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Abstract: Despite a declining prevalence, stunting remains an elusive target for the global health
community. The perception is that stunting represents chronic undernutrition (i.e., due to inadequate
nutrient intake associated with food insecurity, low-quality diet, and suboptimal infant feeding
practices in the first two years of life). However, other causes include maternal–fetal interactions
leading to intrauterine growth retardation, poor maternal nutrition during pregnancy and lactation,
and maternal and pediatric infections. Moreover, physical, economic, demographic, and social
environments are major contributors to both food insecurity and conditions that limit linear growth.
Overall, factors representing both the internal and external “nutritional ecologies” need to be
considered in efforts to reduce stunting rates. Nutritional assessment requires better understanding
of the mechanism and role of nutrition in growth, clear expectations about the sensitivity and
specificity of the tools used, and inclusion of bio-indicators reflecting the extent and nature of the
functional effect of poor nutrition and environmental factors contributing to human physical growth.
We provide a perspective on current knowledge about: (i) the biology and contribution of nutrition
to stunting/poor growth; (ii) our current nutritional assessment toolkit; (iii) the implications of
current assessment approaches for clinical care and public interventions; and (iv) future directions for
addressing these challenges in a changing global health environment.
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1. Introduction

The global nutrition and health agenda is framed by a number of key consensus statements
designed to support the community’s efforts to address specific aspects of this agenda. Each of these
statements includes “targets” designed to address specific aspects of the current state of malnutrition
(under- and over-nutrition). These efforts are exemplified by the World Health Organization (WHO)
Global Nutrition Targets for 2025 [1] and the “United Nations Sustainable Development Goals” [2].
Prominent in both are targets to address the global burden of “stunting.” The presumption is that
stunting is primarily the result of undernutrition. Is it? Do we understand the etiology and biology
of stunting? If it is nutrition, which aspect of nutrition? Poor intake? Specific deficiencies of
micronutrients? What is the role of the health context, e.g., concomitant infection, inflammation? How
do we know?

In light of these and other questions, how valid is stunting as a trigger for public health
interventions? Can the provision of food suffice to ameliorate this enduring challenge? The ability to
achieve these goals will be dependent on a clear understanding of what stunting is, what its causes
are, how it is assessed, and what are the best approaches for prevention and potential treatment.
This concept paper will outline some of the key aspects of this critical global health challenge.
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2. Background

Nutrition is intimately and inextricably involved in all aspects of human growth and development.
The manifestations of malnutrition, primarily undernutrition, have been described for years. Among
the outcomes of undernutrition most prominently described has been the impact on body composition
and growth. Box 1 provides definitions for the three main types of undernutrition most often seen
in children.

Box 1. UNICEF Categories of Undernutrition in Children

Underweight: Moderate—below minus two standard deviations from median weight for age of reference

population; and severe—below minus three standard deviations from median weight for age of
reference population.

Wasting: Moderate and severe—below minus two standard deviations from median weight for height of

reference population.

Stunting: Moderate and severe—below minus two standard deviations from median height for age of

reference population.

https://www.unicef.org/infobycountry/stats_popup2.html

As first delineated by Waterlow [3], undernutrition has been broadly classified as either “wasting,”
which describes low weight for height/length, versus stunting, i.e., pertaining to low height/length for
age [4]. This terminology has been adopted by the global health community as an indicator to both
describe and serve as a trigger for programs to address undernutrition. While these terms clearly
describe a perturbation in the systems involved in growth and development, in and of themselves,
they are neither prescriptive nor do they provide clarity with regard to causality. In particular,
stunting—which is assumed to reflect a chronic condition affecting growth and related developmental
outcomes—remains a poorly understood challenge to human development. Moreover, for numerous
reasons, the reliance on stunting as an indicator of poor nutrition has also come into question. Herein,
we will explore some of these issues and provide some suggestions for alternative approaches.

3. What’s the Problem?

Recent trends have shown a decrease in the prevalence of stunting. In 2010, it was estimated that
171 million children (167 million in developing countries) were stunted [5]. Globally, the prevalence of
childhood stunting decreased from 39.7% (95% CI 38.1, 41.4) in 1990 to 26.7% (95% CI 24.8, 28.7) in
2010 [5]. In 2017, 22.2%, or just under one in four, children aged under 5 years worldwide had stunted
growth. Despite this improvement, in 2017, nearly one-third of all children living in South Asia and
sub-Saharan Africa were stunted (Figure 1).
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Figure 1. Percentage of children under 5 who are stunted, by region, 2000 to 2017 [6]. 
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4. A Complex Global Health Context: Stunting, is it Only Undernutrition?

As noted, stunting is generally assumed to be a result of undernutrition. As a result, programs
that rely on stunting as a trigger for intervention have primarily focused on this presumed association.
However, there is substantial evidence linking stunting to numerous other adverse health conditions.

The global health context has become increasingly complex. In order to provide increased
precision and to avoid unintended consequences, this complexity will demand a different approach to
both assessment and interventions for conditions with potential multiple etiologies.

In 2017, the United Nations (UN) reported that the numbers of hungry people had increased
for the first time in a decade, primarily as a result of conflict and climate change [7]. In addition,
the prevalence of micronutrient malnutrition has not been well measured, although it is assumed
that this is also a significant problem. Along with the continuing burden of infectious disease
(e.g., human immunodeficiency virus [HIV]/acquired immunodeficiency syndrome [AIDS], tuberculosis
[TB], malaria, diarrheal disease, and emerging infectious diseases caused by Zika, Ebola, etc.) and
an exploding burden of non-communicable diseases (NCDs; e.g., obesity, type 2 diabetes, cardiovascular
disease [CVD], and cancer), the relevance and impact of global health continues to become more
complex. The implications of this complexity are particularly compelling because they dramatically
impact the health and development of children.

