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ABSTRACT

Worldwide, over 2 billion children under the 
age of 5 experience stunting, wasting, or are 
underweight. Malnutrition contributes to 45% 
of all deaths in this age group (approximately 
3.1 million deaths) [1]. Poverty, food insecurity, 
suboptimal feeding practices, climate change, 
and conflict are all contributing factors. Malnu-
trition causes significant respiratory problems, 
including increased risk of respiratory infec-
tions, impaired lung function, and increased risk 
of subsequent adult respiratory disease, includ-
ing asthma, COPD, and lung cancer. Childhood 

malnutrition not only has serious consequences 
for children’s health but it also has numerous 
consequences on wellbeing and educational 
attainment. Childhood malnutrition is a com-
plex and multifaceted problem. However, by 
understanding and addressing the underlying 
causes, and investing in prevention and treat-
ment programs, it is possible to maximize chil-
dren’s health and wellbeing on a global scale. 
This narrative review will focus on the impact of 
childhood malnutrition on lung development, 
the consequent respiratory disease, and what 
actions can be taken to reduce the burden of 
malnutrition on lung health.
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Key Summary Points 

Malnutrition—comprised of undernutrition, 
overnutrition, and micronutrient defi-
ciency—affects up to half of children world-
wide. Malnutrition can be fatal, and children 
who survive often suffer lifelong health and 
economic consequences.
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The root causes of childhood malnutrition 
are inextricably linked to socioeconomic ine-
quality at an individual and national level. 
The current agro-food system favors the pro-
duction of cheap, high-calorie, low-nutrition 
foods, and families are priced out of a varied 
nutritious diet. Acute shocks such as climate 
crises, COVID-19, and conflict worsen these 
inequalities.

Malnutrition impacts healthy lung develop-
ment from conception through adulthood. 
This can occur through direct mechanisms 
including reducing surfactant production, 
decreased alveolarization, slow lung growth, 
and airway inflammation, and through 
indirect mechanisms including increasing 
the risk of prematurity, IUGR, and respiratory 
tract infections.

Malnutrition both increases the risk of devel-
oping common childhood respiratory dis-
eases, including asthma and respiratory tract 
infections, and worsens disease outcomes. 
Malnutrition, particularly undernutrition, is 
a significant predictor of morbidity and mor-
tality in cystic fibrosis and bronchiectasis.

Mitigation strategies, including antenatal 
nutritional supplementation and free school 
meals, can improve morbidity and mortality 
associated with childhood malnutrition. To 
address the root causes of childhood malnu-
trition, however, a child’s rights approach is 
required ensuring accountability at the cor-
porate, governmental, and societal levels.

INTRODUCTION

There continues to be a global crisis of child-
hood malnutrition. In 2019, one in three pre-
school children worldwide were either under or 
overweight, and one in two children suffer some 
form of nutritional deficiency [2]. Malnutrition 
can be fatal, and contributes to approximately 
45% (3.1 million) of all deaths for children 
under the age of 5 through direct and indirect 
causal pathways [2].

The landscape of global childhood malnutri-
tion is changing. While slow progress is being 
made to address life-threatening severe under-
nutrition in lower- and middle-income coun-
tries (LMICs), families in these regions now also 
face the chronic double-burden of obesity and 
stunting [3]. Children in high-income countries 
(HICs) also face food insecurity, driving high 
rates of childhood obesity and increasing rates 
of hospitalizations for hidden hunger and nutri-
tional deficiencies. Underlying this change is a 
food system whereby processed, high-calorie, 
low-nutrient food is widely advertised, more 
readily available, and cheaper in comparison to 
fresh produce [4]. Food production and access 
to a healthy diet is then further impacted by 
‘shocks to the system’ such as the COVID-19 
pandemic and subsequent economic recession, 
conflicts, and climate change events. These 
issues surrounding the food system are com-
pounded by increasingly sedentary lifestyles.

