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Abstract: Stunting, which results from chronic malnutrition, is common in children from low- and
middle-income countries. Several studies have reported an association between obesity and asthma.
However, only a handful of studies have identified stunting as a significant risk factor for wheezing,
a symptom of asthma, although the underlying mechanism remains unclear. This article aimed to
review possible mechanisms underlying asthma in stunted children. Overall, changes in diet or
nutritional status and deficiencies in certain nutrients, such as vitamin D, can increase the risk of
developing asthma. Vitamin D deficiency can cause linear growth disorders such as stunting in
children, with lower levels of 25(OH)D found in underweight and stunted children. Stunted children
show a decreased lean body mass, which affects lung growth and function. Low leptin levels during
undernutrition cause a Th1–Th2 imbalance toward Th2, resulting in increased interleukin (IL)-4
cytokine production and total immunoglobulin E (IgE). Studies in stunted underweight children
have also found an increase in the proportion of the total number of B cells with low-affinity IgE
receptors (CD23+). CD23+ plays an important role in allergen presentation that is facilitated by IgE
to T cells and strongly activates allergen-specific T cells and the secretion of Th2-driving cytokines.
Stunted children present with low vitamin D and leptin levels, impaired lung growth, decreased lung
function, and increased IL-4 and CD23+ levels. All of these factors may be considered consequential
in asthma in stunted children.

Keywords: stunting; asthma; vitamin D; interleukin-4; CD23+

1. Introduction

Stunting remains a global problem, with high incidence rates observed worldwide,
particularly among low- and middle-income countries. The United Nations International
Children’s Emergency Fund (UNICEF), World Health Organization (WHO), and the World
Bank Group in 2021 declared that the prevalence of stunted children worldwide is 22% [1].
According to the World Bank, prevalence of stunting in lower-middle-income countries is
29.1%. The highest prevalence of stunting is on the African continent at 31.7%, followed by
South-East Asia at 30.1% and the Eastern Mediterranean at 26.2% based on WHO [1].

Stunting results from chronic malnutrition. Malnourished children have lower body
fat, which causes impaired lung growth and lower lung function. Moreover, malnutrition
has been correlated with a higher incidence of asthma symptoms [2]. Changes in diet or
nutritional status and deficiencies in certain nutrients, such as vitamin D, may affect the
risk for developing asthma [2,3]. Notably, recent animal studies have reported that vitamin
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D deficiency in utero and in early life leads to elevated Th2 and reduced interleukin (IL)-
10-secreting Treg cells, thereby potentially increasing the risk of asthma, which has been
considered a Th2-mediated disease [4]. Another study found an association between vita-
min D deficiency and stunting, which signifies that stunted children have lower 25(OH)D
levels than controls [5].

Malnutrition also causes a decrease in adipocyte mass, resulting in a decrease in
circulating leptin [6]. Leptin deficiency decreases the secretion of Th1 cytokines and
increases the production of Th2 cytokines, including IL-4. One study showed an imbalance
in the type 1/type 2 immune response among malnourished children [7]. A significant
reduction in serum leptin levels resulted in a shift toward Th2 cytokine [8].

Interleukin-4, a cytokine produced by Th2 cells, is an important mediator for IgE
synthesis [9]. IgE binds to FcεRI and CD23+/FcεRII and plays a role in allergic diseases. In
stunted underweight children, there were abnormalities in the immune response, including
increased IL-4 cytokine production, impaired T-cell responses, and an increased amount of
B cells containing CD23+, which can lead to an increase in specific IgE, which then causes
wheezing and asthma symptoms [10].

Hawlader et al. identified that stunting is one of the significant risk factors that
predisposes rural Bangladeshi children to wheezing [2]. However, this study failed to
clarify the exact mechanism by which nutritional factors affect the development of asthma,
especially in stunted children. Therefore, the current article reviews the available literature
to elucidate the possible underlying mechanisms causing stunting to be a risk factor for
asthma among children.