Of particular relevance to this discussion is a recent analysis of the relationship between
malnutrition and TB in India that documented a direct association between the two conditions [8].
However, although stunting has been linked with TB, it is generally the case that poor nutrition
precedes or coincides with the infection rather than there being a demonstrable causal link. Similarly,
a historical association has existed between HIV exposure, treatment, and childhood growth [9]. Recent
studies have confirmed this relationship and suggest that, rather than a direct link to malnutrition,
growth deficits in HIV may be metabolic consequences of the interaction between in utero exposure,
maternal health, and inflammation [10,11].

In a similar manner, two concomitant conditions, diarrheal disease and environmental enteric
dysfunction (EED), a complex syndrome associated with enteric inflammation and structural damage to
the gastrointestinal tract [12], have been strongly associated with stunting [13–15]. However, the nature
of the relationships is not clear at this time, other than to note that both diarrheal disease and EED
are associated with inflammation. With specific regard to EED, a recent analysis suggested a role for
inflammation as a plausible pathway linking the condition to stunting [16]. Interestingly, a recent report
from the Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia (BRINDA)
group highlighted the association between a marker of chronic (α-2 glyco-protein: AGP) but not acute
(C-reactive protein: CRP) inflammation and poor linear growth in children [17].

5. Conundrum: What Are We Talking About?

A vernacular exists to describe various aspects of the relationships between food, nutrition,
and health, and to support the development, implementation, and evaluation of interventions and
programs to address these relationships. A discussion of the utility and expectations associated with
these terms is relevant to our discussion of the value of stunting to the global health enterprise.

Hunger has been defined as “an uncomfortable or painful physical sensation caused by insufficient
consumption of dietary energy. It becomes chronic when the person does not consume a sufficient
amount of calories (dietary energy) on a regular basis to lead a normal, active and healthy life. Today,
it is estimated that over 820 million people are going hungry” [18].

In addition to the United Nations Children’s Fund (UNICEF) definition of childhood
undernutrition, the WHO provides an expansive definition of “malnutrition” that includes “deficiencies,
excesses, or imbalances in a person’s intake of energy and/or nutrients”. With specific regard
to undernutrition, the WHO refers to “4 broad sub-forms of undernutrition: wasting, stunting,
underweight, and deficiencies in vitamins and minerals. Undernutrition makes children in particular
much more vulnerable to disease and death” [19].
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Both the definitions of hunger and malnutrition above are based on exposure. Hunger is
clearly the result of an absence of food, whereas malnutrition (undernutrition) is a manifestation of
hunger, but the absence of food/nutrients is not its only cause. As a biological variable, nutritional
status (i.e., the reflection of the adequacy of nutrients to perform their functional roles within
biological systems), affects and is affected by numerous biological processes and the health context
of both individuals and populations. Stunting is used as a public health indicator of malnutrition
(i.e., insufficient intake of food/nutrients), but it lacks the sensitivity or specificity needed to provide
a clear explanation for causality.

The response to the narrow view of stunting as a form of malnutrition, and by inference a subset
of hunger, is to provide food. The question is whether the provision of food is sufficient to either
prevent or ameliorate stunting and its consequences, particularly in a world where obesity continues
to rise. A recent analysis by Panjwani et al. [20] did, in fact, show a small positive impact of nutritional
interventions on stunting. Similarly, other interventions, such as those focused on water and sanitation,
have had a small impact [21].

Although progress has clearly been made regarding the reduction in global stunting prevalence,
the core questions remain: can we address this condition with a “one-size-fits all” approach? If stunting
cannot be prevented with a singular approach, then should it more appropriately be viewed as
a multifactorial condition that has to be addressed as the sum of its parts? What is the value of
continuing to use stunting as a public health indicator of malnutrition (quality and quantity of
nutrients)? Perhaps the complexity of the stunting scenario supports the notion that stunting is
a “syndrome” resulting from a myriad of risk factors [11] and, as a consequence, demands a more
comprehensive ecological approach to causes, assessment, and interventions. The following sections
focus on how we might move forward to advance our understanding of this complex relationship.

6. Public Health Nutrition: The Challenge of a “One-Size-Fits-All” Approach

As discussed, nutrition is clearly related to stunting, both in mothers as well as their children;
however, to what extent remains to be determined. The assumption that stunting is only a consequence
of food/nutritional insecurity leads to interventions that only target that relationship. The use of
stunting as a public health trigger for improving nutrition means that even though some may benefit,
others may not, and others may experience adverse outcomes due to exacerbation of other risks
such as obesity or by missing the underlying cause, prolonging the problem. Experience tells us
that such assumptions can be insufficient to address the problem and potentially lead to unintended
consequences. The case of our efforts to address anemia and nutritional iron deficiency is informative
in this regard.

