second years of 
life, regardless of the indicator used. The differences in 
height status were however sensitive to the growth refer-
ence chosen; they were greater when assessed using the 
2006 WHO growth standards than when using the NCHS 
growth reference.

Sex differences in undernutrition may vary not only 
by geographical area, but also over time. When diseases 
causing undernutrition known to be more severe among 
girls, such as measles, whooping cough and tuberculosis, 
disappear because of vaccination, lower transmission and 
better feeding, the disadvantage of boys might increase. 
Conversely, if efficient nutrition programmes are 
conducted, the disadvantage of boys might be reduced 
over the years.S
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Interpretation of these findings into implications 
for practice and policy is limited at this stage but does 
warrant consideration and some degree of change. As 
a minimum, the systematic collection and reporting of 
disaggregated data by age and sex should be included 
in the design of programmes and assessments in all 
settings. Where differences are observed, particularly in 
programme admissions, these should be interpreted in 
light of sex differences in population burden in order to 
draw conclusions as to whether programmes are proving 
equally accessible to boys and girls, and then the poten-
tial causes of these differences should be considered 
and/or investigated. At present, boys’ vulnerability to 
undernutrition is rarely a consideration in the design of 
nutrition programming, nor the formulation of policy. 
Moreover, some high- level international nutrition poli-
cies explicitly focus on the vulnerability of women and 
girls (eg, The Scaling Up Nutrition Movement Road 
Map for 2016–2020 Khara et al28). Similarly, the recent 
Inter- Agency Standing Committee guidance on gender 
in humanitarian action33 recognises the inequity in food 
intake that may be faced by women and girls in crises but 
makes no reference to higher levels of undernutrition 
among boys. The absence of any reflection on gender, 
or the misuse of the term to highlight solely the health 
of women and girls, is likely to unintentionally reinforce 
inequalities in health.7 In the Nutrition for Growth 2020 
summit (https:// nutritionforgrowth. org/) and beyond, 
a major focus will be on inequities in undernutrition and 
how they affect different groups in different locations. 
The emerging findings from this review have signifi-
cance in ensuring consideration of these sex differences 
through an equity lens.

Strengths and limitations
One of the strengths of this study lies in the systematic 
approach that was chosen and its primary objective to 
review sex differences in undernutrition over a wide 
geographical area. However, there are areas where bias 
has potentially been introduced.

First, screening for studies to be included in this study 
was conducted by only one of the authors. While we 
employed systems to ensure contentious articles were 
discussed among two or more authors, we recognise that 
not using double screening is a limitation.34

Second, the search strategy looking for explicit 
mention of sex or gender in the abstract might have 
biased towards studies that reported on sex and gender 
in the abstract, or towards studies that found a signifi-
cant difference, and therefore sex differences might be 
under- reported or over- reported in this study. Likewise, 
the search may have limited the analysis as there are 
potentially missed studies which include sex as a variable 
in analysis but without focusing on mention of sex in the 
study abstracts. Similarly, there may be a degree of publi-
cation bias whereby sex differences are simply not consid-
ered or reported.

The search criteria also encompassed a large number 
of studies with differing objectives meaning a limited 
degree of homogeneity. Few studies directly assessed 
the true relation between sex and undernutrition. This 
analysis is therefore potentially biased by healthy survi-
vors—those children that have survived to be included 
in studies. We do not believe however that our results 
would be significantly different considering the evidence 
presented on male vulnerability. We also recognise the 
possibility of an overlap in data used from sources such as 
Demographic and Health Surveys (DHS). By comparing 
the dates and locations of included studies, we have not 
been able to establish any overlap. Unidentified overlap, 
if it occurs, is therefore likely to be minimal in our 
review and unlikely to affect overall conclusions. Where 
multiple studies are available from the same country, we 
have established these to be from different regions and 
times, therefore their inclusion as independent studies 
is justified. We hope that our review will stimulate future 
work to explore not just intercountry differences but 
also intracountry/regional differences as this would help 
understand biological versus social reasons for any differ-
ence in male/female risks.

While this analysis included some secondary DHS data, 
the subject in question could benefit from a systematic 
analysis of DHS, Multiple Indicator Cluster Surveys and 
or nutrition survey data. Though it is not believed that 
the outcome of the ORs of sex differences would be 
different, further analysis might help improve under-
standing of some of the complexities of age, context, 
dual burdens of undernutrition and sex differences and 
the implications for programmers. This might also help 
towards explaining some of the between- study heteroge-
neity that we identified but were unable to explain with 
our analysis.

The rigour of findings of the analysis is limited in rela-
tion to age as the grouping and degree of available data 
potentially masks some of the differences at various stages 
of the lifecycle, similarly geographical differences might 
be biased towards studies included through the search.

The absence of data on other anthropometric measures, 
such as Mid- Upper Arm Circumference (MUAC), is also 
a potential limitation. In considering the implications of 
the differences highlighted here, in addition to biolog-
ical and social explanations, it is necessary to consider 
how we measure and define undernutrition and whether 
sex differences are an artefact of the indices in use. 
The WHO growth standards describe the physiological 
growth within optimal environmental conditions and 
are separated by sex. These reference data from healthy 
well- nourished populations resolve sex differences to 
zero by expressing data as z- scores calculated using the 
appropriate male and female subset of the reference 
population. However, it is unclear if we would expect sex 
differences in undernutrition expressed in this way to 
be zero, when the distribution of weight and height in 
both sexes has been shifted away from the healthy refer-
ence range. Likewise, it is unclear if the loss of the same 
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amount of body weight in a girl or boy would have the 
same physiological effect. If boys cope worse than girls 
when exposed to food shortages or disease and infection, 
this potentially highlights increased vulnerability over 
and above what is already accounted for by the standards.

In comparison, MUAC cut- offs are unadjusted and do 
not differentiate by sex or age (between 6 months and 5 
years). This absence of adjustment may lead to a preferen-
tial inclusion of girls in programmes compared with what 
would be obtained if sex- specific standards were used 
as girls tend to have lower MUACs than boys. Though 
it has been shown to be a good predictor of mortality, 
sex differences in using MUAC to define undernutrition 
have not been widely studied.

Finally, the number of studies identified in the overall 
search that qualified for the meta- analysis was low. This 
was mainly due to a lack of presentation of disaggregated 
data. A recent Lancet series on gender equality, norms 
and health, highlighted the need for accurate disaggre-
gated data.35

Implications for future research
This study is a step towards better understanding of sex 
differences in undernutrition and highlights the need to 
consider potential implications for policy and practice. 
Future research should aim to unpack the complexi-
ties related to age, biological and social risks (including 
gender norms) and context. In particular, we note 
that current papers are conjectural about reasons for 
observed differences. Any hypotheses should be more 
directly tested in future studies to further our under-
standing of sex differences in the context of undernu-
trition and subregional variations in order to determine 
the implications of these differences for programme staff 
and policymakers.

Future research will focus on a more detailed analysis 
of factors affecting outcomes for boys and girls such as 
epidemiological, demographic and social differences, 
explore the consequences of sex, age, and behavioural 
differences in nutritional outcomes and mortality. The 
impact of using differing anthropometric measurement 
and indices should also be explored to better understand 
how differing methods detect the most vulnerable chil-
dren and explore how substantial sex differences are.

CONCLUSION
This review demonstrates that undernutrition defined 
by anthropometric case definitions is usually higher 
among boys than girls. While further research is needed 
to understand the policy and programming implications 
of these differences, lessons can already be drawn from 
this research. We call on nutrition actors to improve data 
collection in programmes, surveys and research through 
the full disaggregation and analysis of sex and age in 
order to identify which children are most vulnerable in 
specific contexts, and to allow comparison of programme 
data with population- level burdens. It is important to 

understand that the message of this study is not that boys 
should be prioritised over girls, rather it seeks to support 
all at- risk children, through improved understanding of 
sex differences in undernutrition. Ultimately, we believe 
all children under 5 years and their caregivers should 
be seen as a high priority group for targeted nutrition 
interventions, and resources and interventions should be 
targeted according to need.
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5 Causes of sex differences  
 

5.1 Scope of this chapter  
This chapter presents the second research paper entitled “Understanding Sex Differences in 

Childhood Undernutrition: A Narrative Review”.  This paper describes the findings of an 

extension of the systematic review and provides an in-depth narrative review of possible 

mechanisms and pathways behind sex differences in childhood malnutrition, from pre-

conception through to childhood.   

The review demonstrates that the evidence on why sex differences occur is limited but that a 

complex interaction of social, environmental, physiological, and genetic factors likely underlies 

these differences throughout the life cycle.  Differences appear to be more pronounced in 

more severe presentations of undernutrition and in more socioeconomically deprived contexts. 

The paper was published in Nutrients in February 2022 as an open access article.   

 

5.2 Figures  
Figure 1. Prevalence of stunting in boys and girls by level of food insecurity.  
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1. Introduction 
The reduction of childhood undernutrition in the form of wasting, stunting, and be-

ing underweight is key to the World Health Assembly targets and Sustainable Develop-
ment Goals and is the specific focus of Goal 2, as well as being relevant to many others. 
Better understanding of the underlying aetiology and risk factors is key to successful pre-
vention and management and the achievement of these goals. 

In a recent systematic review and meta-analysis on sex differences in undernutrition 
in children aged under 5 years, [1] we found that in most settings, boys are more likely to 
be wasted (pooled OR 1.26, 95% CI 1.13 to 1.40), stunted (pooled OR 1.29, 95% CI 1.22 to 
1.37), and underweight (pooled OR 1.14, 95% CI 1.02 to 1.26) than girls. There were re-
gional differences, with the increase in risk being less pronounced for boys in South Asia, 
suggesting that social, genetic, or environmental factors may affect sex differences in nu-
tritional status.  

This finding that boys are more likely to be undernourished than girls is supported 
by a number of other studies. A pooled analysis of 35 longitudinal cohorts from 15 LMICs 
showed male sex to be a predictor of both wasting and stunting [2]. Several studies ex-
ploring concurrent wasting and stunting have also shown that, overall, boys are more 
likely to be affected than girls; these include population-level data [3–7], some of which 
contain multiple data sets, and Severe Acute Malnutrition (SAM) treatment programme 
data [8–10]. A recent analysis of DHS data from Africa explored sex differences in under-
nutrition and found that though differences were small, overall, boys were more suscep-
tible to undernutrition than girls. The biggest differences were found in children who 
were concurrently wasted and stunted. Within this group, sex differences were more than 
the sum of sex differences in individual stunting and wasting, revealing complex layers 
of vulnerabilities [7]. Our review also found that sex differences tend not to be systemati-
cally reported or sometimes even recognised in studies of child undernutrition and that, 
where they are, explanations provided for these differences are often conjectural. Despite 
an abundance of literature related to sex differences in childhood in fields such as neonatal 
health or general morbidity and mortality patterns, to date, we have not identified a study 
which has specifically focused on the potential causes of sex-differences in undernutrition. 

Understanding the possible origins, pathways, and consequences of sex differences 
in undernutrition is important for practitioners in the nutrition community and will help 
to refine what implications there may be for policy and practice. This paper complements 
our meta-analysis by presenting an in-depth exploration of potential reasons for the ob-
served sex differences in undernutrition and considering what the pathways behind those 
differences may be. The aim is to synthesise data from relevant public health and biomed-
ical domains to deepen our understanding of sex differences in undernutrition and con-
sider their potential relevance to policy makers and practitioners in the sector.  

2. Materials and Methods 
This is a narrative review complementing our systematic review [1], in which we 

explore some of the themes identified for explaining sex differences in undernutrition in 
depth. The original systematic review followed the Preferred Reporting Items for System-
atic reviews and Meta-Analyses (PRISMA) guidelines [11]. The broad nature of the origi-
nal protocol led to the identification of studies that were highly heterogeneous in the de-
sign and outcomes being studied, and so the study was divided into two parts. The first 
focuses on describing the sex-specific prevalences in undernutrition and how these varied 
by age and geographic region, and the second (this paper) focuses on possible explana-
tions, exploring genetic, physiological, environmental, and sociological factors for these 
sex differences.  

The original search strategy is reported in an earlier publication [1] and was designed 
to capture the concepts of malnutrition, sex, and gender. Medline, Embase, Global health, 
Popline, and Cochrane databases were searched. In this narrative review, we also 
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included studies that were considered relevant to the subject of sex differences but were 
not eligible for the systematic review, due to the absence of extractable prevalence data. 
We further searched the references included in the studies identified through the original 
search. Here, therefore, we have included relevant studies which discussed possible ex-
planations or presented evidence for the possible causes of sex differences in undernutri-
tion. 

We also linked DHS data on the prevalence of stunting to FAO data on food security 
scores at the country level to graphically examine the relationship between the country-
level prevalence of stunting and food insecurity using Stata v15 (Stata Corp., College Sta-
tion, TX, USA). Countries were included in the analysis if data were available both from 
the DHS stat compiler and in the FAO table of food security scores. 

Throughout this paper, we use the following WHO definitions: Low birthweight 
(LBW) refers to a birthweight < 2500 g; wasting is defined as a weight-for-height z-score < 
−2 or a MUAC under 125 mm; stunting and underweight are defined, respectively, as a 
height-for-age z-score < −2 and a weight-for-age z-score < −2. 

3. Results: Potential Explanatory Factors for Sex Differences 
3.1. Maternal and Newborn Factors 

Differences in birth outcomes between girls and boys have been well recognised for 
many years. In the case of undernutrition, the fact that the greatest sex differences are 
found in early ages suggests that differences might originate, at least in part, in-utero [7]. 
Male sex has been identified as an independent risk factor for adverse pregnancy, mater-
nal, and foetal outcomes [12,13]. Male foetuses are at increased risk of poor outcomes 
when compared with female foetuses and are more likely to experience complications, 
such as placental insufficiency, infections, and pre-term delivery [12,14,15]. Males are also 
less likely to survive premature birth with immature lung development, including the 
later development of surfactant [16]. It is estimated that a newborn female is physiologi-
cally similar to a 4–6 week old male [17], suggesting that, at birth, females are already 
more developed and therefore more able to withstand adverse conditions. 

During the foetal period, the health and nutritional status of the mother can impact 
foetal growth and development and pregnancy outcomes. Poor nutritional status is asso-
ciated with birth complications and poor outcomes [18,19]. Evidence has shown that the 
first 1000 days between conception and a child’s second birthday is a critical period in 
which the foundations for long-term growth and development are determined [20]. The 
high levels of maternal undernutrition [21] in resource-limited settings have implications 
for meeting the needs of both the mother and the foetus. In relation to sex differences, this 
leads us to question if, in resource-poor settings, maternal nutritional status may have a 
bigger impact on infant boys than girls. 

Maternal nutrition plays a pivotal role in the regulation of placental-foetal develop-
ment. The role of the placenta is to provide oxygen and nutrients and facilitate the ex-
change of waste between the maternal and foetal circulations. Its size and function deter-
mine pre-natal growth and the infant’s growth trajectory and are directly correlated. 
When maternal undernutrition occurs, changes in the structure of the placenta ensue, re-
flected in placental weight, morphology, vascular development, and transport function 
for amino acids, resulting in an altered nutrient supply to the foetus [22] and exacerbating 
the state of biological competition between a mother and foetus [19,23]. In this instance, 
the risk of undernutrition in the foetus is increased, [24] potentially affecting the lifelong 
health and productivity of offspring [22]. This might therefore suggest that boys may be 
in greater competition with their mothers than girls. Wells [24] suggests that in good en-
vironmental conditions, mothers physiologically invest proportionally more in a male 
than in a female foetus during the second half of pregnancy, resulting in a higher deposi-
tion of lean tissue.  



Nutrients 2022, 14, 948 4 of 16 
 

 

Foetal growth in girls and boys differs from an early stage. Male foetuses have, on 
average, been found to be larger than female ones from the 8th to 12th week, suggesting 
genetic mechanisms underlying sex differences in foetal size [25]. Erikson et al. [26] de-
scribe sex differences in growth during gestation and explore the reasons and impacts of 
this. They suggest that boys grow faster in the womb than girls from the early stages of 
gestation (even before implantation). The research shows that boys’ placentas may be 
more efficient than girls’ placentas, as boys are usually longer in length than girls at any 
placental weight. They also suggest, however, that boys’ placentas might have less reserve 
capacity (ability to transfer oxygen and nutrients to the foetus), increasing their vulnera-
bility to undernutrition. Though they found both mean birthweight and placental weight 
to be higher in boys, when placental measurements were expressed as a ratio to birth-
weight, the values for placental measurements were lower in boys. This means that in 
situations where there is not a free flow of nutrients from the mother and where they need 
to be sustained by the transfer capacity of the placenta, there is less of this reserve available 
to a boy than to a girl of the same weight. Therefore, boys’ bigger sizes and faster growth 
in-utero means they are at increased risk of becoming undernourished before birth. The 
same study also suggests that during development in the womb, boys are more respon-
sive to a mother’s gestational diet than girls, whose development seems to more closely 
reflect the mother’s long-term nutrition and metabolic profile, a finding supported in 
other studies [27–30]. 

Recent longitudinal evidence from Nepal [31] supports these ideas. An analysis of 
data from a randomised controlled trial explored differences in maternal and early child 
nutritional status by offspring sex. Overall, the authors found that in a population with 
high levels of maternal undernutrition, there was minimal evidence from nutritional 
markers that mothers of sons could meet the extra absolute energy costs required for nour-
ishing their sons. Sons, therefore, showed higher rates of stunting and lower head circum-
ference z-scores in early life. However, the sex difference in undernutrition also decreased 
in favour of boys in the trial arm receiving food supplementation. This suggests that if the 
nutritional constraint on the mother is relaxed, boys capture a greater benefit than girls 
and can recover some of their ‘lost’ growth.  

At birth, differences in growth mean that low birth weight (LBW), an indicator 
strongly linked to mortality, is higher in girls [32]. LBW is defined by an absolute weight 
(<2500 g) that does not take account of sex. Evidence has shown that despite the higher 
incidence of LBW in girls, LBW boys experience higher mortality than LBW girls [33]. In 
other words, it appears that smaller body size and greater adiposity from an early age 
favour girls in conditions of food deprivation [24,34], whilst a greater dependence on im-
mediate maternal nutrient intake and faster growth may leave boys more vulnerable 
when later food shortages occur.  

Finally, limited evidence suggests that there are also potential nutritional conse-
quences for women carrying male foetuses. A small US study examined energy intake 
among pregnant women carrying boys compared with girls. Their study of 244 pregnant 
women showed that women carrying a male foetus had a higher energy intake than 
women carrying females (mean change in energy 796.2 kJ/day (95% CI 8.9–1583.4, p 0.05)). 
In agreement with the finding of higher rates of male foetal growth, the authors argue that 
their findings support the hypothesis that women carrying male foetuses may have higher 
energy requirements, and therefore, male foetuses may be more susceptible to energy re-
striction [35]. 

3.2. Endocrine/Immune Factors 
Overall morbidity and mortality rates are higher throughout life in male humans 

compared with females [36]. Boys are generally more susceptible to infectious disease 
than girls, with some exceptions, notably measles, whooping cough, and tuberculosis [37]. 
The stronger immune response and capacity of girls for producing antibodies is one ex-
planation for this enhanced immune reactivity [38,39]. Underlying mechanisms for these 



Nutrients 2022, 14, 948 5 of 16 
 

 

sex differences are complex and include differences in endocrine and genetic effects on 
the immune system and physiology. The cycle of undernutrition and infection has been 
well documented [40,41]. An inadequate dietary intake leads to weight loss, growth fal-
tering, lowered immunity, and mucosal damage, increasing the risk of disease while sim-
ultaneously resulting in increased energy and micronutrient requirements for an immune 
response. Infections further predispose to undernutrition through appetite loss, malab-
sorption, and altered metabolism and, in turn, inadequate dietary intake and further ap-
petite loss. Hence, if males are more likely to be affected by infections, they are more likely 
to be affected by undernutrition. Hack et al. [42] found that LBW females achieved greater 
catch-up growth than LBW males and suggested this may be partly related to a lower 
incidence of neonatal and child infections, highlighting the importance of addressing in-
fectious disease. 

Hormonal systems differ between boys and girls, and the interactions between sex 
hormones and environmental factors have consequences for energy consumption, nutri-
tional requirements, and vulnerability to infectious and noncommunicable diseases. 
[43,44] Testosterone, luteinizing hormone (LH), and follicle stimulating hormones (FSH) 
have been identified as hormones which differ between boys and girls and which might 
impact susceptibility to infections [45]. Leptin has also been identified as potentially play-
ing a role in different sex responses to undernutrition. Leptin is the “satiety” hormone, 
responsible for the regulation of food intake and energy expenditure, and it is produced 
by white adipose tissue, which is higher in girls. When leptin levels are low, a feedback 
loop with the “hunger” hormone ghrelin is triggered, resulting in a hunger response and 
increased catabolism of the body’s energy stores [46]. Leptin plays an important role in 
the generation and maintenance of immune responses [47] and has the capacity to both 
enhance and impede immune functions, boosting immune functions such as inflamma-
tory cytokine production in macrophages, granulocyte chemotaxis, and increased Th17 
proliferation [48]. 

Leptin is detectable in foetal cord blood from as early as 18 weeks of gestation, dra-
matically increasing after 34 weeks. A number of studies have demonstrated higher levels 
of leptin in girls in the last weeks of gestation and in the neonatal period [49,50] These 
higher levels of fat and leptin in early life for females should, in theory, increase immune 
protection and resistance to infections that slow growth. In newborns, the serum concen-
tration of leptin is positively correlated with body weight and body mass and both corre-
lated with and produced by fat mass, and it is higher in females than males [49,51]. In a 
sample of 82 newborns, serum leptin concentrations were found to be significantly lower 
in males compared with females (mean 15.3, SD 15.6 ng/mL, and range 2.0 to 79.3 ng/mL 
versus mean 25.0, SD 18.0 ng/mL, and range 2.1 to 84.5 ng/mL, respectively; p-value for 
test of difference = 0.011) [52]. 

In the case of prolonged nutritional deprivation, leptin production is suppressed by 
decreased energy-intake, decreasing blood insulin and possibly IGF-I concentrations [50]. 
A Ugandan study [53] examined the hormonal and metabolic profiles of children admit-
ted for treatment for acute malnutrition in Uganda. As with previous studies, [54] they 
demonstrated the use of fatty acids as an energy source in acute malnutrition, suggesting 
that fatty acid metabolism plays a central role in adaptation to childhood malnutrition. 
They found that low baseline levels of leptin were associated with the highest risk of mor-
tality during treatment for children with acute malnutrition. This suggests that in condi-
tions of deprivation, girls are able to draw on their fat to increase their survival, while 
males will have less available due to their greater investment of energy in maintaining 
lean mass.  

3.3. Age 
Studies have noted that sex differences in undernutrition might be moderated by age 

[5,7]. Our systematic review showed that the male disadvantage was greater among 
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younger children. In the case of concurrent wasting and stunting, sex ratios change with 
age, with a higher susceptibility for boys up to 30 months, which then disappears [7,46].  

Other studies we reviewed touched upon how the relationship between age and un-
dernutrition differs by sex, with some inconsistencies. Adair and Guilkey [55] studied 
children in the Philippines and found that males were more likely to become stunted in 
the first year of life, but females were at a higher risk in the second year. In contrast, Bork 
and Diallo [56] studied children in Senegal and found a significant interaction between 
age and sex, in that the deficit in boys compared with that in girls increased between the 
first and second years of life. Moestue [57] examined the height-for-age growth curves of 
children aged 6–23 months in Bangladesh using the 2006 WHO growth standards. She 
found girls to have higher WHO z-scores than boys, with the greatest difference in the 6–
11-month age group. However, she found that girls’ nutritional advantage diminishes 
with age, with girls’ Z-scores decreasing faster than boys’. 

The lack of consistency across studies suggests heterogeneity in how the relationship 
between sex and undernutrition is affected by age. The current weight of evidence sug-
gests that boys are more likely to be malnourished in early life but that the male disad-
vantage might lessen with age. This is further supported by a recent analysis of linear 
growth in 87 low-income countries, which showed that up to around 30 months, boys are 
more likely than girls to present growth faltering when compared with international 
growth standards, but this difference was reduced between 30–45 months, with reversal 
of the gap in some countries [58]. Understanding whether and how the relationship be-
tween sex and undernutrition varies by the child’s age across different contexts might 
provide some clues to why sex differences in undernutrition exist.  

3.4. Evolutionary Explanations 
Theories of evolutionary biology are compatible with both the physiological and be-

havioural explanations discussed in this paper. This may help provide explanations for 
the male disadvantage, whereby even before birth, males are more vulnerable than fe-
males across several domains [59]. Greater biological vulnerability of males is common 
across mammalian species, and a recent paper [60] suggested that this might be linked to 
the nature of sex chromosomes. In mammals, males are the heterogametic sex (meaning 
their sex chromosomes are different (XY)), and females are the homogametic sex (meaning 
their sex chromosomes are the same (XX)). The ‘unguarded X hypothesis’ suggests that 
the reduced size of the Y chromosome exposes deleterious mutations on the X chromo-
some, leading to greater male vulnerability and to greater mortality risk. Supporting this 
hypothesis is the observation that in other species, such as birds, where males are the ho-
mogametic sex, it is males rather than females who have a survival advantage [60]. 

As well as this mechanistic explanation for the generally greater vulnerability of 
males, there is also a hypothesis from evolutionary biology which provides an ultimate, 
functional explanation for why parents may invest less in boys than girls in poor ecologi-
cal conditions (e.g., under nutritional stress), which could help explain higher rates of 
male undernutrition in resource-stressed populations. The Trivers–Willard argument 
(Trivers and Willard, 1973) states that, in mammals, females almost always reproduce, 
while males have to compete for reproduction. Males in better conditions will be more 
successful at this competition than males in poor conditions. In this situation, evolutionary 
theory predicts that in poor conditions females will maximize their reproductive success 
by giving birth to more daughters, while in good conditions, they will produce more sons 
[61]. 

The same argument has been proposed to explain male disadvantage in both under-
nutrition of young children and under-five mortality [Wells 2000, 2016]. Here, the argu-
ment is about parental investment: in poor conditions, it is suggested that mothers biolog-
ically invest more in girls, leading to excess male under-nutrition. This hypothesis has 
stimulated considerable research, and some lines of evidence do provide support [62]. For 
example, women in Ethiopia who had recently given birth to sons had a better nutritional 
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status than those who had given birth to daughters [63]. Overall, however, evidence is 
rather mixed. Further, as discussed in the next section, while parents do sometimes treat 
sons and daughters differently, such parental investment behaviours are complex and not 
simply explained by the Trivers–Willard hypothesis. 

3.5. Infant and Young Child Feeding and Care Practices 
The way in which an infant is fed has consequences for their growth and develop-

ment [64]. In breastfed infants, there is some evidence to suggest that the quality and 
quantity of milk that a mother produces or an infant takes in can vary between male and 
female infants. A multi-country study [65] exploring human milk intake found that male 
infants had human milk intakes which were 5% greater than those of female infants, alt-
hough the data does not refer to exclusively breastfed infants. In a small separate US-
based study [66], the breastmilk of mothers with male infants was found to have a 25% 
greater energy content than that of mothers of female infants. In contrast, a study of 103 
Filipino mothers found no difference in milk composition of high- and low-income moth-
ers, no difference in nursing frequency, and no difference by infant sex [67]. Important to 
note here is that breastmilk context is known to be highly variable from day to day and 
between feeds. A more recent study [68] found that the composition of milk in animal 
offspring was dependent on sex and suggested that adapting early nutrition intake might 
be one mechanism to maximise health protection and development for both sexes. The 
authors note, however, that the evidence for sex-specificity in human milk composition is 
currently limited and conflicting, and further investigation would be required to draw 
useful conclusions. 

Some evidence also suggests that the protective effect of breastmilk in infants expe-
riencing acute respiratory infection might differ between sexes [69]. Multivariable analy-
sis found breastfeeding to be protective against pneumonia and hospitalisation in girls 
but not boys, although non-breastfed girls were at increased risk of severe acute respira-
tory disease compared with males. These results should be interpreted with caution, how-
ever, given the small sample size and the fact that the study did not differentiate between 
exclusive and non-exclusive breastfeeding.  

Parental investment behaviours differ by context. A number of studies have shown 
that boys often receive complementary food earlier than girls, either due to boys being 
perceived as hungrier or because breastmilk was seen as inferior to complementary foods, 
and boys were prioritised for what was seen to be the superior option. This might lead to 
increased risk of infection. A longitudinal study in Senegal [56] explored the relationship 
between sex, nutritional status, and infant and young-child feeding (IYCF). They found 
that the stunting prevalence was higher for boys than girls in all age groups and that the 
mean HAZ score was lower for boys than girls in all age groups. The analysis showed sex 
differences in early initiation of complementary feeding, particularly in the 2–3-month age 
group. Boys were more likely to have consumed complementary foods (CF) in the past 24 
h than girls. These differences were relatively modest and no longer apparent at 4–5 
months. The authors note, however, that maternal motivations for introducing CF earlier 
than recommended in this setting included ‘‘a small weak infant’,’ alongside perceived 
breast milk insufficiency; therefore, the possibility that boys were at greater risk of early 
CF because they already had a lower mean HAZ than girls cannot be excluded. Similarly, 
a study using ethnographic interviews in Guatemala [70] found that mothers reported 
that male infants were hungrier and not as satisfied with breastfeeding alone compared 
with girls. As a result, boys were introduced earlier to complementary feeds than girls. 
Demographic and Health Survey (DHS) anthropometric data analysed in the same study 
showed a height-for-age difference in children between 6 and 17 months of 1.61cm in fa-
vour of girls (p < 0.001). 
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3.6. Sex and Socioeconomic Status 
We identified some studies which show that sex differences, with increased risk 

among boys, are more pronounced among lower socio-economic groups. A study of 16 
demographic health surveys in Sub-Saharan Africa [71] showed that sex differences in 
stunting were more pronounced in the lower socio-economic strata. This finding, how-
ever, was not uniform, and the authors called for more research to confirm findings. Other 
evidence might also point to this being a factor. Concurrent wasting and stunting has been 
found to be significantly higher both in males and in fragile and conflict-affected settings 
(FCS), [3] suggesting that in areas of deprivation and lower socio-economic conditions, 
the difference between girls and boys is more pronounced.  

We linked stunting prevalence from DHS surveys with country-level food FAO se-
curity scores (see Figure 1) to graphically examine the relationship between the two. The 
results show that in most countries, as wealth decreases, the prevalence of stunting in-
creases and that the prevalence of stunting is higher among males compared with females. 
There was strong evidence of a correlation between food insecurity and median preva-
lence of stunting (correlation coefficient −0.65, p < 0.001). The trend in the difference be-
tween male and female prevalence also increases as wealth decreases, suggesting the 
wealthier a country, the less pronounced the difference between boys and girls. Although 
the pattern is not uniform, and the comparison would benefit from more in-depth analy-
sis, it does suggest that addressing inequality in socio-economic status might also help to 
reduce sex differences in undernutrition.  

Figure 1. Prevalence of stunting in boys and girls by level of food insecurity. Data sources: Country 
food security scores from the global Food security index, found at https://foodsecurityin-
dex.eiu.com/Index (accessed on 07 09 2021). Stunting prevalence data from the DHS StatCompiler 
https://www.statcompiler.com/en/ (accessed on 07 09 2021). The right Y-axis relates to the trendline 
for the male–female difference in prevalence across countries. 

In contrast to the above findings, however, a recent study exploring sex differences 
and mortality patterns showed that whilst the overall prevalence of undernutrition de-
clined in tandem with decreasing mortality in the population, sex differences in undernu-
trition increased with declining mortality [7]. This suggests that girls might benefit more 
than boys from general population health improvements at some levels.  
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3.7. Gender Perceptions 
In addition to feeding and care practices, the social and economic circumstances in 

which families live and in which children are raised exert influences on health and nutri-
tion outcomes through aspects such as how children are fed, what services they can access, 
and the wider health and disease environment to which they are exposed. This might ex-
plain some of the differences observed between data from Africa and Asia described 
throughout this review.  

The roles that boys and girls assume within a community and the values attached to 
them might affect both the nutritional inputs that are made available to them and their 
exposure to disease and infection. For example, gender roles can influence where boys 
and girls spend their time and, in turn, the environment to which they are exposed and 
their access to food. In parts of sub-Saharan Africa, there is often a high value placed on 
girls because of their role in agriculture and due to the fact that they are seen as an invest-
ment, particularly in lower socio-economic groups, and a form of social security for par-
ents [72–74]. Likewise, in early childhood, some studies suggest that the time girl children 
spend around the home might give them an advantage in the attention they receive from 
parents and increased access to food during food preparation [75]. Male children, on the 
other hand, might spend more time out of the house, playing with other male children, 
resulting in greater energy expenditure and exposure to environmental risks and sources 
of infection [73,75,76]. Despite these differences, a cross sectional study of African DHS 
data [77] found that overall, African mothers were unlikely to treat male and female in-
fants differently; however, more in-depth mixed methods studies would be required to 
explore this fully. 