Lung growth and function is influenced by 
nutritional status throughout the life course, 
starting with prenatal maternal nutrition. Mal-
nutrition negatively impacts lung function, 
increases the risk of infective and non-commu-
nicable child and adult respiratory diseases, and 
drives poor disease outcomes [5]. This narrative 
review will outline what is meant by malnutri-
tion, the key drivers of childhood malnutrition, 
and how this affects healthy lung growth and 
respiratory disease physiology and outcomes. In 
undertaking this review, we conducted a search 
of global peer-reviewed literature from online 
databases, and governmental and third-sector 
white papers, up to December 2023. Key search 
terms used were “malnutrition”, “pulmonary”, 
“development”, “children”, and “pediatric”. 
This article is based on previously conducted 
studies and does not contain any new studies 
with human participants or animals performed 
by any of the authors.
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Malnutrition

What is malnutrition?

Malnutrition is defined by the World Health 
Organization (WHO) as a “deficiency or excess 
in nutrient intake, imbalance of essential nutri-
ents or impaired nutrient utilization”, [6] which 
encompasses undernutrition, micro-nutrient 
related malnutrition, overweight, and obesity 
[7].

Undernutrition is malnutrition-caused inad-
equate calorie intake. It is historically the most 
common form of malnutrition, particularly in 
LMICs, [8] and despite being the focus of many 
global health campaigns including the Sustain-
able Development Goals (SDG) Goal 2 “to end 
hunger”, still poses a significant threat to chil-
dren’s lives [9]. Acute episodes of undernutri-
tion drive weight loss, and severe undernutrition 
causes wasting (low weight for height) [6] and 
kwashiorkor (acute edematous malnutrition, 
driven by a high-cereal, protein-deficient diet 
in children under the age of 5). Acute severe 
undernutrition is immediately life-threatening, 
and children who survive the acute illness are 
at increased risk of metabolic disorders and 
increased morbidity and mortality throughout 
their life-course [10].

Chronic undernutrition can also cause stunt-
ing (low height for age) [6]. Being shorter is not 
always a health concern at an individual level, 
but a comparatively shorter pediatric popula-
tion reflects systemic problems with chronic 
childhood undernutrition and is a robust indi-
cator for overall child wellbeing and inequalities 
within a society [11]. Stunting is associated with 
poor neurocognitive outcomes and decreased 
economic prospects, as well as endocrinopa-
thies and metabolic consequences which con-
fer increased risks of adult obesity and cardio-
vascular disease [12]. Stunting is often used as a 
marker for progress for LMICs but often under-
used to assess wellbeing in HICs [11].

Micronutrient deficiency (iron, folate, iodine, 
vitamin A, and zinc being the most prevalent) 
[13] can happen with or without calorie defi-
ciency, leading children to be “over fed but 
undernourished” [14]. Lack of diversity in a diet 

increases the risk of micronutrient deficiency, 
particularly for families who rely on low-cost 
food staples to keep their children full. UNICEF’s 
State of the World’s Children report in 2019 
estimated that one in two children world-wide 
suffer from hidden hunger and micronutrient 
deficiency [2].

Obesity is an excessive accumulation of fat 
that is detrimental to health and is measured as 
a body mass index (BMI) greater than 30 [7]. It 
is the fastest-growing type of malnutrition both 
in HICs and LMICs [15]. Increasing obesity rates 
are now driven by socioeconomic inequality and 
poverty – changing food landscapes, particularly 
in urban areas, drive cheap, calorie-dense diets 
with reduced physical activity and access to 
green/blue spaces for exercise [16].

The social and environmental causes 
of malnutrition

While malnutrition can be a consequence of 
underlying pathology affecting intake and 
absorption, as well as causing excessive losses 
or increased requirements, this review focuses 
on the social and environmental drivers of poor 
dietary intake.