The ongoing conundrum involving iron nutrition and anemia is illustrative of the challenges of
a “one-size-fits-all” approach to public health nutrition. A low hemoglobin concentration has been
used as a public health indicator of impaired iron status [22], even though anemia, similar to stunting,
is a multifactorial problem. The traditional intervention to treat and prevent anemia has been to
provide iron through various means. What we have learned is that: (i) nutritional iron deficiency,
previously assumed to account for 50% of anemia [23], may only account for perhaps 25-35% of anemia
in women of reproductive age and school-aged children [24]; (ii) giving iron supplements to people
who do not need them may be harmful [25]; and (iii) focusing on only iron in the context of a low
hemoglobin concentration misses the other causes and perpetuates anemia that has significant short-
and long-term implications [26]. Nevertheless, nutritional iron deficiency remains a significant public
health problem. Its assessment and our ability to identify biomarkers that can distinguish between
nutritional need and physiological response remain obstacles [25]. This latter issue in particular is
relevant to the question regarding the role of nutrition versus other potential causes of stunting.
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7. The External and Internal Nutritional Ecology of Stunting

Stunting is a complex interplay between the internal and external nutritional ecologies.
(“Nutritional Ecology” is the set of relationships existing between nutritional status, a biological
variable representing a complex system composed of those processes involved in the ingestion,
digestion, absorption, metabolism, and functional utilization of nutrients, and its surroundings or
environment [27].) Components of the external nutrition ecology include dietary exposure, food
systems, living environments (altitude above sea level, contamination, stressful and dangerous habitats),
physical/economic/social/behavioral conditions and public health context, some of which have been
recently explored [28]. The influence of the external environment (e.g., demographics, rural vs urban
settings, cultural practices including infant feeding/breastfeeding, and sanitation) has long been
known to be associated with stunting, and has been recently reinforced as a major determinant of
stunting in high-prevalence settings [27,29]. An emerging factor is the potential role of the physical
environment and climate change not only on food systems and health but also on specific aspects of
nutrition [30]. More specifically, the relationship between stunting per se and these variables has come
into question [31,32].

In addition to external nutrition ecology, our understanding of the biology of stunting demands
an appreciation of the internal nutritional ecology. Figure 2 highlights internal factors that need to be
considered in the study of stunting (both biology and assessment) in order to inform our understanding
of etiology and treatment.
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Figure 2. The “Internal” nutrition ecology of stunting.

Several fundamental questions need to be addressed regarding the application of both internal and
external nutrition ecologies to advance our understanding of the role of nutrition in stunting (Box 2).
In the absence of answers to these questions, our ability to intervene is severely compromised both
in individuals and in populations. The complexity of the stunting scenarios demands an ecological
approach that includes an appreciation of systems biology to understand the biology, translation of
that biology to sensitive and specific assessment methodologies and interventions, and ultimately, to
improve clinical and public health outcomes.
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Box 2. Key Questions Re: The Biology of Stunting

1. What is the biology of stunting?

(a) What is the role of intersecting biological systems, e.g., neuroendocrine, GI/metabolic,
inflammatory, etc.?

(b) What is the relationship between wasting and stunting?

i. Why do some children who are wasted/“malnourished” become stunted while others do not?
ii. Wasting is associated with poor linear growth, but the effects of remediation on growth are

mixed [33].

2. Why do some children who are born small-for-gestational age (SGA) become stunted while others do not?

(a) 20% of stunting and 30% of wasting was reported to have prenatal origins [34].

3. Is there a trigger that causes children to go down this path, and if so, what is it?

(a) Specific nutrient (single or multiple) deficits?
(b) Inflammation?
(c) Body habitus and related metabolic factors: Fat mass and related metabolomics mediated by

compounds such as leptin?
(d) Is stunting a reflection of a chronic condition? Is there a role for infection? NCDs?
(e) Obesity: role of maternal body mass? Children who are stunted are susceptible to obesity but

children who are obese do not appear to be susceptible to stunting. Is there something to be
learned from our evolving understanding of the developmental origins of health and disease
(DOHaD) paradigm?

4. What is the role of genetics, either in terms of prediction or adaptation to environmental conditions?
5. Assessment: What is the value of anthropometry beyond an observation of something gone wrong?

How can we better translate what we know about the biology of stunting and its causes to better
assessment approaches?

(a) It has been suggested that mid-upper arm circumference (MUAC) may be an indicator of the
metabolic sequelae associated with relevant changes in body compositions and the relationship to
stunting [35]. Is this a viable hypothesis?

(b) What biomarkers should we employ to increase our precision both in terms of diagnosis and
interventions clinically, in the field and at scale?

8. Differences Between Wasting and Stunting: Beyond a Definition of “Malnutrition”

As noted above, in an attempt to provide some clarity regarding the definition of malnutrition and
its implications, a number of classification schemes and definitions have been promulgated. According
to Golden [36], “two types of responses have been identified when a child’s intake of an essential
nutrient is insufficient—either there is continued growth whilst the body uses up the nutrient resulting
in specific deficiency signs, or there is reduced growth while the tissue concentration of the nutrient
is maintained.” Golden [37,38] further refined this by classifying nutrients based on their functional
ramifications: Type I nutrients, which have specific responses (e.g., scurvy responsive to vitamin C,
beriberi responsive to thiamine, xeropthalmia responsive to vitamin A); and Type II nutrients, which
result in more generalized system failures (e.g., reduced growth due to a lack of protein and/or zinc).

Similarly, Waterlow [39] described a commonly used categorization of malnutrition:

• Type A: “a deficit in weight-for-height, represents a fairly acute state of malnutrition where
growth, as shown by height, has been reasonably satisfactory until some acute episode, infective
or nutritional, supervenes.”