In Asian studies, birth order and sibling sex have been found to play a role in the 
nutritional status of girls and boys, which might explain the differences we identified in 
our meta-analysis. In a study [78] observing gender differentials in childhood feeding, 
immunization, treatment seeking, and the nutritional status of children in Northern India, 
results showed that the extent of gender differentials depended on the birth order of the 
index child and the sex composition of older living siblings. Girls were less likely to have 
received solid/semi-solid food during the last 24 h, reflecting the opinion that solid/semi-
solid foods are considered to be more valuable compared to liquids and breastfeeding. In 
contrast, a separate analysis [79] explored breastfeeding duration in India using national 
family health service data from 1992, 1998, and 2005 and found that girls are breastfed for 
a shorter duration than boys over concern of the contraceptive effects. They attributed this 
to both birth order and son preference, showing that duration of breastfeeding increased 
with birth order (younger children breastfed for longer) and was lowest for daughters, 
particularly those with no older brother whose parents were still trying for a son. One 
study documenting behaviours during famine noted that in Bangladesh, boys are given 
preferential treatment by parents, and girls are more likely to die [80]. These findings are 
in contrast to other studies which show that females are more likely to survive famine and 
have better long-term outcomes [81]. 

3.8. Indicators of Undernutrition 
How undernutrition is assessed and defined has potential consequences for under-

standing how sex differences manifest in undernutrition. Weight and height measure-
ments and sex-specific weight-for-height Z-scores are widely used to identify wasting. 
Unadjusted middle-upper-arm circumference (MUAC) measures are also widely used 
and have been shown to identify children with a high risk of mortality [82], providing a 
low cost, easy alternative, which can be used by all levels of health care professionals and 
mothers themselves [83].  

The 2006 WHO growth standards [84] describe the growth of a “gold standard” ref-
erence group of children, from six different countries, all growing up in optimal environ-
mental conditions and breastfed according to WHO recommendations. This reference 
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data was used to generate Z-scores (standard deviation scores), against which the growth 
and size of other children in other settings could be compared. Though sex-specific male 
and female growth references are always used by the WHO, what is not certain is whether 
sex differences observed in this original reference population are representative of sex 
differences in all other populations, particularly those living in situations of deprivation. 
In other words, it is unclear if a specific z-score (<−3, for example) in a girl or boy or the 
same age corresponds to the same physiological impact in both sexes and how the distri-
bution of fat and fat-free mass affects this.  

The use of MUAC, on the other hand, is based on a single cut-off point for girls and 
boys. The fact that boys are bigger in absolute terms and have higher energy needs to 
grow along given centile lines could mean that the same absolute supply of energy would 
only meet the requirements of a thinner arm in a boy compared to a girl, meaning boys 
could potentially have a predisposition to a thinner MUAC, once again as a consequence 
of their slightly larger size. Keeping the MUAC cut-off the same for boys and girls would 
then see that susceptibility expressed. It has been suggested that using a single cut-off 
point for MUAC may result in the overestimation of wasting in girls and the underesti-
mation of wasting in boys [85]. Rasmussen et al. [86] compared MUAC with the MUAC 
Z-score as a predictor of mortality in a cohort of children in Guinea Bissau. As would be 
expected, they found that MUAC classified more girls and young children as moderately 
malnourished compared with the MUAC z-score (since z-score tables are sex-specific) but 
that sensitivity varied across the time-period, sex, and age groups. Overall, they found no 
difference in the performance of MUAC and MUAC z-score as predictors for mortality. A 
further analysis of mortality outcomes for older boys and girls using MUAC in different 
settings would be helpful to better understand risks.  

4. Possible Implications of Sex Differences for Undernutrition Programming and Pol-
icy 
4.1. Sex Differences in Treatment Outcomes and Mortality Implications 

Though evidence clearly shows a higher risk of wasting, stunting, and being under-
weight for boys compared with girls, a more detailed analysis is needed to better under-
stand the implications of these differences in relation to health and nutrition outcomes. 
For example, do differences in incidence and outcome follow the same direction? Evi-
dence around diarrhoeal disease in children aged 1–5 suggests that despite slightly higher 
incidence rates for males, cause-specific mortality is higher amongst females, perhaps due 
to health-seeking behaviours [76]. Similarly, in a study of children in Senegal with con-
current wasting and stunting, sex differences in mortality were not significant after con-
trolling for stunting and wasting [45]. 

In relation to treatment, evidence is limited, but it might indicate longer recovery 
time in boys. Data from a malnutrition treatment programme in Uganda showed that fe-
males had an increased probability of recovery compared with males, though the differ-
ence was not significant [10]. Similarly, a meta-analysis of RCTs providing small quantity 
lipid nutrient supplements (SQ-LNS) found that the effects of SQ-LNS on stunting, wast-
ing, low MUAC, and small head size were greater among girls than among boys [87]. Girls 
were found to have a better growth status than boys. The authors suggest that the differ-
ence probably reflects a greater potential to respond to nutritional supplementation 
among girls. 

4.2. The Policy Environment 
Policy discussions and directions in the nutrition sector have rightly recognised and 

highlighted the importance of gender; however, the idea of sex differences is not at present 
widely recognised, and it is, in some cases, misrepresented. For example, our personal 
communication with practitioners at a 2019 international nutrition conference suggests 
that where male disadvantage is shown, data quality is often challenged, as it does not fit 



Nutrients 2022, 14, 948 11 of 16 
 

 

prior assumptions. In many areas, women and girls are often identified as more vulnera-
ble, as they may face barriers to gaining equal access to education, health care, work, and 
representation in both political and economic decision making. When it comes to nutri-
tion, women and girls are also identified as the more vulnerable of the two sexes [88]. The 
international focus on gender concerns is well-justified. An analysis of data on mortality, 
wasting, and stunting from 96 countries showed that independent of gross domestic prod-
uct (GDP), greater societal gender inequality is associated across countries with greater 
child undernutrition for both girls and boys in the next generation [89]. However, to focus 
solely on women and girls is not compatible with the promotion of gender equity in 
health, and as illustrated by our findings, it would be incompatible with public health 
ethics due to the requirement to focus on all groups who are at risk. Our recent systematic 
review and meta-analysis highlighted the importance of disaggregation of sex data in nu-
trition treatment programmes so that admissions can be assessed to see if they reflect the 
national sex distribution in the undernutrition burden between boys and girls [1]. Alt-
hough there is no indication that males and females require different nutrition interven-
tions, the recognition of sex differences in undernutrition at the policy level might support 
disaggregation and better understanding of data at the programme level. 

5. Discussion 
The concept of a sex disadvantage in neonatal and infant health is well described 

within some health fields, but it is less well understood in the field of nutrition. We re-
viewed evidence which suggests that there are different stages in the maternal and child 
lifecycle at which sex differences in nutritional status can manifest, although the strength 
of this evidence is still limited.  

Boys have higher odds of being undernourished during early childhood in low re-
source settings, and these differences appear as early as the foetal period. Overall, differ-
ences are small but do appear to be more pronounced in more severe presentations of 
undernutrition, i.e., concurrent wasting and stunting and in more socio-economically de-
prived contexts with more severe levels of fragility and deprivation. Though genetic vul-
nerability might initially explain this, the sex differences observed between contexts sug-
gests that a complex interaction of social, environmental, and genetic factors underlies 
these differences throughout the life cycle.  

This review has demonstrated a number of possible explanations for sex differences 
in undernutrition, but there is more to be done in terms of fully understanding some of 
the complexities related to the risks of wasting, stunting, and being underweight for boys 
and girls. Further research is warranted to understand if sex differences impact treatment 
outcomes, cognitive development, long-term morbidity, and mortality risk in order to un-
derstand what the implications for policy and practice, if any, might be. Likewise, explo-
ration of the different indices, such as MUAC, WHZ, WAZ, HAZ, and LBW, used to define 
undernutrition is needed. This would help to better understand the points at which dif-
ferences might occur as children fall further below the reference population to determine 
if sex differences in outcomes are more pronounced at more severe degrees of undernu-
trition.  

This review also highlights how complex and, at times, conflicting the evidence is. 
One of the main challenges encountered was that much of the work we reviewed explored 
sex differences as a secondary finding, rather than as the main focus of investigation, 
meaning that explanatory or confounding factors were not always fully accounted for. 
Further investigation is needed to explore, in detail, the pathways and drivers of sex dif-
ferences, such as genetics, socio-economic status, infectious diseases, environmental ex-
posures, social preferences for gender and associated practices, and geographical patterns. 
Understanding how these interact with other factors to impact sex differences at different 
points in a child’s life will help to determine what actions may be appropriate from a 
programme or policy standpoint. Likewise, a better understanding of how these complex 
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factors interact to result in, enhance, or reverse sex differences is needed and of what the 
implications of these may be for treatment and prevention programming.  

The operational implications of these findings are limited at present but do offer 
some possible explanations for observed sex differences in both survey and treatment 
data. They also highlight the importance of addressing the drivers of undernutrition, such 
as socio-economic inequality, and the prevention and treatment of infectious diseases. Fi-
nally, they highlight the importance of the continued collection, disaggregation, and anal-
ysis of data by age and sex to both identify and target prevention and treatment interven-
tions toward vulnerable children. 
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6 Mortality implications   
 

6.1 Scope of this chapter  
This chapter presents the third research paper entitled “Anthropometric deficits and the 

associated risk of death by age and sex in children aged 6–59 months: A meta-analysis”.  This 

paper describes a meta-analysis exploring mortality risk associated with anthropometric 

deficits in children 6–59 months by age and sex.   

The findings demonstrate a high risk of mortality associated with child wasting, with no 

difference in risk between children 6–23 months and children 24–59 months.  For underweight 

and stunting, younger children had a significantly higher risk of mortality than older children. 

Despite sex differences in the prevalence of wasting, stunting and underweight, no differences 

were identified in mortality risk between girls and boys.  The paper was published in Maternal 

and Child Nutrition (MCN) in September 2022 as an open access article.   

6.2 Figures  
Figure 1. Study Flow Chart 

Figure 2 Forest plots for pooled risk ratios of mortality in children 6–23 months versus 24–59 

months for MUAC < 125 mm WHZ < −2, WAZ < −2 and HAZ < −2.  

Figure 3 Forest plots for pooled risk ratios of absolute risk in children 6–23 months versus 24–

59 months by sex for MUAC, WHZ, WAZ and HAZ. 

6.3 Tables  
Table 1. Study characteristics table 

Table 2. Child mortality (deaths within 6 months) by anthropometric deficit according to 

geographic location, age and sex – moderate 

Table 3. Absolute risk (AR) of mortality per 1000 children within 6 months of a contact and 

associated anthropometric deficits by age and relative risk (RR) of mortality in younger 

compared with older children 
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Abstract

Risk of death from undernutrition is thought to be higher in younger than in

older children, but evidence is mixed. Research also demonstrates sex

differences whereby boys have a higher prevalence of undernutrition than

girls. This analysis described mortality risk associated with anthropometric

deficits (wasting, underweight and stunting) in children 6–59 months by age

and sex. We categorised children into younger (6–23 months) and older

(24–59 months) age groups. Age and sex variations in near‐term (within

6 months) mortality risk, associated with individual anthropometric deficits

were assessed in a secondary analysis of multi‐country cohort data. A random

effects meta‐analysis was performed. Data from seven low‐or‐middle‐income‐

countries collected between 1977 and 2013 were analysed. One thousand

twenty deaths were recorded for children with anthropometric deficits. Pooled

meta‐analysis estimates showed no differences by age in absolute mortality risk

for wasting (RR 1.08, p = 0.826 for MUAC < 125 mm; RR 1.35, p = 0.272 for

WHZ < −2). For underweight and stunting, absolute risk of death was higher in

younger (RR 2.57, p < 0.001) compared with older children (RR 2.83, p < 0.001).

For all deficits, there were no differences in mortality risk for girls compared

with boys. There were no differences in the risk of mortality between younger

and older wasted children, supporting continued inclusion of all children under‐

five in wasting treatment programmes. The risk of mortality associated with

underweight and stunting was higher among younger children, suggesting that

prevention programmes might be justified in focusing on younger children

where resources are limited. There were no sex differences by age in mortality

risk for all deficits.

K E YWORD S

age, mortality, sex, stunting, underweight, wasting

1 | INTRODUCTION

Addressing all forms of undernutrition remains a public health

priority for achieving the 2030 Sustainable Development Goals.

Worldwide, 149 million children under 5 years of age are stunted

(have a height‐for‐age z‐score < −2) and 45 million are wasted

(have a weight‐for‐height z‐score < −2) (United Nations Children's

Fund, World Health Organisation, The World Bank Group, 2021)

with 15.9 million experiencing concurrent wasting and stunting

(Global Nutrition Report, 2018). Evidence shows that, even in mild

forms, anthropometric deficits are associated with increased

mortality risk in children under five (Olofin et al., 2013).

The first 1000 days of life is a critical phase characterised by

rapid growth and neurodevelopment, high nutrition require-

ments, increased susceptibility to infections, and full dependency

on others to meet care, nutrition and social interaction require-

ments (Martorell, 2017). Younger children (0–23 months) have a

Key points

• There is a high risk of mortality associated with child

wasting. We found no difference in mortality risk

between children 6–23 months and children 24–59

months, indicating the need to include all children under

5 years in wasting treatment programmes.

• For underweight and stunting, younger children had a

significantly higher risk of mortality than older children.

Where resources are limited, prevention programmes

may be justified in targeting younger children.

• Despite sex differences in the prevalence of wasting,

stunting and underweight, there were no differences in

mortality risk between girls and boys in both younger and

older age groups.
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higher incidence of undernutrition than older children (24–59

months) and may face a higher risk of death from undernutrition

(Victora et al., 2021). Of the estimated 5.2 million child deaths

recorded in 2019, 2.4 million (46%) occurred in newborns (infants

under 28 days) and 1.5 million (29%) in children aged 1–11

months (World Health Organisation [WHO], 2020).

Few studies, however, have assessed the association

between anthropometric deficits, age and mortality in children

under five, largely due to insufficient data (Rice et al., 2000).

Much of the work exploring the risk of death by age has

compared the ability of different anthropometric criteria to

identify children at highest risk of mortality (Garenne et al., 2019;

Khara et al., 2021; O'Brien et al., 2020). Studies that have

directly explored how age affects mortality risk in children

6–59 months with undernutrition, have suggested overall higher

mortality for younger groups, but highlight increased mortality

among older wasted children (Katz et al., 1989; Schwinger

et al., 2019).

Research has also demonstrated sex differences in undernutri-

tion whereby boys are often more likely to be wasted, stunted and

underweight than girls (Costa et al., 2021; Garenne et al., 2019; Khara

et al., 2018; Myatt et al., 2018; Thurstans et al., 2020). Evidence on

the reasons for these differences is limited, and to date, the possible

implications for treatment and mortality outcomes have not been

well researched (Thurstans et al., 2022).

The aim of this analysis was to inform programming and

policymaking by describing mortality risk associated with anthropo-

metric deficits (wasting, underweight and stunting) in children

6–59 months by age and sex using multi‐country cohort data from

low‐ and middle‐income countries (LMIC).

2 | METHODS

2.1 | Study design

This was a secondary data review and meta‐analysis of multi‐country

cohort data following STROBE guidelines (Vandenbroucke

et al., 2007). We assessed variations in mortality risk associated with

individual anthropometric deficits (wasting, underweight and stunt-

ing), as well as whether these relationships differed by age and sex in

children 6–59 months.

2.2 | Study setting and participants

This study followed a separate analysis exploring which anthro-

pometric criteria best identifies children at high risk of near‐term

mortality (Khara et al., 2021). The same data set for 56,559

children was used for this analysis, which comprised a reduced

set of variables containing basic demographic information,

anthropometric measures and mortality outcomes. The data

originated from 12 large, prospective community cohort studies

or randomised controlled trials in LMIC. These included studies

of various interventions such as vitamin A supplementation

and antibiotic provision, breastfeeding and child feeding

interventions and general monitoring of health and nutrition.

The studies were conducted between 1977 and 2013

(Adair et al., 1993; Arifeen et al., 2001; Fawzi et al., 1997;

Garenne et al., 1987; Katz et al., 1989; Martines et al., 1998;

Mølbak et al., 1992; O'Brien et al., 2020; Van Den Broeck

et al., 1993; West et al., 1991).

All of the original studies took place in LMIC, six in Africa

(Democratic Republic of Congo, Ghana, Guinea Bissau, Niger,

Senegal and Sudan), five in Asia (Bangladesh, India, Indonesia,

Nepal, Philippines) and one in South America (Peru).

We focused on children aged 6–59 months old. Data were not

available for children under 6 months of age in this data set.

2.3 | Variables

The primary outcome was mortality, defined as death recorded

within 6 months of a contact during which anthropometry was

assessed. Mortality was confirmed by verbal autopsy in all studies,

with the exception of one which examined hospital records (Mølbak

et al., 1992). A contact was defined as a point in time whereby a

child's anthropometric status was assessed and recorded by a health

worker.

Explanatory variables were wasting (measured by weight‐for‐

length/weight‐for‐height z‐score [WLZ/WHZ] or mid‐upper arm

circumference [MUAC]), underweight (measured by weight‐for‐age

z‐score [WAZ]) and stunting (measured by height‐for‐age z‐score

[HAZ]), as well as age and sex.

We used the World Health Organisation (WHO) classifica-

tions of undernutrition for each anthropometric indicator captur-

ing both moderate and severe cases of each deficit (World Health

Organisation [WHO], 2006). Wasting was defined as WLZ/

WHZ < −2, or MUAC < 125 mm. Underweight was defined as

weight‐for‐age WAZ < −2 z‐score and stunting was defined as

HAZ < −2 z‐score. We also conducted separate analysis for

severe definitions of each deficit. Severe wasting was defined

as WLZ/WHZ < −3 z‐score, or MUAC < 115 mm, severe under-

weight was defined as weight‐for‐age WAZ < −3 z‐score and

severe stunting was defined as HAZ < −3 z‐score. Bilateral pitting

oedema was not investigated as the relevant data was not

present in the data set (Khara et al., 2021).

Children were stratified into two groups according to age at

anthropometric assessment: younger children (aged 6–23

months) and older children (aged 24–59 months). As age was a

key indicator of interest, we excluded countries where data were

not available for children in both age groups. After this exclusion,

eight countries remained in the data set (Democratic Republic of

Congo (DRC), Guinea Bissau, Indonesia, Nepal, Niger, Philippines,

Senegal and Sudan). MUAC data was only available from three

countries (Senegal, Nepal and DRC).
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2.4 | Statistical methods

Z‐scores were calculated using the 2006 WHO Child Growth

Standards (World Health Organisation [WHO], 2006). Records with

extreme z‐score values were identified and censored using theWHO

“biological plausibility” criteria (Blössner et al., 2009) We did not

encounter missing data as this was a previously cleaned data set.

Statistical analysis was conducted using Stata V.16 (StataCorp

2017, Stata Statistical Software). We used the following measures to

examine mortality risk among children with anthropometric deficits,

conducting separate analyses for moderate and severe definitions of

MUAC, WHZ, WAZ and HAZ:

1. Absolute risk of mortality/1000 within each age and sex category

Absolute risk mortality/1000

=

deaths in children with anthropometric deficit

(age or sex group)

total number of children with anthropometric deficit

(age or sex group)

× 1000.

2. Risk ratio comparing absolute risks of mortality by age and sex

categories (older versus younger children, girls versus boys).

Analysis was performed for each individual country. Significant

heterogeneity was detected among the various surveys; hence a

random effect model was used to take into consideration the effects

of potential bias due to differences between the studies which were

not due to chance.

We performed a random‐effects meta‐analysis to pool mortality

risk estimates for each anthropometric deficit and compared by age

and sex. Individual country and pooled effects are presented as risk

ratios with 95% confidence intervals (CIs). We used the I2 index to

measure the degree of heterogeneity of effect estimates across

cohorts.

2.5 | Ethical approval

All original data was subject to the relevant ethical approval process,

and permissions were sought from all original Principal Investigators

(PIs) while sourcing data. This analysis has further ethical approval

from the London School of Hygiene and Tropical Medicine ethics

committee (Reference 22958).

3 | RESULTS

3.1 | Study characteristics

Figure 1 shows the study flow diagram. After initial analysis we

excluded Niger due to rarity of deaths (n= 4, two of which had

anthropometric deficits recorded), resulting in insufficient power in

this cohort following disaggregation.

Characteristics of the studies in the final analysis are presented in

Table 1. The seven‐country data set comprised 45,755 children,

inclusive of 22,325 girls (48.8%) and 23,430 boys (51.2%). The age

categories included 19,785 (43.2%) children aged 6–23 months and

25,970 (56.8%) children aged 24–59 months. A total of 166,755

follow‐up contacts were recorded.

Overall, 1351 deaths were recorded. We present a breakdown of

deaths by anthropometric deficit in Tables 2 and S2a. Of the total

deaths, 1020 (75.6%) occurred in children with anthropometric

deficits. Among the deaths, a total of 506 (49.6%) were for girls and

514 (50.4%) for boys. There were more deaths recorded within

6 months of an anthropometric deficit in children aged 6–23 months

compared with those 24–59 months of age (n = 663 [65%] versus

n = 357 [35%], respectively) (see Figure 1).

3.2 | Wasting measured by MUAC

Three country cohorts were included in the analysis for MUAC

(Table 3 and Figure 2). We compared absolute risk of mortality in

younger children with absolute risk of mortality in older children with

MUAC < 125mm. In two of the three cohorts, absolute risk of death

was higher in younger children, with evidence of a difference

between age groups in one cohort (DRC). In the remaining cohort

(Senegal), the risk was higher for older children with borderline

evidence of a difference between age groups. After meta‐analysis,

the combined effect size was RR 1.08 (95% CI 0.53–2.22, p = 0.826),

suggesting no difference in absolute risk of death between older and

younger children with MUAC < 125mm. Our results were similar

when the same analysis was performed for MUAC < 115mm, with no

observed difference in the risk of death between younger and older

children (RR 0.77, 95% CI 0.47–1.26, p = 0.302; Table S4).

When assessing the risk of death for boys versus girls (reference

group) in all age groups with a MUAC < 125mm in a pooled meta‐

analysis, we did not observe differences in the risk of death in either

the younger age group or the older age group (RR 0.93, 95% CI

0.46–1.86, p = 0.838 and RR 1.27, 95% CI 0.65–2.45, p = 0.484

respectively; Table S3a). One exception to this was Nepal, where

younger boys had a lower relative risk of death than younger

girls (RR 0.39, 95% CI 0.19–0.80, p = 0.008), but older boys with

MUAC < 125mm had a higher risk of mortality than older girls with

MUAC < 125mm (RR 2.97, 95% CI 1.02–8.60, p = 0.035).

3.3 | Wasting measured by WHZ

Six country cohorts were included in the analysis for WHZ < −2 as no

deaths were recorded for this deficit in the older age group in the

Philippines (Table 3 and Figure 2). In three of the cohorts, absolute

risk of mortality was higher in younger children, with evidence of a

difference in one cohort (Sudan). In the other three cohorts, absolute
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risk was higher in older children but not significantly so. The pooled

meta‐analysis found no significant difference in absolute mortality

risk in younger compared with older children (RR 1.35, 95% CI

0.79–2.33, p = 0.272). Our results were similar when the meta‐

analysis was performed for WHZ < −3, with no observed difference in

the absolute risk of death between younger and older children (RR

1.21, 95% CI 0.66–2.22, p = 0.540; Table S4).

Overall, after meta‐analysis we did not observe a significant

difference in absolute mortality risk between boys and girls

(reference group) in either the younger or the older age group

(RR 0.83, 95% CI 0.55–1.26, p = 0.388 and RR 0.84, 95%CI

0.52–1.36, p = 0.478 respectively). The exceptions were in Nepal

and Sudan, where younger boys withWHZ < −2 had a lower absolute

risk of death than younger girls with the same anthropometric deficit

(RR 0.36; CI 0.18–0.75 p = 0.004, and RR 0.44; 95% CI 0.21–0.90,

p = 0.021 respectively).

3.4 | Underweight

All seven country cohorts were included in our analysis of WAZ < −2

(Table 3 and Figure 2). Our results showed consistently that younger

underweight children have a higher absolute risk of death within 6

months of measurements than older children in all cohorts,

significantly so in Nepal and Sudan. After meta‐analysis, our

combined effect size was RR 2.57, (95%CI 1.65–4.00, p < 0.001).

Results from the analysis are presented in Table 3 and Figure 2).

Our results were similar when meta‐analysis was performed for

WAZ < −3, whereby younger children had a higher absolute risk of

death when compared with older children (RR 2.05, 95% CI

1.13–3.73, p = 0.018; Table S4).

For sex, the pooled meta‐analysis results for underweight

children showed no significant difference in the absolute risk of

death between girls and boys in younger and older age groups (RR

0.82, 95% CI 0.61–1.09, p = 0.176 and RR 1.05 95%CI 0.82–1.33,

p = 0.708, respectively). However, we did observe a lower risk of

death for younger boys compared with younger girls in Nepal (WAZ,

RR 0.46, 95% CI 0.27–0.79, p = 0.004).

3.5 | Stunting

Seven country cohorts were included in our analysis of HAZ < −2

(Table 3 and Figure 2). Our results showed consistently that stunted

F IGURE 1 Study flow chart.
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younger children had a higher absolute risk of death within 6 months

of measurements than older children, significantly so in Nepal and

Sudan. After meta‐analysis, the combined effect size for HAZ was RR

2.83 (95% CI 2.09–3.82, p < 0.001). Similarly, when meta‐analysis

was performed for HAZ < −3, younger children had a significantly

higher absolute risk of death when compared with older children (RR

2.74, 95% CI 1.74–4.32, p < 0.001; Table S4).

For sex, the pooled meta‐analysis showed no significant

difference in the risk of death between stunted girls and boys in

both younger and older age groups (RR 0.88, 95% CI 0.67–1.14,

p = 0.318 and RR 0.82, 95%CI 0.66–1.02, p = 0.070, respectively).

However, we did observe a lower risk of death for younger boys

compared with younger girls in Nepal (HAZ RR 0.56, 95% CI

0.32–0.98, p = 0.038) and for younger boys with HAZ < −2 compared

with younger girls with HAZ < −2 in Sudan (RR 0.51, 95% CI

0.25–0.83, p = 0.008).

Using the I2 index from the meta‐analysis results (Figures 2

and 3), we found strong evidence of heterogeneity, which was

not explained by age and sex. This suggests pooled estimates

should be interpreted with caution as true differences in effect

are likely due to influences not measured or adjusted for in this

analysis.

TABLE 2 Child mortality (deaths within 6 months) by anthropometric deficit according to geographic location, age and sex – moderate

6–23 months 24–59 months
Male Female Male Female

Country Anthropometric indicator
n died/n with
deficit %

n died/n with
deficit %

n died/n with
deficit %

n died/n with
deficit %

DRC MUAC < 125mm 40/1341 3.0 33/1589 2.1 13/1162 1.1 16/1127 1.4

WHZ < −2 10/251 4.0 5/169 3.0 4/184 2.2 7/116 6.0

WAZ < −2 34/1057 3.2 19/767 2.5 23/2055 1.1 20/1735 1.2

HAZ < −2 47/1870 2.5 24/1487 1,6 29/4504 0.6 30/3734 0.8

Guinea‐Bissau WHZ < −2 5/100 5.0 4/60 6.7 3/39 7.7 2/28 7.1

WAZ < −2 13/243 5.4 15/211 7.1 4/108 3.7 7/196 3.6

HAZ < −2 21/407 5.2 26/396 6.6 9/435 2.1 11/387 2.8

Indonesia WHZ < −2 10/249 4.0 5/160 3.1 7/221 3.2 7/120 5.8

WAZ < −2 37/859 4.3 25/616 4.1 26/2138 1.2 29/1935 1.5

HAZ < −2 46/1461 3.2 31/1124 2.8 34/4124 0.8 46/3697 1.2

Nepal MUAC < 125mm 9/951 1.0 38/1566 2.4 10/325 3.1 5/482 1.0

WHZ < −2 10/929 1.1 26/879 3.0 9/665 1.4 5/462 1.1

WAZ < −2 19/2334 0.8 39/2202 1.8 25/4268 0.6 16/4207 0.4

HAZ < −2 20/2812 0.7 33/2605 1.3 28/6364 0.4 23/6043 0.4

Philippines WHZ < −2 55/1242 4.4 32/897 3.6 0/61 0.0 0/45 0.0

WAZ < −2 87/3779 2.3 72/3072 2.3 0/379 0.0 0/374 0.0

HAZ < −2 89/5894 1.5 74/4454 1.7 0/686 0.0 0/596 0.0

Senegal MUAC < 125mm 29/377 7.7 26/417 6.2 16/141 11.4 14/143 9.8

WHZ < −2 47/665 7.1 35/533 6.6 28/394 7.1 22/438 5.0

WAZ < −2 63/1134 5.6 57/1029 5.5 42/936 4.5 38/905 4.2

HAZ < −2 32/562 5.7 25/378 6.6 37/1122 3.3 38/961 4.0

Sudan WHZ < −2 12/827 1.5 19/576 3.3 8/2489 0.3 10/1767 0.6

WAZ < −2 15/2013 0.8 30/1625 1.9 20/10,023 0.2 19/10,169 0.2

HAZ < −2 16/2838 0.6 29/2320 1.3 19/13,849 0.1 19/13,493 0.1

Total MUAC < 125mm 78/2689 2.9 97/3597 2.7 39/1642 2.4 35/1767 2.0

WHZ < −2 149/4296 3.5 126/3300 3.8 59/4089 1.4 53/3002 1.8

WAZ < −2 268/11,486 2.3 257/9585 2.7 142/20,199 0.7 129/19,775 0.7

HAZ < −2 271/15,925 1.7 242/12,830 1.9 158/31,473 0.5 167/29,233 0.6
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4 | DISCUSSION

This analysis aimed to evaluate mortality risk associated with

anthropometric deficits in children aged 6–59 months by age and

sex. Our findings suggest that in wasted children, as measured by

MUAC or WHZ, there is no significant difference in absolute

mortality risk between older and younger age groups. For under-

weight and stunting, the absolute mortality risk is higher in younger

compared with older children. Our findings were similar when the

analysis was repeated for severe deficits. In terms of sex, our results

suggest that girls and boys have a similar absolute mortality risk

associated with each of the four anthropometric deficits, regardless

of age.

Wasting is known to be associated with high mortality

(McDonald et al., 2013) and is more common in younger than older

children (Karlsson et al., 2022; Mertens et al., 2020). Here, we

similarly found higher numbers of wasted children under 2 years old

and a higher proportion of deaths in that age group compared with

children older than 2 years. However, there were no differences in

mortality risk between age groups. This suggests that, while a higher

proportion of younger children may be targeted by wasting treatment

programmes, older children with anthropometric deficits are similarly

vulnerable to mortality and should not be neglected.

Some previous studies have suggested that the risk of death

from wasting (as measured by WHZ) might be higher in older

children. A multi‐country pooled analysis (DRC, Senegal and Nepal) of

(a)

(b)

F IGURE 2 Forest plots for pooled risk ratios of mortality in children 6–23 months versus 24–59 months for MUAC < 125mm WHZ < −2,
WAZ < −2 and HAZ < −2. (a) Mortality risk ratio between younger and older (reference group) age group for MUAC < 125mm. (b) Mortality risk
ratio between younger and older (reference group) age group for WHZ < −2. (c) Mortality risk ratio between younger and older (reference group)
age group for WAZ < −2. (d) Mortality risk ratio between younger and older (reference group) age group for HAZ < −2. Estimates on the left part
of the axis suggest a higher mortality in older children, and estimates on the right part of the axis suggest a higher mortality among younger
children.
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children aged 6–59 months found hazard ratios for children with

wasting (WHZ) to be higher in older children (≥2 years), though not

significantly so [10]. This was also reported in a study from Indonesia,

whereby moderate to severe wasting was associated with increased

mortality risk, more so in older children than in younger children [20].

However, the sample sizes in this study were very small and

statistical testing was not reported. Future research looking at

z‐scores and age as continuous rather than binary variables might

help to clarify the association between age and mortality risk

associated with wasting.