2. Stunting and Vitamin D

Linear growth disorder is defined as a failure to achieve a person’s linear growth
potential, resulting in short stature [11]. Short stature can be caused by pathological or non-
pathological conditions. Stunting is the largest part of short stature, which occurs mostly
due to inadequate nutrition (malnutrition), chronic infection (non-endocrine), and inade-
quate psychosocial stimulation [11]. A child is considered stunted if their length/height for
age is less than −2 standard deviations from the median WHO Child Growth Standards
curve for the same age and sex [12].

During the critical period (from the child’s conception to 2 years of age), vitamin D
deficiency can increase the risk of growth retardation [13]. Vitamin D levels affect and
have a significant relationship with linear growth and are important for normal growth in
children [14–16]. On the other hand, vitamin D deficiency is correlated with decreased linear
growth and stunting [17]. One study showed that stunted children aged 2–5 years in South
Africa consumed less vitamin D, calcium, riboflavin, and fat than normal children [18]. A
study by Bueno et al. in Brazil reported a correlation between vitamin D deficiency and
short stature [5]. Moreover, lower levels of 25(OH)D have been found in underweight and
stunted children aged 6–36 months in Ecuador [13]. The research on oral supplementation
with vitamin D reported that the mean length/height for age z-scores in vitamin D groups
were slightly higher than in the the placebo group [19].

Vitamin D plays a role in fetal lung development and maturation and maintaining lung
structure and function. Prenatal vitamin D deficiency may affect fetal lung and immune
system development and may be exacerbated by postnatal vitamin D deficiency [20].
Vitamin D insufficiency was also correlated with lower forced expiratory volume 1 (FEV1)
and forced vital capacity (FVC) not only in adults but in children as well [21].

Stunting results in reduced lung growth, restrictive lung function, and low FVC values.
Alveolar development and capillary growth are strongly influenced by postnatal vitamin
A, E, and D supplementation, which are critical determinants of FVC. Small for gestational
age at birth and stunting were associated with short stature in adults and reduced lean
body mass, which were also correlated with low lung function [22].

A study by Håland et al. reported that low lung function at birth is correlated with
an increased risk of asthma by 10 years of age [23]. Inadequate nutrition can reduce
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skeletal and respiratory muscle mass, leading to decreased lung function. Stunted boys
and girls exhibited decreased lean body mass [24]. Lower body fat has been correlated
with an increased incidence of asthma symptoms. Moreover, malnourished children may
experience impaired lung growth, which also causes an increase in asthma symptoms [25].

3. Metabolism of Vitamin D

Vitamin D synthesis occurs mainly through sun exposure, which produces provitamin
D3 that is hydroxylated in the liver and kidneys, becoming 1,25-dihydroxyvitamin D
(1,25(OH)2D3), which is the active form of vitamin D that acts on target organs such as
bone, immune cells, and liver cells. Vitamin D from food intake consists of two forms,
namely vitamin D2 (ergocalciferol), which is sourced from plants, and D3 (cholecalciferol)
which is derived from animal sources. The first step in vitamin D synthesis is the formation
of vitamin D3 in the skin through the action of ultraviolet irradiation. Upon exposure
to UVB light, the pathway to vitamin D in the skin begins with the breakdown of ring B
7–dehydroxycholesterol (7-DHC) to form pre-vitamin D3, which is isomerized to vitamin
D3 (cholecalciferol). Cholecalciferol is bound to the vitamin D binding protein (VDBP)
and transported to the liver. Cholecalciferol is hydroxylated by hepatic mitochondria
and microsomal 25-hydroxylases (25-OHase), which is encoded by the CYP27A1 gene
(Cytochrome P450 Family 27 Subfamily A Member 1) to calcidiol or 25(OH)D3. Calcidiol is
an indicator of vitamin D status as measured by serum. Calcidiol is carried by VDBP to the
kidneys, where it is hydroxylated by mitochondrial 1α-hydroxylase (1α-OHase; encoded
by the CYP27B1 gene (Cytochrome P450 Family 27 Subfamily B Member 1)), resulting
in the hormonally active secosteroid 1,25(OH)2D3 (calcitriol), an active form of vitamin
D [26]. In addition, the concentration of 1,25(OH)2D3 is feedback-regulated: an increase
in 24,25(OH)2D3 induces the synthesis of 1,25(OH)2D3, whereas Ca2+, phosphate, and
1,25(OH)2D3 alone inhibit the synthesis of 1,25(OH)2D3 [26].