• Type B: “a deficit in height-for-age, undernutrition over a long period has caused a retardation in
linear growth.”
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A simplistic view of these observed outcomes is that they are differentiated by either duration of
malnutrition (Type A being more “acute”) and/or a metabolic trigger (Type B) resulting in linear growth
retardation. This classification is clearly not satisfactory in terms of causal pathway or specificity.
Both contributed to confusion about the distinction between “weight loss” and poor linear growth,
which of course can occur simultaneously (i.e., both describe a condition associated with reduced weight
for age but neither distinguishes between the physiology associated with loss of body mass versus
reduced linear growth and its concomitants). Thus, Waterlow suggested use of the terms “wasting”
and “stunting” to provide further clarity to the distinction between weight loss and poor growth.

For numerous reasons, the use of anthropometry to define and distinguish between wasting
and stunting (i.e., reduced weight for age z-score [WAZ] versus height for age z-score [HAZ]) as
public health indicators of “malnutrition,” offers several advantages. As public health indicators,
both provide clear signals of a problem in the external system. They are also relatively convenient,
non-invasive measures for assessing health. These terms have been codified and continue to be used
to represent malnutrition and as guides for program development [40]. However, implicit in such
schemes is: (i) the view of malnutrition as a result of nutrient insufficiency/exposure; and (ii) a lack of
accountability for other causes of malnutrition (e.g., specific nutritional metabolic consequences of
disease), and (iii) a single-nutrient perspective that does not reflect the role and nature of potential
nutrient interactions with each other or within biological systems. Using this type of classification
scheme can only address the “external” nutrition ecology from a macro-level and limits the ability
to explore the “internal nutrition ecology,” (i.e., diet and health/disease relationships at a micro-
or biological systems level). This conundrum may explain why we can show a reduction in the
prevalence of stunting while some countries still maintain prevalence above the currently accepted
reference values.

There are several core issues specifically relating to the challenges about how to define and
respond to the intractable problem of global stunting. The presumption in many circles is that stunting
is synonymous with dietary deficiency of macro- and/or specific micro-nutrients, and thus represents
a continuum of malnutrition that goes from wasting to stunting, a notion recently reinforced by a large
cohort analysis in the Gambia [41]. Relevant to this perspective, some of the specific challenges to
address stunting include:

• Despite recent progress, there is a persistent stunting prevalence of 20%–25% among
children globally;

• Stark regional differences in the prevalence of stunting continue to exist, which may reflect the
local external ecology perhaps as much or more than the biology;

• The utility of stunting as a public health “trigger” for initiation of interventions may be limited
due to the lack of fundamental understanding of its biology;

• In a world of exploding nutrition-related NCDs, the lack of specificity of nutritional interventions
and the role of early life exposure to the development of these chronic diseases raises concerns
about the clinical or public health utility of current interventions to address stunting (i.e., is it
simply a matter of too much or too little food?);

• Limitations of current biomarkers to distinguish between specific nutrition-related problems and
other potential causes or correlates of stunting.

Ultimately, wasting and stunting share common risk factors (i.e., elements in both the internal and
external nutrition ecologies). However, at some point the manifestations of these risk factors clearly
diverge [42]. As such, with respect to stunting, it is important to identify the best ways to determine
what is responsible for that divergence, how to assess it, and how to use that knowledge to develop
more targeted interventions to prevent it.
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9. Principles in Nutritional Assessment: How Can We Determine the Role of Nutrition in Stunting?

Our ability to more precisely define a role for nutrition in the etiology, prevention, or treatment
of stunting will require accurate and reliable approaches to nutritional assessment. This section will
apply a set of principles that should be utilized in the assessment of nutrition and its role in stunting.

Nutrients can provide substrate (i.e., the material for cellular function and tissue growth), be
involved in regulatory systems, and be involved in multiple systems related to growth (i.e., bone
development, immunology, fat metabolism, and endocrine systems); moreover, multiple systems rely
on multiple nutrients. The goals of assessment are to determine the best types and amounts of evidence
that fully integrate and address the roles of diet and nutrition in all aspects of health promotion, disease
prevention, and treatment in order to:

• Support the safe and effective application of existing standards of clinical care, or to establish
new standards;

• Provide the requisite data to support the development and evaluation of programs, policies,
and guidance;

• Ensure the validity and reliability of research data and their appropriate translation.

Nutritional assessment includes a number of tools that exist for defining malnutrition including
(Figure 3):

• Public health indicators;
• Bio-indicators;
• Biomarkers.
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Although each of these categories is used to define malnutrition, they all represent different realities
and expectations in their ability to achieve that objective. Public health indicators reflect perturbations
in the external ecology reflecting larger systems (e.g., economic, social/demographic, etc.), whereas
biomarkers are sensitive and specific reflections of the internal nutritional ecology. Bio-indicators
exist at the interface of these two and can reflect either the external or internal ecology and relevant
systems. Growth/anthropometry is a bio-indicator that reflects perturbations in either the external
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(i.e., socio-economic, food/nutritional insecurity) or internal (i.e., nutritional status and/or systems
involved in linear growth) ecology, or both. But clearly growth/anthropometry is not a biomarker
of nutrition, and in the absence of sensitive and specific biomarkers of nutritional status, it does not
provide any useful insights into the biology of nutrition that may underlie this putative outcome.

As the problem of poor growth clearly involves multiple systems and multiple nutritional inputs,
it demands an approach that includes an appreciation of this complexity. Multiple etiologies affecting
multiple systems have been suggested, including:

(1) Genetics: underlying adaptation to adverse environments;
(2) Environmental adjustment to low oxygen pressure due to altitude above sea level and

contaminated environments;
(3) Neuroendocrine control of bone health/linear growth;
(4) Intrauterine growth retardation;
(5) Poor infant feeding practices, particularly breastfeeding;
(6) Maternal (e.g., HIV) and/or child infections;
(7) Gastrointestinal disorders [14] affecting:

a. Gastrointestinal function;
b. Microbiome composition and function;
c. Nutrient absorption;

(8) Interactions between lean body mass and fat mass;
(9) Inflammation and the immune system.