Overall our results showed a higher proportion of deaths in

younger children compared with older children, a finding consistent

with previous research (Pelletier et al., 1994). We found higher

absolute mortality risk for younger children who are underweight or

stunted. This suggests that, in resource‐limited settings, programmes

which use these measures to target nutrition interventions may be

justified in prioritising younger children. WAZ is increasingly recog-

nised as a composite indicator of multiple anthropometric deficits and

increased mortality risk (McDonald et al., 2013; Myatt et al., 2018).

Evidence shows that the peak incidence of both wasting and stunting is

between 0–3 months (Mertens et al., 2020), so early interventions to

prevent the accumulation of anthropometric deficits (Thurstans

et al., 2021) are essential, especially with the greater risk of mortality

from being stunted or underweight in younger children. Evidence

around the importance of meeting nutrition requirements in the first

1000 days, and the presence of wasting and stunting at birth, supports

extension of nutrition programming to include the preconception and

prenatal periods (Victora et al., 2021).

(c)

(d)

F IGURE 2 (Continued)
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In relation to sex, while studies have shown that boys are more

likely to be wasted, stunted and underweight than girls (Khara

et al., 2018; Myatt et al., 2018; Myatt et al., 2019; Odei Obeng‐

Amoako et al., 2020; Thurstans et al., 2020). Our findings suggest

that mortality risk is similar between the sexes. Studies of diarrhoeal

disease in children aged between 12 and 59 months have found

similar results, indicating that despite slightly higher incidence rates

for boys, cause‐specific mortality is higher amongst girls, perhaps due

to health‐seeking behaviours such as later presentation to profes-

sional health settings or later provision of ORS for girls (World Health

Organisation [WHO], 2007). Despite there being no difference in the

relative risk of mortality between boys and girls, the greater number

(a) (b)

(c) (d)

(e) (f)

F IGURE 3 Forest plots for pooled risk ratios of absolute risk in children 6–23 months versus 24–59 months by sex for MUAC, WHZ, WAZ
and HAZ. (a) Mortality risk ratio between younger boys and girls (reference group) for MUAC < 125mm. (b) Mortality risk ratio between older
boys and girls (reference group) for MUAC < 125mm. (c) Mortality risk ratio between younger boys and girls (reference group) for WHZ < −2.
(d) Mortality risk ratio between older boys and girls (reference group) for WHZ < −2. (e) Mortality risk ratio between younger boys and girls
(reference group) for WAZ < −2. (f) Mortality risk ratio between older boys and girls (reference group) for WAZ < −2. (g) Mortality risk ratio
between younger boys and girls (reference group) for HAZ < −2. (h) Mortality risk ratio between older boys and girls (reference group) for
HAZ < −2. Estimates on the left part of the axis suggest a higher mortality in girls, and estimates on the right part of the axis suggest a higher
mortality among boys.
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of boys affected by wasting, stunting and underweight, suggests that

greater numbers of boys will die of undernutrition than girls in

absolute terms. In our study, we did observe a difference in Nepal,

whereby girls had a significantly higher risk of death than boys for

each of the anthropometric deficits. Previous research has suggested

that sex differences in undernutrition might be age and context‐

specific (Costa et al., 2021; Thurstans et al., 2020) and influenced by

environmental and social factors. For example, the disadvantage in

linear growth for boys is most evident in the first years, but by the

age of 4 years, the sex gap has mostly disappeared, and in some

countries, the gap has been reversed (Costa et al., 2021). Programme

data should be analysed by both age and sex to understand

geographic, environmental, and social context‐specific differences

in growth‐failure‐associated mortality risk.

4.1 | Strengths and limitations

One of the key strengths of this study is the unique nature of the

data. We analysed community cohorts with information recorded on

anthropometric indices and mortality and were able to pool cohort

data from multiple countries. The large sample sizes provided by this

approach enabled us to examine mortality risk by age and sex, as

mortality is a rare outcome in individual cohorts. However, we do

recognise some limitations.

The first is the absence of data for infants under 6 months, likely

resulting in an underestimation of the impacts of anthropometric

deficits in children under two. There is increased recognition of the

importance of including infants under 6 months within nutrition

programmes and surveys, alongside evidence that undernutrition

often occurs before 6 months and is associated with high mortality

(Mwangome et al., 2017; Victora et al., 2021). Though this is a clear

limitation, our findings contribute to the evidence base for increased

vulnerability before age two.

Second, there is potential for the introduction of bias from

loss to follow‐up in the original studies (see Table 1), leading to

survivor bias if deaths were higher amongst those lost to follow‐

up. It was not possible to quantify this from the original studies

(Khara et al., 2021). The age of the cohorts might also be a factor

to consider. Much has changed since the data was collected on

these cohorts, especially with respect to the availability of

programmes targeting these age groups, which limits the

generalisability of these results.

A further limitation is that we did not have data on potential

confounders such as, socioeconomic status, health indicators such

as diarrhoea, HIV, respiratory illnesses, breastfeeding status,

complementary feeding, and care practices, or seasonal indicators.

It was therefore not possible to explain the heterogeneity between

studies or elucidate on contextual differences that might directly

or indirectly influence the relationships between anthropometric

deficits and mortality risk. Similarly, two of the datasets (Sudan and

Nepal) were from RCTs of vitamin A supplementation and we

could not adjust for the treatment group in the analysis of these

datasets. In the Sudan trial, vitamin A supplementation did not

have an effect on child growth or mortality (Fawzi et al., 1997;

Herrera et al., 1992); therefore, it is unlikely that this variable

would influence the association between anthropometric deficits

and mortality in a substantial way. However, in the Nepal trial

(West et al., 1991), vitamin A significantly reduced the risk of

mortality; thus, the exclusion of this variable from our analysis of

this data set may have led to relative risk estimates that

underestimate the risk between anthropometric deficits and

mortality. Some previous analysis of these data highlighted how

possible access to nutrition rehabilitation and broad‐spectrum

antimicrobial treatment in Niger might have protected against risk

of death and might in turn explain the low number of deaths

observed in this cohort (Khara et al., 2021). Further research which

controls for study effects and allows for consideration of other

potential explanatory factors including multiple anthropometric

deficits alongside age and sex would be useful to identify any

differences in results. Finally, data was only available for MUAC

from 3 countries. This means a smaller sample size was available

(g) (h)

F IGURE 3 (Continued)
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for these analyses with potentially less power to detect differences

and reduced generalisability of results.

5 | CONCLUSION

Our findings demonstrate that for wasted children there is no

difference in mortality risk between younger and older children,

This is also true for severely wasted children. This supports the

continued inclusion of all high‐risk children under five in wasting

treatment programmes. The risk of mortality associated with

underweight, and stunting is higher among younger children.

Again, this is also true for severe stunting and underweight. This

suggests that nutrition prevention programmes might be justified

in focusing limited resources on younger children. There does not

appear to be a difference in mortality risk between girls and boys

for any anthropometric deficit, suggesting no need to adjust

current approaches according to sex.
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outcomes for children with severe malnutrition: a multi-country secondary data analysis”.  This 

paper describes a secondary data analysis exploring whether age and/or sex influence 

treatment outcomes for children affected by wasting and, if so, what the implications might be 

for policy and practice.   

The findings demonstrate few differences in wasting treatment outcomes by sex and age. The 

results do not indicate the need to change current program inclusion requirements or treatment 

protocols on the basis of sex or age, but we recommend further research to investigate the 

aetiology of sex differences in recovery and implications for treatment protocols.  The paper 

was submitted to Maternal and Child Nutrition (MCN) journal in June 2023.   

7.2 List of figures  
Figure 1: Flow diagram.  

7.3 List of tables 
Table 1: Baseline characteristics.  

Table 2: Association between treatment outcomes and age and sex within subgroups of TFP, 

SFP and children who are wasted and stunted (WaSt).  

Table 3: Mean differences in length of stay (LOS) and daily weight gain (GOW) by age and 

sex within subgroups for TFP, SFP and children who are wasted and stunted. 

Supplementary table 1: Association between recovery and age and sex within subgroups of 

TFP, SFP and children who are wasted and stunted (WaSt) by individual country.   

Supplementary table 2: Multinomial analysis to assess the association between treatment 

outcomes and sex within TFP. 

7.4 Research paper 4 
 

  



RESEARCH PAPER COVER SHEET 
Please note that a cover sheet must be completed for each research paper included within a thesis. 

SECTION A – Student Details 

Student ID Number 1802701 Title Mrs
First Name(s) Susan 
Surname/Family Name Thurstans

Thesis Title Sex differences in risk and outcomes from severe malnutrition: 
implications for management

Primary Supervisor Marko Kerac

If the Research Paper has previously been published please complete Section B, if not please move 
to Section C. 

SECTION B – Paper already published 

Where was the work published? Maternal and Child Nutrition 

When was the work published? November 2023 

If the work was published prior to 
registration for your research degree, 
give a brief rationale for its inclusion 

Have you retained the copyright for the 
work?* No 

Was the work subject 
to academic peer 
review? 

Yes 

*If yes, please attach evidence of retention. If no, or if the work is being included in its published format,
please attach evidence of permission from the copyright holder (publisher or other author) to include this
work.

SECTION C – Prepared for publication, but not yet published 

Where is the work intended to be 
published? 

Please list the paper’s authors in the 
intended authorship order: 

Stage of publication Submitted 



Page 2 of 2 

SECTION D – Multi-authored work 

For multi-authored work, give full details of 
your role in the research included in the 
paper and in the preparation of the paper. 
(Attach a further sheet if necessary) 

The research was designed and conducted by myself 
with supervision from Dr Marko Kerac and Professor 
Rebecca Sear.  Data was contributed by IRC and MSF.  
The analysis was led by myself with support from Dr 
Charles Opondo.  I led the wiriting of the manuscript 
with contributions from all authors. 

SECTION E 

Student Signature 

Date 

Supervisor Signature 

Date 



Received: 21 June 2023 | Revised: 8 November 2023 | Accepted: 9 November 2023

DOI: 10.1111/mcn.13596

OR I G I NA L A R T I C L E

How age and sex affect treatment outcomes for children with
severe malnutrition: A multi‐country secondary data analysis

Susan Thurstans1 | Charles Opondo2,3 | Jeanette Bailey4 | Heather Stobaugh5 |

Fabrizio Loddo6 | Stephanie V. Wrottesley7 | Andy Seal8 | Mark Myatt9 |

André Briend10,11 | Michel Garenne12,13,14,15 | Andrew Mertens16 |

Jonathan Wells17 | Rebecca Sear1 | Marko Kerac1,18

1Department of Population Health, London School of Hygiene and Tropical Medicine, London, UK

2Department of Medical Statistics, London School of Hygiene and Tropical Medicine, London, UK

3National Perinatal Epidemiology Unit, Nuffield Department of Population Health, University of Oxford, Oxford, UK

4International Rescue Committee, New York, USA

5Action Against Hunger, New York, USA

6Médecins Sans Frontières, Paris, France

7Emergency Nutrition Network, Oxford, UK

8UCL Institute for Global Health, London, UK

9Brixton Health, Llwyngwril, Gwynedd, UK

10Tampere Center for Child, Adolescent and Maternal Health Research, Tampere University and Tampere University Hospital, Tampere, Finland

11Department of Nutrition, Exercise and Sports, University of Copenhagen, Copenhagen, Denmark

12Institut de Recherche pour le Développement, UMI Résiliences, Bondy, France

13Department of Statistics and Population Studies, University of the Western Cape, Cape Town, South Africa

14FERDI, Université d'Auvergne, Clermont‐Ferrand, France

15MRC/Wits Rural Public Health and Health Transitions Research Unit, School of Public Health, Faculty of Health Sciences, University of the Witwatersrand,

Johannesburg, South Africa

16University of California, Berkeley School of Public Health, Berkeley, California, USA

17Population, Policy and Practice Research and Teaching Department, UCL Great Ormond Street Institute of Child Health, London, UK

18Maternal, Adolescent, Reproductive & Child Health Centre (MARCH), London School of Hygiene & Tropical Medicine, London, UK

Correspondence

Susan Thurstans, Department of Population

Health, London School of Hygiene and Tropical

Medicine, London, UK.

Email: susan.thurstans@lshtm.ac.uk

Abstract

Age and sex influence the risk of childhood wasting. We aimed to determine if

wasting treatment outcomes differ by age and sex in children under 5 years, enroled

in therapeutic and supplementary feeding programmes. Utilising data from stage 1

of the ComPAS trial, we used logistic regression to assess the association between

age, sex and wasting treatment outcomes (recovery, death, default, non‐response,

and transfer), modelling the likelihood of recovery versus all other outcomes. We

used linear regression to calculate differences in mean length of stay (LOS) and mean

daily weight gain by age and sex. Data from 6929 children from Kenya, Chad, Yemen
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and South Sudan was analysed. Girls in therapeutic feeding programmes were less

likely to recover than boys (pooled odds ratio [OR]: 0.84, 95% confidence interval

[CI]: 0.72–0.97, p = 0.018). This association was statistically significant in Chad (OR:

0.61, 95% CI: 0.39–0.95, p = 0.030) and Yemen (OR: 0.47, 95% CI: 0.27–0.81,

p = 0.006), but not in Kenya and South Sudan. Multinomial analysis, however,

showed no difference in recovery between sexes. There was no difference between

sexes for LOS, but older children (24–59 months) had a shorter mean LOS than

younger children (6–23 months). Mean daily weight gain was consistently lower in

boys compared with girls. We found few differences in wasting treatment outcomes

by sex and age. The results do not indicate a need to change current programme

inclusion requirements or treatment protocols on the basis of sex or age, but future

research in other settings should continue to investigate the aetiology of differences

in recovery and implications for treatment protocols.

K E YWORD S

malnutrition, sex, treatment, undernutrition, wasting

1 | BACKGROUND

Undernutrition in all its forms remains a major contributor to child

mortality. Child wasting, defined as weight‐for‐length or weight‐for‐

height z‐score <−2 and/or mid‐upper‐arm circumference (MUAC)

<125mm, affects an estimated 49.5 million children under the age of

five (GNR, 2022). Severe wasting (weight‐for‐length or weight‐for‐

height z‐score <−3) is of particular concern since it is associated with

a 12 times higher risk of mortality than experienced by well‐

nourished children (Olofin et al., 2013). Renewed international

attention to wasting recognises the need for accelerated progress

towards effective integration of wasting treatment within strength-

ened health systems and improved efficiency of wasting treatment

services (ENN, 2021; UNICEF, 2022).

Both age and sex influence the risk of wasting in childhood. In a

recent meta‐analysis of 44 studies (S. Thurstans et al., 2020), we

showed that boys are more likely to be wasted than girls (pooled odds

ratio [OR]: 1.26, 95% confidence interval [CI]: 1.13–1.40). Other studies

show similar findings; for example, a pooled analysis of 35 longitudinal

cohorts (Mertens et al., 2020) from 15 low‐ and middle‐income

countries (LMICs) showed male sex to be a predictor of wasting.

Several studies exploring concurrent wasting and stunting both at

population level and within wasting treatment programmes have also

shown that overall, boys are more likely to be affected than girls (Imam

et al., 2020; Isanaka et al., 2019; Khara et al., 2018; Myatt et al., 2018;

Odei Obeng‐Amoako, Karamagi, et al., 2020; Odei Obeng‐Amoako,

Myatt, et al., 2020; Odei Obeng‐Amoako, Wamani, et al., 2020). Sex

differences are most likely caused by a complex interaction of social,

environmental, physiological and genetic factors throughout the life

cycle (S. Thurstans, 2022). Differences often begin in utero, particularly

in conditions where maternal undernutrition is prevalent, and the impact

of fetal growth restraint is often greater in males who are bigger than

females at healthy z‐scores. Males also face a higher risk of infectious

disease in infancy compared with females.

Previous studies have suggested that sex differences in under-

nutrition may be moderated by age (Costa et al., 2021; Myatt et al., 2018;

S. Thurstans et al., 2020). The male disadvantage is greater among

younger children, after which it disappears or, in some contexts, is

reversed. Wasting has also been shown to peak in younger children

between 0 and 3 months (Benjamin‐Chung et al., 2020; Mertens

et al., 2023). Despite higher levels of wasting among children under 2

years compared with children aged 2–4 years (14% and 9%, respectively)

(Karlsson et al., 2022), we recently demonstrated equivalent levels of

associated mortality risk for younger (6–23 months) and older (24–59

months) wasted children and equivalent levels of mortality risk between

wasted girls and boys (S. Thurstans et al., 2022).

Key messages

• There are few differences in recovery outcomes for

wasting treatment by age and sex.

• Though differences are small, mean daily weight gain (g/

kg/day) appears to be significantly lower in boys than

girls. Likewise, though differences are small, younger

children (6–23 months) often have a significantly longer

mean length of stay compared with older children (24–59

months).

• The strength of our evidence does not indicate the need

to change current inclusion criteria for wasting treatment

programmes on the basis of age and sex but does suggest

the need for further research to understand the effects

of different confounders on treatment outcomes.
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The effects of age and sex on wasting treatment outcomes

such as recovery, defaulting and non‐response have not, to our

knowledge, been explored in depth and across multiple countries.

This analysis was designed to fill that important evidence gap. Our

aim is to determine whether age and/or sex influence treatment

outcomes for children affected by wasting and, if associations are

found, to discuss potential implications for policy and practice.

2 | METHODS

2.1 | Study design

This was a secondary analysis of multi‐country cohort data following

STROBE guidelines (Vandenbroucke et al., 2007). We assessed

whether there were differences in wasting treatment outcomes in

children under 5 years by age and sex.

2.2 | Study setting and participants

The data used for this analysis is from a multi‐country cohort

compiled for ‘stage 1’ of the ComPAS study and is described

elsewhere (Chase et al., 2020). In brief, the initial aim of this dataset

was to help design a simplified MUAC‐based treatment protocol for

children with acute malnutrition and to assess the theoretical

performance of MUAC‐based delivery of a standard dose of ready‐

to‐use therapeutic food (Chase et al., 2020). The data were collected

from programmes providing standard treatment for wasting in four

LMICs, three in Africa (Kenya, Chad and South Sudan) and one in

Western Asia (Yemen). The data from South Sudan was collected by

Médecins Sans Frontières (MSF)‐France in 2010. The International

Rescue Committee collected data from Chad in 2013–2014, Kenya in

2012–2014 and Yemen in 2014 (Chase et al., 2020).

We focused on children aged 6–59 months in this dataset,

stratified into younger (6–23 months) and older (24–59 months) age

groups. Admission to either outpatient‐based therapeutic feeding

programmes (TFP) or supplementary feeding programmes (SFP) was

recorded using a unique child ID. Children enroled in this dataset

were required to be clinically well. Each follow‐up visit was recorded

using the same ID. Anthropometric measurements were recorded at

each visit, weekly for severe wasting and every 2 weeks for moderate

wasting. Treatment followed national protocols based on standard

international criteria. Therapeutic rations for severe wasting were

provided based on weight (200 kcal/kg/day). Supplementary rations

for children with moderate wasting were provided as a standard

ration which varied by country (Chase et al., 2020).

2.3 | Variables

The dataset contained information on weight and height, the

presence of oedema, MUAC, age, country, and which treatment

programme children were enroled in, TFP for severe wasting, or

SFP for moderate wasting. Our treatment outcomes of interest

were recovery (TFP recovery criteria was MUAC ≥ 11.5 cm OR

WFH/L ≥ −3z‐score for two consecutive weeks AND no bilateral

pitting oedema, SFP recovery criteria was MUAC ≥ 12.5 cm OR WFH/

L≥ −2z‐score for two consecutive weeks); death, defined as a death

occurring while enroled in the programme and assessed by verbal

autopsy; default, defined as absence for two consecutive visits; and

non‐response, defined as a child not responding to the treatment

provided within 3 months (Kenya_Ministry_of_Health, 2009;

Sudan, 2009, 2017; Yemen. Ministry of Public, Population. Yemen.

Central Statistical, Pan Arab Programme for Family, & DHS, 2014).

Transfers referred to either movement within different components of

the programme or movements for further medical intervention. We

were not able to determine individual reasons for transfers.

We also analysed length of stay (LOS), defined as the period of

time between admission and discharge for those children who

recovered, and daily weight gain g/kg/day, defined as: [discharge

weight (g) minus minimum weight (g)]/[minimum weight (kg) × the

number of days between minimum weight and discharge day]

(MSF, 1995). Possible differences by sex and age were assessed for

all outcomes. Children were stratified into two groups according to

age at admission: 6–23 months and 24–59 months.

In addition to analysis by TFP and SFP enrolment, we performed

the same treatment‐outcomes analysis and LOS and daily weight gain

analyses on two further subgroups. The first was children with

WAZ < −3, in light of the recent inclusion of WAZ as a means of

identifying wasted children in recently revised WHO guidance for the

management of acute malnutrition. The second subgroup was formed

of children who were both wasted and stunted, in light of evidence

demonstrating a higher prevalence of concurrent wasting and

stunting in boys compared with girls. We defined this subgroup as

all children with both baseline HAZ and WHZ score ≤−2.

We used the WHO classifications of severe wasting, defined as

WLZ/WHZ < −3 or MUAC < 115mm, and moderate wasting, defined

as WLZ/WHZ between −3 and −2 z‐score or MUAC < 125mm.

We also included children with kwashiorkor in our analysis, defined

as a child with bilateral pitting oedema.

2.4 | Statistical methods

Statistical analysis was conducted using StataV.16 (StataCorp 2017, Stata

Statistical Software). Data was cleaned and excluded if age, sex or

outcome variables were missing. Children under 6 months and over 5

years of age at admission to the programmes were also excluded from the

analysis. Z‐scores were calculated using the 2006 WHO Child Growth

Standards (WHO, 2006). We plotted data against normal distributions

using quantile‐normal plots for each of the admission indices or criteria

(WH/LZ, WAZ, H/LAZ<, MUAC and oedema). Values identified as

implausible outliers were excluded (WHO, 2019).

For the treatment outcome variables (recovery, death, default,

transfer and non‐response), we used logistic regression to calculate crude
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odds ratios and 95% CIs for the association between age and sex and the

outcome indicators of interest. For each model, all other outcomes were

used as the reference category modelling the likelihood of recovery, for

example, recovery versus all other outcomes (death, default, transfer and

non‐response). We further adjusted the analysis for baselineWH/LZ and

HAZ, country, and age and sex. We also performed crude and adjusted

multinomial analysis of outcomes by sex as a sensitivity test, using each of

the different outcomes as the reference group.

For LOS and daily weight gain, we used linear regression to

calculate differences in mean LOS and daily weight gain with 95% CIs

for age and sex. Here, we also adjusted for baselineWH/LZ and HAZ,

country, age and sex.

For all of the above analyses, we fit logistic regression models

with interaction terms between age and sex and performed likelihood

ratio (LR) tests between models with and without interactions to

determine statistical significance of potential interactions.

2.5 | Ethical approval

Ethical approval for stage 1 of the ComPAS trial was from the London

School of Hygiene and Tropical Medicine Ethics Committee (refer-

ence number 11826). Further permission was granted for this

analysis of the data by the same committee (reference number

26401).

3 | RESULTS

3.1 | Study characteristics

Figure 1 shows the study flow diagram. Data originated from four

countries, Kenya, Chad, Yemen and South Sudan, and contained

information from a total of 44,375 follow‐up visits for 7449 children.

After data cleaning, 520 children were excluded from the analysis

either due to missing data, not meeting inclusion criteria or

implausible anthropometric measures. Following these exclusions,

6929 children were included in the analysis.

3.2 | Children's nutrition status and treatment
outcomes

Table 1 presents the baseline characteristics of the dataset. The

data includes 3299 (47.6%) girls and 3630 (52.4%) boys. A total of

4666 (67.3%) were aged 6–23 months on admission and 2263

(32.7%) were aged 24–59 months on admission. The mean age at

admission was 19.4 months (SD 12.5) for girls and 19.4 months (SD

12.5) for boys. For individual countries, the average age at

admission was 21.3 months (SD 14.2) in Kenya, 16.6 months (SD

9.1) in Chad, 26.1 months (SD 16.7) in Yemen and 17.4 months (SD

9.6) in South Sudan.

F IGURE 1 Flow diagram.
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TABLE 1 Baseline characteristics.

6–23 Months 24–59 Months
Female Male Female Male Total

Country n (%) n (%) n (%) n (%) n (%)

Kenya 495 (20.2) 433 (19.6) 355 (30.2) 293 (27.0) 1576 (22.8)

Chad 878 (35.8) 695 (31.3) 223 (19.0) 194 (17.8) 1990 (28.7)

South Sudan 767 (31.2) 856 (38.7) 333 (28.3) 361 (33.2) 2317 (15.1)

Yemen 314 (12.8) 228 (10.3) 265 (22.5) 239 (22.0) 1046 (33.4)

Treatment site

TFPa 1327 (54.1) 1272 (57.5) 534 (45.4) 521 (47.9) 3654 (52.7)

SFPb 1127 (45.9) 940 (42.5) 642 (54.6) 566 (52.1) 3275 (47.3)

Outcomes TFP

Recovered 928 (69.9) 870 (68.4) 365 (68.4) 361 (69.3) 2524 (69.1)

Death 1 (0.1) 3 (0.2) 0 (NA) 1 (0.2) 5 (0.1)

Default 240 (18.1) 259 (20.4) 118 (22.1) 118 (22.6) 735 (20.1)

Transfer 122 (9.2) 110 (8.6) 45 (8.4) 32 (6.1) 309 (8.5)

Non‐response 36 (2.7) 30 (2.4) 6 (1.1) 9 (1.7) 81 (2.2)

Outcomes SFP

Recovered 832 (73.8) 700 (74.5) 431 (67.1) 370 (65.4) 2333 (71.2)

Death 3 (0.3) 1 (0.1) 3 (0.5) 2 (0.3) 9 (0.3)

Default 176 (15.6) 159 (16.9) 182 (28.3) 155 (27.4) 672 (20.5)

Transfer 102 (9.1) 62 (6.6) 19 (3.0) 27 (4.8) 210 (6.4)

Non‐response 14 (1.2) 18 (1.9) 7 (1.1) 12 (2.1) 51 (1.6)

Totals 2454 2212 1176 1087 6929

No cases oedema in TFP 7 (0.5) 8 (0.6) 16 (3.0) 18 (3.5) 49 (1.3)

Mean anthropometry TFP Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Baseline WHZ −3.27 (1.04) −3.67 (0.94) −3.54 (0.76) −3.80 (0.90) −3.53 (0.97)

Baseline WAZ −3.27 (0.98) −3.59 (0.90) −3.77 (1.05) −3.78 (1.04) −3.53 (1.00)

Baseline HAZ −1.62 (1.60) −1.90 (1.67) −2.36 (1.69) −2.46 (1.78) −1.95 (1.69)

Baseline MUAC mm 115.0 (8.28) 117.0 (8.28) 120.5 (9.36) 121.5 (9.16) 117.4 (8.92)

Mean anthropometry SFP

Baseline WHZ −1.78 (0.81) −2.27 (0.86) −2.02 (0.95) −2.32 (0.94) −2.06 (0.90)

Baseline WAZ −2.31 (0.98) −2.79 (0.95) −2.65 (1.05) −2.87 (0.98) −2.61 (1.01)

Baseline HAZ −1.75 (1.75) −2.13 (1.86) −2.12 (1.92) −2.43 (1.75) −2.05 (1.83)

Baseline MUAC mm 122.1 (4.64) 122.8 (5.21) 126.7 (6.27) 126.9 (6.54) 124.0 (5.90)

Daily weight gain TFP g/kg/day 5.14 (4.82) 5.22 (5.42) 5.79 (7.37) 5.39 (5.79) 5.30 (5.54)

Daily weight gain SFP g/kg/day 2.93 (3.53) 2.88 (4.03) 2.91 (4.41) 2.56 (3.20) 2.85 (3.81)

Length of stay TFP days 44.8 (28.4) 45.2 (29.3) 40.1 (32.9) 42.5 (30.1) 43.9 (29.7)

Length of stay SFP days 50.0 (29.7) 51.6 (32.8) 52.2 (33.2) 51.2 (34.0) 51.0 (32.0)

Abbreviations: SFP, supplementary feeding programmes; TFP, therapeutic feeding programmes.
aTherapeutic feeding programme.
bSupplementary feeding programme, percentages may not total 100 due to rounding.
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Children entered either TFP (3654; 52.7%) or SFP (3275; 47.3%)

at baseline. For TFP, the mean WHZ on admission was −3.53 (SD

0.97), the mean WAZ was −3.53 (SD 1.00), the mean HAZ was −1.95

(SD 1.69) and the mean MUAC was 117.4mm (SD 8.92). There were

54 cases of oedema. For SFP, the mean WHZ on admission was

−2.06 (SD 0.90), the mean WAZ was −2.61 (SD 1.01), the mean HAZ

was −2.05 (SD 1.83) and the mean MUAC was 124.0 mm (SD 5.90).

For bothTFP and SFP, mean z‐scores were lower on average for boys

compared with girls.

For TFP, the mean LOS was 43.9 days (SD 29.7) and the mean

daily weight gain measured in g/kg/day was 5.30 (SD 5.54). For SFP,

the mean LOS was 51.0 days (SD 32.0) and the mean daily weight

gain measured in g/kg/day was 2.85 (SD 3.81).

Overall, 69.1% of children in TFP and 71.2% of children in SFP

achieved recovery following wasting treatment, falling below the

recommended 75% (Sphere Association, 2018). Deaths were rare in

this sample and fell within the Sphere indicator of 3% for both TFP

(0.1%) and SFP (0.3%). Defaulting rates were higher than recom-

mended for both TFP (20.1%) and SFP (20.5%).

3.3 | Outcomes by sex

Tables 2a and 2b show crude and adjusted odds ratios for recovery,

death, default, transfer and non‐response by sex for TFP and SFP. In the

crude analysis of TFP outcomes, girls were more likely to recover than

boys, though this difference was not statistically significant. After

adjusting for potential confounders (age, country, HAZ at baseline and

WHZ at baseline), however, we found that girls were less likely to

recover than boys (adjusted OR: 0.84, 95% CI: 0.72–0.97, p = 0.018).

We further looked at the odds of recovery by sex for each country

individually (see Table S1a). After adjusting for sex, age and baseline

anthropometry (HAZ and WHZ), we found that for TFP there was no

difference in the odds of recovery between girls and boys in Kenya and

South Sudan (Kenya adjusted OR: 0.66, 95% CI: 0.39–1.13, p = 0.130,

South Sudan adjusted OR: 0.96, 95% CI: 0.81–1.15, p = 0.703). In Chad

and Yemen, girls were less likely to recover than boys (Chad adjusted

OR: 0.61, 95% CI: 0.39–0.95, p = 0.030, Yemen, adjusted OR: 0.47, 95%

CI: 0.27–0.81, p = 0.006). There was no difference in odds of recovery

between girls and boys in SFP programmes in both the pooled and

individual country analyses.

Girls were more likely than boys to be transferred out of the

programme in the adjusted analysis for both TFP and SFP (adjusted

OR: 1.34, 95% CI: 1.05–1.71, p = 0.017 and adjusted OR: 1.45, 95%

CI: 1.07–1.96, p = 0.017, respectively).

We did not observe any differences between boys and girls in

the odds of death, defaulting or non‐response in TFP or SFP.

We performed a multinomial sensitivity analysis to further

explore outcomes by sex (see Table S2). Using recovery as the

reference group, there was no statistically significant difference in

the risk of death, default or non‐response compared with recovery

between girls and boys. In the adjusted analysis, girls were more likely

to be transferred out of TFP than to recover compared with boys

(adjusted relative risk: 1.41, 95% CI: 1.10–1.80, p = 0.007). Using

default or death as the reference group, there was no statistically

significant difference in outcomes between girls and boys.

Table 3 shows mean crude and adjusted differences in LOS and

daily weight gain by sex. For LOS, we did not observe any difference

between girls and boys for either TFP or SFP. Girls had a higher mean

daily weight gain than boys in TFP and SFP (mean adjusted difference:

0.61 g/kg/day, 95% CI: 0.24–1.04, p = 0.002 and mean adjusted

difference: 0.30 g/kg/day, 95% CI: 0.00–0.61, p = 0.049, respectively).

3.4 | Outcomes by age

Table 2a shows crude and adjusted odds ratios for recovery, death,

default, transfer and non‐response by age for TFP and SFP. We

found no differences in odds of recovery, death or default between

the two age groupings. Older children had a lower risk of non‐

response to treatment compared with younger children (OR: 0.43,

95% CI: 0.24–0.77, p = 0.005). In the crude analysis, older children

attending SFP were more likely to default compared with the

younger age group (OR: 2.00, 95% CI: 1.68–2.38, p < 0.0001);

however, this was no longer the case after adjustment (adjusted

OR: 1.20, 95% CI: 0.99–1.46, p = 0.066).