Childhood malnutrition is inextricably 
linked to poverty at both individual household 
and overall national levels. Every country in 
the world is affected by a degree of malnutri-
tion, [17] but countries in the poorest quartile 
for gross domestic product (GDP) per capita are 
significantly more likely to face ‘double burden 
malnutrition’ of wasting/stunting and obesity, 
with the poorest families within individual 
countries often carrying this burden [3]. In 2020, 
94% of young children with stunting, 97% of 
children with wasting, and 75% of overweight 
children were living in Africa and Asia [18]. 
While some progress has been made in reduc-
ing the number of undernourished children on 
these continents, it has been slow, unequal, and 
likely reversed during the COVID-19 pandemic. 
Levels of overweight children in these regions 
have remained static and have increased in 
many Asian and African countries [18]. Despite 
‘secure’ food supplies with sufficient produc-
tion and import in many HICs including Europe 
and North America, many children grow up in 
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food-insecure households and are also at risk of 
malnutrition, in particular obesity and hidden 
hunger. In England, almost a quarter of 10 to 
11-year-olds are obese. The disparity in obesity 
prevalence has been gradually widening over 
15 years, and children from the most deprived 
decile are now over twice as likely to be obese 
as those in the least deprived decile [2, 19]. 
Simultaneously, rates of undernutrition are ris-
ing. During the COVID-19 pandemic in 2020, 
UNICEF launched a campaign to distribute food 
parcels to hungry children in the UK [20], the 
first time in its history [19]. The number of chil-
dren and adults admitted to hospital with mal-
nutrition has doubled since 2008 [21]. Between 
2022 and 2023, the prevalence of underweight 
10 to 11-year-olds in England was 1.6%, the 
highest recorded since 2009 [22].

Socioeconomic deprivation creates barriers to 
a healthy nutritious diet at every step of the pro-
cess of providing food for children (Fig. 1) [19]. 
Inequality at the individual/household level is 
exacerbated by a food system that is flawed by 
societal, governmental, and corporate factors, 

in which healthy food has become more costly, 
and highly processed food, high in refined 
sugars and fats and low in nutrients, is widely 
advertised and easily available [3, 4].

Global warming driven climate changes also 
impact the food environment from production 
to distribution. A comparison of recorded tem-
perature anomalies and international data on 
Food Insecurity Experience Scale found that for 
every 1 ℃ temperature anomaly, severe global 
food insecurity increases by 1.4% [23], and a 
recent systematic review found a significant 
correlation between increasing extreme weather 
events from climate change including droughts 
and flooding and childhood undernutrition in 
Africa and Asia [24].

Nutrition and healthy lung development

Antenatal exposure to nutrition

The impact of malnutrition on respiratory 
health starts with antenatal and maternal 

Fig. 1   A ‘clock/capacity/cost analysis of limitations of a healthy diet’ demonstrating a the steps required in providing a 
healthy diet and b the time, resources, and financial constraints driven by economic deprivation [19]
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nutrition. Lung development is a multistage 
process that begins as early as 4 weeks gestation 
and continues into early adulthood. Subopti-
mal maternal nutrition, whether insufficient 
or excessive, has significant respiratory conse-
quences for offspring [25].

Intrauterine growth restriction (IUGR) in 
undernourished mothers is one well-identified 
mechanism behind this relationship. IUGR 
affects 10–15% of pregnancies worldwide, and 
maternal undernutrition prior to and during 
pregnancy represents the most common mater-
nal etiology of IUGR [25–27]. Numerous animal 
studies show that prolonged fetal undernutri-
tion contributes to restriction of lung growth, 
impaired alveolar function, and reduced pulmo-
nary vascular growth [5, 27]. There is longstand-
ing evidence of a correlation between lower 
birthweight and reduced lung function in later 
life, initially theorized by the Barker hypothesis 
[28, 29]. More recently, both Dekker et al. and 
Suresh et al. conducted studies that associated 
lower birthweight with poor lung function in 
children and young adults, respectively [30, 31]. 
Chronic antenatal undernutrition associated 
with IUGR also causes epigenetic changes that 
impair subsequent lung development through 
alterations in specific signaling pathways—
including transforming growth factor beta and 
the peroxisome proliferator-activated receptor 
pathways. These changes may be combatted by 
increased maternal docosahexaenoic acid (DHA) 
intake and breastfeeding [25, 27].