The intersection of nutrition and the inflammatory response has received considerable recent
attention. Raiten et al. [44] provided a comprehensive overview of (1) the nature of the reciprocal
relationships between nutrition and the immune response (each affects and is affected by the other),
and (2) the importance of accounting for the presence of inflammation in the choice and interpretation
of biomarkers of nutrient status. More specifically, Bourke et al. [45] reviewed the role of immune
dysfunction as both a cause and an outcome of malnutrition.

The application of new technologies is a key component of both identifying causal pathways and
the application of more sensitive and specific assessment methodologies that integrate that knowledge.
A relevant example was recently presented by Mahmud et al. [46] in their review of the value of
characterizing the metabolome/lipidome of malnourished children for the assessment of the biology
of stunting.

Although a better understanding of the biology of stunting is needed, what is clear is that focusing
on the outcome (i.e., poor growth) rather than the etiologies may not be the best public health strategy
and certainly lacks the precision needed to develop targeted nutrition-specific or sensitive interventions.
Our ability to understand causal pathways will be complicated by the fact that focusing on one
aspect of this ecology misses other key components and may lead to inadequate solutions to this
complex problem.

10. Conclusions

Significant progress has been made toward reducing the global prevalence of stunting and this
will undoubtedly continue as public health efforts to address risk factors associated with this condition
continue. However, our ability to truly have an impact on the prevention and treatment of stunting
will demand a different level of understanding to generate the data needed to improve our approaches
to this complicated condition and its risks, and to develop safe and effective programs, guidance,
and standards of care.

The validity of stunting as both a public health indicator and a bio-indicator of malnutrition has
recently come under increased scrutiny [31,47,48]. Using stunting as a classification scheme for defining
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malnutrition and thereby motivating public health interventions highlights the wider importance of
poor nutrition but will not provide the precision needed to either understand, prevent, or treat stunting.

Fundamentally, there is a distinction between hunger, food insecurity, and malnutrition. Hunger is
a reflection of the external nutrition ecology resulting in limited access and availability of high-quality
foods to meet dietary needs. Malnutrition is about biology and the intersections of health and disease
with factors relating to the internal nutritional ecology. The merging of these outcomes interferes with
the ability to fully appreciate and resolve the antecedents of either. Box 3 contains a list of critical
research gaps that will need to be addressed to get us where we need to go.

Box 3. Stunting—A Complicated Research Agenda

• Stunting: what is it (nutritional, physiological, genetic, environmental)? How do we know and how can
that knowledge be collected to inform public policy?

• If nutritional, what nutrients (protein, specific amino acids, calories, zinc)?

# What is the pattern of nutrients involved in those systems controlling linear growth (i.e., the “nutriome”
of growth) and how can we best understand their normal interactions and what happens during
fluctuations (e.g., poor status of either single or multiple nutrients)?

• How do we identify/measure stunting (anthropometry versus sensitive and specific biomarkers) clinically
and in field settings, and interpret those results in the context of an increasingly complex global
health context?

• Is stunting amenable to remediation?

# Remediation of growth deficits, is catch-up growth possible?
# If catch-up growth is possible, is it physiologically useful?
# How do we define stunting?
# What is the primary cause? What is the nature of the relationships between stunting and its associated

conditions (e.g., neurodevelopment, development of NCDs, etc.)? Are the relationships causative
or correlative?

# Neurodevelopmental outcomes: these are less clear. Neurodevelopment presents a daunting array of
complications, not least of which is that, depending on when and for how long the insult(s) occur,
there are critical periods beyond which remediation is not possible.

• Long-term health: obesity and other NCDs:

# What are the biological connections?
# Is stunting a reliable predictor?

We can take solace in the recent successes resulting in the reduction in the global prevalence of
stunting. Clearly efforts to improve the well-being of the human society, including reduction of hunger
and malnutrition, have had a positive impact. However, the absence of answers to the questions
posed above limits our ability to intervene both in individuals and in populations. The complexity of
stunting scenarios demands an ecological approach that includes an appreciation of systems biology
to understand the biology and to facilitate the translation of that biology to sensitive and specific
assessment methodologies and interventions, with the ultimate goal of improving clinical and public
health outcomes.

Author Contributions: Conceptualization, D.J.R. and A.A.B.; writing—original draft preparation, D.J.R.;
writing—review and editing, A.A.B. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors wish to thank Omar Dary, PhD, USAID and Patricia Haggerty, PhD, NIAID, for
their kind and very helpful input during the drafting of this paper.

Conflicts of Interest: The authors declare no conflict of interest.



Nutrients 2020, 12, 371 11 of 13

Disclaimer: The contents of this article represent the authors’ views and do not constitute an official position of
the National Institutes of Health or the United States Government.

References

1. World Health Organization. Global Targets 2025 to Improve Maternal, Infant and Young Child Nutrition.
Available online: https://www.who.int/nutrition/global-target-2025/en/ (accessed on 17 January 2020).

2. United Nations. Sustainable Development Goals. Available online: https://sustainabledevelopment.un.org/

?menu=1300 (accessed on 17 January 2020).
3. Waterlow, J.C. Classification and definition of protein-calorie malnutrition. Br. Med. J. 1972, 3, 566–569.