Older children were less likely to be transferred out of the

programme compared with younger children in both TFP and SFP

(adjusted OR: 0.73, 95% CI: 0.55–0.97, p = 0.027 and adjusted OR:

0.43, 95% CI: 0.30–0.63, p < 0.0001, respectively).

Table 3 shows mean differences in LOS and daily weight gain by

age. Older children in TFP and SFP had a significantly shorter LOS

than younger children (adjusted mean difference: −7.05 days, 95% CI:

−9.55 to −4.55, p ≤ 0.0001 and −5.25 days, 95% CI: −7.94 to −2.56,

p < 0.0001, respectively). For daily weight gain, we did not observe

differences between age groups in either TFP or SFP.

3.5 | Children with WAZ < −3

Table 2b shows crude and adjusted odds ratios for recovery,

death, default, transfer and non‐response by age and sex for children

with a WAZ < −3 at baseline. We found no difference between girls

and boys for all outcomes. For age however, in both crude and

adjusted analysis, older children were more likely to default (adjusted

OR: 1.28, 95% CI: 1.07–1.53, p = 0.007), less likely to be transferred

out of a programme (adjusted OR: 0.74, 95% CI: 0.58–0.96,

p = 0.022), and had a lower risk of non‐response to treatment,

compared with younger children (adjusted OR: 0.46, 95% CI:

0.28–0.78, p = 0.004).

Table 3 shows mean differences in LOS and daily weight gain by

age and sex for children with WAZ < −3 at baseline. There was no

difference between girls and boys for LOS, but after adjusting for

potential confounders, older children had a shorter LOS compared

with younger children (adjusted difference OR: −4.88 days, 95% CI:

−7.24 to −2.52, p < 0.001). As with TFP and SFP, girls had a higher
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mean daily weight gain compared with boys (adjusted difference:

0.69 g/kg/day, 95% CI: 0.30–1.08, p = 0.001).

3.6 | Children with concurrent wasting and
stunting (WaSt)

Table 2b shows crude and adjusted odds ratios for recovery, death,

default, transfer and non‐response by age and sex for children who

were both wasted and stunted. Girls were less likely to recover than

boys in both the crude and adjusted analysis (adjusted OR: 0.83, 95%

CI: 0.70–1.00, p = 0.045). Girls were more likely to be transferred out

of a programme than boys after adjusting for potential confounders

(OR: 1.40, 95% CI: 1.06–1.85, p = 0.018). We found no difference

between girls and boys for death, default and non‐recovery.

Table 3 shows mean differences in LOS and daily weight gain by

age and sex for children who were wasted and stunted. We found no

difference between girls and boys for LOS. For daily weight gain,

boys had a lower mean gain compared with girls (adjusted mean

difference: 0.66 g/kg/day, 95% CI: 0.26–1.07, p ≤ 0.001).

In terms of age (see Table 2b), as with TFP and SFP, we found

that older children were less likely to be transferred out of a

programme compared with younger children (adjusted OR: 0.71, 95%

CI: 0.52–0.96, p = 0.026). We also found that older children had a

lower risk of non‐response to treatment compared with younger

children in both crude and adjusted analysis (adjusted OR: 0.56, 95%

CI: 0.33–0.97, p = 0.038). Finally, older children had a shorter LOS

than younger children (adjusted difference: −3.53 days, 95% CI:

−6.07 to −0.99, p = 0.007) (see Table 3).

3.7 | Interactions between age and sex

We sought to conduct subgroup analysis for the above tests to test

for interaction between age and sex using LR tests. For two of the

models, this was not possible (death and sex inTFP, death and sex for

WaSt) due to too few events in the subgroups. We observed an

interaction between age and sex in transfers out of SFP (p = 0.007).

For all other models, we found no evidence that associations

between treatment outcomes, LOS and daily weight gain varied by

sex or age (see Tables 2a, 2b, 3).

4 | DISCUSSION

We explored the impact of age and sex on outcomes following

treatment for wasting. Overall, our findings show few differences in

treatment outcomes between girls and boys and between age

groups. Based on this evidence from these settings, this suggests no

need to change current programme inclusion requirements or

treatment protocols on the basis of sex or age.

Our findings showed that girls in TFP have 16% lower adjusted

odds of recovery than boys (OR: 0.84, 95% CI: 0.72–0.97, p = 0.018).T
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Individual country analysis showed the same association to be

statistically significant in Chad and Yemen, but not in Kenya or South

Sudan. Girls who were both wasted and stunted were also less likely to

recover compared with boys (OR: 0.83, 95% CI: 0.70–1.00, p = 0.045).

Baseline anthropometry appeared to be the main confounding

variable. There was no difference between boys and girls in recovery

outcomes for SFP or in our subgroup analysis of children with

WAZ< −3. We were unable to adjust for social, economic, care and

feeding practices and co‐morbidities, leaving the possibility of residual

confounding. While changes in the magnitude of odds ratios after

adjustment may indicate confounding, such changes can also occur in

the absence of confounding due to the non‐collapsibility property of

odds ratios (Greenland, 2021a, 2021b). Further multinomial analysis,

conducted as a sensitivity test, demonstrated no statistical difference

between recovery by sex in TFP. The finding that girls in TFPs are less

likely to recover than boys is not therefore generalisable to all settings

and should be interpreted with caution. Further research is needed to

understand the effect of admission and discharge criteria, baseline

anthropometry and other potential confounding factors such as social,

health and care indicators.

We did not observe any differences in age or sex in relation to

mortality. While this sample likely lacked sufficient power for this

outcome, the finding is consistent with our recent meta‐analysis

(S. Thurstans et al., 2022), showing no difference in the risk of

mortality associated with wasting between boys and girls and

between children under 2 years versus those 2–5 years. This

highlights the importance of access to treatment for all children

under 5 years, regardless of age and sex.

We observed lower mean weight gain in boys compared with

girls in TFP, SFP, and WaSt and WAZ < −3 subgroups. Though

differences are small, they might be explained by differences

between girls and boys in lean and fat mass from birth onwards.

Differences in body composition in infancy and early childhood have

been documented whereby although girls are lighter at birth and

during infancy, girls on average have less lean mass and more fat

mass than males. This might then shape sex differences in weight

gain (Andersen, 2013; Rodríguez, 2004). Future research into body

composition and weight gain in wasting recovery and links to future

health are needed. There might also be differences in the way that

girls and boys respond to treatment. A recent meta‐analysis of SQ‐

LNS supplementation demonstrated better growth in girls compared

with boys in response to SQ‐LNS supplementation (Dewey

et al., 2021). The authors suggest that this likely reflects greater

potential in girls to respond to nutritional supplementation and an

effect of early vulnerability in boys to adverse conditions, which

might constrain responses to nutrition interventions.

We observed that girls are transferred out of programmes more

often than boys for both SFP and TFP. This was also the case in our

subgroup analysis of children who were both wasted and stunted.

Younger children were consistently more likely to be transferred out

of a programme than older children. It is difficult to speculate as to

the reasons for this pattern as the data does not distinguish between

transfers to other components of programmes such as inpatient, TFPT
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TABLE 3 Mean differences in length of stay (LOS) and daily weight gain by age and sex within subgroups for TFP, SFP and children who are
wasted and stunted or have WAZ < −3.

Outcome Mean (SE)
Crude difference
(95% CI) p value

Adjusted difference
(95% CI)a p value

LOS TFP, mean (SE) daysb

Male 49.8 (0.81) REF REF

Female 48.6 (0.81) −1.25 (−3.50 to 1.00) 0.277 0.79 (−1.45 to 3.05) 0.486

6–23 51.0 (0.65) REF REF

24–59 44.7 (1.18) −6.28 (−8.75 to −3.80) <0.001 −7.05 (−9.55 to −4.55) <0.001

Interaction

LOS SFP, mean (SE) daysb

Male 54.1 (0.99) REF REF

Female 52.9 (0.79) −1.22 (−3.68 to 1.23) 0.329 0.33 (−2.17 to 2.83) 0.796

6–23 53.0 (0.75) REF REF

24–59 54.3 (1.11) 1.26 (−1.31 to 3.84) 0.336 −5.25 (−7.94 to −2.56) <0.001

Interaction 0.642

LOS WaSt, mean (SE) daysb

Male 49.6 (0.86) REF REF

Female 49.7 (0.86) 0.16 (−2.26 to 2.58) 0.897 1.96 (−4.48 to 4.40) 0.115

6–23 50.4 (0.77) REF REF

24–59 48.4 (1.01) −2.04 (−4.52 to 0.43) 0.106 −3.53 (−6.07 to −0.99) 0.007

Interaction 0.778

LOS WAZ < −3, mean (SE) daysb

Male 51.1 (0.76) REF REF

Female 49.9 (0.80) −1.26 (−3.43 to 0.91) 0.255 0.24 (−1.97 to 2.45) 0.833

6–23 51.7 (0.66) REF REF

24–59 48.3 (0.99) −3.33 (−5.61 to −1.05) 0.004 −4.88 (−7.24 to −2.52) <0.001

Interaction 0.811

Daily weight gain, TFP, mean (SE) g/kg/day

Male 5.27 (0.14) REF REF

Female 5.33 (0.15) 0.05 (−0.34 to 0.46) 0.789 0.61 (0.24 to 1.04) 0.002

6–23 5.18 (0.11) REF REF

24–59 5.59 (0.22) 0.41 (−0.03 to 0.86) 0.071 −0.03 (−0.47 to 0.41) 0.894

Interaction 0.575

Daily weight gain, SFP, mean (SE) g/kg/day

Male 2.77 (0.11) REF REF

Female 2.92 (0.10) 0.15 (−0.14 to 0.44) 0.307 0.30 (0.00 to 0.61) 0.049

6–23 2.91 (0.09) REF REF

24–59 2.74 (0.13) −0.16 (−0.46 to 0.14) 0.288 −0.13 (−0.45 to 0.20) 0.432

Interaction 0.404

Daily weight gain, WaSt, mean (SE) g/kg/day

Male 4.31 (0.14) REF REF

(Continues)
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or SFP, transfers to other sites, or medical transfers. Further research

is needed to better understand this. We observed longer LOS and a

higher risk of non‐response for younger children in TFP. We also

observed a higher risk on non‐response for younger children in our

subgroup analyses of children with concurrent wasting and stunting

and children with WAZ < −3. It is again hard to speculate as to why

without understanding factors such as which discharge criteria were

used for each individual child and the presence or absence of co‐

morbidities.

4.1 | Limitations and recommendations for future
research

The strength of this analysis lies in data originating from four

different countries with large numbers of children. Almost all children

were wasted, which enhances the validity of pooling the data and

avoids the many complexities of analysing data on oedematous

severe malnutrition (especially when it comes to weight‐based

measures) (Frison et al., 2015). However, we also acknowledge

limitations, many of which arise from the nature of the dataset. This

data came from multiple locations and time periods and was collected

by different non‐governmental organisations. As this data does not

originate from carefully controlled research programmes, there are

gaps in the information needed to draw further conclusions about the

findings. For example, we did not have data to say exactly how

children were treated; that is, in SFP, did a child receive ready‐to‐use

supplementary food or fortified flours, or did children switch to RUSF

or fortified flours once they reached a certain anthropometric

threshold. Similarly, we did not have information on precise details

of entry and exit criteria for each child, that is, admitted on the basis

of low MUAC or low WHZ. The absence of children less than

6 months is a limitation to fully understanding sex differences in

treatment outcomes, especially given that male vulnerability is often

more pronounced in infancy. Children were required to be clinically

well to be enroled in this dataset so there may be a degree of survivor

or selection bias introduced as children admitted for inpatient care

with the most severe presentations of wasting were not included.

There may also be a possibility of survivor bias in the sample as this

was not a community sample, but programme data. This sample also

contained a higher number of females in three of the sites, with the

exception of South Sudan. This is inconsistent with other population‐

based figures showing higher risk of undernutrition in males

(S. Thurstans et al., 2020).

The high levels of transfers and defaulters also introduce a risk of

selection bias and highlight both the challenges in cohort data and the

importance of ensuring allocated funding with programmes to follow‐

up and fully understand reasons for transfers and defaults to ensure

programme quality and accurate representation of performance

indicators.

Crucially, the dataset did not contain information on potential

confounders such as indicators of maternal education, care and

feeding indicators, socio‐economic status and the presence or

absence of co‐morbidities. This information would not only enable

better understanding of the differences that were observed in this

analysis but would also enable better understanding of the possible

mechanisms underlying any differences and whether addressing

behaviours would impact these differences. Future research should

explore such factors including whether different admission and

discharge criteria, different programmes in different geographical

locations, and other potential confounders (e.g., social, economic and

environmental factors, all of which impact outcomes from mal-

nutrition) might produce different results. Research should also

further explore the differences we identified in LOS and weight gain

between younger and older children and girls and boys to better

understand the different causes of growth failure, such as nutritional

intake and feeding behaviours by age and sex and to determine if

different treatment or prevention strategies are needed.

TABLE 3 (Continued)

Outcome Mean (SE)
Crude difference
(95% CI) p value

Adjusted difference
(95% CI)a p value

Female 4.67 (0.16) 0.36 (−0.06 to 0.77) 0.091 0.66 (0.26 to 1.07) <0.001

6–23 4.38 (0.14) REF REF

24–59 4.60 (0.16) 0.22 (−0.20 to 0.65) 0.302 −0.16 (−0.58 to 0.26) 0.444

Interaction 0.566

Daily weight gain, WAZ < −3, mean (SE) g/kg/day

Male 4.65 (0.14) REF REF

Female 5.00 (0.15 0.35 (−0.05 to 0.75) 0.089 0.69 (0.30 to 1.08) 0.001

6–23 4.81 (0.12) REF REF

24–59 4.82 (0.19) 0.01 (−0.41 to 0.43) 0.962 −0.09 (−0.51 to 0.33) 0.671

Interaction 0.596

aAdjusted for sex, age, country, HAZ at baseline and WHZ at baseline.
bMeasured for recovered children only.
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5 | CONCLUSION

These findings show few differences in wasting treatment outcomes

between girls and boys and between age groups. The results do not

indicate any immediate case for a change in current programme

inclusion requirements or treatment protocols on the basis of sex or

age. Further research should use more formal study designs and more

robust methods to investigate the aetiology of any sex or age

differences in recovery and implications for treatment protocols.
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8 Discussion 

8.1 Scope of chapter 

This chapter summarises the main findings of the research presented in this thesis in relation 

to the objectives set.  The findings will be compared with evidence generated through other 

research. The overall strengths and limitations will be summarised.  Implications for policy and 

practice will then be outlined in the following chapter.   

8.2 Main findings of research 

Considered as a whole, the findings from this research contribute to the overall aim which was 

to improve the assessment and treatment of undernutrition in children aged 0-5 through 

improved understanding of differences between the two and exploring whether and how these 

might need to be addressed in prevention and treatment policy and practice.   

The first objective of this PhD was to review the evidence for female/male differences in the 

risk of developing undernutrition, determining if there is a difference in risk between girls and 

boys and exploring the reasons for these.  The evidence presented demonstrates that boys 

are more likely to be wasted, stunted and underweight than girls with some variation by age 

and geographical region.  The evidence on why these differences occur is limited but 

suggestive of a complex interaction of social, environmental, physiological and genetic factors 

throughout the life cycle as shown in Figure 9.   
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Figure 10 Pathways to sex differences in undernutrition 

 

The second objective was to review the evidence for sex differences in mortality risk 

associated with anthropometric deficits.  This addresses some of the practical questions 

around what sex differences mean for practitioners.  The evidence presented supports existing 

evidence that there is a high risk of mortality associated with wasting.  Our meta-analysis 

further demonstrates that there is a similar mortality risk between children 6–23 months and 

children 24–59 months, indicating the need to include all children under 5 years in wasting 

treatment programmes. We did note that for underweight and stunting, younger children had 

a significantly higher risk of mortality than older children, suggesting that where resources are 

limited, prevention programmes may be justified in targeting younger children.  Despite our 

findings showing an increased risk of wasting, stunting and underweight in males, we found 

no differences in mortality risk between girls and boys in both younger and older age groups 

in our pooled analysis (see Figure 10). 

 

The third objective was to review the evidence for sex differences in outcomes in current 

wasting treatment programmes, whilst considering age and geographical location. CMAM is 

one of the most common means of treating wasting and so understanding if sex differences 

are present in treatment outcomes is essential.  The evidence presented shows very few 

differences in treatment outcomes between girls and boys (see Figure 10), and between age 

groups.  The results suggest that there is no need to change current program inclusion 

requirements or treatment protocols on the basis of sex or age, but that further research is 
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needed to investigate the aetiology of sex differences in recovery and implications for 

treatment protocols.  

In summary, we found that boys were more likely to be undernourished than girls, but that 

there were few differences in mortality or treatment outcomes between sexes.   

 

Figure 11 Summary of risk of undernutrition, mortality associated with anthropometric deficits and odds 
of recovery from wasting by sex  

 

8.3 Risk of undernutrition 
 

Our research shows that sex differences do occur in the risk of undernutrition.  The ratio and 

direction of these differences can however vary by type of undernutrition, age, context, and 

region.   

 

8.3.1 Type of undernutrition  
 

Throughout this research, we have found that a larger body of literature exists on sex and age 

differences in stunting compared with wasting and underweight.  Our findings therefore 

contribute to a growing body of evidence on stunting as well as wasting and underweight.   
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Our systematic review found that the biggest risk difference was for stunting whereby boys 

were 29% more likely to be stunted than girls, followed by wasting where boys were 26% more 

likely to be wasted, and then underweight where boys were 14% more likely to be affected.   

A complementary paper exploring sex differences in a cohort of children from 36 African 

countries [59] is presented in appendix 5.  In this analysis, we also found boys to be more 

susceptible to undernutrition compared with girls.  The most pronounced differences were 

seen in concurrent wasting and stunting whereby boys were 29% more likely to affected and 

for stunting, where boys were 18% more likely to be affected.  Differences were much smaller 

for underweight (5%) and wasting (1%), but both show boys to be at higher risk than girls.   

Boys heightened vulnerability to concurrent wasting and stunting has been noted elsewhere 

[34, 35, 60].  In our analysis,  sex differences in concurrent wasting and stunting were more 

than the sum of sex differences for wasting and stunting alone suggesting complex layers of 

vulnerabilities [59].   

The evidence on wasting is more inconsistent and can differ by dataset.  Our systematic 

review showed that boys had 26% (OR1.26) higher odds of wasting compared with girls.  The 

DHS analysis of African countries however showed a much smaller, but still statistically 

significant difference in sex ratios for wasting between girls and boys (OR 1.01, 95% CI 1.00–

1.03, p = 0.041).   This difference might be explained by heterogeneity between studies that 

we noted in our meta-analysis.  In the DHS analysis, the sex ratio of wasting was higher than 

1.0 in 60 surveys, lower than 1.0 in 68 surveys but significantly different from 1.0 in only two 

surveys, which could be attributed to random fluctuations.  There might also be the possibility 

of survivor bias based on evidence of increased mortality risk for young males [61].  Further 

research is needed to better understand the inconsistencies observed in sex differences in 

wasting across studies.   

 

8.3.2 Sex and age  
 

Our systematic review found that the male disadvantage declined with age. In other words, as 

children get older, the difference in male and female risk of undernutrition becomes less 

pronounced and in some cases changes direction. This is consistent with recently published 

evidence on stunting.  A meta-analysis of growth patterns by sex and age in 87 LMIC countries  

showed that overall boys are more stunted than girls, particularly during the first 24 months.   

Their pooled analysis showed that after 24 months, there was a gradual reduction in the male 

disadvantage which then disappeared around the age of 40 months, when growth faltering 
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became more common among girls than boys suggesting that the male disadvantage is most 

apparent in infancy and early childhood, after which point girls face a disadvantage. 

Our complementary DHS analysis also supports this finding of age-related patterns.  The 

biggest decline in heightened male risk was seen in concurrent wasting and stunting where 

the sex ratio declined from 1.66 at 0-5 month to 1.12 at 36-59 months.   The ratio for stunting 

declined from 1.32 at 0-5 months to 1.16 at 36-59 months and underweight from 1.19 to 1.09.  

No significant change in sex ratio was seen for wasting [59].  Figure 5 shows the difference in 

sex ratio by 6-month intervals.  The decline in male risk for concurrent wasting and stunting is 

most striking. Stunting also has a marked decline, whilst differences between boys and girls 

for underweight and wasting appear small.  

The early peak in wasting and stunting is suggestive of intra-uterine origin of sex differences 

in nutritional deficits, supporting the idea that males are more vulnerable than females in early 

life [10].  Our narrative review highlights the evolution narrative that boys are more sensitive 

to their environment, whilst girls are more stable and resilient to environmental factors.  It also 

considered evidence that shows in addition to increased vulnerability in males to complications 

such as placental insufficiency, infections, pre-eclampsia, placental abruption, and pre-term 

delivery [43, 44, 62], males are also more vulnerable to nutritional deficits before birth, 

particularly in contexts of high maternal undernutrition.  Despite their larger size at birth, we 

reviewed evidence that suggest that males grow faster in-utero, and are more responsive to 

a mothers gestational diet than girls meaning they are at increased risk of becoming 

undernourished before birth in conditions of deprivation [63-68].  Differences in placental 

function between girls and boys might also explain some of these differences.  Boys placentas 

have been shown to be less efficient and contain less reserve capacity.  This is consistent 

with evidence looking at placental-to-birthweight ratio which has been shown to be lower in 

males.  This means in situations where there is not a free flow of nutrients from the mother, 

insufficient transfer capacity of the placenta results in less reserve capacity in boys compared 

with girls of the same weight, resulting in intra-uterine growth restriction [36, 64]. 
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Figure 12 Sex differences in undernutrition by age for children under five in African DHS surveys (CDC-
2000 reference set). 

Source: Garenne, M. et al (2021) Changing sex differences in undernutrition of African children: findings 

from Demographic and Health Surveys [59].  CC-BY  

 
 

8.3.3 Contextual and regional variations  
 

The prevalence of wasting, stunting and underweight varies by region around the world [1]. 

Our systematic review indicated that the ratio and direction of sex differences might differ in 

some geographical regions.  We found no difference in patterns for wasting between regions, 

the odds were consistently higher for boys than girls across all regions.  For stunting and 

underweight however, we found that the odds were higher for boys than for girls in all regions 

except South Asia (stunting pooled OR 0.88, 95% CI 0.62 to 1.26, p=0.492, underweight 

pooled OR 0.84, 95% CI 0.52 to 1.35, p=0.475).  We also found, girls to be at higher risk of 

underweight in Central America (OR 0.53, 95% CI 0.40 to 0.72, p<0.001), although this finding 

was from a single study.   

Evidence published since our systematic review is consistent with our findings [13].  Figure 12 

shows the association between sex and stunting incidence in a cohort of children aged 0-24 

months.  Boys consistently have a higher risk of stunting across regions with the exception of 

Asia.  In Asia, cohorts from Nepal and India both show girls to have a higher risk of stunting 

than boys, though not significantly so.   
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Our narrative review explored some of the reasons for these differences in more detail, and 

identified that a complex interaction of care practices, gender ideals, and socio-economic 

factors might underlie these differences and can reduce the male advantage and/or increase 

the female disadvantage.  Our mortality analysis also demonstrated some regional variations 

in Nepal and Sudan where girls have a higher risk of mortality than boys associated with some 

anthropometric deficits (see section 7.4).  We highlight the need for further research to better 

understand these regional differences and which factors contribute.     

 
Figure 13 Associations between sex and stunting incidence from birth to 24 months: cohort specific and 
pooled results 

Source: Benjamin-Chung, J. et al (2020) Early childhood linear growth failure in low- and middle-
income countries [13]. CC-BY 
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8.4 Mortality risk    
 

8.4.1 Sex differences in population level mortality trends  
 

In circumstances where children have the same access to food and healthcare, boys tend to 

have higher mortality rates than girls [61]. Mortality rates differ in infancy and childhood.  In 

infancy, girls have less vulnerability towards perinatal conditions such as birth trauma, 

intrauterine hypoxia and birth asphyxia, prematurity, respiratory distress syndrome and 

neonatal tetanus, congenital anomalies, and infectious diseases such as intestinal infections 

and lower respiratory infections.  Beyond infancy however, this advantage lessens with 

infectious diseases and common causes of death in settings where mortality is high [69].  This 

is often referred to as the epidemiological transition (see Figure 13).    

Improvements in child mortality exacerbate the male disadvantage in undernutrition as girls 

appear to benefit more from overall improvements in health.  This also appears to be true in 

the case of undernutrition.  In our complementary analysis of sex differences and mortality 

patterns , linear regression revealed increasing sex ratios with significant values (P<0.001) for 

concurrent wasting and stunting (from 1.19-1.31), stunting (1.11 to 1.23) and underweight 

(1.01 to 1.05), as mortality levels moved from high (300 per 1000) to low (50 per 1000) values.  

Sex ratios for wasting remained constant as under-five mortality levels changed.    

Data from higher income countries  also show this trend whereby sex difference ratios 

increase towards higher male mortality as health increases and under five mortality declines, 

suggesting that girls benefit more than boys from overall health improvements.  Figure 13 

shows the historical change in the sex ratio of mortality as under 5 mortality declines.  This 

decline suggests that underlying genetic and biological differences between girls and boys are 

accountable for residual differences once overall health and mortality levels improve.   

 

Whilst sex differentials in childhood mortality demonstrate a trend of more pronounced male 

vulnerability as the overall health picture improves, our narrative review suggests that in the 

case of undernutrition, male vulnerability might also be more pronounced at the opposite 

extreme, i.e., in fragile and conflict affected states (FCAS).  We found that alongside evidence 

of a correlation between food insecurity and median prevalence of stunting (correlation 

coefficient −0.65, p < 0.001), there was evidence of a trend whereby the difference between 

male and female prevalence of stunting also increases as wealth decreases, suggesting the 

more fragile a context, the more pronounced the difference between boys and girls. We note 

that the pattern is not uniform, and would benefit from more in-depth analysis, but it does 
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suggest that addressing inequality in socio-economic status might also help to reduce sex 

differences in undernutrition.   Increased sex ratios in concurrent wasting and stunting, and 

the high prevalence of concurrent wasting and stunting in FCAS, alongside evidence of male 

vulnerability and wider sex ratios in famine conditions add strength to this theory.    As does a 

recent pooled analysis of stunting in 87 countries [70] exploring the association between GDP 

per capita and age and sex specific differences in mean HAZ.  The early male disadvantage 

was shown to be more marked in low GDP countries.  This suggests that the impact of 

suboptimal conditions in LMICs is more harmful to boys than to girls.   Evidence from famine 

conditions as described in chapter 1 also supports the idea that the most extreme of contexts 

might increase the sex ratio and exacerbate male vulnerability.   

 

 

Figure 14 Historical change in the sex ratio of mortality as under-five mortality declined, selected 
developed countries 

Source: United Nations (2011) Sex differentials in Childhood Mortality [61].  

 

8.4.2 Sex differences in mortality risk associated with anthropometric deficits.  
 

We set to determine if mortality risk associated with undernutrition is affected by sex.  Our 

research shows that despite a higher risk of wasting, stunting and underweight in boys, once 
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a child becomes undernourished, their relative risk of death does not differ by sex.  However, 

despite no difference in the relative risk of mortality between undernourished boys and girls, 

the higher incidence of undernutrition in boys does mean than higher numbers of boys are at 

risk of death compared with girls.   

We did observe some small variations with significant results.  The assessment of wasting 

measured by MUAC <125mm showed no differences between girls and boys in the risk of 

mortality with the exception of Nepal.  Here, the relative risk of mortality was lower for younger 

boys compared with younger girls (RR 0.39, 95% CI 0.19–0.80, p=0.008), but higher for older 

boys compared with older girls (RR 2.97, 95% CI 1.02–8.60, p=0.035).  Similar exceptions 

were seen for the younger age group when assessing wasting defined by WHZ-score in both 

Nepal and Sudan.  Here, younger boys with WHZ <−2 had a lower absolute risk of death than 

younger girls with the same anthropometric deficit (Nepal - RR 0.36; 95% CI 0.18–0.75 

p=0.004, and Sudan - RR 0.44; 95% CI 0.21–0.90, p=0.021 respectively). 

Similar results were found for both underweight and stunting in Nepal whereby we observed 

a lower risk of death for boys compared with girls (Underweight WAZ <-2, RR 0.46, 95% CI 

0.27–0.79, p=0.004, Stunting HAZ <-2 RR 0.56, 95% CI 0.32–0.98, p=0.038).  Likewise, in 

Sudan, there was a lower risk of death among stunted boys than stunted girls (HAZ <−2 RR 

0.51, 95% CI 0.25–0.83, p=0.008).  

These findings might be a result of context specific differences as outlined in our narrative 

review.   Evidence shows that high levels of gender inequality result in higher excess under-

five female mortality [71]. Without further research however, it is difficult to speculate as to 

whether the differences observed in mortality risk in certain countries are a direct result of 

these sociological differences, or whether there are physiological differences between girls 

and boys that leave girls with anthropometric deficits at higher risk of mortality compared with 

boys.    

 

8.4.3 Age differences in mortality risk associated with anthropometric deficits.  
 

The evidence presented in this PhD on mortality risk associated with wasting by age is 

consistent with previous research , in that it demonstrates a high risk of mortality associated 

with child wasting.  We further offer evidence that mortality risk in wasted children does not 

differ according to age.  In other words, there is no difference in mortality risk between wasted 

children aged 6–23 months and wasted children aged 24–59 months.  This implies that the 
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targeting of all wasted children under 5yrs of age is appropriate for treatment approaches 

aiming to achieve impact on mortality.   

The large dataset used in our mortality analysis and the methods employed contribute to the 

strength of our evidence, but further research which considers the limitations of our own study 

would be beneficial to determine if similar results are replicated.  This is particularly important 

considering some recent changes in key strategy documents from UNICEF which appear to 

point towards a shift in approach towards targeting wasting treatment to children under 2 years 

of age.  Examples of this include: 

• The UNICEF Nutrition strategy 2020-2030 overall refers to children under 5 but does 

seem to prioritise children under 2 in the result for treating wasting in early childhood: 

“Timely and effective detection and treatment are particularly critical for children under 

2 years of age who are most vulnerable to the life-threatening consequences of 

wasting” [73]. 

• UNICEF‘s acceleration plan for 2022-2023, No time to waste, outlines a strategic 

approach to ensure that no child dies from wasting.  Strategic result 4, outlines 10 

innovations to prioritise to optimise and simplify treatment with the more severe forms 

of wasting.  Innovation 1 is “Focusing early detection and treatment on children under 

2 years of age” [4]. 

• The UNICEF child alert on severe wasting published in May 2022 states that all 

stakeholders should “Prioritize resources where they will save the most lives – severely 

wasted children under age 2” [74].   

 

These priorities might have been informed by prevalence estimates which demonstrate higher 

numbers of wasted children aged under 2 compared with children 2-4 years.  Karlsson et al 

(2022) compared prevalence estimates between children 0-2 and children 2-4 years [75].  

Children under 2 were reported to have a wasting prevalence of 14% compared with 9% in 

children 2-4 years.  Our evidence does show that younger children (under 24 months) who 

are stunted or underweight have a higher absolute mortality risk compared with older children 

(24-59 months).  This finding may justify prioritising this age group where these measures are 

used to target nutrition interventions and where resources are limited.     
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8.5 Wasting treatment outcomes  
 

We set out to determine if there are differences in wasting treatment outcomes by age and 

sex.  Our analysis showed that there were very few differences between girls and boys in the 

three age categories used in all of the outcomes commonly used to measure the effectiveness 

of wasting treatment programmes (recovery, death, default, non-response, transfer).   

Recovery is the optimal outcome following wasting treatment.  Our results showed very few 

differences in sex and age groups with some exceptions.  After controlling for potential 

confounders, we observed that girls were less likely to recover than boys in our pooled 

analysis (OR 0.84, 95%CI 0.72 to 0.97, p=0.020).  We further explored this by breaking down 

the analysis by individual country.  We found that in Kenya and South Sudan, there was no 

difference in the odds of recovery between girls and boys (Kenya OR 0.68, 95%CI 0.40-1.17, 

P=0.169, South Sudan OR 0.97, 95%CI 0.82-1.16, p=0.761).  In Chad and Yemen, however, 

girls were less likely to recover than boys (Chad OR 0.64, 95%CI 0.41-0.99, P=0.045, Yemen, 

OR 0.45, 95% CI 0.26-0.79, p=0.005).   Our sensitivity analysis showed that using either 

recovery or default as the reference group, there was no statistically significant difference in 

the risk of recovery death, default or non-response, between girls and boys.  The differences 

that we did observe were specific to TFP, no differences were seen between girls and boys or 

different age groups for SFP.  Our results are limited in their generalisability at present and 

further research which considers wider potential confounders is warranted.   