Maternal obesity also poses a risk to infant 
respiratory health, and significantly increases 
risk of preterm birth, itself a separate risk factor 
for poor respiratory health [32]. Liu et al. have 
demonstrated a significant association between 
childhood asthma and pre-pregnancy obesity 
or overweight mothers [33]. Some animal stud-
ies have also implicated maternal obesity in 
the impairment of fetal lung maturation and 
surfactant production [34, 35]. This is particu-
larly pertinent due to a steep increase in mater-
nal obesity, particularly in high- and middle-
income countries [36]. For example, maternal 
obesity rates have increased from 7.6 to 22.3% 
between 1989 and 2019 in the UK [37].

Maternal micronutrient intake is also impor-
tant for childhood respiratory health. The most 

common ‘hidden hunger’ of pregnancy is iron 
deficiency anemia, which affects nearly 50% 
of pregnancies worldwide [38]. It is the most 
common nutrient deficiency globally and is 
exacerbated during pregnancy [39]. There are a 
multitude of poor outcomes that can occur sec-
ondary to maternal anemia, including pre-term 
delivery, neonatal anemia, low birth weight, and 
neonatal stunting [40]. Stunting is associated 
with various respiratory health consequences for 
children, including poor lung function, asthma, 
and poorer outcomes for pneumonia [41–43]. 
Maternal vitamin E deficiency is also associ-
ated with an increased risk of asthma and atopy 
[44]. Bedard et al. found that children of moth-
ers who adopted a “Mediterranean diet” during 
pregnancy were found to have higher small air-
way function at 8–9 years old compared to those 
that did not [45]. Maternal consumption of n3 
(DHA and eicosapentaenoic acid—EPA) and n6 
fatty acids, particularly during the second tri-
mester, is also associated with reduced risk of 
asthma and allergic sensitization [46].

Breast feeding and lung growth

The nutritional, immune, cognitive, and eco-
nomic benefits of breastfeeding are well estab-
lished, with the WHO and UNICEF recommen-
dation that children are exclusively breastfed 
until 6 months of age [47]. Newer studies have 
shown potential benefits of breastfeeding on 
children’s respiratory health as well as those 
previously demonstrated [48, 49].

Several observational studies have concluded 
that breastfeeding for at least 4 months results in 
improved lung function at school age, compared 
to children who are not breastfed [48]. Dogaru 
et al. noted that breastfed children of asthmatic 
mothers have higher forced vital capacity (FVC) 
and forced expiratory volume (FEV1) measure-
ments in a dose–responsive relationship with 
duration of breastfeeding compared to those 
who are not breastfed [50]. Various poten-
tial mechanisms for this have been hypoth-
esized, from a direct effect on lung growth to 
the suggestion that the physical act of suckling 
itself encourages structural changes leading to 
improved lung volumes [49].
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The relationship between breastfeeding and 
childhood respiratory disease is more conflict-
ing, specifically around asthma. Lodge et al. 
found there was an association between longer 
breastfeeding duration and a reduced risk of 
asthma in 5 to 18-year-olds [51] whereas other 
studies have previously found no significant 
association [48, 52].

Despite the WHO and UNICEF recommenda-
tion and the recognized benefits of breastfeed-
ing, rates of breastfeeding in HICs such as the 
UK consistently fall from birth to 6 months. A 
study conducted in England demonstrated that 
in 2020, while breastfeeding was initiated in 
almost 85% of newborns, by 6 weeks only 38% 
were exclusively breast fed and by 6 months this 
figure dropped to 18% [53].

Childhood malnutrition and lung health

Undernutrition represents a significant respira-
tory health risk for children and has significant 
consequences throughout childhood [54]. Being 
underweight is associated with slow lung growth 
and reduced alveolarization, resulting in reduced 
surface area for gas exchange as well as reduced 
lung function. Undernutrition also compromises 
immune cell function and mucociliary clear-
ance, which leads to increased risk of develop-
ing respiratory tract infections (RTIs), and worse 
clinical outcomes [55].