[CrossRef]
4. UNICEF; WHO; The World Bank Group. Joint Child Malnutrition Estimates—Levels and Trends

(2019 Edition). Available online: https://www.who.int/nutgrowthdb/estimates2018/en/ (accessed on 15
November 2019).

5. de Onis, M.; Blossner, M.; Borghi, E. Prevalence and trends of stunting among pre-school children, 1990–2020.
Public Health Nutr. 2012, 15, 142–148. [CrossRef]

6. UNICEF; WHO; The World Bank Group. Joint Child Malnutrition Estimates—Levels and Trends
(2018 Edition). Available online: https://www.who.int/nutgrowthdb/estimates2017/en/ (accessed on 15
November 2019).

7. FAO; IFAD; UNICEF; WFP; WHO. The State of Food Security and Nutrition in the World. Building Resilience
for Peace and Food Security. Food and Agriculture Organization of the United Nations: Rome, Italy, 2017.
Available online: http://www.fao.org/3/a-i7695e.pdf (accessed on 15 November 2019).

8. Padmapriyadarsini, C.; Shobana, M.; Lakshmi, M.; Beena, T.; Swaminathan, S. Undernutrition & Tuberculosis
in India: Situation Analysis & the Way Forward. Indian J. Med. Res. 2016, 144, 11–20. [CrossRef] [PubMed]

9. Arpadi, S.M. Growth failure in children with HIV infection. J. Acquir. Immune Defic. Syndr. 2000, 25
(Suppl. S1), S37–42. [CrossRef] [PubMed]

10. Omoni, A.O.; Ntozini, R.; Evans, C.; Prendergast, A.J.; Moulton, L.H.; Christian, P.S.; Humphrey, J.H. Child
growth according to maternal and child HIV status in Zimbabwe. Pediatr. Infect. Dis. J. 2017, 36, 869–876.
[CrossRef] [PubMed]

11. Prendergast, A.J.; Humphrey, J.H. The stunting syndrome in developing countries. Paediatr. Int. Child. Health
2014, 34, 250–265. [CrossRef] [PubMed]

12. Tickell, K.D.; Atlas, H.E.; Walson, J.L. Environmental enteric dysfunction: A review of potential mechanisms,
consequences and management strategies. BMC Med. 2019, 17, 181. [CrossRef] [PubMed]

13. Crane, R.J.; Jones, K.D.; Berkley, J.A. Environmental enteric dysfunction: An overview. Food Nutr. Bull. 2015,
36, S76–87. [CrossRef] [PubMed]

14. Owino, V.; Ahmed, T.; Freemark, M.; Kelly, P.; Loy, A.; Manary, M.; Loechl, C. Environmental enteric
dysfunction and growth failure/stunting in global child health. Pediatrics 2016, 138. [CrossRef]

15. Richard, S.A.; Black, R.E.; Gilman, R.H.; Guerrant, R.L.; Kang, G.; Lanata, C.F.; Molbak, K.; Rasmussen, Z.A.;
Sack, R.B.; Valentiner-Branth, P.; et al. Diarrhea in early childhood: Short-term association with weight and
long-term association with length. Am. J. Epidemiol. 2013, 178, 1129–1138. [CrossRef]

16. Harper, K.M.; Mutasa, M.; Prendergast, A.J.; Humphrey, J.; Manges, A.R. Environmental enteric dysfunction
pathways and child stunting: A systematic review. PLoS Negl. Trop. Dis. 2018, 12, e0006205. [CrossRef]
[PubMed]

17. Merrill, R.D.; Burke, R.M.; Northrop-Clewes, C.A.; Rayco-Solon, P.; Flores-Ayala, R.; Namaste, S.M.;
Serdula, M.K.; Suchdev, P.S. Factors associated with inflammation in preschool children and women of
reproductive age: Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia (BRINDA)
project. Am. J. Clin. Nutr. 2017, 106, 348s–358s. [CrossRef] [PubMed]

18. Food and Agriculture Organization of the United Nations. Hunger and Food Insecurity. 2018. Available
online: http://www.fao.org/hunger/en/ (accessed on 15 November 2019).

19. World Health Organization. Malnutrition Fact Sheet. 2018. Available online: https://www.who.int/news-
room/fact-sheets/detail/malnutrition (accessed on 15 November 2019).

https://www.who.int/nutrition/global-target-2025/en/
https://sustainabledevelopment.un.org/?menu=1300
https://sustainabledevelopment.un.org/?menu=1300
http://dx.doi.org/10.1136/bmj.3.5826.566
https://www.who.int/nutgrowthdb/estimates2018/en/
http://dx.doi.org/10.1017/S1368980011001315
https://www.who.int/nutgrowthdb/estimates2017/en/
http://www.fao.org/3/a-i7695e.pdf
http://dx.doi.org/10.4103/0971-5916.193278
http://www.ncbi.nlm.nih.gov/pubmed/27834321
http://dx.doi.org/10.1097/00126334-200010001-00006
http://www.ncbi.nlm.nih.gov/pubmed/11126424
http://dx.doi.org/10.1097/INF.0000000000001574
http://www.ncbi.nlm.nih.gov/pubmed/28198792
http://dx.doi.org/10.1179/2046905514Y.0000000158
http://www.ncbi.nlm.nih.gov/pubmed/25310000
http://dx.doi.org/10.1186/s12916-019-1417-3
http://www.ncbi.nlm.nih.gov/pubmed/31760941
http://dx.doi.org/10.1177/15648265150361S113
http://www.ncbi.nlm.nih.gov/pubmed/25902619
http://dx.doi.org/10.1542/peds.2016-0641
http://dx.doi.org/10.1093/aje/kwt094
http://dx.doi.org/10.1371/journal.pntd.0006205
http://www.ncbi.nlm.nih.gov/pubmed/29351288
http://dx.doi.org/10.3945/ajcn.116.142315
http://www.ncbi.nlm.nih.gov/pubmed/28615263
http://www.fao.org/hunger/en/
https://www.who.int/news-room/fact-sheets/detail/malnutrition
https://www.who.int/news-room/fact-sheets/detail/malnutrition