Our study also identified that girls had a higher mean daily weight gain than boys for TFP 

(mean adjusted difference 0.68 g/kg/day, 95%CI 0.28-1.07, p<0.001).  These variances are 

small, and likely explained by differences between girls and boys in lean and fat mass from 

birth onwards but do warrant further research into body composition and weight gain in wasting 

recovery.     

 

8.6 Strengths and limitations of the research 

 
This research has many strengths, but throughout, we recognise several limitations.  Some of 

these have been highlighted in the relevant chapters.  The following section brings those 

strengths and limitations together to consider what they mean for the interpretation of the 

overall research.      
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8.6.1 Strengths 

One of the first strengths in this research is the choice of topic which asks a relevant question 

that challenges some commonly held assumptions.  This is especially relevant for policy and 

practice as our findings contribute to a growing body of evidence in severe malnutrition, and 

understanding which children are most at risk and why.  It also offers perspectives from other 

disciplines such as evolutionary biology to further understanding.   

One of the strengths of our systematic review lies in the methods chosen.  We followed the 

PRISMA guidelines for systematic reviews meaning that a methodical approach was followed 

for the review and meta-analysis allowing for a thorough search of the literature and covering 

a wide geographic area.  This approach further fed into the narrative review, with an extension 

of inclusion criteria allowing for a more extensive review of literature to gain a better 

understanding of the causes of sex and age differences in undernutrition.  Likewise for the 

cohort analyses, we adopted the STROBE guidelines allowing for consistency in our reporting. 

We have used various sources of secondary data throughout this research allowing for the 

analysis of multi-country data, covering a wide geographic area.  Our mortality analysis for 

example involved a unique collection of data from 12 cohorts.  We were able to analyse 

untreated historic community cohorts with information recorded on anthropometric indices and 

mortality.  This data also originated from multiple countries, which we pooled to create a large 

dataset. Mortality is a rare outcome in individual cohorts, and therefore difficult to research. 

The large sample sizes provided by this approach enabled us to examine mortality risk by age 

and sex.  Similarly, our treatment analysis data originated from 4 countries and from 

programmes implemented by different NGOs meaning a representative sample of programme 

data.   

Finally, our papers, have benefitted from the process of peer review during the submission 

process to reputable journals to determine the validity and significance of our research.   

8.6.2 Limitations 
Despite the strengths in this research, there are also limitations.  In our systematic review 

screening for studies to be included was conducted by only one of the authors. While we 

employed systems to ensure contentious articles were discussed among two or more authors, 

we recognise that not using double screening is a limitation.  Likewise, we recognised the bias 

that may have been introduced with the search strategy used (see appendix 1).  The decision 
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to limit the search might have led to bias towards studies found a significant difference.  The 

search might also have limited the analysis as there are potentially missed studies which 

include sex as a variable in analysis but without focusing on mention of sex in the study 

abstracts. Similarly, there may be a degree of publication bias whereby sex differences are 

simply not considered or reported.  Despite these limitations, conducting the work that 

proceeded this study and having re-reviewed literature, we do not believe that our overall 

interpretation would change.  Research that has taken place since the review also supports 

this with findings that are consistent with our own [10, 38, 70]. 

Our narrative review has several limitations.  This was born to manage the large amount of 

literature generated through the broad search criteria used for the systematic review, and 

capture some of the valuable information identified through the search.  Some of the literature 

identified did not fit within the scope of the systematic review and meta-analysis but did offer 

insights into the causes for sex differences, either directly related to undernutrition, or from 

other public health domains which could further the understanding of sex differences within 

undernutrition.  Though the paper explored a wide range of literature, a much less formal and 

systematic process was followed.  This means that there is a possibility that evidence was 

missed.  Efforts were made to review the quality of evidence reviewed, but no formal critical 

appraisal of studies included was performed.  The use of food security scores as a proxy for 

wealth in the analysis of stunting across countries might also be a limitation.  Future analyses 

should explore how different indicators interact with sex differences to determine if sex 

differences are more or less pronounced in different socioeconomic strata’s.    

Whilst the use of multiple secondary data sets gives strength to this research, it also poses 

some limitations.  One of the main limitations within this PhD is that within the mortality and 

treatment analyses, we did not have data on potential confounders such as, socioeconomic 

status, health indicators such as diarrhoea, HIV, respiratory illnesses, breastfeeding status, 

complementary feeding, and care practices, or seasonal indicators.  This has limited our ability 

to explain the heterogeneity observed between studies in the mortality analysis or elucidate 

on contextual differences that might directly or indirectly influence the relationships between 

anthropometric deficits, age, sex and mortality risks and treatment outcomes.  As described 

throughout the research, sex differences appear to be influenced by context. Despite our 

limitations, we have been able to make some educated assumptions and observations of 

patterns as to the cause of observed sex and age differences, however further research is 

warranted to better understand how confounding factors affect sex differences within 

undernutrition in difference contexts and regions.   
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Another limitation is the data related to MUAC.  In our systematic review, we did not have data 

on MUAC.  Similarly, within the mortality analysis, MUAC data was limited and available in 

only 3 of the 30 plus included countries.  In our treatment analysis, we did have MUAC data 

but not for all children, and it was unclear from the data if admission and discharge was based 

on MUAC or WH/LZ score.   This means a smaller sample size was available for these 

analyses with potentially less power to detect differences and reduced generalisability of 

results. 

 

Children under 6 months of age were included in the studies presented wherever possible, 

but data was absent for the mortality analysis.  This might have resulted in an underestimation 

of the impacts of anthropometric deficits in children under two.  Despite this being a clear 

limitation given the evidence that undernutrition often occurs before 6 months and is 

associated with high mortality [76, 77], our findings do contribute to the evidence base for 

increased vulnerability before age two.  They also highlight the increased vulnerability of boys 

in infancy and up to 2 years.   
 

Within our treatment analysis, we used data collected between 2010-2014. Although this might 

be perceived as older data, the existing case definitions (i.e. 2006 WHO standards) were in 

use within the programmes.  The treatment protocols in use during this period are also the 

same as those being used today to continue to treat severe malnutrition.  We did not have 

data on cases of complicated wasting.  Evidence seems to indicate that boys in poorer health 

are less likely to survive.  It is therefore not possible be sure if a focus on children with 

complicated undernutrition would yield different results.  Despite this, we can draw conclusions 

on the importance of the prevention of undernutrition in the first 1000 days regardless of sex.  

We were also unable to assess whether sex differences occur in the case of relapse following 

discharge from wasting treatment programmes.   

 

Finally, there might have been some selection bias introduced due to loss to follow up in both 

the mortality and treatment datasets leading to survivor bias if deaths were higher amongst 

those lost to follow up. It was not possible to quantify this from the original studies in the 

mortality analysis [56].  This is also true for the treatment analysis.  The high levels of transfers 

and defaulters observed in this study highlights the importance of follow up within 

programming to be able to truly interpret outcomes, but also infer the impact of social 

influences on programmes.    
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9 Implications and conclusions     
 

9.1 Scope of chapter  
 

This chapter considers both the implications for policy and practice which stem from our 

research.  Although the findings presented go some way towards better understanding sex 

differences in undernutrition, the scope of this research and the limitations outlined above 

emphasise that questions remain.   Addressing these will allow further understanding of how 

to interpret sex and age differences in different contexts.     

 

9.2 Implications for understanding and preventing undernutrition  
 

Throughout this research, our findings highlight the importance of prevention of undernutrition 

in all its forms and the need to address the underlying causes and determinants of 

undernutrition.  Exposure to wasting and stunting often starts in-utero, with boy’s vulnerability 

heightened during this period.  Male sex is an independent risk factor for undernutrition; 

however, the influence of sex differences overall is small when compared with other factors 

such as birth length, birth weight, mothers’ weight and height, birth order and sanitation.  

Mertens et al (2020) measured the population attributable fraction (PAF) of undernutrition 

attributable to sex and estimated that the PAF for male sex was around 4% for wasting and 

around 5% for stunting [10].   Whilst some of the biological pre-disposition to risk in boys is 

beyond the control of policy makers and programmers, evidence that risk is exacerbated in 

conditions of deprivation and even more so in FCAS, provides further justification to prioritise 

prevention efforts in a meaningful and effective way.  So too does evidence that social 

determinants can reverse the trend in certain contexts to make girls more vulnerable.   

Understanding and addressing the wider determinants of undernutrition in a way that improves 

the overall health and nutrition is likely to impact sex differences. Future research should 

consider whether targeting interventions by season or population subgroups defined by sex, 

social indicators or maternal and childbirth characteristics might help to focus preventive 

interventions [10, 19].   

As prevention of undernutrition from an early age is a priority, regardless of sex, addressing 

maternal nutrition is fundamental to breaking the cycle of undernutrition and reducing the risk 

of accumulating further nutrition deficits.  A recent lancet series on small and vulnerable 

newborns highlight the effectiveness of multiple micronutrient supplementation (MMN), and 
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balanced protein and energy supplementation, alongside a series of interventions to support 

maternal and fetal health (low-dose aspirin, progesterone provided vaginally, education for 

smoking cessation, malaria prevention, treatment of asymptomatic bacteriuria, and treatment 

of syphilis), in reducing the incidence of small vulnerable newborns and associated poor 

outcomes [78].   

What is not clear is whether interventions to prevent undernutrition need to be adapted to 

increase their effectiveness for the most at-risk groups.  Some evidence suggests that the 

impact of preventative interventions might differ by sex.  A meta-analysis of 14 RCTs [79] 

analysing the use of small quantity lipid nutrition supplement (SQ-LNS) to prevent 

undernutrition, found a greater effect in girls than in boys.  SQ-LNS was found to reduce 

stunting by 16%, wasting by 21%, low MUAC by 27% and small head size by 15% in girls.  

For boys the reductions were smaller at 9%, 10%, 7% and 4% respectively.  These differences 

were not explained by lower prevalence of undernutrition in the girls.  When length, MUAC 

and head circumference were examined in units as opposed to continuous variables, mean 

differences were consistently greater in girls leading the authors to conclude that girls had a 

better growth status than boys, likely reflecting a greater potential to respond to nutritional 

supplementation in girls compared with boys.   

Similarly, a meta-analysis [80] assessing modifiers of effect of providing maternal multiple 

micronutrient supplementation on stillbirth, birth outcomes, and infant mortality, found that the 

effect of multiple micronutrient supplementation was modified by sex.  Multiple micronutrient 

supplementation for pregnant women led to a 15% reduction in mortality during the first year 

of life in females but no significant difference in mortality outcomes was observed for males.  

Further research is needed to better understand the mechanisms which account for the 

differences in response between girls and boys to supplementary interventions.   

 

9.2.1 Implications for Social and care practices 
 

Throughout this research, we have shown that the size and direction of sex differences vary 

according to different influencing factors and that these trends can be reversed or masked.  

As outlined in the limitations section however, further analysis is needed to better understand 

which factors can and do influence the risk of undernutrition by sex and age and how strong 

their influence is.  Analysis of multi-country DHS and/or MICS data would be beneficial to 

assess how social indicators and feeding and care practices impact sex and age differences 

in different contexts.  For example, countries in Asia such as Nepal and India stand out from 
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our analyses as having different patterns from other countries in the magnitude and direction 

of sex ratios, with girls often facing a disadvantage [70].  Are contextual factors responsible 

for this change?  How much of a role do gender ideals play? 

Similarly, both our mortality and treatment analyses were limited in that we could not consider 

confounding variables and their effect on our results.  Further research should be conducted 

which controls for study effects (social and care practices) and allows for consideration of 

other potential explanatory factors including multiple anthropometric deficits alongside age 

and sex.   

 

9.2.2 Pathways to sex differences in undernutrition  
 

In addition to social, economic, behavioural and care practices, throughout this research, 

differences in body composition, endocrine systems, immune function, genetic disposition, 

environment, and maternal nutrition have been identified as potential contributary factors to 

sex differences in undernutrition.  What is clear is that a complex interaction of these factors 

alongside social and behavioural determinants all contribute to sex differences.  Further 

research is needed to better understand physiological pathways.  For example, sex 

differences appear to be more consistent and more pronounced in stunting and concurrent 

wasting and stunting than in wasting alone.  Does this mean that stunting accounts for more 

of the differences observed between boys and girls than wasting does?  Further research is 

needed to understand how body composition and physiology contribute to differences.   

 

9.3 Implications for malnutrition treatment programmes 
 

9.3.1 Recognition of patterns in international and national policy & strategy 
 

We performed a qualitative synthesis within our systematic review to assess how studies 

recognise, report, and explain sex differences in undernutrition.  We found that sex differences 

are not systematically reported on and that reasons given for differences vary.  28% of studies 

included in our study did not provide any discussion on reported differences.  Where 

explanations for sex differences in the prevalence of undernutrition were offered, nearly half 

(49%) of the studies explanations related to social reasons or were based on speculation or 

preconceived supposition rather than evidence.   
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Since this research began, our findings have often been met with different reactions.  A 

qualitative study conducted since this research started, involving key informant interviews 

found that generally, stakeholders were aware of increased prevalence among males in 

undernutrition, but it was a surprising trend for many [81].  This is reflected in nutrition policy 

and strategy documents which often include a specific focus on girls.  This likely stems from 

approaches which consider the lifecycle of undernutrition and the importance of supporting 

nutrition in women of reproductive age.  Sex specific differences, however, are rarely a 

consideration.  Whilst the recognition of female vulnerability linked with gender discrimination 

is essential, our research highlights how important it is to not to confuse gender discrimination 

and the negative consequences for women and girls, with sex differences.  Consideration of 

sex differences within international nutrition policy and strategy would help improve 

understanding of these differences among implementors and aid in both the interpretation of 

programme data and planning of interventions.  

 

9.3.2  Programme design, data collection and reporting, and research   
 

The implications of this PhD research for front-line programmes are yet to be fully realised. 

But they do emphasise the need for the recognition and understanding of sex differences 

within nutrition policy and practice.  Sex differences should also be considered in programme 

design alongside the national burden.   

Our findings support the need for disaggregated analysis and reporting of nutrition estimates 

and assessment of programming outcomes by age and sex. They also support a clearer 

understanding of the differences between sex and gender with consideration of how data is 

analysed and how sex and gender should be considered as variables of importance that can 

explain, rather than confound research [82].  Better understanding of age and sex differences 

in undernutrition, at programme level and in national and regional contexts, will allow for better 

understanding of the determinants of undernutrition and biological, social, and economic 

contributors to a child’s ability to grow and thrive.     It will also support contextual adaptation 

of interventions where relevant to address differences in demographic presentations of 

undernutrition whilst considering biological and social factors that affect a child’s risk of 

undernutrition.   
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9.3.3 Identification of undernutrition  
 

In our narrative review we highlighted that the ways in which undernutrition is assessed has 

consequences for understanding how sex differences might manifest in undernutrition.  Boys 

and girls differ in body composition with differences in fat and muscle distribution.  Girls have 

higher levels of fat whilst boys have higher levels of muscle or lean mass.  The higher energy 

content of fat and ability to use it for other metabolic purposes places girls at an advantage in 

situations of food shortages.  Boys also tend to weigh more than girls.  Our analysis of DHS 

surveys found the average weight difference between boys and girls to be around 411g, with 

minor variation by age [59].  Some research suggests that this indicates higher energy 

requirements [83].   Boys also have higher average birth weights than girls [84].  The 

implications of these differences for the identification of undernutrition are not fully clear.     

Our narrative review highlighted the possibility that sex differences might manifest with the 

use of MUAC based on a single cut off.   Boys are bigger than girls in absolute terms, and so 

the same cut off point for boys and girls might see their predisposition to thinner arms 

expressed.  Our mortality paper included analysis of the risk of mortality associated with low 

MUAC by sex and age.  Whilst pooled analysis showed no difference in the risk of mortality 

by sex in both the younger and the older age groups, an exception was noted in Nepal.  Here, 

younger boys with MUAC <125mm had a statistically significantly lower relative risk of death 

than younger girls (RR 0.39, 95% CI 0.19–0.80, p=0.008), but older boys with MUAC <125mm 

had a higher risk of mortality than older girls with MUAC <125mm (RR 2.97, 95% CI 1.02–

8.60, p=0.035).  However, one of the limitations already highlighted in this analysis was that 

MUAC data was only available for 3 of the 12 country cohorts, another was that data was not 

available on potential confounders.    A possible alternative to a single MUAC cut off point is 

the use of MUAC z-score [85].  In practice however, the simplicity of MUAC has been 

fundamental to its use, and the scale up of its use by families [86].   Further analysis of mortality 

outcomes for boys and girls using MUAC in different settings would be important to better 

understand risks.  

WAZ is now increasingly recognised as a good indicator of increased mortality risk – in part 

because it captures concurrent wasting and stunting [56, 87-90].    We demonstrated no 

difference in the risk of mortality between underweight boys and girls.  This suggests that a 

move towards WAZ combined with MUAC would identify both boys and girls at high risk of 

mortality.  Further research is needed however to understand programme implications of a 

move towards WAZ [56, 89].    
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We have reviewed evidence which outlines key differences in body composition between girls 

and boys, and how these differences might contribute to the differences in both the risk of 

undernutrition and the response to wasting treatment and nutritional supplements.  Evidence 

remains limited however and would benefit from further research.  As we highlight in our 

narrative review, it is unclear if sex differences observed in the reference population on which 

the WHO 2006 standards are based are representative of sex differences in all other 

populations, particularly those living in situations of deprivation. In other words, do the same 

specific z-scores for WAZ, WHZ and HAZ in a girl or boy of the same age correspond to the 

same physiological impact in both sexes and the way in which the distribution of fat and fat-

free mass affects this.  Further research into body composition in children with anthropometric 

deficits would enhance understanding.   

Finally, though this research did not determine if the mid-point value chosen in the 

development of the MOYO joint sex charts is appropriate, the evidence on differing body 

composition seems to suggest that joint sex charts might not account for sex differences in 

undernutrition and therefore single sex charts should be used until a comprehensive analysis 

of how body composition in boys and girls at different levels of undernutrition is conducted. 

The evidence on the ease of use of the MOYO format however suggests that research on the 

feasibility and acceptability of difference chart types is warranted.  Furthermore, this should 

include the evaluation of easy-to-use WAZ look up charts.   

9.3.4 Wasting treatment 

Our treatment analysis showed few differences between boys and girls in response to wasting 

treatment suggesting that there is no need to change current program inclusion requirements 

or treatment protocols based on sex or age.  Our findings and the limitations highlighted in our 

paper and limitations sections, however, suggest that further research is warranted to 

determine whether the decreased chance of recovery seen for girls in some parts of our 

analysis are true differences or specific to each country.  Likewise, the impact of confounding 

variables on these outcomes should be explored.   

Throughout this research, we have shown that males have a disadvantage in-utero and in 

early infancy compared with girls.  Combined with the onset of wasting and stunting from as 

early as in-utero, the importance of addressing infants under six months within wasting 

treatment programmes is clear.   
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The relationship between wasting and stunting has also been a cross cutting topic throughout 

this research with higher incidence of concurrent wasting and stunting noted in males [34].  

Concurrent wasting and stunting is associated with a high risk of mortality [35, 88] and should 

therefore be treated as a high priority group [19].  Wasting treatment programmes should 

ensure they are able to identify all children at high risk of mortality, including those who are 

both wasted and stunted [19, 91].  The evidence that wasted children go on to experience 

further episodes of wasting [92] also highlights the importance of links to prevention 

programming as well as the need for future research into optimised treatments that will both 

support linear growth and help to prevent future deficits.    

Our findings show that boys with severe wasting (WH/LZ score <-3) had a lower mean daily 

weight gain than girls (mean adjusted difference 0.68 g/kg/day, 95%CI 0.28-1.07, p<0.001), 

as did boys with concurrent wasting and stunting (mean difference 0.69g/kg/day 95%CI 0.29-

1.09, p=<0.001). These differences are likely explained by differences between girls and boys 

in lean and fat mass from birth onwards which shape sex differences in weight gain [93, 94] 

Future research should focus on whether this weight gain is sufficient and can be sustained 

through long term follow up studies involving measures of body composition.  Likewise, 

research should explore whether there are sex differences in relapse following wasting 

treatment.  

Finally, some of the limitations around selection bias, survivor bias, loss to follow up and the 

higher rates of defaulting and transfers observed in our research highlight the importance of 

programme evaluation and follow up after wasting treatment.  Without this, both the design of 

treatment programmes and the interpretation of programme outcomes are compromised.      

9.4 Future research recommendations 
Table 3 outlines a summary of research questions identified in this chapter using an adapted 

version of the Child Health and Nutrition Research Initiative (CHNRI) framework for systematic 

listing of research ideas in health research. The CHNRI method started as an initiative of the 

Global Forum for Health Research in Geneva, Switzerland. Its aim was to develop a method 

that could assist priority setting in health research investments, and is now widely used 

by international organisations for setting health research priorities [95].  The framework 

aims to providing a solution to addressing large numbers of possible research questions 

through listing them by research instruments (description, delivery, development, and 

discovery).  This results in a logical framework of research priority categories and includes 

different dimensions of research needs to ensure comprehensive coverage.  The 

framework has been used in a number of research priority identification exercises within 
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 the nutrition sector to support practitioners and future research implementation [96, 97].   

Table 4 Future research questions 

CHNRI 
category 

Research Avenue 

Description How do social, economic, and feeding and care practices impact the 
epidemiology of sex and age differences in undernutrition?  

• Why are girls more vulnerable in some contexts?
• Is heightened vulnerability in girls specific to certain

countries/regions?
• Which variables might account for these differences, and which

have the strongest influence?
• How do gender ideals impact the sex ratio in undernutrition?

Are standardised MUAC cut off points suitable for identifying the most at-
risk older children?  

• Analysis of mortality outcomes for boys and girls using MUAC in
different settings alongside exploration of lean and fat mass
gain/loss

• What are the programme implications of a move towards WAZ
and MUAC for girls and boys?

Do WHO standards account for sex differences as children move away 
from the healthy reference population?  

• Is there a “normal” level of difference outside of our control?
• How does body composition differ in girls and boys with

anthropometric deficits (including fat mass and fat free mass)?

Are there sex differences in relapse following wasting treatment? 

• If differences occur, what is the epidemiology of differences - are
there age-specific and/or geographical differences?

Are sex differences less pronounced in wasting and underweight than in 
stunting and concurrent wasting and stunting? 

• If so, what are the reasons for this?

Are there sex differences in complicated cases of severe wasting? 

• Do differences appear similar to uncomplicated cases?
• If differences occur, what is the epidemiology of differences - are

there age-specific and/or geographical differences?
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Delivery  Why do girls have a higher risk of mortality associated with 
anthropometric deficits compared with boys in some contexts (as seen in 
Nepal in our mortality review)?  
 

• Are they true differences?  
• Do confounding factors such as gender or social and care practices 

influence this? 
• What is the cause of increased mortality associated with 

anthropometric deficits in girls in some contexts 
 

Why do girls have a lower chance of recovery from wasting treatment in 
some contexts? 
 

• Are there true differences or do confounding factors influence 
outcomes in difference contexts? 
 

Development  Would easy-to-use look up charts for girls and boys such as the individual 
sex MOYO chart reduce errors in the identification of undernutrition?  
 

• Research on the feasibility and acceptability of difference chart 
types at scale   
 

Discovery  Why do girls appear to benefit more from supplementation as a means of 
prevention?   
 

• Which mechanisms account for the differences in response 
between girls and boys to supplementary interventions? 

• Is there a need for clinical trials on adapted MMN supplements and 
interventions for PLW? 

• Is there a need to target preventative interventions by season or 
population sub-groups defined by sex, social indicators or maternal 
characteristics?   
 

Can targeting maternal nutrition impact and reduce sex differences 
associated with poor nutrition?  
 

• What interventions to support better birth outcomes will have the 
most impact in reaching both male and female infants?  
 

Are novel treatments required that can address the different needs of boys 
and girls in both the prevention and management of undernutrition?  
 

• What actions could be taken to prevent early wasting and stunting 
in both girls and boys that will address the increased vulnerability in 
males in conditions of deprivation? 

• Are there long-term differences between girls and boys following 
episodes of undernutrition?  
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• Is the lower weight gain seen in boys problematic, do treatments 
need to be optimised to promote gains in lean mass or promote 
linear growth?  
 

 How do sex differences in undernutrition manifest in older children and 
adolescents? 
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9.5 Conclusion 
 

We have demonstrated that overall, the risk of undernutrition in the form of wasting, stunting 

and underweight is higher among boys than girls, particularly in children under two.  There are 

however important variations by age, region and context which affect the magnitude and 

direction of sex differences.   

Sex differences vary according to the type of undernutrition.  The biggest differences can be 

seen in stunting and in concurrent wasting and stunting.  Overall sex differences are small in 

comparison with other causes of undernutrition but are exacerbated and more pronounced in 

more severe forms of undernutrition and in conditions of deprivation and more fragile contexts.   

A complex interaction of social, environmental, physiological, and genetic factors likely 

underlies these differences throughout the life cycle and highlights the importance of 

addressing the determinants of undernutrition.   

Despite the differences in risk, we have demonstrated that the risk of mortality associated with 

anthropometric deficits does not differ by sex or age emphasising the importance of ensuring 

all wasted children can access effective treatment.   Younger children who are stunted or 

underweight have a heighted risk of mortality suggesting that where resources are limited, 

nutrition stakeholders may be justified in targeting these age groups.   

We observed very few differences in wasting treatment outcomes between sex and age 

groups suggesting that at present there is no need to change current program inclusion 

requirements or treatment protocols based on sex or age.  Future research should determine 

if the differences in recovery outcomes observed for girls in some parts of the analysis are 

true differences or specific to each country, and if the results remain the same after further 

consideration of health and social care indicators.   
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Appendix 1:  Supplementary materials for paper 1  
 

Systematic review search strategy 

 

Medline 24/6/18 (search V3.0) 

1. undernutrition.mp. (5708) 
2. malnutrition.mp. (39279) 
3. malnutrition/ or exp fetal nutrition disorders/ or exp refeeding syndrome/ or exp severe 
acute malnutrition/ or exp kwashiorkor/ or exp starvation/ or exp wasting syndrome/
 (25202) 
4. (severe adj2 malnutrition).mp. (2131) 
5. stunting.mp. (3456)  
6. exp Growth Disorders/ (30538)  
7. chronic malnutrition.mp. (519) 
8. stunt*.mp. (6655) 
9. MUAC.mp. (407) 
10. mid upper arm circumference.mp. (771) 
11. exp Nutritional Status/ (38539)  
12. marasmus.mp. or Protein-Energy Malnutrition/ (7366)  
13. famine.mp. (1726) 
14. exp Starvation/ (9562)  
15. (failure adj2 thrive).mp. (5307)   
16. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 (123406) 
17. limit 16 to ("all infant (birth to 23 months)" or "newborn infant (birth to 1 month)" or "infant 
(1 to 23 months)" or "preschool child (2 to 5 years)") (35919)  
18. (boy* or girl* or male* or female* or gender or sex).ti,ab. (177252)  
19. 17 and 18 (6631)  
 
Embase – 26/6/18 (search version 1.1) 
 
1. undernutrition.mp. (8602) 
2. malnutrition.mp. (80528) 
3. fetal malnutrition/ or malnutrition/ or protein calorie malnutrition/ (62268)  
4. (severe adj2 malnutrition).mp. (3655) 
5. stunting.mp. (6247) 
6. stunting/ or stunting syndrome/ (3015)  
7. chronic malnutrition.mp. (929) 
8. stunt*.mp. (10385)  
9. MUAC.mp. (841) 
10. mid upper arm circumference.mp. (1271) 
11. nutritional status.mp. (70927 
12. nutritional status/ (59492)  
13. kwashiorkor/ or marasmus/ or protein calorie malnutrition/ (10572) 
14. nutritional disorder/  (14398) 
15. famine.mp. or hunger/ (13269)  
16. starvation/ or food deprivation/ (28652)  
17. failure to thrive.mp.  (11731) 
18. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17
 (202365) 
19. (boy* or girl* or male* or female* or gender or sex).ti,ab. (3099115)  
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20. 18 and 19 (36855) 
21. limit 20 to (infant or child or preschool child <1 to 6 years>) (10755) 
 
Global health  - 26/6/18 
 
1. undernutrition.mp. (7615) 
2. exp undernutrition/ (5946) 
3. malnutrition.mp. (37019) 
4. exp malnutrition/ (26253)  
5. (severe adj2 malnutrition).mp. (2148)  
6. stunting.mp. (3541)  
7. chronic malnutrition.mp. (605)   
8. stunt*.mp. (5173)   
9. MUAC.mp. (529)   
10. Mid upper arm circumference.mp. (888)  
11. nutritional status.mp. (32147)  
12. famine.mp. (2775) 
13. exp famine/  (2140) 
14. failure to thrive/ (190)  
15. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 (69407) 
16. (boy* or girl* or male* or female* or gender or sex).ti,ab. (495655) 
17. exp infants/ (125291) 
18. (Infant* or infancy or Newborn* or Baby* or Babies or Neonat* or Preterm* or Prematur* 
or Postmatur*).mp. (200992) 
19. child.mp. (86254) 
20. (Child* or Preschool* or Toddler*).mp. (391992)   
21. pediatrics.mp. (5669) 
22. (Paediatric* or Peadiatric*).mp. (20373)   
23. 17 or 18 or 19 or 20 or 21 or 22 (511719)   
24. 15 and 16 and 23 (8316)  
 
Cochrane library  
#1 undernutrition:ti,ab,kw  (Word variations have been searched) 300 
#2 malnutrition:ti,ab,kw  (Word variations have been searched) 2983 
#3 stunting:ti,ab,kw  (Word variations have been searched) 493 
#4 "growth disorders":ti,ab,kw  (Word variations have been searched) 762 
#5 "nutritional status":ti,ab,kw  (Word variations have been searched) 4701 
#6 MUAC:ti,ab,kw  (Word variations have been searched) 90 
#7 "Mid upper arm circumference":ti,ab,kw  (Word variations have been searched) 159 
#8 marasmus:ti,ab,kw  (Word variations have been searched) 25 
#9 kwashiorkor:ti,ab,kw  (Word variations have been searched) 84 
#10 famine:ti,ab,kw  (Word variations have been searched) 13 
#11 starvation:ti,ab,kw  (Word variations have been searched) 204 
#12 failure to thrive:ti,ab,kw  (Word variations have been searched) 149 
 
 
 
Popline  
Additional grey literature via ENN database  
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Section/topic  # Checklist item  
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on page #  

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, or both.  1 

ABSTRACT   

Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number.  

2 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is already known.  4 

Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 
outcomes, and study design (PICOS).  

5 

METHODS   

Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 
registration information including registration number.  
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Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 

language, publication status) used as criteria for eligibility, giving rationale.  
6 
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6 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated.  

6 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 

included in the meta-analysis).  
7 

Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators.  

7 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made.  

7 

Risk of bias in individual 
studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 
done at the study or outcome level), and how this information is to be used in any data synthesis.  

8 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  8 

Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency 
(e.g., I2) for each meta-analysis.  

8 
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Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 
reporting within studies).  

8 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 

which were pre-specified.  
8 

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 
each stage, ideally with a flow diagram.  
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Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
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Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  20,21 

Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  

Figure 2 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  9 

Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  20,21 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).  20 

DISCUSSION   

Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 
key groups (e.g., healthcare providers, users, and policy makers).  

29 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  

31 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  33 

FUNDING   

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 
systematic review.  

34 
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STROBE Statement—checklist of items that should be included in reports of observational studies 
 

 Item 
No. Recommendation 

Page  
No. 