Obesity is also known to have cardiovascular, 
metabolic, and respiratory consequences, as well 
as an overall increased risk of mortality. Children 
who are overweight or obese have an increased 
risk of asthma and sleep-disordered breath-
ing [15]. During the COVID-19 pandemic, the 
most common comorbidity of children admit-
ted to Paediatric Intensive Care Units in the US 
and Canada was obesity [56], suggesting that 
childhood obesity is also associated with worse 
clinical outcomes in RTIs. In adults, there is a 
recognized inverse relationship between body 
mass index (BMI) and FEV1 [57], however this 
finding is not always present in children. Dys-
anapsis—the discrepancy between lung growth 
and airway caliber defined by reduced FEV1/FVC 
with normal FEV1 and FVC measurements—is 
more common in childhood obesity and asthma 
[58]. Forno et al. found that airway dysanapsis 

is more common in overweight and obese chil-
dren and is associated with more severe disease 
for children with asthma [59]. Obesity in chil-
dren is also associated with sleep-disordered 
breathing, particularly obstructive sleep apnea 
syndrome (OSAS). Some studies have reported 
a prevalence of OSAS from 13 to 59% in obese 
children compared to 1–2% in children of aver-
age-weight children [56, 60]. Besides the physi-
cal deposits of adipose tissue around the upper 
airway, another proposed causality of OSAS is 
leptin resistance. Leptin, released by adipose 
tissue, is involved in triggering ventilation, and 
leptin resistance is known to be more present in 
obesity [5, 61, 62].

Pathophysiological explanations for obesity-
induced reduced lung function and respiratory 
illness include both mechanical processes, such 
as reduced chest wall compliance, increased 
airway resistance and low volume breathing 
resulting in airway hyper-responsiveness, as 
well as inflammatory processes. Inflammatory 
cytokines, which are associated with severe 
asthma symptoms such as interleukin-6 (IL-
6), are released from adipose tissue, encourage 
neutrophilic airway inflammation, and impair 
immune function [56, 63].

The micronutrient deficiency of hidden hun-
ger, either with or without undernutrition, 
can also impact childhood respiratory health. 
Vitamin E and A deficiencies, as well as iron, 
zinc, and selenium seem to have the most spe-
cific respiratory consequences [44, 54, 64]. Both 
antenatal and childhood deficiency of vitamin E 
and selenium are associated with increased risk 
of asthma and atopy, whereas optimal intake of 
dietary carotenoids is linked to a reduced risk 
of developing asthma and improved ventilatory 
function [44]. Zinc, vitamin A, and iron defi-
ciencies are all associated with increased risk 
with RTIs. Zinc deficiency is common in LMICs, 
and a 2004 randomized clinical trial performed 
in India demonstrated that zinc treatment in 
boys with acute RTIs reduced the severity and 
duration of their illness [64]. Vitamin A plays a 
pivotal role in immune function and in hemo-
globin production, and vitamin A deficiency 
correlates with increased risk of morbidity and 
mortality from RTIs, in childhood [65]. Iron-
deficient anemia in childhood also increases a 
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child’s risk of RTIs—studies from Nepal, Egypt, 
Israel, Lebanon, Romania, and India all iden-
tify that children with anemia are at 2–4 times 
higher risk of developing RTIs [66]. A retrospec-
tive cohort study in Ecuador found that chil-
dren with anemia were more susceptible to the 
impacts of air pollution, with increased hospi-
talization for pneumonia [67].

Another important consideration in malnu-
trition is its effect on the gut microbiome. The 
concept of a gut–lung axis has been proposed as 
an internal communication that has microbial 
and immune implications and as a result, the 
gut–lung axis could affect the course of respira-
tory disease [63, 68]. If a healthy gut microbi-
ome is crucial to establishing and maintaining 
good respiratory health, unhealthy diets and 
malnutrition can significantly compromise this. 
A study performed in Bangladesh observed that 
the gut microbiome of malnourished infants 
had increased pathogenic species and minimal 
organism diversity when compared to the micro-
biome of healthy infants [54]. It then follows 
that microbiome changes due to poor nutrition 

could compromise the gut–lung axis and have 
respiratory health implications.