Nutrients 2020, 12, 371 12 of 13

20. Panjwani, A.; Heidkamp, R. Complementary Feeding Interventions Have a Small but Significant Impact on
Linear and Ponderal Growth of Children in Low- and Middle-Income Countries: A Systematic Review and
Meta-Analysis. J. Nutr. 2017, 147, 2169S–2178S. [CrossRef] [PubMed]

21. Cumming, O.; Arnold, B.F.; Ban, R.; Clasen, T.; Esteves Mills, J.; Freeman, M.C.; Gordon, B.; Guiteras, R.;
Howard, G.; Hunter, P.R.; et al. The implications of three major new trials for the effect of water, sanitation
and hygiene on childhood diarrhea and stunting: A consensus statement. BMC Med. 2019, 17, 173. [CrossRef]
[PubMed]

22. Global Nutrition Report 2019. Available online: https://globalnutritionreport.org/reports/global-nutrition-
report-2018/ (accessed on 18 November 2019).

23. Lopez, A.; Cacoub, P.; Macdougall, I.C.; Peyrin-Biroulet, L. Iron deficiency anaemia. Lancet 2016, 387, 907–916.
[CrossRef]

24. Petry, N.; Olofin, I.; Hurrell, R.F.; Boy, E.; Wirth, J.P.; Moursi, M.; Donahue Angel, M.; Rohner, F. The proportion
of anemia associated with iron deficiency in low, medium, and high human development index countries: A
systematic analysis of national surveys. Nutrients 2016, 8, 693. [CrossRef]

25. Raiten, D.J.; Ashour, F.A. Iron: Current landscape and efforts to address a complex issue in a complex world.
J. Pediatr. 2015, 167, S3–7. [CrossRef]

26. Suchdev, P.S.; Namaste, S.M.; Aaron, G.J.; Raiten, D.J.; Brown, K.H.; Flores-Ayala, R. Overview of the
Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia (BRINDA) Project. Adv. Nutr.
2016, 7, 349–356. [CrossRef]

27. Kismul, H.; Acharya, P.; Mapatano, M.A.; Hatloy, A. Determinants of childhood stunting in the Democratic
Republic of Congo: Further analysis of Demographic and Health Survey 2013–2014. BMC Public Health 2017,
18, 74. [CrossRef]

28. Raiten, D.J.; Combs, G.F.J. Nutritional ecology: Understanding the intersection of climate/environmental
change, food systems and health (Chapter 7). In Agriculture for Improved Nutrition: Seizing the Momentum;
Fan, S., Yosef, S., Pandya-Lorch, R., Eds.; International Food Policy Research Institute (IFPRI) and CABI:
Wallingford, UK, 2019.

29. Rakotomanana, H.; Gates, G.E.; Hildebrand, D.; Stoecker, B.J. Determinants of stunting in children under 5
years in Madagascar. Matern. Child. Nutr. 2017, 13, e12409. [CrossRef]

30. Raiten, D.J.; Aimone, A.M. The intersection of climate/environment, food, nutrition and health: Crisis and
opportunity. Curr. Opin. Biotechnol. 2017, 44, 52–62. [CrossRef] [PubMed]

31. Leroy, J.L.; Frongillo, E.A. Perspective: What does stunting really mean? A critical review of the evidence.
Adv. Nutr. 2019, 10, 196–204. [CrossRef] [PubMed]

32. Ledlie, N.A.; Alderman, H.; Leroy, J.L.; You, L. Rainfall shocks are not necessarily a sensitive early indicator
of changes in wasting prevalence. Eur. J. Clin. Nutr. 2018, 72, 177–178. [CrossRef]

33. Isanaka, S.; Hitchings, M.D.T.; Berthe, F.; Briend, A.; Grais, R.F. Linear growth faltering and the role of weight
attainment: Prospective analysis of young children recovering from severe wasting in Niger. Matern. Child.
Nutr. 2019, 15, e12817. [CrossRef]

34. Christian, P.; Lee, S.E.; Donahue Angel, M.; Adair, L.S.; Arifeen, S.E.; Ashorn, P.; Barros, F.C.; Fall, C.H.;
Fawzi, W.W.; Hao, W.; et al. Risk of childhood undernutrition related to small-for-gestational age and
preterm birth in low- and middle-income countries. Int. J. Epidemiol. 2013, 42, 1340–1355. [CrossRef]

35. Briend, A.; Khara, T.; Dolan, C. Wasting and stunting–similarities and differences: Policy and programmatic
implications. Food Nutr. Bull. 2015, 36, S15–23. [CrossRef]

36. Golden, M.H. Specific deficiencies versus growth failure: Type I and type II nutrients. J. Nutr. Environ. Med.
1996, 6, 301–308. [CrossRef]

37. Golden, M.H. The development of concepts of malnutrition. J. Nutr. 2002, 132, 2117s–2122s. [CrossRef]
38. Golden, M.H. Evolution of nutritional management of acute malnutrition. Indian Pediatr. 2010, 47, 667–678.