 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract  1 
(b) Provide in the abstract an informative and balanced summary of what was done and what was 
found 

 2 

Introduction  
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported  3 
Objectives 3 State specific objectives, including any prespecified hypotheses  3 

Methods  
Study design 4 Present key elements of study design early in the paper  4-5 
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, 

follow-up, and data collection 
 4-5 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up 

 4-5 

(b) Cohort study—For matched studies, give matching criteria and number of exposed and 
unexposed 

 NA 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. 
Give diagnostic criteria, if applicable 

 4-5 

Data sources/ 
measurement 

8*  For each variable of interest, give sources of data and details of methods of assessment 
(measurement). Describe comparability of assessment methods if there is more than one group 

 4-5 

Bias 9 Describe any efforts to address potential sources of bias  5-6 
Study size 10 Explain how the study size was arrived at  4-5 

Continued on next page   



 2 

Quantitative 
variables 

11 Explain how quantitative variables were handled in the analyses. If applicable, describe which 
groupings were chosen and why 

4-5  

Statistical 
methods 

12 (a) Describe all statistical methods, including those used to control for confounding 4-6  
(b) Describe any methods used to examine subgroups and interactions 4-6  
(c) Explain how missing data were addressed 4-5  
(d) Cohort study—If applicable, explain how loss to follow-up was addressed 
Case-control study—If applicable, explain how matching of cases and controls was addressed 
Cross-sectional study—If applicable, describe analytical methods taking account of sampling 
strategy 

NA  

(e) Describe any sensitivity analyses NA  

Results 
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined 

for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed 
7 and figure 
1 

 

(b) Give reasons for non-participation at each stage NA  
(c) Consider use of a flow diagram Figure 1  

Descriptive 
data 

14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on 
exposures and potential confounders 

7  

(b) Indicate number of participants with missing data for each variable of interest 7 and figure 
1 

 

(c) Cohort study—Summarise follow-up time (eg, average and total amount) NA  
Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time 8  

Case-control study—Report numbers in each exposure category, or summary measures of exposure NA  
Cross-sectional study—Report numbers of outcome events or summary measures NA  

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision 
(eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were 
included 

7-9 and 
results 
tables/figures  

 

(b) Report category boundaries when continuous variables were categorized   
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time 
period 

7-9  
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 3 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 7-9  

Discussion 
Key results 18 Summarise key results with reference to study objectives 10-11  
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss 

both direction and magnitude of any potential bias 
11-12  

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of 
analyses, results from similar studies, and other relevant evidence 

10-11  

Generalisability 21 Discuss the generalisability (external validity) of the study results 10-13  

Other information  
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the 

original study on which the present article is based 
See funding 
statement  

 

 
*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies. 
 
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 
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STROBE Statement—checklist of items that should be included in reports of observational studies 
 

 Item 
No. Recommendation 

Page  
No. 

 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract  1 
(b) Provide in the abstract an informative and balanced summary of what was done and what was 
found 

 1 

Introduction  
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported  2 
Objectives 3 State specific objectives, including any prespecified hypotheses  2 

Methods  
Study design 4 Present key elements of study design early in the paper  4 
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, 

follow-up, and data collection 
 4 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up 

 4 

(b) Cohort study—For matched studies, give matching criteria and number of exposed and 
unexposed 

 NA 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. 
Give diagnostic criteria, if applicable 

 4-5 

Data sources/ 
measurement 

8*  For each variable of interest, give sources of data and details of methods of assessment 
(measurement). Describe comparability of assessment methods if there is more than one group 

 4-5 

Bias 9 Describe any efforts to address potential sources of bias  5-6 
Study size 10 Explain how the study size was arrived at   
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 2 

Quantitative 
variables 

11 Explain how quantitative variables were handled in the analyses. If applicable, describe which 
groupings were chosen and why 

5  

Statistical 
methods 

12 (a) Describe all statistical methods, including those used to control for confounding 5-6  
(b) Describe any methods used to examine subgroups and interactions 6  
(c) Explain how missing data were addressed 5  
(d) Cohort study—If applicable, explain how loss to follow-up was addressed 
Case-control study—If applicable, explain how matching of cases and controls was addressed 
Cross-sectional study—If applicable, describe analytical methods taking account of sampling 
strategy 

NA  

(e) Describe any sensitivity analyses 5  

Results 
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined 

for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed 
7 and figure 
1 

 

(b) Give reasons for non-participation at each stage NA  
(c) Consider use of a flow diagram Figure 1  

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on 
exposures and potential confounders 

7  

(b) Indicate number of participants with missing data for each variable of interest 7 and figure 
1 

 

(c) Cohort study—Summarise follow-up time (eg, average and total amount) NA  
Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time 7  

Case-control study—Report numbers in each exposure category, or summary measures of exposure NA  
Cross-sectional study—Report numbers of outcome events or summary measures NA  

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision 
(eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were 
included 

7-9 and 
tables  

 

(b) Report category boundaries when continuous variables were categorized   
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time 
period 

7-9  

Continued on next page   



 3 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 7-9  

Discussion 
Key results 18 Summarise key results with reference to study objectives 10-11  
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss 

both direction and magnitude of any potential bias 
11-12  

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of 
analyses, results from similar studies, and other relevant evidence 

10-11  

Generalisability 21 Discuss the generalisability (external validity) of the study results 10-11  

Other information  
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the 

original study on which the present article is based 
See funding 
statement  

 

 
*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies. 
 
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 



152 
 

Supplementary table 1a.  Association between recovery and age and sex within subgroups of TFP and SFP by 
individual country.  

 TFP     SFP     
Country  No  OR 

(95% 
CI) 

p 
value  

Adjusted 
OR 
(95% 
CI)* 

p 
value  
 

No OR 
(95% 
CI) 

p 
value  

Adjusted 
OR 
(95% 
CI)* 

p value  
 

Kenya            
Male  150/184 REF  REF  359/542 REF  REF  

Female  173/219 0.88 
(0.53-
1.44) 

0.602 0.66 
(0.39-
1.13) 

0.130 397/631 0.86 
(0.68-
1.10) 

0.236 0.81 
(0.64-
1.05) 

0.109 

           
6-23 229/304 REF  REF  413/624 REF  REF  

24-59 95/99 7.78 
(2.77-
21.87) 

<0.001 10.03 
(3.45-
29.15) 

<0.001 343/549 0.85 
(0.67-
1.08) 

0.186 0.91 
(0.70-
1.18) 

0.476 

Chad            
Male  227/270 REF  REF  521/619 REF  REF  

Female  285/360 0.72 
(0.48-
1.09) 

0.119 0.61 
(0.39-
0.95) 

0.030 637/741 1.15 
(0.85-
1.55) 

0.354 0.69 
(0.47-
1.00) 

0.053 

           
6-23 401/491 REF  REF  916/1082 REF  REF  

24-59 111/139 0.89 
(0.55-
1.43) 

0.629 1.00 
(0.61-
1.64) 

0.997 242/278 1.22 
(0.83-
1.79) 

0.318 1.61 
(1.07-
2.42) 

0.022 

Yemen           
Male  88/122 REF  REF  190/345 REF  REF  

Female  112/182 0.62 
(0.38-
1.01) 

0.057 0.47 
(0.27-
0.81) 

0.006 229/397 1.11 
(0.83-
1.49) 

0.475 1.38 
(1.00-
1.91) 

0.052 

           
6-23 117/181 REF  REF  203/361 REF  REF  

24-59 83/123 1.14 
(0.70-
1.84) 

0.609 1.15 
(0.70-
1.92) 

0.573 216/381 1.02 
(0.76-
1.36) 

0.899 0.90 
(0.66-
1.22) 

0.498 

South 
Sudan  

          

Male  766/1217 REF  REF  No SFP programme  
Female  722/1100 1.12 

(0.95-
1.33) 

0.177 0.96 
(0.81-
1.15) 

0.703 

      
6-23 1051/1623 REF  REF  

24-59 437/694 0.93 
(0.77-
1.11) 

0.411 0.90 
(0.74-
1.11) 

0.325 

      
This table represents results from 5 sets of logistic regression models; ORs represent the likelihood of recovery 
compared with all other outcomes for each country 

*adjusted for sex, age, HAZ at baseline and WHZ at baseline. 
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Supplementary table 1b.  Association between recovery and age and sex within subgroups of children who are 
wasted and stunted (WaSt) or have WAZ <-3 by individual country.  

 

 WaSt     WAZ <-
3 

    

Country  No  OR 
(95% 
CI) 

p 
value  

Adjusted 
OR (95% 
CI)* 

p 
value  
 

No OR 
(95% 
CI) 

p 
value  

Adjusted 
OR (95% 
CI)* 

p 
value  
 

Kenya            
Male  102/150 REF  REF  177/258 REF  REF  

Female  68/114 0.70 
(0.42-
1.56) 

0.161 0.65 
(0.38-
1.09) 

0.103 140/212 0.89 
(0.60-
1.31) 

0.555 0.83 
(0.56-
1.25) 

0.375 

           
6-23 89/113 REF  REF  158/231 REF  REF  

24-59 81/131 0.80 
(0.48-
1.33) 

0.389 0.79 
(0.47-
1.34) 

0.390 159/239 0.92 
(0.62-
1.35) 

0.665 0.99 
(0.67-
1.48) 

0.375 

Chad            
Male  521/628 REF  REF  548/668 REF  REF  

Female  398/498 0.82 
(0.60-
1.11) 

0.191 0.72 (-
0.52-
0.98) 

0.036 492/595 1.05 
(0.78-
1.40) 

0.761 0.90 
(0.66-
1.22) 

0.486 

           
6-23 677/831 REF  REF  771/937 REF  REF  

24-59 242/295 1.04 
(0.74-
1.47) 

0.829 1.19 
(0.84-
1.70) 

0.330 269/326 1.02 
(0.73-
1.42) 

0.925 1.15 
(0.82-
1.62) 

0.413 

Yemen           
Male  121/201 REF  REF  139/215 REF  REF  

Female  77/133 0.91 
(0.58-
1.42) 

0.675 0.90 
(0.57-
1.42) 

0.660 95/165 0.87 
(0.56-
1.33) 

0.508 0.83 
(0.54-
1.29) 

0.415 

           
6-23 81/150 REF  REF  115/180 REF  REF  

24-59 117/184 1.49 
(0.96-
2.31) 

0.077 1.55 
(0.99-
2.43) 

0.054 119/190 0.95 
(0.62-
1.45) 

0.802 0.96 
(0.62-
1.49) 

0.867 

South 
Sudan  

          

Male  329/538 REF  REF  561/940 REF  REF  
Female  268/415 1.16 

(0.89-
1.51) 

0.279 1.01 
(0.76-
1.33) 

0.956 491/769 1.10 
(0.98-
1.45) 

0.078 1.06 
(0.86-
1.30) 

0.600 

           
6-23 324/516 REF  REF  691/1119 REF  REF  

24-59 273/437 0.99 
(0.76-
1.28) 

0.919 0.95 
(0.71-
1.25) 

0.704 361/590 0.98 
(0.80-
1.20) 

0.819 0.87 
(0.69-
1.09) 

0.223 

           
This table represents results from 5 sets of logistic regression models; ORs represent the likelihood of recovery 
compared with all other outcomes for each country 

*adjusted for sex, age, HAZ at baseline and WHZ at baseline,  
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Supplementary table 2. Multinomial analysis to assess the association between treatment outcomes and sex 
within TFP. 

 Crude    Adjusted    
       
 RR (95%CI) 

Female vs male 
(reference) 

Standard 
Error  

P value  RR (95%CI) 
Female vs male 
(reference) 

Standard 
Error  

P value  

Death  REF   REF   
Recovered 4.21 (0.47-3769) 4.71 0.199 2.46 (0.27-

22.84) 
2.80 0.428 

Default 3.80 (0.42-
34.20) 

4.26 0.233 2.73 (0.29-
25.37) 

3.11 0.377 

Transfer  4.71 (0.52-
42.60) 

5.29 0.168 3.46 (0.37-
32.39) 

3.95 0.276 

Non-response  4.31 (0.46-
40.22) 

4.91 0.200 3.46 (0.36-
33.34) 

4.00 0.282 

       
Recovered REF      
Death  0.24 (0.03-2.13) 0.27 0.199 0.41 (0.04-3.76) 0.46 0.428 
Default 0.90 (0.77-1.07) 0.08 0.231 1.11 (0.93-1.32) 0.10 0.245 
Transfer  1.12 (0.88-1.42) 0.14 0.352 1.41 (1.10-1.80) 0.18 0.007 
Non-response  1.02 (0.66-1.59) 0.23 0.917 1.41 (0.89-2.22) 0.33 0.145 
       
Default REF      
Recovered 1.11 (0.94-1.30) 0.09 0.231 0.90 (0.76-1.07) 0.08 0.245 
Death  0.26 (0.03-2.36) 0.29 0.233 0.37 (0.04-3.40) 0.42 0.377 
Transfer  1.24 (0.95-1.62) 0.17 0.117 1.27 (0.96-1.67) 0.18 0.091 
Non-response  1.13 (0.71-1.79) 0.27 0.597 1.27 (0.79-2.03) 0.31 0.325 
       

Table shows the crude and adjusted odds of females reaching each outcome over the baseline outcome 
compared with males in TFP.   
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Abstract
The study investigates sex differences in the prevalence of undernutrition in sub-Saharan Africa.
Undernutrition was defined by Z-scores using the CDC-2000 growth charts. Some 128 Demographic
and Health Surveys (DHS) were analysed, totalling 700,114 children under-five. The results revealed a
higher susceptibility of boys to undernutrition. Male-to-female ratios of prevalence averaged 1.18 for stunt-
ing (height-for-age Z-score <−2.0); 1.01 for wasting (weight-for-height Z-score <−2.0); 1.05 for under-
weight (weight-for-age Z-score <−2.0); and 1.29 for concurrent wasting and stunting (weight-for-height
and height-for-age Z-scores <−2.0). Sex ratios of prevalence varied with age for stunting and concurrent
wasting and stunting, with higher values for children age 0–23 months and lower values for children age
24–59 months. Sex ratios of prevalence tended to increase with declining level of mortality for stunting,
underweight and concurrent wasting and stunting, but remained stable for wasting. Comparisons were
made with other anthropometric reference sets (NCHS-1977 and WHO-2006), and the results were found
to differ somewhat from those obtained with CDC-2000. Possible rationales for these patterns are
discussed.

Keywords: Undernutrition; Sex differences; Sub-Saharan Africa

Introduction
Sex differences in health status are complex and evolve with the health transition, i.e. with declin-
ing mortality. For instance, in France women tend to live longer than men, and the difference
between female and male life expectancy increased from �1.5 years in 1820–1849 to �8.2 years
in 1980–1989, to decline in recent years to�6.0 years in 2015–2019 (INSEE, 2020). Sex differences
in mortality differ by age and by causes of death, and these differences evolve with the health
transition (Stolnitz, 1956; Preston, 1976). These observations also apply to morbidity and mor-
tality of children under-five (age 0–59 months): sex differences in mortality vary with age, with
level of mortality in the population and with pathology or causes of death (Preston, 1976; Garenne
& Lafon, 1998; Garenne, 2003). The excess male mortality in the neonatal and post-neonatal
period is universal, in both developed and developing countries, and is usually more pronounced
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than excess male mortality at age 1–4 years (Preston, 1976; Wells, 2000; Garenne, 2003). Sex dif-
ferences in under-five mortality remain small compared with socioeconomic differentials. In
model life tables for developing countries, the sex ratio of under-five death rates averaged 1.08
at moderate level of mortality (122 per 1000 for males, 113 per 1000 for females) (United
Nations, 1982). In African Demographic and Health Surveys (DHS) surveys, the sex ratio of
under-five mortality averaged 1.11 (136 per 1000 for males, 122 per 1000 for females)
(DHS, 2020).

Sex differences are also found in undernutrition of children in low- and middle-income coun-
tries, which could be expected because there is a positive correlation between prevalence of under-
nutrition and child mortality at country level, and because undernutrition is a risk factor for child
mortality at the individual level (Pelletier, 1994; Garenne et al., 2000, 2006, 2018). Most studies
conducted in developing countries show a higher prevalence of undernutrition among boys than
among girls, especially for stunting, with the exception of the Indian subcontinent (Wamani et al.,
2007; Schoenbuchner et al., 2019). In a recent meta-analysis of studies of children under-five
across the world, stunting was more prevalent among boys in 32/38 studies (84%), wasting in
17/20 studies (85%) and underweight in 18/23 studies (78%) (Thurstans et al., 2020). In published
data from African DHS surveys, the prevalence of undernutrition was almost always higher for
boys than for girls: 134/137 surveys for stunting, 115/136 surveys for wasting and 119/136 surveys
for underweight (DHS, 2020).

The aim of this study was to analyse the evidence of sex differences in undernutrition of chil-
dren in sub-Saharan Africa. Undernutrition was defined by anthropometric deficits in weight,
height or both, as commonly done in population-based surveys (other definitions of undernutri-
tion are used in clinical studies). This continent hosts populations with higher levels of undernu-
trition and higher levels of child mortality, although with major improvements in the past 50
years. This study focused on different manifestations of undernutrition (wasting, stunting, under-
weight), on age patterns and on relationships with levels of mortality. An earlier analysis of a
smaller data set found only small sex differences in the proportion of children underweight
(Garenne, 2003). The present article builds on previous work by considering the effect of declining
under-five mortality, and by addressing the possibility of concurrent stunting and wasting – a dual
deficit largely ignored until recently (Khara et al., 2018; Myatt et al., 2018).

Methods
This study was based on all DHS surveys conducted in sub-Saharan Africa with information on
child anthropometry available in early 2020, covering the period 1986–2017. The DHS surveys are
based on large, representative, stratified samples of national populations. Anthropometric assess-
ment of under-five children is done by well-trained fieldworkers and with state of the art equip-
ment. All details of the survey methods can be found in the country reports. All calculations were
done by using the sampling weights provided by the DHS programme. Individual data were
retrieved from the DHS website, and pooled together. This sample included 128 surveys from
36 countries, and 700,114 children under-five – a very large sample allowing for multiple com-
parisons. The sample covered a wide variety of situations in terms of prevalence of undernutrition.
According to DHS publications, based on the WHO/MGRS-2006 standard, the range of preva-
lence of undernutrition was wide in Africa: from 16.5% to 60.4% for stunting; from 1.6% to 26.9%
for wasting; and from 5.4% to 44.2% for underweight (DHS, 2020). The sex ratios of prevalence of
undernutrition (ratio of male-to-female prevalence) were always higher than 1 or equal to 1 across
surveys. The sex ratio of prevalence averaged 1.13 for stunting, 1.17 for wasting and 1.15 for
underweight, showing overall a higher susceptibility of boys. In the same sample, there was also
a wide range of under-five mortality levels, ranging from 50 to 318 deaths per 1000 in the five years
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preceding the survey. The sex ratio of under-five mortality was of similar magnitude, and on aver-
age equal to 1.13 (DHS, 2020).

The method of analysis for this study was a straightforward statistical analysis of the prevalence
of undernutrition by sex among children under-five. This study utilized classic definitions of
undernutrition, according to Waterlow’s classification (Waterlow, 1972; Waterlow et al.,
1977): ‘wasting’ as weight-for-height Z-score: WHZ<−2.0; ‘stunting’ as height-for-age Z-score:
HAZ<−2.0; ‘underweight’ as weight-for-age Z-score: WAZ<−2.0; ‘concurrent wasting and stunt-
ing’ as WHZ & HAZ <−2.0. The anthropometric norms utilized for this study were the
CDC-2000 growth charts (CDC, 2000; Kuczmarski et al., 2000, 2002; Ogden et al., 2002). This
reference set was selected because it was found to be more consistent in defining wasting and
stunting than other reference sets, as will be seen in this study. Also, the difference between boys’
and girls’ anthropometry (weight and height) was more pronounced (average difference of
0.550 kg for weight and 1.41 cm for height), and was stable with age between 12 and 59 months,
as is the case in real life. The DHS surveys use other reference sets, in particular the DHS/NCHS-
1976 reference set and the WHO/MGRS-2006 standard (Hamill et al., 1979; World Health
Organization, 2006). These other reference sets were used for comparisons, as they produce dif-
ferent sex differences. Sex differences in the prevalence of undernutrition were computed as the
ratio of prevalence of malnutrition for males to that for females (labelled ‘sex ratio of prevalence’).
They were analysed as a function of the level of mortality, measured by the under-five mortality
rate, labelled ‘q(5)’, and by 6-months age groups. The level of mortality was that published in the
DHS final reports and refers to the five years before survey, which reflects the mortality situation
of cohorts aged 0–4 years at the time of the anthropometric assessment. Statistical testing of
differences in sex ratios was done using classic statistical tests for risk ratios. The relationship
of sex differences with level of mortality was tested with a linear-logistic regression model.

Results
The sample included a total of 700,114 children under five years from 128 surveys of 36 African
countries. All surveys were based on representative samples of national populations at various
points in time, ranging from 1986 to 2017. Selected countries had an average of 3.5 surveys, rang-
ing from 1 to 9, the highest being Senegal, which has been conducting ‘continuous DHS surveys’
every year since 2013. Survey results were consistent and showed an excess male susceptibility to
stunting and concurrent wasting and stunting (sex ratio of prevalence >1), and hardly any sig-
nificant difference in wasting prevalence between boys and girls (Table 1).

Sex differences by type of undernutrition

For the sample as a whole, boys were more susceptible to undernutrition than girls. The sex ratio
of prevalence (male/female) of stunting was 1.182 (95% CI= 1.172–1.192, p<10–-6), that of wast-
ing was 1.012 (95% CI= 1.001–1.025, p= 0.041), that of underweight was 1.050 (95% CI= 1.041–
1.059, p<10–6) and that of concurrent wasting and stunting was 1.286 (95% CI= 1.258–1.316,
p<10–6). Seen in a broad perspective, differences between boys and girls were rather small: hardly
significant for wasting (�1%), very small for underweight (�5%), small for stunting (�18%) and
moderate for concurrent wasting and stunting (�29%). When studied by survey, the results were
quite homogeneous: stunting was always more prevalent among boys (128 surveys), and the sex
ratio was significantly higher than 1.0 in 105 surveys; the sex ratio of wasting was higher than 1.0
in 60 surveys, lower than 1.0 in the other 68 surveys but significantly different from 1.0 in only two
surveys, which could be attributed to random fluctuations; the sex ratio of underweight was higher
than 1.0 in 94 surveys, lower than 1.0 in 34 surveys, significantly higher than 1.0 in 23 surveys and
never significantly lower than 1.0; the sex ratio of concurrent wasting and stunting was higher
than 1.0 in 112 surveys, lower than 1.0 in 12 surveys, significantly higher than 1.0 in 52 surveys

Journal of Biosocial Science 3

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0021932021000468
Downloaded from https://www.cambridge.org/core. IP address: 86.166.190.95, on 07 Sep 2021 at 09:03:16, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0021932021000468
https://www.cambridge.org/core


Table 1. Sex ratio of undernutrition prevalence for African countries

Country No. of surveys No. of children

Sex ratio of prevalence (M/F)

Stunting Wasting Underweight
Wasting�
Stunting

Angola 1 7692 1.199 1.142 1.037 1.657

Benin 4 33,594 1.166 1.076 1.171 1.428

Burkina Faso 4 24,236 1.178 0.998 1.040 1.276

Burundi 3 11,957 1.194 0.985 1.016 1.318

Cameroon 4 21,411 1.192 1.052 1.004 1.392

Central African Rep. 1 2346 1.160 0.977 1.090 1.046

Chad 3 21,233 1.121 1.025 1.049 1.209

Comoros 2 3848 1.158 0.956 1.063 0.949

Congo, Dem. Rep. 2 12,978 1.196 1.143 1.106 1.500

Congo, Rep. 2 8983 1.284 0.945 1.070 1.690

Cote d’Ivoire 3 8838 1.178 1.076 1.043 1.418

Ethiopia 4 33,869 1.126 1.038 1.034 1.256

Gabon 2 7750 1.238 0.975 1.035 1.364

Gambia 1 3630 1.169 1.008 1.030 1.396

Ghana 6 15,587 1.257 0.890 1.013 1.150

Guinea 3 10,902 1.196 1.021 1.002 1.386

Kenya 5 41,000 1.260 0.976 1.104 1.328

Lesotho 3 6083 1.294 0.888 1.035 1.073

Liberia 2 9355 1.195 1.012 1.051 1.325

Madagascar 3 11,769 1.207 1.077 1.086 1.415

Malawi 5 32,698 1.184 0.942 1.047 1.217

Mali 5 33,967 1.131 0.997 1.038 1.210

Mozambique 3 22,189 1.185 0.946 1.047 1.234

Namibia 4 14,607 1.225 0.950 1.052 1.098

Niger 4 18,017 1.160 0.971 1.004 1.220

Nigeria 5 61,800 1.145 1.018 1.056 1.326

Rwanda 5 23,029 1.180 1.024 1.019 1.162

Sao Tome & Principe 1 1790 1.019 0.975 1.072 1.610

Senegal 9 51,730 1.225 1.000 1.027 1.329

Sierra Leone 2 8240 1.150 1.065 1.105 1.370

Swaziland 1 2866 1.381 1.298 1.077 0.788

Tanzania 6 39,871 1.189 1.020 1.027 1.182

Togo 3 8882 1.222 0.906 0.984 1.132

Uganda 6 24,669 1.240 1.009 1.047 1.439

Zambia 5 35,121 1.167 1.003 1.050 1.280

Zimbabwe 6 23,577 1.261 0.996 1.004 1.145
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and never significantly lower than 1.0. When analysed by country, the sex ratio was always higher
than 1.0 for stunting, underweight and concurrent wasting and stunting; for wasting it was higher
than 1.0 in eighteen countries and lower than 1.0 in eighteen countries, none of these differences
being statistically significant (Table 2).

Age pattern

As found in all studies, the prevalence of undernutrition varied with age, and this also applied to
sex differences. The sex ratio of prevalence tended to decline with age in three out of four types of
undernutrition. For stunting it declined from 1.320 at age 0–5 months to 1.167 at age 36–59
months; for wasting there was no significant change; for underweight the sex ratio of prevalence
declined from 1.190 to 1.091; and the largest decline was found for concurrent wasting and stunt-
ing, ranging from 1.669 at age 0–5 months to 1.120 at age 36–59 months (Table 2). When plotted
by 6-month age groups, the patterns were found to be quite regular and stable. The most striking
pattern was that of concurrent wasting and stunting, the sex ratio of which declined markedly
from 0–5 months to 24–29 months, then stabilized at lower levels. The decline in the sex ratio
of stunting with age was also noticeable, and followed a similar pattern stabilizing at older ages.
In comparison, differences in sex ratios of wasting and underweight by age were small (Figure 1).

Relationship with level of mortality

As is the case for the sex ratio of under-five mortality, the sex ratio of undernutrition prevalence
tended to increase when the mortality level was declining, revealing an increasing advantage for
girls when the health situation improved. The sex ratio for stunting increased from 1.156 to 1.208
when the mortality level went from high values (q(5)>150 per 1000) to low values (q(5)<100 per
1000). Likewise, the sex ratio for concurrent wasting and stunting increased from 1.266 to 1.324,
that of underweight from 1.040 to 1.054 and that of wasting from 0.989 to 1.051. A linear regres-
sion on the sex ratio was run on the level of under-five mortality. In three cases (stunting, under-
weight, concurrent wasting and stunting) trends were statistically significant at p<0.001, while
there was no significant difference for wasting. The magnitude of changes in the sex ratios of
prevalence from high levels of mortality (300 per 1000) to low levels (50 per 1000) were striking:

Table 2. Sex ratio of undernutrition prevalence by selected characteristics, African DHS surveys (pooled sample of children
aged 0–59 months; CDC-2000 reference set)

No. of children

Sex ratio of undernutrition

Stunting Wasting Underweight Wasting & Stunting

Total 700,114 1.182* 1.012 1.050* 1.286*

Age group

0–5 75,760 1.320* 1.002 1.190* 1.668*

6–17 161,017 1.311* 1.051* 1.094* 1.515*

18–35 211,713 1.127* 1.000 0.979* 1.178*

36–59 251,624 1.167* 0.989 1.091* 1.120*

Level of mortality

High (>150) 269,137 1.156* 0.989 1.040* 1.266*

Medium (100–149) 209,002 1.187* 1.000 1.059* 1.279*

Low (<100) 221,975 1.208* 1.051 1.054* 1.324*

Sex ratio=prevalence among boys/prevalence among girls; testing sex ratio <>1: *p<0.05.
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�10.5% for concurrent wasting and stunting (from 1.193 to 1.318), �10.5% for stunting (from
1.114 to 1.231), �4.6% for underweight (from 1.012 to 1.059) but none for wasting, which aver-
aged 1.0 (Table 3).

Effect of the anthropometric reference set

Comparison of sex differences in prevalence of undernutrition between the three anthropometric
reference sets could be done on a sub-sample of 340,552 children available in the DHS files with
both NCHS-1977 and WHO-2006 – about half of the original sample. Firstly, there were large
differences in prevalence of undernutrition according to the reference set – a difference widely
noticed earlier (Eckhardt & Adair, 2002; De Onis et al., 2007). In the sub-sample, the prevalence
of stunting for both sexes ranged from 26.1% with CDC-2000, 29.5% with NCHS-1977 and 34.5%
with WHO-2006. The prevalence of wasting ranged from 15.3% with CDC-2000, 7.7% with
NCHS-1977 and 8.6% with WHO-2006. The prevalence of underweight ranged from 27.9% with
CDC-2000, 23.2% with NCHS-1977 and 18.8% with WHO-2006. Lastly, the prevalence of con-
current wasting and stunting ranged from 3.8% with CDC-2000, 2.1% with NCHS-1977 and 2.7%
with WHO-2006. In brief, the WHO-2006 standard expected the children to be taller and lighter
than CDC-2000 (Table 4).

The sex ratios of prevalence of undernutrition were also affected by the reference set. The sex
ratio of stunting prevalence was 1.208 with CDC-2000, 1.096 with NCHS-1977 and 1.155 with
WHO-2006. The sex ratio of wasting prevalence was 1.000 with CDC-2000, 1.152 with
NCHS-1977 and 1.211 with WHO-2006. The sex ratio of underweight prevalence was 1.050 with
CDC-2000, 1.061 with NCHS-1977 and 1.163 with WHO-2006. Lastly, the sex ratio of concurrent
wasting and stunting prevalence was 1.308 with CDC-2000, 1.428 with NCHS-1977 and 1.652
with WHO-2006. Therefore, the appreciation of sex differences in undernutrition was seriously
affected by the choice of the reference set. In particular, usingWHO-2006 indicated that boys were
more susceptible to wasting than girls, while using CDC-2000 showed no difference in wasting
between boys and girls (Table 4).
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Figure 1. Sex differences in undernutrition by age for children under-five, African DHS surveys, CDC-2000 reference set.
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Discussion
This study from Africa confirmed the higher susceptibility of boys to undernutrition. The results
from this study, based on representative samples of African child populations, were consistent
with those of a recent meta-analysis of smaller surveys all over the world: similar values of the
sex ratios and similar differences between stunting and wasting (Thurstans et al., 2020). In par-
ticular, in this large sample, there was no evidence of a higher prevalence of undernutrition among
girls. When it occurred in a particular country or in a survey, the difference could be explained by
random fluctuations (Garenne, 2003).

Altogether, sex differences in the prevalence of undernutrition appeared small compared with
other differentials, such as socioeconomic differentials. In the sample of African DHS, the differ-
entials in underweight prevalence between lowest and highest wealth quintile averaged 2.8-fold,

Table 4. Prevalence and sex ratio of undernutrition according to anthropometric reference set, African DHS surveys
(pooled sample, N= 3,400,552 children aged 0–59 months)

Anthropometric reference set
Stunting
HAZ<–2.0

Wasting
WHZ<–2.0

Underweight
WAZ<–2.0

Wasting & Stunting
HAZ, WHZ<–2.0

Prevalence

CDC-2000 26.1% 15.3% 27.9% 3.8%

DHS/NCHS-1977 29.5% 7.7% 23.2% 2.1%

WHO/MGRS-2006 34.5% 8.6% 18.8% 2.7%

Sex ratio

CDC-2000 1.208 1.000 1.050 1.308

DHS/NCHS-1977 1.096 1.152 1.061 1.428

WHO/MGRS-2006 1.155 1.211 1.163 1.652

Table 3. Relationship between sex ratio of undernutrition prevalence and level of under-five mortality, African DHS surveys,
pooled sample (fitted by log-linear regression)

Sex ratio of undernutrition

Sex ratio of under-five mortalityStunting Wasting Underweight Wasting & Stunting

Regression parameters

Log-slope –0.00040 �0.00002 –0.00018 –0.00040 –0.0052

p-value <10–6 * 0.857 ns <10–6 * <10–6 * <10–6 *

Estimates of sex ratios by level of q(5)

300 1.114 1.001 1.012 1.193 1.036

250 1.137 1.001 1.021 1.217 1.063

200 1.160 1.001 1.031 1.241 1.091

150 1.183 1.001 1.040 1.266 1.119

100 1.207 1.001 1.049 1.292 1.148

50 1.231 1.001 1.059 1.318 1.178

Testing slope <>0; *p< 0.05; ns, not significant; q(5)= under-five mortality per 1000.
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and occasionally exceeded 4.0-fold (9% of surveys) – that is 20 to 40 times larger than sex differ-
ences (DHS, 2020).