4. Vitamin D Deficiency and Asthma

Vitamin D has been correlated with asthma given its immunomodulatory effects that
involve inhibition of Th1 cell activation, modulation of Th2 cells, and increased regulatory
T-cell (Treg) activity [27]. The immunomodulating potential of vitamin D has a role in the
pathogenesis of asthma [21]. Bener et al. reported that vitamin D deficiency was strongly
correlated with asthma, allergic rhinitis, and wheezing [28]. Esfandiar et al. reported that
the risk of asthma among children suffering from vitamin D deficiency was 6.3 times higher
than that in healthy children [29].

Vitamin D deficiency has been suggested to increase the incidence of asthma and allergic
symptoms. Lower levels of 25(OH)D have been related to an increase in asthma prevalence
and hospitalization and emergency room visitation due to asthma [30]. Al-Zayadneh et al.
reported that vitamin D deficiency was correlated with asthma severity in children. This
was shown by children with lower levels of vitamin D having higher GINA scores, more
frequent hospital admissions, and use of systemic steroids to treat asthma exacerbations [31].
Meanwhile, Aziz et al. reported that vitamin D deficiency was associated with the length
of hospitalization, an increased number of annual asthma exacerbations, and treatment in
the High Care Unit [32]. The relationship between vitamin D deficiency and asthma has
also been associated with decreased lung function. On average, children with vitamin D
deficiency have a slightly lower FEV 1 than those with adequate vitamin D levels [33].

5. Possible Mechanism of Asthma in Stunted Children: The Role of Vitamin D, Leptin,
IL-4, and CD23+

Until now, from the existing literature and evidence, there is no complete explanation
regarding the role of stunting and the direct relationship to asthma. Hawlader et al.
reported that the incidence of wheezing among rural Bangladeshi children was high, and
that stunting has a significant association with wheezing. However, the mechanism that
explains stunting as a risk factor for asthma is still unclear. Several studies that have been
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conducted have only explained several factors found in stunted children including low
vitamin D levels (vitamin D deficiency), low leptin levels, and increased IL-4 and CD23+
levels, but they have not explained the role of these factors on the occurrence of asthma in
stunted children.

5.1. Vitamin D

Among the numerous functions of vitamin D as a hormone, the classic functions are
mineral balance and bone maintenance while it also act as a micronutrient and immunomod-
ulator. As an immunomodulator, 1,25(OH)2D3 suppresses Th1 cell activation, modulates
Th2 cells, and increases Treg cell activity [27]. Although asthma is a known Th2-mediated
disease, the impact of vitamin D on Th2 cells reportedly differs. The impact of 1,25(OH)2D3
on Th2 cells remains controversial, with evidence suggesting that 1,25(OH)2D3 can inhibit
IL-4 transcription but can also upregulate IL-4 in mouse T cells [34,35].

Vitamin D alters the balance of Th1–Th2 cytokine toward Th2, resulting in reduced
secretion of Th1 cytokines IL-2 and IFN-γ and an increase in the Th2 cytokine IL-4. In
contrast, in CD4+ as well as CD8 human cord blood cells, vitamin D inhibits IL-12-generated
IFN-γ production and suppresses IL-4 and IL-4-induced expression of IL-13 [20]. Staeva-
Vieira reported that during in vitro polarization, 1,25(OH)2D3 inhibited Th1 (IFN-γ) and
Th2 (IL-4) cytokines on naïve CD62 ligand+CD4+ T cells [34]. The contradictory effect of
vitamin D on Th1–Th2 dominance may be due to the effect of vitamin D on T-regulatory
(Treg) cells. Vitamin D has been shown to increase Treg cell induction [20].