Long‑term impacts and adult disease

Lung development is an ongoing process which 
continues into young adulthood with maxi-
mum lung function achieved by approximately 
22  years old. Lung function subsequently 
decreases, and the rate of this decline is based 
on a number of factors, including lifestyle, 
environment, and smoking [69]. Therefore, 
if optimum lung function is not achieved in 
utero or childhood, adults are more vulnerable 
to developing respiratory disease at a younger 
age as any decline will have a significant clini-
cal impact [70] (see Fig. 2).

Lopuhaä et  al. found that children born 
during the Dutch famine (1944–1945), whose 
mothers were exposed to famine in early to 
mid-gestation, experienced a higher probabil-
ity of chronic obstructive pulmonary disease 
(COPD) in adulthood [72]. A large Austral-
ian study demonstrated that RTIs and poorly 
controlled asthma in childhood, which can 
be exacerbated by poor nutrition and being 
underweight, are associated with decline in 

Fig. 2   Lung trajectories in health and disease [71]
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adult FEV1 and increased risk of COPD [73]. In 
addition to increased risk of COPD, more than 
one meta-analysis has associated reduced lung 
function with an increased risk of lung cancer 
[74, 75], and a longitudinal study in the UK 
demonstrated that RTIs under 2 years of age 
significantly increased risk of early death from 
respiratory disease, even when adjusted for 
other respiratory risk factors—demonstrating 
the extensive impact of childhood exposures 
on adult lung health [76].

Malnutrition and respiratory disease 
outcomes

Asthma

As previously described, both undernutrition 
and obesity increase the risk of childhood 
asthma. Childhood undernutrition is associ-
ated with vitamin D deficiency, leptin defi-
ciency, poor lung growth, poor alveolarization, 
reduced lung function, and increased IL-4 and 
CD23 + levels. These factors are all posited to 
be relevant in the development of childhood 
asthma [41]. A study based on the European 
Prospective Investigation into Cancer and 
nutrition (EPIC) cohort, who were exposed to 
the Dutch famine during childhood, showed 
a dose-dependent relationship between expo-
sure to famine and risk of hospitalization with 
asthma later in life [77]. A Chinese study also 
demonstrated that exposure to famine, antena-
tally and during childhood, increased the risk 
of asthma and reduced lung function in adult-
hood, with the highest risk associated with 
antenatal exposure [78].

Current evidence suggests that obesity affects 
both allergic and non-allergic asthma. The prov-
ocation of a pro-inflammatory state appears to 
exaggerate the allergic inflammatory response 
and the mechanical consequences of an obese 
habitus are also likely to exacerbate symptoms 
[63]. There is also evidence that the presence 
of insulin resistance alongside obesity is more 
strongly associated with asthma [79]. While 
there are some nutritional factors that are pro-
tective from asthma, including longer duration 
of breastfeeding and adopting a Mediterranean 

diet [63, 80], this protection does not supersede 
the risk posed by obesity. A 2023 study [81] 
showed that exclusively breastfed children who 
were overweight remained more prone to devel-
oping asthma, compared to children who were 
exclusively breastfed but not overweight.

Respiratory tract infections

Every year, RTIs cause 4.3 million deaths of 
children under 5 years old, making it the most 
common cause of childhood mortality in the 
world [82]. Malnutrition is proven to increase 
rates of child mortality from respiratory infec-
tion—a 2021 meta-analysis demonstrated that 
severely underweight children hospitalized 
with pneumonia were 4.5 times more likely to 
die than those of healthy weight [83].

Poor nutrition, particularly poor protein 
intake, can compromise the innate immune sys-
tem and impair cytokine release, due to reduced 
synthetic capacity. Acute illness is often accom-
panied by reduced food intake, with a nega-
tive nitrogen balance (where excreted nitrogen 
exceeds protein intake) driven by pyrexia. As 
such, children can become trapped in a vicious 
cycle, whereby malnutrition drives infection, 
and infections can perpetuate malnutrition [84].