Sex differences varied by type of malnutrition, and this was found whatever the reference set
used. The largest differentials were found in concurrent wasting and stunting, followed by differ-
entials in stunting. Sex differences in concurrent wasting and stunting were more than the sum of
sex differences in each component, revealing complex layers of vulnerabilities. The age pattern of
stunting and concurrent wasting and stunting, with greatest sex differences found in the early ages,
suggests that these conditions could originate, at least in part, in intra-uterine growth restriction.
As such, they could be related with prematurity or other intra-uterine pathology, which could be
risk factors for stunting later in life, and more severe for boys than for girls.

The pattern observed for wasting showed hardly any difference between boys and girls, except
in the 6–17 months age group, where prevalence of wasting was highest. Furthermore, the sex
difference in wasting prevalence did not change with declining level of mortality. This could
be due to similar metabolic responses to nutrition and infection stress between boys and girls.
Being underweight is due to stunting, wasting or a combination of both, so that sex differences
in underweight fall in between those of the underlying conditions.

The overall prevalence of undernutrition declined in tandem with decreasing mortality in the
population, but the sex differences of undernutrition increased with declining mortality, as has
been observed for sex differences in mortality. This latter fact has also been noted in Europe.
For instance in Sweden, the sex differences in under-five mortality increased from 7.3% in the
1750s to 32.1% in the 1960s when under-five mortality declined from 327 to 17 per 1000 over
the same period of time. Similar trends in sex differences in under-five mortality were observed
in France from the 1810s (8.4%) to the 1980s (31.8%), as well as in England & Wales from the
1840s (11.9%) to the 1970s (28.5%) (Human Mortality Database, 2020). This shows that girls tend
to benefit more than boys from health improvements, at least to a certain point (trends in sex
differences in under-five mortality were reversed after 1980 in England & Wales, France and
Sweden).

Sex differences in the prevalence of undernutrition appear complex: they differ with the type of
undernutrition, with age and with level of mortality. Theories could be proposed to explain these
patterns, separately for stunting and wasting. They refer to differences between boys and girls in
energy requirements, body composition, susceptibility to infectious diseases, hormonal systems
and intra-uterine development. Stunting is seen here as an adaptation to difficult situations, where
the body tries to maintain the balance between weight and height by reserving ponderal growth
whilst limiting linear growth. Wasting is seen here as a response to stress, due to infectious dis-
eases, food deficit or both.

With respect to nutritional status, boys and girls differ first in weight. In the sample of African
DHS surveys, the average weight difference between boys and girls was 411 g, with only minor
variations with age (475 g at 6–17 months, 414 g at 18–35 month, 360 g at 36–59 months).
Therefore boys require more energy for maintenance and for growth, since there is no difference
in energy requirements between boys and girls when controlling for weight (Butte et al., 2000). As
a result, in food-scarce situations, and assuming no sex difference in food allocation, boys seem
more likely to become malnourished. Secondly, boys and girls differ in body composition: boys
have more muscle (bigger lean mass) and girls have more fat. Muscle has a lower energy content
than fat, and has a higher cost of maintenance. In contrast, fat is easier to break down and to be
converted for other metabolic purposes. This could explain why girls resist better food shortage (as
shown also in famine situations), and therefore sex differences in wasting. This difference could
also contribute to smaller sex differences in mortality in high-mortality situations, because low
muscle mass (as measured by arm circumference) is a major risk factor for child survival
(Briend et al. 1989; Garenne et al., 2006).

With respect to infectious diseases, the argument refers to the ‘synergistic effect of malnutrition
and infection’, a concept introduced by Nevin Scrimshaw and colleagues some 50 years ago
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(Scrimshaw et al., 1968; Scrimshaw & San-Giovanni, 1997; Scrimshaw, 2003). At the individual
level, the more infected a child, the more malnourished the child is likely to become, and the
higher the risk of death; and conversely, the more malnourished a child is, the higher the suscep-
tibility to infection and the risk of death. Since boys and girls appear to differ in their susceptibility
to infectious diseases (Garenne & Lafon, 1998), one could expect differences in undernutrition,
differences in age pattern, as well as changing differentials with progress in the health transition.
In particular, in high-mortality populations, diseases known to be more deleterious to girls (mea-
sles, whooping cough, tuberculosis, streptococcal infections, etc.) are important causes of morbid-
ity, undernutrition and mortality (Garenne & Lafon, 1998). They tend to disappear with
improving disease control, providing a comparative advantage to girls.

Boys and girls also differ in endocrinal systems. Linear growth, determining stunting, is largely
determined by hormonal dynamics, which are modulated by food intake, infectious diseases and
interferences with the immune system, in particular inflammation (Morgan et al., 2011; Briend
et al., 2015; DeBoer et al., 2017; Millward, 2017). As a consequence linear growth may differ
between boys and girls, and the balance is likely to change with the control of infectious and par-
asitic diseases. Although the precise mechanisms remain poorly documented, one could at least
hypothesize that differences in hormonal systems could contribute to the sex differences in stunt-
ing described here.

Lastly, intrauterine life seems to also play a role. Many studies have shown how intra-uterine
development shapes the health of young children, with a strong influence until at least age
24 months (Eriksson et al., 2010; Alur, 2019). Male and female fetuses differ in intra-uterine
growth from the first weeks of pregnancy, and they respond differently to the same intrauterine
environment (Alur, 2019). Levels of growth hormones (Leptin; Insulin-like Growth Factor-1, or
IGF-1; IGF binding protein-3, or IGFBP-3) are higher in females than in males (Alur, 2019). The
male fetus has been shown to be at greater risk for a variety of conditions originating in the intra-
uterine period, and in particular for prematurity and intra-uterine growth retardation (Wells,
2000; Kraemer, 2000). These differences could explain the high sex ratios observed for stunting
and concurrent wasting and stunting in early life.

The influence of the anthropometric reference set for assessing sex differences was an unex-
pected finding of this study. Although the main pattern remained, in particular the universal
higher susceptibility of boys to undernutrition, different reference sets could lead to different con-
clusions, notably concerning wasting. The CDC-2000 growth charts are based on a sample of the
American population – a heterogeneous population in terms of ethnic composition and socioeco-
nomic status. In contrast, the WHO/MGRS-2006 sample is more selective: even if it included chil-
dren from various countries, it selected very healthy and exclusively breastfed children, and tended
to exclude many outstanding cases. In a sense, the CDC-2000 growth charts represent more of an
average heterogeneous population in a developed country with low mortality, while the WHO/
MGRS-2006 standards represent more of an ‘ideal type’ population in favoured socioeconomic
conditions in various parts of the world. In addition, exclusive breastfeeding tends to promote
linear growth, and to produce taller and thinner children (Martin et al., 2002). What the best
reference set is to be used for comparisons of such nature remains a matter of debate. In the
Niakhar, Senegal study, both reference sets were used to screen for children at risk of death,
and in this case CDC-2000 performed slightly better than WHO/MGRS-2006 in terms of sensi-
tivity and specificity. Another positive feature of CDC-2000 is that the prevalences of stunting and
underweight are usually consistent, while they differ widely with WHO-2006. In fact, when chil-
dren have a low height-for-age, they are expected to also have a low weight-for-age, unless they are
overweight. For instance, in the sub-sample used for the comparison, WHO/MGRS-2006 gave a
prevalence of stunting of 34.5% and a prevalence of underweight of only 18.8%, which is hard to
reconcile, while CDC-2000 gave more consistent values (26.1% and 27.9% respectively).

In conclusion, sex differences in undernutrition are small in Africa (as elsewhere in the world),
and they are not fixed: they vary with age, and with level of mortality. Boys appear to have a higher
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susceptibility to undernutrition, which is driven by a range of complex factors evolving over time.
In particular, girls seem to benefit more from the health transition than boys, as is the case for
general mortality. However, recent trends in Europe show a reversal, with smaller sex differences
in under-five mortality and in life expectancy. Whether or not sex differences in Africa will also
follow this pattern remains to be determined.
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Appendix 6: Wasting and Stunting systematic review   
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wasting and stunting in young children: A systematic review”.  The paper describes a 

systematic review of evidence for the relationship between wasting and stunting and the 

implications of this relationship for improving child nutrition, health and survival.  This study 

was led by myself as part of the wider ENN wasting and stunting project.  It complements the 

research in this thesis as a cross cutting area of interest.   

 

The findings show that a significant proportion of wasting and stunting is present at birth, and 

contributes to further growth failure during subsequent infancy and childhood.  There is a 

causal relationship between the two conditions whereby periods of wasting leave a child more 

likely to experience stunting and, to a lesser extent, vice versa.  Concurrently wasted and 

stunted children are at increased risk of dying and should be considered a high-risk group for 

the targeting of treatment.  In the targeting of treatment, a combination of weight-for-age Z 

score and mid-upper-arm circumference might be an effective and low-cost way to identify 

high risk children, including those who are concurrently wasted and stunted.  The paper was 

published in the Maternal and Child Nutrition Journal in 2021 as an open access article.   

 

List of figures  
Figure 1 Search strategy 

Figure 2 PRISMA flow diagram 

 

List of tables 
Table 1 Population, Intervention, Comparison, Outcome 

Table 2 Study characteristics 

Table 3 Risk of bias assessment 

Table 4 Studies that measured prevalence of concurrence at population level and within SAM 

treatment programmes 

 



174 
 

Citation  
Thurstans, S., Sessions, N., Dolan, C., Sadler, K., Cichon, B., Isanaka, S., Roberfroid, D., 

Stobaugh, H., Webb, P., & Khara, T. (2021). The relationship between wasting and stunting 

in young children: A systematic review. Maternal & Child Nutrition, e13246.  

ttps://doi.org/10.1111/mcn.13246 

 

Copyright: CC BY 

 

Research paper 6  
 

  



RESEARCH PAPER COVER SHEET 
Please note that a cover sheet must be completed for each research paper included within a thesis. 

SECTION A – Student Details 

Student ID Number 1802701 Title Mrs

First Name(s) Susan 
Surname/Family Name Thurstans

Thesis Title 
Sex differences in risk and outcomes from severe malnutrition: 
implications for management

Primary Supervisor Dr Marko Kerac

If the Research Paper has previously been published please complete Section B, if not please move 
to Section C. 

SECTION B – Paper already published 

Where was the work published?  Maternal & Child Nutrition 

When was the work published? June 2021 

If the work was published prior to 
registration for your research degree, 
give a brief rationale for its inclusion 

Have you retained the copyright for the 
work?* No 

Was the work subject 
to academic peer 
review? 

Yes 

*If yes, please attach evidence of retention. If no, or if the work is being included in its published format,
please attach evidence of permission from the copyright holder (publisher or other author) to include this
work.

SECTION C – Prepared for publication, but not yet published 

Where is the work intended to be 
published? 

Please list the paper’s authors in the 
intended authorship order: 

Stage of publication Submitted 



Page 2 of 2 

SECTION D – Multi-authored work 

For multi-authored work, give full details of 
your role in the research included in the 
paper and in the preparation of the paper. 
(Attach a further sheet if necessary) 

I led the development of the study protocol which was 
reviewed by Tanya Khara and Carmel Dolan.  I 
conducted the search with a second review by Natalie 
Sessions.  I led the analysis and the write up of the 
manuscript with regular contributions from all authors. 
All authors read and approved the final manuscript. 

SECTION E 

Student Signature 

Date 

Supervisor Signature 

Date 



R E V I EW AR T I C L E

The relationship between wasting and stunting in young
children: A systematic review

Susan Thurstans1,2 | Natalie Sessions2 | Carmel Dolan3 | Kate Sadler2 |

Bernardette Cichon4 | Sheila Isanaka5,6 | Dominique Roberfroid7,8 |

Heather Stobaugh9,10 | Patrick Webb10 | Tanya Khara2

1Department of Population Health, London

School of Hygiene and Tropical Medicine,

London, United Kingdom, UK

2Emergency Nutrition Network, Oxford, UK

3Nutrition for Development, UK

4No Wasted Lives/Action Against Hunger,

London, UK

5Department of Epidemiology, Harvard T.H.

Chan School of Public Health, Boston,

Massachusetts, USA

6Department of Research, Epicentre, Paris,

France

7Faculty of Medicine, University of Namur,

Namur, Belgium

8Department of Food Technology, Safety and

Health, Ghent University, Ghent, Belgium

9Action Against Hunger USA, New York,

New York, USA

10Friedman School of Nutrition Science and

Policy, Tufts University, Boston,

Massachusetts, USA

Correspondence

Susan Thurstans, Keppel Street, London

School of Hygiene and Tropical Medicine,

London, WC1E 7HT, UK.

Email: susan.thurstans@lshtm.ac.uk

Funding information

Irish Aid, Grant/Award Number:

HQPU/2020/ENN

Abstract

In 2014, the Emergency Nutrition Network published a report on the relationship

between wasting and stunting. We aim to review evidence generated since that

review to better understand the implications for improving child nutrition, health

and survival. We conducted a systematic review following PRISMA guidelines, reg-

istered with PROSPERO. We identified search terms that describe wasting and

stunting and the relationship between the two. We included studies related to chil-

dren under five from low- and middle-income countries that assessed both

ponderal growth/wasting and linear growth/stunting and the association between

the two. We included 45 studies. The review found the peak incidence of both

wasting and stunting is between birth and 3 months. There is a strong association

between the two conditions whereby episodes of wasting contribute to stunting

and, to a lesser extent, stunting leads to wasting. Children with multiple anthropo-

metric deficits, including concurrent stunting and wasting, have the highest risk of

near-term mortality when compared with children with any one deficit alone. Fur-

thermore, evidence suggests that the use of mid-upper-arm circumference com-

bined with weight-for-age Z score might effectively identify children at most risk

of near-term mortality. Wasting and stunting, driven by common factors, fre-

quently occur in the same child, either simultaneously or at different moments

through their life course. Evidence of a process of accumulation of nutritional defi-

cits and increased risk of mortality over a child's life demonstrates the pressing

need for integrated policy, financing and programmatic approaches to the preven-

tion and treatment of child malnutrition.
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1 | INTRODUCTION

Undernutrition remains a major public health concern in many coun-

tries and an underlying cause of almost half of global child mortality

(Black et al., 2013). The long-term impacts of childhood undernutrition

are far-reaching, resulting in lower educational achievement, lower

economic productivity and an increased risk of noncommunicable dis-

ease (Black et al., 2013; Murray et al., 2020; Victora et al., 2008) Cur-

rent estimates suggest that 149 million children under 5 years are

stunted and 49.5 million are wasted (Global Nutrition Report, 2020),

while 15.9 million are experiencing both forms of undernutrition con-

currently (Global Nutrition Report, 2018).

For many years, wasting and stunting have been viewed as sepa-

rate conditions. As a result, the two have been largely disconnected

within nutrition programmes, at policy and financing levels and in

many areas of research without clear evidence supporting this distinc-

tion. The reasons for the historical shift from a previously more joined

up way of looking at undernutrition (Waterlow, Gomez classification)

are unclear, although some aspects of the divide have been

entrenched by divergent funding and programmatic approaches in

humanitarian and development contexts and the separation of

wasting treatment and stunting prevention approaches (Wells, Briend,

et al., 2019). In humanitarian contexts, the focus of programming

tends to be on wasting treatment and mitigating acute mortality risk,

whereas in stable development contexts, the bigger policy and pro-

grammatic focus is often on stunting prevention and the mitigation of

associated longer-term developmental deficits (SUN, 2016). That said,

these divides are not typical of all settings and have started to lessen

over recent years with growing attention to wasting treatment in

developmental settings within health systems. There has also been

more recent attention paid to wasting prevention and to issues of stu-

nting in protracted crises with evidence highlighting that in fragile

contexts, multiple forms of malnutrition coexist at high levels (Global

Nutrition Report, 2020).

In 2014, the Emergency Nutrition Network (ENN) formed a tech-

nical interest group (TIG) of global experts (referred to as the WaSt

TIG) to examine the relationship between wasting and stunting and

published a technical briefing paper (Khara & Dolan, 2014) on the

state of evidence, policy, research and programme implications of this

relationship. This review concluded that wasting and stunting often

coexist in the same child and that the risk of mortality associated with

both wasting and stunting is heightened where they coexist. It also

highlighted that there are common causal pathways, evidence

pointing towards a direct relationship between wasting and stunting,

that seasonality has a marked impact on both wasting and stunting

prevalence and that in-utero conditions and fetal growth contribute

significantly to stunting and wasting at birth and during infancy. The

report highlighted challenges around how wasting and stunting are

commonly framed and reported, particularly the limitations of apply-

ing anthropometric cut-offs at one point in time that fail to represent

the process of wasting and/or stunting that a child may experience.

Since 2014, the WaSt TIG and other researchers have focused on

more clearly defining the limitations posed by existing approaches to

the framing of wasting and stunting. This process has raised critical

research questions, including those around how children experience

wasting and stunting throughout their life course and the implications

of experiencing both. Our objective was to systematically review evi-

dence generated since the original 2014 review to better understand

the relationship between wasting and stunting in terms of both the

physiological similarities and associations between the two as well as

the implications of this relationship on interventions to improve child

health, nutrition and survival. With such knowledge, mitigating differ-

ent levels of risks through preventive approaches and treatment

should be possible and, in so doing, would have global relevance

towards the attainment of World Health Assembly (WHA) and

Sustainable Development Goals (SDG) targets as they relate to

wasting and stunting.

2 | MATERIALS AND METHODS

We conducted a systematic review following the Preferred Reporting

Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines

(Moher et al., 2009). A review protocol was developed, in coordina-

tion with a subworking group (SWG) of experts from the WaSt TIG to

define the scope of the review. The protocol was registered with the

PROSPERO International prospective register of systematic reviews

(CRD42019153330).

Key messages

• A significant proportion of wasting and stunting is pre-

sent at birth and can contribute to further growth failure

during subsequent infancy and childhood. Improving

maternal health and nutrition in pregnancy and early life

could have a critical role in the prevention of wasting and

stunting.

• Periods of wasting leave a child more likely to experience

stunting and, to a lesser extent, vice versa. Common risk

factors drive an accumulation of vulnerabilities. This

underlines the need for cohesive policies and the imple-

mentation of services and activities to prevent both

wasting and stunting.

• Concurrently wasted and stunted children have an ele-

vated risk of death and should be considered as a high-

risk group in the targeting of treatment.

• A combination of weight-for-age Z score and mid-upper-

arm circumference may be the most effective way to

identify children at highest risk of mortality, including

those concurrently wasted and stunted. Further evidence

is needed to understand the operational implications.
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2.1 | Search strategy

We identified search terms to describe wasting and stunting and the

relationship between the two conditions, including implications for

ponderal and linear growth. The search terms are listed in Figure 1.

We searched Medline, Embase and global health databases through

Ovid, applying limits for studies published after 2012 to allow for any

studies that may have been missed in the 2014 review and for the

age of the individuals included in studies. We also issued a call for

studies known to the WaSt TIG members in May 2020. The final sea-

rch was conducted in June 2020. Both the search strategy and the eli-

gibility criteria were guided by the Population, Intervention,

Comparison, Outcome (PICO) framework in order to delineate the

question of focus for the review and to define inclusion and exclusion

criteria. The PICO is presented in Table 1.

2.2 | Eligibility criteria

We reviewed studies from low- and middle-income countries (LMICs)

where wasting and stunting are most prevalent. As wasting and stu-

nting commonly occur in children under 5 years of age, we applied

age limits from 0 to 59 months. We considered studies in the review

that assessed both ponderal growth/wasting and linear growth/

stunting as well as the association between the two. Included studies

focused on prevalence, physiological mechanisms and outcomes

related to growth and mortality. We included all types of studies that

involved primary research (case control studies, cross-sectional stud-

ies and secondary data analyses). We also included reviews if they

presented pooled analysis or new insights into the relationship

between wasting and stunting. Both peer-reviewed papers and grey

literature identified through the search were considered for inclusion.

We excluded studies that assessed wasting and stunting sepa-

rately and that did not report on either condition in relation to the

other. Also excluded were studies that focused on obesity,

F IGURE 1 Search strategy

TABLE 1 Population, Intervention, Comparison, Outcome

Population
Children 0–5 years
Low- and middle-income countries

Intervention Assessment, review or treatment of wasting, stunting,

concurrent wasting and stunting

Comparison No comparison

Outcome Incidence, prevalence, treatment outcome measures

(recovery, mortality, length of stay etc.), morbidity,

concurrent wasting and stunting
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micronutrients, those that included children over 5 years of age and

published abstracts and viewpoints.

In most of the literature reviewed, wasting is defined as low

weight-for-length/height (WLZ/WHZ) (<�2 Z score of the reference),

stunting as low height-for-age (HAZ) (<�2 Z score of the reference)

and concurrent wasting and stunting as both low WHZ and HAZ at

the same time (<�2 Z score WHZ and <�2 Z score HAZ). However, in

literature referring to treatment programmes targeting wasting, stan-

dard WHO mid-upper-arm circumference (MUAC) criteria for defining

wasting may also be included. We have endeavoured to specify litera-

ture for which the latter is the case.

2.3 | Study selection, data extraction and analysis

All records identified during the search were exported into EndNote

(EndNote V.X8, Clarivate Analytics) and duplicates removed. Initial

screening of titles and abstracts was conducted by ST to identify stud-

ies unrelated to the scope of the review. The remaining studies were

then independently screened by ST and NS by reading the full texts.

Discrepancies were resolved via discussion and, where necessary, a

third reviewer (TK) was consulted. A data extraction template was

developed in Excel, piloted and reviewed by members of the research

team before full extraction took place.

We identified three main themes before extraction: physiological

understanding of the similarities in wasting and stunting, the interrela-

tionship between the two conditions and the implications of this rela-

tionship and then extracted data along these lines. We extracted data

into an Excel spreadsheet including information on authors, titles,

dates of publication, sample size, data/information relevant to each

theme and any research recommendations and conclusions.

2.4 | Risk of bias assessment

We assessed the quality of included studies using an adapted

version of the SIGN checklists (https://www.sign.ac.uk/what-we-do/

methodology/checklists/). We selected the SIGN checklists as they

provide a checklist of items for case–control and cohort studies, study

designs commonly used in the studies selected for this review. Adap-

tation was necessary due to the varied nature of the studies included.

We assessed factors such as clearly defined objectives, study design,

definition of participants, exposures and outcomes, statistical

methods, addressing of bias and potential confounders and the pre-

sentation of results.

3 | RESULTS

3.1 | Study selection

The results of the search process are presented in Figure 2. The data-

base search identified 2486 studies and reports and an additional

12 studies came from WaSt TIG members. After removing duplicates,

983 studies and reports remained, of which 867 were excluded fol-

lowing initial screening. One hundred and sixteen full text studies and

reports were assessed for eligibility of which 71 were excluded. The

reasons for exclusion are given in Figure 2. We included a total of

45 studies and reports in our final review.

3.2 | Study characteristics and risk of bias

We present the characteristics of each included study or report in

Table 2. We included a total of 39 peer reviewed studies, one

manual chapter, three preprint publications and two published

reports (both appearing in ENN's Field Exchange ‘peer-to-peer’
publication, https://www.ennonline.net/fex). These included 21 cross

sectional and 18 longitudinal studies. In total, 14 countries were

covered in studies and reports conducted in single countries while

18 studies covered multiple countries—the largest analysis covering

84 countries (Khara et al., 2018). The risk of bias assessment is

presented in Table 3. Overall, we assessed the studies and reports

selected to be of ‘acceptable’ quality according to the adapted

SIGN criteria, but one study was excluded on the basis of quality

(Carroll et al., 2012).

3.3 | Interconnected physiological processes

We reviewed studies that considered the physiological

processes underlying the potential interaction between wasting and

stunting, either as the primary objective or within the discussion.

While little was identified in the way of epidemiological research in

this area, published narrative reviews provided some discussion of the

possible physiological mechanisms.

Infectious disease has long been recognised as both a cause and

consequence of undernutrition. Infectious disease can result in both

wasting and stunting through decreased or altered nutritional intake,

impaired intestinal absorption and increased metabolism from fever,

immune response and environmental enteropathy (Kosek and Mal-Ed

Network Investigators, 2017; Nandy & Svedberg, 2012) resulting in a

higher risk of mortality (Harding et al., 2018b). Conversely, undernour-

ished children are more vulnerable to infectious disease due to the

impairment of their immune system. Children identified as concur-

rently wasted and stunted have been found to be at increased risk of

infectious disease (Harding et al., 2018b; Odei Obeng-Amoako,

Karamagi, et al., 2020; Sage, 2017).

The literature describes the association between loss of fat mass

and wasting and stunting, although inconsistently so in the case of

stunting (Briend, Khara et al., 2015; Fabiansen et al., 2016, 2017;

Wells, 2019). Fat plays a role in the maintenance of the immune sys-

tem, which demands increased energy when stimulated by infection.

This suggests that fat depletion acts as an additional mechanism

linking wasting and stunting with increased infection and mortality

(Briend, Khara et al., 2015). Muscle mass loss also occurs in both
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wasting and stunting, particularly in the case of infection when pro-

tein breakdown is increased due to an increased need for amino acids

to build the proteins involved in the immune response. As muscle

mass is positively associated with age, infants have low levels and are

therefore especially vulnerable to the effects of undernutrition and

associated mortality (Briend, Khara et al., 2015).

The literature also describes the role of leptin in the relationship

between wasting and stunting linked to the above body composition

changes above. Leptin is a hormone produced primarily by fat cells

and is responsible for the regulation of energy, hunger and metabo-

lism as well as playing a central role in stimulating immune function

and linear growth (Wells, Briend, et al., 2019). The levels of leptin pro-

duced reflect body fat stores and indeed low levels of leptin are noted

alongside the deficits in fat and muscle mass in wasted and stunted

children. Furthermore, low levels of leptin in children with undernutri-

tion are predictive of an increased risk of mortality (Briend, Khara

et al., 2015) and implicated in slowed linear growth during wasting

(Wells, 2019).

Briend, Akomo, et al. (2015) also highlight the coexistence of stu-

nting and high overweight prevalence. They suggest that high fat

stores alone are insufficient to support linear growth and that low

intake of nutrients such as zinc, sulphur, phosphorous, vitamins D, C

and K and copper—nutrients needed for bone growth and lean tissue

synthesis—may explain the association between stunting with

reduced muscle mass and normal or increased fat reserves. Leptin

might also have an effect on bone growth which might explain the

reduced linear growth observed in wasted children and the frequent

association with stunting (Briend, Khara et al., 2015).

F IGURE 2 PRISMA flow diagram
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3.4 | The burden, aetiology and timing of wasting
and stunting

Cross-sectional population-based surveys are often used to determine

prevalence and associated risk factors for wasting and stunting

despite being known to be potentially problematic in underestimating

the true burden of acute conditions like wasting (Action Against

Hunger, 2018; Khara et al., 2018). A recent pooled longitudinal

analysis (Mertens, Benjamin-Chung, Colford, Hubbard, et al., 2020)

highlights the challenge in the interpretation of cross-sectional data

for wasting and demonstrates that these methods fail to measure the

onset, recovery and persistence (defined as persistent if ≥50% of

WLZ measurements from birth to 24 months fell below �2) of

wasting. Data showed that the cumulative incidence of wasting in

children under 24 months was 33%, more than five times higher than

prevalence which was 6%. This means that the burden of wasting is

likely far higher than traditional cross-sectional studies suggest. In the

case of stunting, the data suggest that prevalence estimates matched

general patterns of cross-sectional studies, gradually increasing with

age and therefore are a more accurate estimate of true burden

(Benjamin-Chung et al., 2020).

The same analyses provide evidence that challenges a reliance on

prevalence estimates to inform interventions. It is often understood

that wasting peaks at 12–23 months (Garenne et al., 2019;

Schoenbuchner et al., 2019). However, by looking at the incidence of

wasting, the study established that peak incidence is between birth

and 3 months (Mertens, Benjamin-Chung, Colford, Hubbard,

et al., 2020). A similar analysis of stunting (Benjamin-Chung

et al., 2020) also offers new insights into the timing of linear growth

faltering, typically understood to be highest between 6 and

24 months. Data showed that the incidence of stunting was also

highest from birth to 3 months. Although some children went on to

experience stunting reversal, they later continued to experience linear

growth faltering and more than 20% were stunted again at later mea-

surements. These results emphasise the need for preventive and ther-

apeutic interventions that usually target children from 6 to 59 months

to include children under 6 months while also extending inclusion of

both prevention and treatment of undernutrition in women of repro-

ductive age, as well as pregnant and lactating women.

As with the 2014 review, studies in this review assessing the

aetiology of wasting and stunting and concurrent wasting and stu-

nting demonstrate that many of the driving factors are common

(Harding et al., 2018b; Mertens et al., 2020; Saaka & Galaa, 2016;

Shively, 2017). Underlying factors such as poor maternal nutrition

(Mertens, Benjamin-Chung, Colford, Coyle, et al., 2020), high parity

(Mertens et al., 2020), low education levels (Mertens, Benjamin-

Chung, Colford, Coyle, et al., 2020; Odei Obeng-Amoako, Karamagi,

et al., 2020), low birth weight (LBW) and/or length (Mertens,

Benjamin-Chung, Colford, Coyle, et al., 2020) and poor feeding prac-

tices (Harding et al., 2018a; Prentice et al., 2013) (Saaka &

Galaa, 2016) have all been shown to be associated with both wasting

and stunting and concurrent wasting and stunting in cross-sectional

analysis. Likewise, poor socio-economic conditions (Mertens,T
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Benjamin-Chung, Colford, Coyle, et al., 2020) and seasonality

(Schoenbuchner et al., 2019) contribute to both conditions.

3.5 | Evidence for the relationship between
wasting and stunting

Population-level analyses of the association between wasting and stu-

nting have in the past led to conclusions that the two conditions were

unrelated, largely due to the perceived separation in prevalence and

distribution patterns across populations. Cross-sectional results have

been inconsistent in demonstrating any association between the two,

with some single country studies showing low or no association

between wasting and stunting (Kassie & Workie, 2019; Ngwira

et al., 2017; Reese-Masterson et al., 2016). Population-level datasets

mined specifically to explore the pertinent relationships now support

a link between wasting and stunting that is more than just chance or

random statistical noise. A large cross-sectional study involved analy-

sis of 51 countries and shows the existence of a relationship whereby

wasting and stunting were positively and significantly associated with

each other in 37 of 51 countries (Myatt et al., 2018). Longitudinal

studies in this review are also supportive of a relationship between

the two conditions. In Senegal, a two-way dose response relationship

was found whereby the proportion of wasted children increases with

the degree of stunting and the proportion of stunting increases

with the degree of wasting (Garenne et al., 2019). Within treatment

programmes for severe acute malnutrition (SAM), evidence of a rela-

tionship is also apparent. Several analyses of children admitted into

outpatient and/or inpatient feeding programmes indicate children

with SAM are often stunted (Isanaka et al., 2019; Ngari et al., 2019;

Schoenbuchner et al., 2019) (see Table 2). In Malawi, a strong associa-

tion was found between poor linear growth and relapse to SAM and

to moderate acute malnutrition (MAM) although the exact direction

of this relationship was unclear (Stobaugh et al., 2018).

3.6 | Wasting leading to stunting

We identified a number of studies that are supportive of a direct rela-

tionship between wasting and stunting whereby episodes of wasting

contribute to stunting including one review (Richard, Black, &

Checkley, 2012), one cross- sectional (Saaka & Galaa, 2016) and six lon-

gitudinal studies (Isanaka et al., 2019; Ngari et al., 2019; Schoenbuchner

et al., 2019; Richard, Black, Gilman, et al., 2012; Mertens et al., 2020;

Mertens, Benjamin-Chung, Colford, Coyle, et al., 2020). Longitudinal data

from The Gambia showed that being wasted was predictive of stunting

within the next three-month period by a factor of 3.2 after accounting

for current stunting status (Schoenbuchner et al., 2019). Multicountry

longitudinal analysis showed that persistent wasting from birth to

6 months (defined as >50% of measurements wasted) was strongly asso-

ciated with incident stunting at older ages (Mertens, Benjamin-Chung,

Colford, Coyle, et al., 2020). Both studies indicate a time lagged effect

whereby wasting is followed by stunting.

One hypothesis from these studies suggests that the body's

response to weight faltering is to slow or halt linear growth until

weight is gained and any infection is treated. In other words, weight

(lean and fat mass) can be regained or maintained during nutritional

stress at the expense of linear (height/length) growth (Isanaka

et al., 2019; Richard, Black, & Checkley, 2012). Analysis from Niger

tracking linear growth during wasting treatment suggests that HAZ

deteriorates during the period of rapid weight gain that accompanies

rehabilitation (Isanaka et al., 2019). Linear growth that was observed

during periods of SAM treatment was characterised by children who

were less wasted and less stunted (Isanaka et al., 2019; Ngari

et al., 2019) and had fewer comorbidities at baseline (Ngari

et al., 2019), suggesting that on top of the level of wasting and prior

stunting, untreated comorbidities may also hold back linear growth.