Vitamin D3 regulates various stages of allergic responses and promotes dendritic
cells (DCs) to produce IL-10 to support Treg development. Moreover, vitamin D3 acts
synchronously with steroids to induce IL-10-peripheral Treg, which can regulate the next
process of the immune response by inhibiting the proliferation and differentiation of Th2
effectors through IL-10 production. Vitamin D3 has the potential to regulate Th2 immune
responses by inducing CD4+CD25+ Tregs to produce regulatory cytokines, such as IL-10 or
TGF-β. The direct effect of vitamin D3 with Th2 effectors is still controversial, as shown
in Figure 1 [36].
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Some of the beneficial effects of vitamin D on asthma include its effect on Treg cells
and IL-10, which also suppresses Th2 responses [37]. Vasiliou et al. reported that perinatal
vitamin D deficiency in mice promoted Th2 and decreased IL-10-secreting Treg cells [4].
The hypothesis is that low vitamin D levels found in stunted children may cause changes in
the Th1–Th2 balance toward Th2 and promote allergic diseases such as asthma. although
further research is still needed.

5.2. Leptin

Various studies have shown that malnourished children present with low levels of
growth hormone, leptin, and prolactin, all of which promote thymic growth and func-
tion [38]. Leptin is a hormone/cytokine derived from adipocytes and links the nutritional
conditions with neuroendocrine and immune systems [8]. Leptin has direct and indirect
effects on the number and function of T cells, increasing the number of cells and the
Th1 and Th17 cytokines while also inhibiting the production of Th2 cytokines and Treg
proliferation [6]. Adipocyte-derived leptin secretion has been associated with normal
regulation of metabolic function and a balance between Th1 and Th2/Treg cells that causes
the suppression of immune and autoimmune responses [8].

Malnutrition causes a decrease in adipocyte mass, which results in a decrease in
circulating leptin [6]. Malnourished children develop changes in CD4+ and CD8+ T cell
numbers and functions mediated by leptin [6]. Mice with leptin deficiency have increased
production of Th2 cytokines, including IL-4 and decreased secretion of IL-2, IFN-γ, and
TNF-α. This suggests that leptin is involved in disruption of the Th1 and Th2 cytokine
regulation. A significant reduction in serum leptin levels results in a shift toward Th2
cytokine production [8]. Therefore, low leptin levels in stunted children may cause changes
in the Th1/Th2 balance toward Th2 cells, thereby increasing IL-4 production.

5.3. Interleukin (IL)-4

IL-4 is produced by Th2 cells, mast cells, basophils, eosinophils, and the alveolar
macrophages [39]. IL-4 is a pleiotropic cytokine that binds to the IL-4 receptor expressed
by T lymphocytes, B lymphocytes, mononuclear phagocytes, eosinophils, pulmonary
fibroblasts, endothelial cells, bronchial epithelial cells, and smooth muscle cells. IL-4 is
involved in the different mechanisms leading to allergic airway disease. Transcription
factors are activated by the IL-4/IL-13 signaling cascade (Figure 2) [39].

Malnourished children have severely impaired IL-2 and IFN-γ production; however,
they demonstrate increased IL-4 production by CD4+ and CD8+ cells. The study of
Martinez et al. showed an imbalance in the type 1/type 2 immune responses among
malnourished children (i.e., the cytokine pattern is skewed toward a Th2 response) [7]. The
increase in IL-4 levels among malnourished children could be a risk factor for developing
asthma although further research is still needed.

5.4. CD23+

A low-affinity receptor for IgE, namely FcεRII or CD23+, presents an important role in
regulating IgE responses. The regions of CD23+ responsible for its interaction with several
ligands, which include IgE, CD21, major histocompatibility complex class II, and integrins,
were discovered [40].

The interaction between IgE and the CD23+ remains unclear and has not been com-
prehended completely compared to the interaction between IgE and the high-affinity IgE
receptor (FcεRI), even though CD23+ plays many significant roles in the allergic inflamma-
tory process. One of the important roles of CD23+ is presenting allergen to T cells, which are
facilitated by IgE. IgE-facilitated allergen presentation potentially activates allergen-specific
T cells and secretes Th2-driving cytokine [41].