Micronutrient deficiency is associated with 
increased risk of RTIs in children. As well as 
zinc, vitamin A, and iron deficiencies, several 
studies have implicated vitamin D deficiency in 
increased risk of RTIs in children [85]. Another 
consideration in underweight children is leptin 
deficiency. Leptin is produced by adipose tissue 
and has been identified as an important pro-
inflammatory hormone within the immune sys-
tem. Leptin deficiency has been associated with 
reduced circulating CD4 + T cells, impaired T 
cell proliferation, and reduced cytokine release, 
which can contribute to increased susceptibility 
to infection [86].

Cystic fibrosis (CF) and bronchiectatic 
conditions

Malnutrition, particularly undernutrition and 
micronutrient deficiency, has traditionally been 
one of the common consequences of cystic 
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fibrosis (CF), due to high energy loss, recurrent 
infections and malabsorption, and is a signifi-
cant risk factors for poorer clinical outcomes, 
with stunting being a significant independent 
risk factor for mortality in CF [87, 88]. Intense 
nutritional support (enteral or parenteral) is 
therefore an important management strategy, 
as optimal nutritional status is associated with 
improved lung function and reduced mortality 
[89]. However, with the introduction of cystic 
fibrosis transmembrane conductance regulator 
(CFTR) modulators, and the ability to correct 
the defective CFTR, the landscape of CF manage-
ment has shifted. When CFTR modulators are 
started early, they have the potential to reduce 
the risk of undernutrition in children [90, 91], 
and a 2023 study found that the prevalence of 
overweight and obesity among people with CF 
had increased from 15% in 2001 to 36–40% in 
2021 [92]. So far, there is no evidence that obe-
sity is related to negative outcomes in CF [93]. 
Given this rise in obesity and potential impact 
of CFTR modulators on nutritional status, as 
well as the role of undernutrition on clinical 
outcomes (especially considering that not all 
children with CF will have access to modula-
tors), it is important for pediatricians to consider 
all forms of malnutrition in the management of 
their CF patients [90, 94].

For patients with bronchiectasis and child-
hood interstitial lung diseases, optimizing nutri-
tional status also remains a management prior-
ity. The prevalence of malnutrition in patients 
with interstitial lung disease has been reported 
to be between 9 and 55%, with higher body 
mass index shown to predict better outcomes 
[95]. Fouda et al. demonstrated that a 9-month 
nutritional intervention program for malnour-
ished patients improved body composition and 
respiratory symptoms, reduced the number of 
exacerbations, and need for hospital admission 
[96].

Actions to address the socioenvironmental 
causes of malnutrition

Ending global childhood malnutrition due to 
socioenvironmental causes is achievable. It 
would take an estimated $5 billion USD per year 

to meet global targets for stunting for under 5s 
[97], less than the annual marketing budget for 
some food and beverage companies [98]. The 
drivers for poor nutrition are so widespread and 
deeply engrained in society that upscale large 
changes are required [99]. To achieve this, chil-
dren’s rights to a nutritious diet must be at the 
forefront of policy, law, and health and social 
programs to address corporate, governmental, 
and societal vectors of malnutrition, includ-
ing policy failings. This includes enshrining 
the right to food in national laws. The United 
Nations Convention on the Rights of the Child 
(UNCRC) comprehensively lays out global child 
rights, including the importance of combatting 
malnutrition, protecting every child’s right to 
access adequate nutritious foods, and protect-
ing them against unhealthy food environments 
[100]. Enshrining the UNCRC in domestic laws, 
and taking a child rights-based approach to 
malnutrition would ensure accountability at 
national and international levels.