Population-level data from Senegal supports this suggestion showing

trends in linear growth that increased with improving health status

(Garenne, 2020).

These studies and data from The Gambia (Schoenbuchner

et al., 2019) also suggest that the effect of episodes of wasting on lin-

ear growth is modified by age, where wasting appears to be more detri-

mental to long-term linear growth the later it happens, and recovery of

HAZ is more likely if wasting occurs early and not subsequently. For

example, a longitudinal study of infants and children 0–24 months in

LMIC countries (Richard, Black, Gilman, et al., 2012) found no long-

term effect of one period of wasting in the first 6 months of life on

length-for-age Z score (LAZ) at 18–24 months if no further wasting

was experienced after that time, suggesting that one episode of

wasting in this age group is not enough to slow/halt linear growth.

However, wasting after 6 months of age, and greater variability in WLZ

in the first 17 months of life, was associated with lower LAZ at

18–24 months. Seasonal evidence also suggests that wasting is associ-

ated with further wasting whereby infants who were wasted in the first

wet season of their life were more likely to be wasted in their second

wet season, even after controlling for whether they were wasted dur-

ing the intervening dry season (Schoenbuchner et al., 2019).

3.7 | Stunting leading to wasting

We also identified evidence to support a direct relationship whereby

stunting leads to wasting, although the physiological mechanisms are

less clear for this direction of the relationship. We identified two lon-

gitudinal studies demonstrating a strong and significant effect of stu-

nting on the risk of subsequent wasting (Garenne et al., 2019;

Schoenbuchner et al., 2019). The degree of stunting affected the level

of risk with more severe stunting more likely to result in wasting.

3.8 | Concurrent wasting and stunting

Some studies conducted since the 2014 review have focused on

identifying the burden and implications of concurrent wasting and stu-

nting. We identified studies that explored the prevalence and
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TABLE 4 Studies that measured prevalence of concurrence at population level and within SAM treatment programmes

Study (first author/year) Country Population Prevalence findings

Population level data

Garenne (2018) Senegal Children 6–59 m Wasting 16.3%

Stunting 24.2%

12,638 measures Concurrence 6.2%

Harding et al. (2018a) 6 countries—South Asia Children 0–59 m Wasting 15.7%,

Stunting 40.1%

n = 62,509 Concurrence 6%

Harding et al. (2018b) 6 countries—South Asia Children 0–59 m Wasting 19.4%

Stunting 38.35%

n = 252,797 Concurrence 6.11

Khara (2017) 84 countries Children 0–59 m Wasting 8.8%

Stunting 33.0%

n = 570,930 Concurrence 3.0%

Kinyoki (2016) Somalia Children 0–59 m Wasting 21%

Stunting 31%

n = 73,778 Concurrence 9%

Mutanga 2020 6 countries—South East

Asia

Children 0–59 m Wasting 8.9%

Stunting (not individually

presented)

n = 47,481 Concurrence 1.65%

Odei Obeng-Amoako, Karamagi, et al.

(2020)

Uganda Children 6–59 m Stunting 33.58

Wasting 12.03%

n = 32,962 Concurrence 4.96%

Reese-Masterson et al. (2016) Kenya Children 6–23 m Wasting 8.8%

227 Stunting 28%

Concurrence 5%.

Saaka and Galaa (2016) Ghana Children 0–59 m Wasting 4.7%

n = 2720 Stunting 17.9%

Concurrence 1.4%.

Sage (2017) Guinea-Bissau Children 6–59 m Wasting 6%

Stunting 30%

n = 6602 Concurrence 2.4%

Schoenbuchner et al. (2019) Gambia Children 0–23 m Wasting 18% in boys/12% in

girlsa

n = 3867 Stunting 39%a

28,403 measures Concurrence 9% in boys/5% in

girls

Victoria, 2015 8 countries Newborns Wasting 3.4%

Stunting 3.8%

n = 60,206 Concurrence 0.7%

SAM treatment data

Imam et al. (2020) Nigeria 472 children in SAM treatment programme Stunting 82.8%

Ngari (2018) Kenya 1169 children admitted for SAM treatment Stunting 69%

Odei Obeng-Amoako, Myatt, et al.

(2020)

Uganda 788 children in SAM treatment

programmeb
Stunting 48.7%

aPeaks in wasting at 1 year and stunting at 24 months.
bMUAC admission criteria in use to define wasting.
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distribution of concurrent wasting and stunting at population level or

within SAM treatment programmes (results are presented in Table 4).

These studies cover a wide geographical area with 17 covering multi-

ple countries. The largest population prevalence study includes analy-

sis of 84 countries and indicates that fragile and conflict affected

states (FCAS) appear to be disproportionately affected with higher

rates of concurrent wasting and stunting than stable contexts (pooled

prevalence 3.6%, 95% CI [3.5, 3.6] in FCAS compared with 2.24%,

95% CI [2.18, 2.30] in stable contexts p value <0.0001), emphasising

the increased vulnerability of children growing up in FCAS countries

(Khara et al., 2018).

Population-level data show that wasting, stunting and concurrent

wasting and stunting are all more prevalent in boys than girls (Khara

et al., 2018; Myatt et al., 2018; Odei Obeng-Amoako, Karamagi,

et al., 2020; Odei Obeng-Amoako, Myatt, et al., 2020) and that

wasting is higher in younger children while stunting is higher in older

children. In the case of concurrent wasting and stunting, the peaks

seem to appear between 12 and 30 months (Garenne et al., 2019;

Imam et al., 2020; Khara et al., 2018; Mertens, Benjamin-Chung,

Colford, Coyle, et al., 2020; Myatt et al., 2019; Odei Obeng-Amoako,

Myatt, et al., 2020), with younger children and males being most

affected (Odei Obeng-Amoako, Wamani, et al., 2020). In Senegal, a

change of direction was observed in risk with age whereby males

were more likely to be concurrently wasted and stunted below the

age of 30 months but less likely to be wasted above 30 months at

the same level of stunting (Garenne et al., 2019).

SAM treatment programme data also indicates that concurrent

wasting and stunting are more prevalent in boys and younger children

(Imam et al., 2020;Isanaka et al., 2019; Odei Obeng-Amoako, Wamani,

et al., 2020). Data from an outpatient therapeutic programme (OTP)

programme in Uganda showed that, despite higher overall admission

in females, there were more males with concurrent wasting and stu-

nting within the admitted group (Odei Obeng-Amoako, Wamani,

et al., 2020).

3.9 | Mortality implications of concurrent wasting
and stunting

We identified six studies that explored the mortality implications of

concurrent wasting and stunting. Overall, studies show that children

with concurrent wasting and stunting are at high risk of mortality

(Garenne et al., 2019; McDonald et al., 2013; Mertens, Benjamin-

Chung, Colford, Coyle, et al., 2020; Myatt et al., 2018; Myatt

et al., 2019; Pomati & Nandy, 2019). A meta-analysis of 10 countries

(McDonald et al., 2013) showed that children who are wasted, stunted

and underweight had a 12-fold elevated risk of mortality compared

with those with no deficit. A later analysis of 51 countries demon-

strated that all children who are wasted and stunted are also under-

weight and, therefore, the same elevated mortality estimate is

applicable (Myatt et al., 2018). A recent longitudinal analysis of eight

cohorts of children showed that all measures of early growth failure

were significantly associated with a higher risk of death by age

24 months and those most strongly associated with death were chil-

dren severely underweight before age 6 months, children with con-

current wasting and stunting and children under 6 months who were

persistently wasted (Mertens, Benjamin-Chung, Colford, Coyle,

et al., 2020).

3.10 | Wasting treatment outcomes and stunting

As stated above, stunting is highly prevalent among wasted children

admitted to therapeutic feeding programmes (TFPs) (Isanaka

et al., 2019; Odei Obeng-Amoako, Wamani, et al., 2020), and there is

some evidence of the influence of this on treatment response

although, due to limited resources, length/height is not always mea-

sured upon admission to TFPs and therefore may be underreported.

We identified six studies that assessed SAM treatment outcomes for

children who are concurrently wasted and stunted with some incon-

sistencies in results. Data from Niger found the response to SAM

treatment was independent of stunting with no difference in weight

gain during or after treatment or in mean time to recovery (Isanaka

et al., 2019). Conversely, data from Uganda found lower recovery

rates in stunted children compared with nonstunted children during

SAM treatment (58.0% vs. 65.4%; p < 0.037), higher rates of non-

response (18.7% vs. 9.8%; p < 0.001) but greater weight gain (2.2 g/

kg/day vs. 1.7 g/kg/day; p = 0.004). MUAC gain did not differ

between groups (Odei Obeng-Amoako, Wamani, et al., 2020). Simi-

larly, in Malawi, in a study examining children experiencing relapse

after treatment for MAM, those who experienced a negative change

in HAZ were more likely to experience relapse to MAM or SAM

(OR = 1.72 ± 0.20, p < 0.001) (Stobaugh et al., 2018).

Given recent concerns that the provision of therapeutic foods

might lead to excess fat accretion in stunted children contributing to

future overweight, obesity and noncommunicable disease (Hawkes

et al., 2020), we reviewed studies which assessed weight gain and

body composition following nutritional therapy. The studies suggest

that while stunting might affect response to treatment, there is no

evidence of an effect of concurrent wasting and stunting on

increased fat accumulation with the use of lipid based nutrient

supplements (LNS) for either MAM or SAM (Binns & Myatt, 2018;

Fabiansen et al., 2017, 2018; Kangas et al., 2020; Wells, Devakumar,

et al., 2019).

Finally, we identified one study that explored longer term out-

comes (1 to 7 years after treatment) for 378 children after SAM treat-

ment including linear growth (Lelijveld et al., 2016). The data showed

some recovery in the height of previously wasted children, but they

still demonstrated more severe stunting than controls. Body composi-

tion assessment showed smaller calf and MUAC measurements

suggesting reduced peripheral mass compared with control, and

smaller hip circumference and larger or similar waist circumference

suggesting an unhealthy ratio of core to gluteo-femoral fat. In body

composition assessment, cases also had lower FFM but similar fat

mass compared with community controls after adjustment for age

differences.
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3.11 | Anthropometric indices and the
identification of risk

We found nine studies that assessed the use of different anthropo-

metric indices and the implications of these on caseload and identify-

ing the most vulnerable undernourished children. Many of these

studies are rooted in the recent recognition that concurrent wasting

and stunting lead to heightened mortality risk (Myatt et al., 2018) and

prompt a re-examination of risk and how best to identify

it. Longitudinal analysis on data from Senegal found that the com-

bined use of WAZ and MUAC identified all near-term deaths associ-

ated with concurrent wasting and stunting and with severe wasting as

defined by WHZ < �3 (Garenne et al., 2019). The lowest WAZ

threshold that detected all deaths was <�2.8. Data from Niger simi-

larly showed MUAC to be the best predictor of mortality in children

6–59 months followed by WAZ (O'Brien et al., 2020). Analysis of

16 cross-sectional studies found stunting to be associated with

WHZ < �2 and MUAC <125 mm but more strongly associated

with MUAC <125 mm. The findings from these studies suggest WAZ

identifies children with a high risk of mortality and that MUAC and

WHZ might not (Odei Obeng-Amoako, Myatt, et al., 2020); therefore,

the use of MUAC with the addition of WAZ might effectively identify

those children at most risk and in need of some level of treatment.

3.12 | Ongoing research priorities on the
relationship between wasting and stunting

We identified one study that focused on the identification of research

priorities for concurrent wasting and stunting (Bhutta et al., 2016).

This was a Child Health and Nutrition Research Initiative (CHNRI)

exercise that identified top-ranked research questions. In addition to

this, we also found research recommendations in several studies. In

particular, the need was highlighted to better understand the biologi-

cal processes and causal pathways, for example, the role of gut

health/inflammation, body composition and its relation with anthro-

pometric indicators and functional outcomes, the contribution of lean

and fat tissue during and after recovery from SAM (Briend, Khara

et al., 2015) and the role of environmental factors and patterns of

malnutrition (Angood, 2016).

Among the studies reviewed, prevention stood out as one of the

key gap areas for further research that examines the interventions

needed to halt and prevent the spiralling of vulnerabilities associated

with early growth deficits. Studies called for research that focused on

identifying interventions to improve maternal nutrition and prevent

the risk of being born wasted or stunted or concurrently wasted and

stunted, the magnitude of risk between birth and 3 months of age

and interventions to mitigate seasonal peaks (Angood, 2016). Studies

also highlighted the need for operational research to better under-

stand the programmatic and cost implications of implementing WAZ

and MUAC for targeting and caseload and to examine which treat-

ment protocol approaches support the most vulnerable with the

highest impact (Angood, 2016). In terms of treatment, some studies

called for research to understand if longer treatment time or post-

treatment interventions for SAM would allow for fuller recovery

(Kangas et al., 2020) and the optimal RUTF formulation to promote

linear growth during and after SAM treatment.

4 | DISCUSSION

A significant and still-growing body of evidence supports the

existence of a strong relationship between wasting and stunting,

which carries important implications for policy and practice. Wasting

and stunting, driven by common factors, frequently occur in the same

child, either at the same time or through their life course, with

important interactions between them. This demonstrates the need for

integrated policy and programme considerations and common preven-

tion strategies.

One of the key findings from this review relates to the peak age

of wasting and stunting. Research has previously explored the timing

of growth faltering (Victora et al., 2010), but evidence reviewed here

shows that the peak in incidence of both wasting and stunting is from

birth to 3 months with implications for further deterioration in infancy

and childhood. This finding offers new insights into how early experi-

ences and underlying factors can lead to the accumulation of nutrition

deficits and suggests that a greater focus on the youngest children

and what will prevent their wasting and stunting is required. The

increased risk of death by age 24 months illustrated following early

growth faltering also points towards the need to place prevention of

LBW and early growth failure high on the agenda for global health

and nutrition stakeholders. To do this, it is widely recognised that

innovative prevention programming that combines interventions

targeting the health and nutrition status of women of reproductive

age and pregnant women is needed (Bhutta et al., 2013; da Silva

Lopes et al., 2017). Improvement in some of these early indicators (for

example, birth length, maternal weight, birth order, maternal educa-

tion levels, wealth indicators) has the potential to prevent 20–30% of

the incidents of stunting and wasting (Mertens, Benjamin-Chung,

Colford, Coyle, et al., 2020).

This review underscores the finding that both wasting and stu-

nting are interconnected processes linked to various deprivations in a

child's environment and that of their mothers (both in-utero and

during infancy and childhood) and which lead to physiological and

development stresses with consequences for body composition

and physiological function. Although the evidence is growing and

compelling, questions remain around the physiological mechanisms

linking wasting and stunting and further research is warranted, partic-

ularly to better understand the critical junctures for halting the accu-

mulation of vulnerabilities that are created as these processes

interact. Some evidence suggests that, in addition to muscle and fat

loss and hormonal imbalances, stunted children show deficits in the

form of small organ size (Wells, Devakumar, et al., 2019) with poten-

tial deleterious implications for physiological function. Further

research is needed to understand the full biological picture in order to

intervene more effectively.
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We have reviewed evidence that demonstrates that wasting can

lead to stunting and, to a lesser extent, stunting can increase the risk

of wasting. The former direction is supported by evidence of a mecha-

nism whereby adequate weight and the absence and/or management

of underlying morbidities is needed before linear growth can take

place (Garenne, 2020; Isanaka et al., 2019; Ngari et al., 2019; Richard,

Black, Gilman et al., 2012; Schoenbuchner et al., 2019). Previously

published studies have shown similar findings that wasted children

only demonstrate height growth once their weight for height is

regained (Dewey et al., 2005) and where seasonal conditions are

favourable (Maleta et al., 2003). These findings highlight the impor-

tance of the integrated medical and nutritional care of children receiv-

ing wasting treatment to ensure the effects of wasting on linear

growth are minimised. While severe and/or repeated episodes of

wasting may contribute to stunting, the higher prevalence of stunting

cannot be solely explained by previous wasting. There are many

drivers of stunting and many countries where stunting levels are high

but wasting prevalence levels are low (GNR, 2020). The importance of

wasting as a driver of stunting is therefore likely to vary by context.

The evidence that shows stunting leading to wasting provides a new

perspective on understanding how wasting and stunting are interre-

lated although the relationship is weaker. Further research to under-

stand the mechanisms behind this would be informative for

identifying programmatic implications.

Children identified as concurrently wasted and stunted have a dual

burden of impact on body composition, which might explain the high

risk of mortality associated with having both conditions. The cumulative

increased risk of death from concurrent wasting and stunting under-

mines any rationale for different interventions addressing separate

forms of undernutrition. Instead, treatment strategies need to shift

focus to consider risk of death as paramount to targeting rather than

specific categories of anthropometric cut-offs to define wasting while

working alongside prevention. Targeting interventions by season or by

population subgroups defined by sex, socio-economic status, maternal

and child birth characteristics might help to focus preventive interven-

tions to reduce the burden of postnatal growth failure (Mertens,

Benjamin-Chung, Colford, Coyle, et al., 2020).

Most of the prevalence studies in this review reported wasting,

stunting and concurrent wasting and stunting as point prevalence. We

have presented evidence that demonstrates problems in the underes-

timation of the actual burden of wasting as children can move in and

out of periods of this acute condition throughout the year. Wells,

Briend, et al. (2019) argue that the reliance on population-level data

describing stunting and wasting gives a profoundly misleading repre-

sentation of the complexity of the causes of undernutrition and

unnecessarily narrows programme and policy approaches to separate

prevention and treatment of undernutrition rather than combined

understanding and approaches. The design and implementation of

nutrition programme and policy should therefore consider how inci-

dence might inform more effective targeting of programme resources.

One of the secondary findings from the work identified in this

review is higher prevalence of concurrent wasting and stunting in

males. Although the concept of higher levels of male undernutrition is

not new, the work here has renewed interest in understanding the

reasons for these differences. A recent systematic review of sex dif-

ferences in undernutrition showed that boys are more likely to be

wasted, stunted and underweight compared with girls (Thurstans

et al., 2020). There are some nuances in sex and age patterns whereby

males appear to be more vulnerable in early years, but in some con-

texts, the risk is inversed as age increases, making girls more vulnera-

ble (Garenne et al., 2019). This may be indicative of the varying

influence of sociological factors over biological factors over time. Pro-

gramme data collection, surveillance systems and national and local

survey indicators should not only disaggregate all data by age and sex,

but should also be modified to include the calculation of concurrent

wasting and stunting (Odei Obeng-Amoako, Myatt, et al., 2020).

The findings regarding response to SAM treatment for children

who are both wasted and stunted are inconsistent. Overall, evidence

suggests that outcomes are suboptimal for children with concurrent

wasting and stunting. Where positive treatment outcomes are

reported, this might be reflective of survivor bias. What is clear is that

TFPs need to be optimised to identify most at-risk children including

those who are concurrently wasted and stunted (Bergeron &

Castleman, 2012; Khara & Dolan, 2014). Likewise, the evidence pres-

ented above that wasted children often go on to experience further

episodes of wasting (Schoenbuchner et al., 2019) and that wasting

leads to stunting highlights the importance of strengthening the links

between wasting and stunting prevention programmes. Children who

have been enrolled in SAM treatment should be targeted to prevent

further episodes. While few interventions have been shown to suc-

cessfully treat stunting, what is not clear from this review is whether

treatment of wasting could be adapted to better lay the foundation

for linear growth (Briend, Khara, et al. 2015). For example, is the lack

of gain in height solely related to the body's focus on weight gain,

related to the RUTF formulations in use and lack of micronutrients to

support bone growth or to the timeframe of the intervention? In the

case of fat accumulation and overweight/obesity risk, findings from

this review seem to allay concerns regarding the risk of excess fat

accretion in stunted children.

This review highlights findings that support further operational

research into the anthropometric identification and assessment of

undernutrition. Evidence shows that MUAC and WAZ are the best

measures to identify mortality risk (Myatt et al., 2019) including in

infants under 6 months of age (Mwangome et al., 2017). The

association between young age and low muscle mass also highlights

young infants, in particular those born small for gestational age (SGA),

as a priority group (Briend, Khara et al., 2015). This age group is often

excluded from programming due to the complexities of the

identification of undernutrition. In a recent study, the use of MUAC

and WAZ were found to identify high-risk infants under 6 months.

LBW, MUAC <9 cm and WAZ - < 3 Z score at birth were each

positively associated with increased risk of mortality during the first

year of life (Mwangome et al., 2019). This has important implications

in reaching the most vulnerable children in a way that is programmati-

cally practical and potentially less open to measurement error

than WHZ.
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The findings in this review on the peak timing of wasting and stu-

nting suggest that policy and practice need to address undernutrition

in a way that considers the life cycle of undernutrition, from preventa-

tive interventions targeted to women of reproductive age through to

treatment when undernutrition occurs in the young child. A significant

degree of child undernutrition is established before birth (Christian

et al., 2013), indicating the need for greater coordination between

interventions targeting adolescent girls and mothers and those aiming

to prevent child undernutrition (Wells, Briend, et al., 2019). The evi-

dence on the relationship between stunting and wasting suggests that

the divide in tackling undernutrition needs to be addressed at all levels

including financing arrangements that should promote longer term

funding, particularly in protracted crisis contexts, to allow for invest-

ments in prevention as well as more immediate life-saving interven-

tions (MQSUN+, 2020).

The strength of the evidence has come a long way since the origi-

nal review in 2014, and continued robust research on the priorities

laid out above will be key to furthering our understanding of the rela-

tionship between wasting and stunting. This would serve to better pri-

oritise prevention and treatment-focused interventions in all contexts

where undernutrition is a concern.

The strength of this review lies in the systematic approach

taken, but we recognise some limitations. Our search strategy might

have introduced some bias in the literature that we included. The

findings have demonstrated the overlap in wasting and stunting and

the utility of measures of underweight in capturing this. As we did

not include the term ‘underweight’ in our search, there is a chance

that we missed relevant literature pertaining to underweight only.

However, papers would only have been included if they also

mentioned wasting and stunting and so should have been identified

by the search. We also do not feel that the overall message that a

child should be viewed in a more holistic way would be changed.

Similarly, our findings demonstrate that, in many instances, children

are born wasted and/or stunted and therefore LBW. While we did

not include the terms ‘low-birthweight’ or ‘preterm’ in our search,

we have presented research that highlights the need for prevention

through maternal and newborn interventions. Finally, our search

may have had reduced sensitivity with the limits we applied

related to relationship and association. However, we felt this was

necessary to manage the large quantity of literature related to both

wasting and stunting given our interest in the relationship between

the two.

For all of the above limitations, we feel our request to members

of the WaSt TIG SWG to highlight relevant additional literature has

contributed to minimising the effects given their expertise and ongo-

ing work in the field of maternal and child health and nutrition. We

recognise the limitations of cross-sectional data throughout the text,

and this is particularly relevant for assessing causal associations and

incidence. In terms of associations, all cross-sectional evidence that

we have presented is supported by longitudinal data, providing robust

support to the findings. Finally, there might also be a risk of survivor

bias in included studies, particularly those related to long-term out-

comes of wasting and stunting.

5 | CONCLUSION

The ongoing accumulation of evidence since the 2014 review demon-

strates progress in improving the understanding and awareness of the

relationship between wasting and stunting. The findings of this review

are supportive of a strong relationship between these two manifesta-

tions of undernutrition and provide a better understanding of which

groups should be considered at risk and therefore prioritised for

treatment.

Evidence on the cumulative effects of nutritional deficits, and

therefore risk over the life course of a child beginning in-utero,

demonstrates the need for a more integrated approach to prevention

and treatment strategies in order to interrupt this process. To achieve

this, further progress is needed to overcome the divide that has

typified undernutrition policy, programme, financing and research

initiatives.
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Appendix 7: Wider PhD Outputs  
 

In addition to the peer reviewed papers included in this thesis, the findings from this PhD 

have been shared widely to date through various channels.   

 

Podcasts  
 

1. Podcast on sex differences in undernutrition.  A podcast was recorded and released on 

the 30th March 2022 on the ENN website.   

The recording is available at the following link: 

https://www.ennonline.net/mediahub/podcast/sexdifferencespodcast  

“In this podcast, ENN’s Tanya Khara discusses with WaSt TIG members Susan Thurstans 

and Michel Garenne, collaborative work that they have led exploring patterns of sex 

differences in undernutrition and the early life mechanisms that may underlie them.”  

 

2. Podcast on Understanding the relationship between wasting and stunting: A 

conversation on the findings of our systematic review on this topic.   

A podcast was recorded and released on the 19th May 2022 on the ENN website.  The 

recording is available at the following link: 

https://www.ennonline.net/mediahub/podcast/wastsystematicreview  

“This podcast records a conversation between Tanya Khara (ENN Technical Director and 

Coordinator of the WaSt TIG) and Susan Thurstans (member of the WaSt TIG and lead 

author of the systematic review) who discuss some of the key findings of the systematic 

review which looks at the relationship between wasting and stunting and some of the 

outstanding questions that remain. Carmel Dolan (member of the WaSt TIG) and Gloria Odei 

(a researcher who has been influenced by the groups work) also give us their main 

takeaways from the review and thoughts on what comes next.” 

 

 

 

https://www.ennonline.net/mediahub/podcast/sexdifferencespodcast
https://www.ennonline.net/mediahub/podcast/wastsystematicreview
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Blogs  
 

Boys are more likely to be undernourished than girls: some thoughts on a recently published 
systematic review by Susan Thurstans   

Available at: https://www.ennonline.net/mediahub/blog/sexdifferencesinundernutrition  

Targeting wasting treatment and age – are we on the right track? By Tanya Khara and 
Susan Thurstans on 14 April 2023 

Available at: https://www.ennonline.net/mediahub/blog/targeting-wasting-treatment-and-age-
are-we-on-the-right-track  

 

Research Summary pieces  
 

Susan Thurstans (2022). Understanding sex differences in childhood malnutrition. Field 

Exchange 67, April 2022. p58. www.ennonline.net/fex/67/researchsummarysexdifferences 

[98] 

 

Summer projects supervised 
 

During the course of this research, I was able to work with an MSc student and supervised a 

summer project evaluating perceptions of male female differences in malnutrition and the 

implications for field assessment of anthropometry.  This was a qualitative study involving key 

informant interviews.  Generally, stakeholders were aware of increased prevalence among 

males in undernutrition, but it was a surprising trend for many [81].   

Citation:  Mughal, M. (2020) Perceptions of male female differences in malnutrition and 

implications for field assessment of anthropometry: A qualitative study.  Available at: 

https://discover.lshtm.ac.uk/discovery/search?query=any,contains,perceptions%20of%20mal

e%20female%20differences%20in%20malnutrition%20and%20implications%20for%20field

%20assessment%20of%20anthropometry%20a%20qualitative%20study&tab=Everything&s

earch_scope=MyInstitution&vid=44HYG_INST:44HYG_VU1&offset=0  

https://www.ennonline.net/mediahub/blog/sexdifferencesinundernutrition
https://www.ennonline.net/mediahub/blog/targeting-wasting-treatment-and-age-are-we-on-the-right-track
https://www.ennonline.net/mediahub/blog/targeting-wasting-treatment-and-age-are-we-on-the-right-track
http://www.ennonline.net/fex/67/researchsummarysexdifferences
https://discover.lshtm.ac.uk/discovery/search?query=any,contains,perceptions%20of%20male%20female%20differences%20in%20malnutrition%20and%20implications%20for%20field%20assessment%20of%20anthropometry%20a%20qualitative%20study&tab=Everything&search_scope=MyInstitution&vid=44HYG_INST:44HYG_VU1&offset=0
https://discover.lshtm.ac.uk/discovery/search?query=any,contains,perceptions%20of%20male%20female%20differences%20in%20malnutrition%20and%20implications%20for%20field%20assessment%20of%20anthropometry%20a%20qualitative%20study&tab=Everything&search_scope=MyInstitution&vid=44HYG_INST:44HYG_VU1&offset=0
https://discover.lshtm.ac.uk/discovery/search?query=any,contains,perceptions%20of%20male%20female%20differences%20in%20malnutrition%20and%20implications%20for%20field%20assessment%20of%20anthropometry%20a%20qualitative%20study&tab=Everything&search_scope=MyInstitution&vid=44HYG_INST:44HYG_VU1&offset=0
https://discover.lshtm.ac.uk/discovery/search?query=any,contains,perceptions%20of%20male%20female%20differences%20in%20malnutrition%20and%20implications%20for%20field%20assessment%20of%20anthropometry%20a%20qualitative%20study&tab=Everything&search_scope=MyInstitution&vid=44HYG_INST:44HYG_VU1&offset=0
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Presentations and meetings  
 

Research findings were shared at the following:  

• LSHTM research degree poster day (see page 202)  

• ACF conference 2019 poster presentation (see page 202)  

• Speaker presentation: WaSt TiG Group May 2020 

• Speaker presentation: Global health Seminar at UCL, March 2022 

 

 

  



Boys are more undernourished than girls
A systematic review and meta-analysis 

Susan Thurstans (1),  Charles Opondo (1), Andrew Seal (2), Jonathan Wells (2), Tanya Khara (3), 
Rebecca Sear (1), Marko Kerac (1)

(1) London School of Hygiene and Tropical Medicine 

(2) University College London 

(3) Emergency Nutrition Network 

Background 

Within neonatal and infant health fields, excess male morbidity and mortality is

well recognised and biological mechanisms are well described. How sex

differences translate to risk and outcomes in the field of nutrition is

understudied, and the practical implications remain to be determined.

Objectives

To review the evidence for sex differences in undernutrition,

To review the recognition and understanding of these differences, review the

explanations offered,

Methods 

We conducted a systematic review and meta-analysis following PRISMA

guidelines. We used search terms that encapsulated undernutrition, sex and

gender. Studies were identified by searching Medline, Embase, Global health,

Popline and Cochrane databases. The analysis was conducted in two parts, a

qualitative systematic review and a meta-analysis of a subset of papers. In the

meta-analysis, undernutrition-specific estimates were pooled separately for

wasting, stunting and underweight using a random effects model.

Conclusion 

This review suggests that undernutrition is more common among boys, though

the extent of these differences vary and can be more pronounced in some

contexts than others.

Improving Health Worldwide • www.lshtm.ac.uk

Results 

The initial search provided 34,270 results. After removing duplicates and

screening we included 134 studies in the qualitative synthesis and 46 the meta-

analysis.

75 studies reported on measures of undernutrition as an outcome. From this,

63 (84%) reported more undernourished boys than girls, 10 (13%) reported

more undernourished girls than boys and 2 (3%) reported no significant

difference.

46 of the 75 studies were eligible for inclusion in the meta-analysis as they

presented fully disaggregated data.

20 studies were included in the analysis for wasting. Boys were more likely to be

undernourished than girls, (OR 1.26, 95% CI- 1.13-1.40, P=<0.001).

39 studies were included in the analysis for stunting. Boys had higher odds of

being stunted than girls, (OR 1.31 95% CI-1.24-1.39, P=<0.001).

25 studies were included in the analysis for underweight. Boys had higher odds

of being underweight than girls (OR 1.19, 95% CI-1.07-1.32, P=0.001).

When stratified by geographical region (see graphs below) and age, the odds of

boys being undernourished remained higher than for girls across most regions,

though in South and South East Asia some studies show girls were more likely

to be undernourished.

When stratified by age, results also show that boys are at higher risk though the

age grouping potentially masks some complexities as detailed analysis of

different ages was not possible. Where sex differences are reported, they are

not always acknowledged or explored.

We reviewed the discussion sections of studies that identified sex differences to

determine if they provided explanations for said differences. 42 (56%) of the

studies did discuss the findings, 11 (15%) studies cited articles with similar

findings but did not speculate as to the causes of differences and 22 (29%) of

the studies provided no discussion on sex differences at all. 5 studies (12%)

attributed differences to biological causes, 20 (48%) to social causes and 17

(40%) to a combination of the two.

Discussion 

Evidence from this review suggests that the concept of increased vulnerability

amongst males is not fully understood in the field of nutrition. The meta-

analysis shows overwhelmingly that boys appear to be more at risk of

undernutrition than girls.

The results demonstrate geographical variance in sex differences. Overall, with

the exception of a South America (single study), there are no regions where girls

have a higher risk of undernutrition than boys. Within some regions there are a

wide range of odds ratios, particularly in South and South East Asia.

Odds ratios for wasting by region .  Odds ratios for underweight by region .  

Odds ratios for stunting by region .  
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