Overall, the expression of CD23+ surface density on B cells among allergic patients
will increase in the presence of high levels of allergen-specific IgE. This leads to enhance IgE-
facilitated allergen presentation and allergen-specific T-cell activation [41]. T-cell-mediated
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allergic inflammation induced by IgE-facilitated allergen presentation might be controlled
by CD23+ surface density on B cells and allergen-specific T-cell activation [42]. The role of
CD23+ in allergic airway disease is explained in Figure 3 [43].
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Figure 2. Role of IL-4 in asthma and allergy. Arrow 1 shows the role of IL-4 in the differentiation
of T cells into Th2 cells. Arrow 2 shows the class-switching isotype of B cells that synthesize IgE,
which is mediated by IL-4 and IL-13. Arrow 3 shows the effect of IL-5 on eosinophils and that of
IL-9 on mast cell function. Arrow 4 indicates that IgE produced by plasma cells binds to the IgE
receptors on mast cells, basophils, and eosinophils. Upon allergen exposure, IgE crosslinking causes
an immediate release of histamine, leukotrienes, and prostaglandins (after a few minutes) and the
production of other cytokines (after a few hours). Arrow 5 shows that histamine, leukotrienes, and
prostaglandins induce smooth muscle contractions and vasodilation. Arrow 6 indicates that cytokine
IL-13, together with IL-4, causes mucus secretion and goblet cell hyperplasia. Arrow 7 shows that
IL-4 and IL-13 contribute to the recruitment of inflammatory cells by upregulating the expression
of VCAM-1, which facilitates the transmigration of eosinophils, T cells, monocytes, and basophils
in response to chemokines produced by mast cells (the late asthma response) [39]. AHR, airway
hyperresponsiveness; FcεRI, Fc epsilon RI, high-affinity receptor for the Fc region of immunoglobulin
E (IgE); IL-4Ra, interleukin-4 receptor a; Stat6, signal transducer and activator of transcription 6.
Reprinted with permission from Ref. [39]. Copyright 2022 American Thoracic Society.IL-4 is the
main cytokine in the sequential development of allergic inflammatory reactions. It mediates an
important proinflammatory function in asthma by inducing IgE isotype switch and IgE secretion via
B lymphocytes and vascular cell adhesion molecule-1 (VCAM-1) expression, increasing eosinophil
transmigration through the endothelium, mucus production, and Th2 lymphocyte differentiation
and promoting cytokine release. IL-4 increases IgE-mediated immune responses by regulating IgE
receptors, namely the low-affinity IgE receptor (FcεRII or CD23+) on B lymphocytes, mononuclear
phagocytic cells, and the high-affinity IgE receptor (FcεRI) on mast cells and basophils. IL-4 con-
tributes to airway obstruction in asthma by inducing mucin gene expression and increasing mucus
secretion and other inflammatory cytokines from fibroblasts, which contribute to the inflammatory
process and pulmonary remodeling [39].
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Figure 3. Role of CD23+/FcεRII and IgE in allergic airway diseases. DCs initially take up inhaled
antigens in an atopic environment and result in a predominant induction of Th2 cells. Th2 cells
potentially induce IgE-producing B cells through the production of IL-4 and IL-13. The resulting
IgE then binds to its high-affinity (FcεRI) and low-affinity (CD23+/FcεRII) receptors on the airway
mucosa cells. The binding of FcεRI-bound IgE to the allergen on mast cells and basophils causes
degranulation and release of inflammatory mediators and cytokines, leading to immediate hyper-
sensitivity symptoms. The late-phase response begins when the released Th2 cytokines (IL-4, IL-5,
and IL-13) recruit and activate the inflammatory cells, such as monocytes and eosinophils. IL-4 and
IL-13 also cause excessive mucus production by goblet cells. Elevated local IgE levels induce FcεRI
expression on DCs and stabilize CD23+/FcεRII on B cells. Therefore, in a Th2-skewing environment,
these cell types can take up allergen-IgE complexes and present the allergen to T cells. For B cells
bearing CD23+/FcεRII, this is called facilitated antigen presentation because it occurs in a noncognate
manner. Reprinted with permission from Ref. [43]. Copyright 2022 Journal of Allergy and Clinical
Immunology.Chary et al. reported that children with asthma had a higher proportion of B cells
with CD23+ expression than controls [44]. CD23+ expression of lymphocytes among children with
asthma (due to allergic response) increases and is positively associated with serum IgE levels [40].
Excessive expression of CD23+ in patients with extrinsic asthma results from excessive IL-4 pro-
duction by allergen-specific T cells [45]. The expression of CD23+ has been associated with allergic
diseases. Anti-CD23 therapy may be a promising candidate therapy for allergic diseases in the future.
Anti-CD23 might induce tolerance, block antigen presentation, suppress T-cell differentiation, and
diminish APC activation in allergic reactions [46].