Interventions targeting childhood 
malnutrition

Addressing early-years malnutrition starts with 
maternal health. Bhutta et  al. demonstrated 
that interventions to combat the health effects 
of malnutrition are effective and can improve 
morbidity and mortality rates significantly. With 
effective maternal supplementation of folate and 
micronutrients, there is a 16% reduction in low 
birth weight at term. When strategies are imple-
mented to address complementary feeding, food 
supplementation, micronutrient supplementa-
tion, and educational strategies, stunting and 
mortality by 36 months of age are reduced by 
36% and 25%, respectively, with significant eco-
nomic payoff [101].

For older children, schools provide an oppor-
tunity to address dietary needs. Free school 
meals are a commonly implemented social 
safety net and have been proven to improve 
nutrition. Kristjansson et al.’s meta-analysis of 
global school meal programs showed that school 
children receiving a standard meal for 200 days 
per year gained an additional 0.37 kg, and pre-
school children gained 0.54 cm per year [102]. 
Abizari et al. also demonstrated that children 
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who participated in a school meals program in 
Ghana had higher levels of micronutrient ade-
quacy and a 10% reduction in the incidence of 
anemia [103].

Food system changes

The need for increased food production itself 
also presents challenges. It is estimated that 
food production will have to increase by 50% 
by 2050 to meet the anticipated demands of 
a growing population [104]. Current intensive 
agricultural practices have been shown to both 
contribute to climate change and detrimentally 
affect food production. Implementing agro-
food systems that implement sustainable meth-
ods, reduce environmental impact, promote 
inclusive small-scale farming, and utilize tech-
nology to improve efficiency would contribute 
to achieving the SDG aim of eliminating mal-
nutrition by 2030, and will require global and 
national policy change [105, 106].

Despite agreement across various global 
bodies that tackling childhood malnutrition 
is a priority, there is a lack of data on several 
relevant factors, including age-specific dietary 
intake, feeding challenges, as well as parental 
perceptions of nutrition. Dietary surveillance 
on a global scale would allow a comprehensive 
understanding of varying needs and enable 
the implementation of targeted interventions. 
Micha et al. proposed that a central surveil-
lance unit to monitor global dietary trends 
could present population-specific recommen-
dations as well as support existing regional 
initiatives [107]. Existing data sets would lend 
themselves to this and can be upscaled to 
optimize data collection. For example, preg-
nant mothers and children attending health 
care services typically have regular anthro-
pometrical examinations, but these data are 
not necessarily widely available, or of consist-
ent quality [108]. Collecting individual-level 
quantitative dietary data using Individual Food 
Consumption Surveys (IFCS) is an effective 
method of dietary surveillance. Traditionally, 
IFCS have been collected in HICs, but over 
the last 20 years, their use has become more 
common in LMICs. The Food and Agriculture 
Organization of the United Nations and World 

Health Organization Global Individual Food 
consumption data Tool (FAO/WHO GIFT) is a 
catalogue of these data [109]. However, while 
the availability of these data is increasing, it 
is rarely integrated into healthcare systems. 
Huybrechts et al. showed that not only were 
integrated IFCS associated with better response 
rates and more representative results, they also 
encouraged evaluation of healthcare policy, 
guidelines, and public health priorities [110]. 
In summary, investments in nutrition data 
systems would support policy and strategy, as 
well as monitoring progress of interventions, 
to address malnutrition on a large scale [108].

CONCLUSIONS

The triple burden of malnutrition—under-
weight, overweight, and hidden hunger of 
micronutrient deficiencies—risks healthy lung 
development, worsens respiratory disease out-
comes, and are a significant threat to children’s 
lives. The consequences are wide-reaching, and 
include pre-term birth due to maternal malnutri-
tion, a higher risk of mortality from childhood 
respiratory infections, as well as increased risk of 
asthma, COPD, and malignancy in adulthood. 
Most socioeconomically deprived children 
across the world are disproportionately affected 
by malnutrition, as families are priced out of 
nutritious diets in an increasingly unhealthy 
global agro-food system.

Only by addressing these issues with mean-
ingful structural changes, using a child-rights 
approach at the corporate, governmental, and 
societal levels, can children’s nutritional status, 
and subsequent respiratory health in both child-
hood and adulthood, be optimized.
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