[CrossRef]
39. Waterlow, J.C. Note on the assessment and classification of protein-energy malnutrition in children. Lancet

1973, 2, 87–89. [CrossRef]
40. Black, R.E.; Allen, L.H.; Bhutta, Z.A.; Caulfield, L.E.; de Onis, M.; Ezzati, M.; Mathers, C.; Rivera, J. Maternal

and child undernutrition: Global and regional exposures and health consequences. Lancet 2008, 371, 243–260.
[CrossRef]

http://dx.doi.org/10.3945/jn.116.243857
http://www.ncbi.nlm.nih.gov/pubmed/28904113
http://dx.doi.org/10.1186/s12916-019-1410-x
http://www.ncbi.nlm.nih.gov/pubmed/31462230
https://globalnutritionreport.org/reports/global-nutrition-report-2018/
https://globalnutritionreport.org/reports/global-nutrition-report-2018/
http://dx.doi.org/10.1016/S0140-6736(15)60865-0
http://dx.doi.org/10.3390/nu8110693
http://dx.doi.org/10.1016/j.jpeds.2015.07.013
http://dx.doi.org/10.3945/an.115.010215
http://dx.doi.org/10.1186/s12889-017-4621-0
http://dx.doi.org/10.1111/mcn.12409
http://dx.doi.org/10.1016/j.copbio.2016.10.006
http://www.ncbi.nlm.nih.gov/pubmed/27886592
http://dx.doi.org/10.1093/advances/nmy101
http://www.ncbi.nlm.nih.gov/pubmed/30801614
http://dx.doi.org/10.1038/ejcn.2017.144
http://dx.doi.org/10.1111/mcn.12817
http://dx.doi.org/10.1093/ije/dyt109
http://dx.doi.org/10.1177/15648265150361S103
http://dx.doi.org/10.3109/13590849609007256
http://dx.doi.org/10.1093/jn/132.7.2117S
http://dx.doi.org/10.1007/s13312-010-0103-5
http://dx.doi.org/10.1016/S0140-6736(73)93276-5
http://dx.doi.org/10.1016/S0140-6736(07)61690-0


Nutrients 2020, 12, 371 13 of 13

41. Schoenbuchner, S.M.; Dolan, C.; Mwangome, M.; Hall, A.; Richard, S.A.; Wells, J.C.; Khara, T.; Sonko, B.;
Prentice, A.M.; Moore, S.E. The relationship between wasting and stunting: A retrospective cohort analysis
of longitudinal data in Gambian children from 1976 to 2016. Am. J. Clin. Nutr. 2019, 110, 498–507. [CrossRef]
[PubMed]

42. Martorell, R.; Young, M.F. Patterns of stunting and wasting: Potential explanatory factors. Adv. Nutr. 2012, 3,
227–233. [CrossRef] [PubMed]

43. Raiten, D.J.; Combs, G.F.J. Biomarkers and bio-indicators: Providing clarity in the face of complexity. Sight
Life 2015, 29, 39–44.

44. Raiten, D.J.; Sakr Ashour, F.A.; Ross, A.C.; Meydani, S.N.; Dawson, H.D.; Stephensen, C.B.; Brabin, B.J.;
Suchdev, P.S.; van Ommen, B. Inflammation and Nutritional Science for Programs/Policies and Interpretation
of Research Evidence (INSPIRE). J. Nutr. 2015, 145, 1039s–1108s. [CrossRef] [PubMed]

45. Bourke, C.D.; Berkley, J.A.; Prendergast, A.J. Immune Dysfunction as a Cause and Consequence of
Malnutrition. Trends Immunol. 2016, 37, 386–398. [CrossRef]

46. Mahmud, I.; Kabir, M.; Haque, R.; Garrett, T.J. Decoding the Metabolome and Lipidome of Child Malnutrition
by Mass Spectrometric Techniques: Present Status and Future Perspectives. Anal. Chem. 2019, 91, 14784–14791.
[CrossRef]

47. Briend, A. The complex relationship between wasting and stunting. Am. J. Clin. Nutr. 2019, 110, 271–272.
[CrossRef]

48. Frongillo, E.A.; Leroy, J.L.; Lapping, K. Appropriate use of linear growth measures to assess impact of
interventions on child development and catch-up growth. Adv. Nutr. 2019, 10, 372–379. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/ajcn/nqy326
http://www.ncbi.nlm.nih.gov/pubmed/30753251
http://dx.doi.org/10.3945/an.111.001107
http://www.ncbi.nlm.nih.gov/pubmed/22516733
http://dx.doi.org/10.3945/jn.114.194571
http://www.ncbi.nlm.nih.gov/pubmed/25833893
http://dx.doi.org/10.1016/j.it.2016.04.003
http://dx.doi.org/10.1021/acs.analchem.9b03338
http://dx.doi.org/10.1093/ajcn/nqz050
http://dx.doi.org/10.1093/advances/nmy093
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Background 
	What’s the Problem? 
	A Complex Global Health Context: Stunting, is it Only Undernutrition? 
	Conundrum: What Are We Talking About? 
	Public Health Nutrition: The Challenge of a “One-Size-Fits-All” Approach 
	The External and Internal Nutritional Ecology of Stunting 
	Differences Between Wasting and Stunting: Beyond a Definition of “Malnutrition” 
	Principles in Nutritional Assessment: How Can We Determine the Role of Nutrition in Stunting? 
	Conclusions 
	References