Studies on stunted underweight children also found an increase in the proportion of
the total number of B cells with CD23+, impaired T-cell responses, and increased levels of
total IgE and IL-4 [10]. Theoretically, the important roles of CD23+ is IgE-facilitated allergen
presentation to T cells, strong activating allergen-specific T cells, and secreting Th2-driving
cytokines. Therefore, further research is needed to determine whether increased CD23+
levels increase the risk of developing allergies in stunted children.

Therefore, the possible mechanisms of asthma in stunted children described above
can be summarized as in Figure 4.
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Figure 4. Possible mechanism of asthma in stunted children. Stunted children have lower vitamin D
levels, resulting in decreased linear growth. Low vitamin D levels cause changes in the Th1–Th2
balance toward Th2, promoting allergic diseases including asthma. The pathophysiology of asthma
begins with exposure to allergens captured by APC, which are then presented to naïve CD4+ cells.
With the help of IL-4, naïve CD4+ cells differentiate into Th2 cells that produce IL-4 and IL-13.
Thereafter, B lymphocytes differentiate into plasma cells that produce IgE and attach to the mast
cells. Further exposure to allergens and crosslinking of allergens with IgE occur on the outer surface
of membrane of mast cells, resulting in degranulation, histamine release, and bronchoconstriction,
leading to asthma symptoms such as wheezing. In addition, when vitamin D levels are low, the
number of Tregs decreases, thereby lowering IL-10 production. This causes an increase in Th2 activity
and IL-4, resulting in an increase in IgE, which further stabilizes the CD23+ B cells. B cells take up
allergen–IgE complexes and present the allergen to Th2 cells, thereby increasing the Th2 response.
In stunted children, there is a decrease in lean body mass that causes impaired lung growth and
decreased lung function. In addition, low leptin levels cause changes in the Th1/Th2 balance toward
Th2 cells, thereby increasing IL-4 production. B cells also increase, causing an increase in CD23+
levels. All these factors contribute to asthma occurrence in stunted children.

6. Conclusions

In conclusion, this review showed that stunted children exhibit low vitamin D and
leptin levels, decreased lean body mass, impaired lung growth, decreased lung function,
and increased IL-4 and CD23+ levels. All these factors may be considered to play a
prominent role in the occurrence of asthma in stunted children. However, further research
is required on this topic.

Author Contributions: Conceptualization, G.S., G.W.K.W., A.R.I., C.B.K. and B.S.; writing—original
draft preparation, G.S.; writing—review and editing, G.S., G.W.K.W., A.R.I., C.B.K. and B.S.; supervi-
sion, G.W.K.W., A.R.I., C.B.K. and B.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This review article was funded by a grant Hibah Internal Unpad number id 1595/UN6.3.1/
PT.00/202 from Universitas Padjadjaran.

Data Availability Statement: Data sharing not applicable.

Acknowledgments: We thank the Vitamin D Academic Leadership Grant Group.

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



Medicina 2022, 58, 1236 9 of 10

References
1. United Nations Children’s Fund (UNICEF); WHO; International Bank for Reconstruction and Development/The World Bank.

Levels and Trends in Child Malnutrition: Key Findings of the 2021 Edition of the Joint Child Malnutrition Estimates; World Health
Organization: Geneva, Switzerland, 2021.

2. Hawlader, M.D.; Noguchi, E.; El Arifeen, S.; Persson, L.; Moore, S.E.; Raqib, R.; Wagatsuma, Y. Nutritional status and childhood
wheezing in rural Bangladesh. Public Health Nutr. 2014, 17, 1570–1577. [CrossRef] [PubMed]

3. Nurmatov, U.; Devereux, G.; Sheikh, A. Nutrients and foods for the primary prevention of asthma and allergy: Systematic review
and meta-analysis. J. Allergy Clin. Immunol. 2011, 127, 724–733.E30. [CrossRef] [PubMed]

4. Vasiliou, J.E.; Lui, S.; Walker, S.A.; Chohan, V.; Xystrakis, E.; Bush, A.; Hawrylowicz, C.M.; Saglani, S.; Lloyd, C.M. Vitamin D
deficiency induces Th2 skewing and eosinophilia in neonatal allergic airways disease. Allergy 2014, 69, 1380–1389. [CrossRef]
[PubMed]

5. Bueno, A.L.; Czepielewski, M.A.; Raimundo, F.V. Calcium and vitamin D intake and biochemical tests in short-stature children
and adolescents. Eur. J. Clin. Nutr. 2010, 64, 1296–1301. [CrossRef] [PubMed]

6. Gerriets, V.A.; MacIver, N.J. Role of T cells in malnutrition and obesity. Front. Immunol 2014, 5, 379. [CrossRef]
7. González-Martínez, H.; Rodríguez, L.; Nájera, O.; Cruz, D.; Miliar, A.; Domínguez, A.; Sánchez, F.; Graniel, J.; González-Torres, M.C.

Expression of cytokine mRNA in lymphocytes of malnourished children. J. Clin. Immunol. 2008, 28, 593–599. [CrossRef]
8. Procaccini, C.; Jirillo, E.; Matarese, G. Leptin as an immunomodulator. Mol. Asp. Med. 2012, 33, 35–45. [CrossRef]
9. Daher, S.; Santos, L.M.; Solé, D.; De Lima, M.G.; Naspitz, C.K.; Musatti, C.C. Interleukin-4 and soluble CD23 serum levels in

asthmatic atopic children. J. Investig. Allergol. Clin. Immunol. 1995, 5, 251–254.
10. Hagel, I.; Lynch, N.R.; Puccio, F.; Rodriguez, O.; Luzondo, R.; Rodríguez, P.; Sánchez, P.; Cabrera, C.M.; Di Prisco, M.C. Defective

regulation of the protective IgE response against intestinal helminth Ascaris lumbricoides in malnourished children. J. Trop.
Pediatr. 2003, 49, 136–142. [CrossRef]

11. Batubara, J.R.L.; Himawan, I.W.; Rini, E.A.; Marzuki, A.N.S.; Pulungan, A.B.; Aditiawati; Tjahjono, H.A. Perawakan pendek pada
anak dan remaja di Indonesia. In Panduan Praktik Klinis Ikatan Dokter Anak Indonesia; Batubara, J.R.L., Tjahjono, H.A., Aditiawati,
Eds.; Penerbit Ikatan Dokter Anak: Jakarta, Indonesia, 2017; pp. 1–2.

12. de Onis, M.; Dewey, K.G.; Borghi, E.; Onyango, A.W.; Blössner, M.; Daelmans, B.; Piwoz, E.; Branca, F. The World Health
Organization’s global target for reducing childhood stunting by 2025: Rationale and proposed actions. Matern. Child Nutr. 2013,
9, 6–26. [CrossRef]

13. Mokhtar, R.R.; Holick, M.F.; Sempértegui, F.; Griffiths, J.K.; Estrella, B.; Moore, L.L.; Fox, M.P.; Hamer, D.H. Vitamin D status is
associated with underweight and stunting in children aged 6–36 months residing in the Ecuadorian Andes. Public Health Nutr.
2018, 21, 1974–1985. [CrossRef] [PubMed]

14. Umar, M.; Sastry, K.S.; Chouchane, A.I. Role of vitamin D beyond the skeletal function: A review of the molecular and clinical
studies. Int. J. Mol. Sci. 2018, 19, 1618. [CrossRef]

15. Baeke, F.; Takiishi, T.; Korf, H.; Gysemans, C.; Mathieu, C. Vitamin D: Modulator of the immune system. Curr. Opin. Pharmacol.
2010, 10, 482–496. [CrossRef] [PubMed]

16. Marasinghe, E.; Chackrewarthy, S.; Abeysena, C.; Rajindrajith, S. Micronutrient status and its relationship with nutritional status
in preschool children in urban Sri Lanka. Asia Pac. J. Clin. Nutr. 2015, 24, 144–151. [CrossRef]

17. Walli, N.Z.; Munubhi, E.K.; Aboud, S.; Manji, K.P. Vitamin D levels in malnourished children under 5 years in a tertiary care
center at Muhimbili National Hospital, Dar es Salaam, Tanzania—A cross-sectional study. J. Trop. Pediatr. 2017, 63, 203–209.
[CrossRef]

18. van Stuijvenberg, M.E.; Nel, J.; Schoeman, S.E.; Lombard, C.J.; du Plessis, L.M.; Dhansay, M.A. Low intake of calcium and
vitamin D, but not zinc, iron or vitamin A, is associated with stunting in 2- to 5-year-old children. Nutrition 2015, 31, 841–846.
[CrossRef]

19. Huey, S.L.; Acharya, N.; Silver, A.; Sheni, R.; Yu, E.A.; Peña-Rosas, J.P.; Mehta, S. Effects of oral vitamin D supplementation on
linear growth and other health outcomes among children under five years of age. Cochrane Database Syst. Rev. 2020, 12, CD012875.
[CrossRef]

20. Litonjua, A.A.; Weiss, S.T. Is vitamin D deficiency to blame for the asthma epidemic? J. Allergy Clin. Immunol. 2007, 120, 1031–1035.
[CrossRef]

21. Hall, S.C.; Agrawal, D.K. Vitamin D and bronchial asthma: An overview of data from the past 5 years. Clin. Ther. 2017, 39, 917–929.
[CrossRef]

22. Mishra, N.; Salvi, S.; Lyngdoh, T.; Agrawal, A. Low lung function in the developing world is analogous to stunting: A review of
the evidence. Wellcome Open Res. 2020, 5, 147. [CrossRef]

23. Håland, G.; Carlsen, K.C.; Sandvik, L.; Devulapalli, C.S.; Munthe-Kaas, M.C.; Pettersen, M.; Carlsen, K.H. Reduced lung function
at birth and the risk of asthma at 10 years of age. N. Engl. J. Med. 2006, 355, 1682–1689. [CrossRef] [PubMed]

24. Martins, P.A.; Hoffman, D.J.; Fernandes, M.T.; Nascimento, C.R.; Roberts, S.B.; Sesso, R.; Sawaya, A.L. Stunted children gain
less lean body mass and more fat mass than their non-stunted counterparts: A prospective study. Br. J. Nutr. 2004, 92, 819–825.
[CrossRef] [PubMed]

http://doi.org/10.1017/S1368980013001262
http://www.ncbi.nlm.nih.gov/pubmed/23680045
http://doi.org/10.1016/j.jaci.2010.11.001
http://www.ncbi.nlm.nih.gov/pubmed/21185068
http://doi.org/10.1111/all.12465
http://www.ncbi.nlm.nih.gov/pubmed/24943330
http://doi.org/10.1038/ejcn.2010.156
http://www.ncbi.nlm.nih.gov/pubmed/20736967
http://doi.org/10.3389/fimmu.2014.00379
http://doi.org/10.1007/s10875-008-9204-5
http://doi.org/10.1016/j.mam.2011.10.012
http://doi.org/10.1093/tropej/49.3.136
http://doi.org/10.1111/mcn.12075
http://doi.org/10.1017/S1368980017002816
http://www.ncbi.nlm.nih.gov/pubmed/29162164
http://doi.org/10.3390/ijms19061618
http://doi.org/10.1016/j.coph.2010.04.001
http://www.ncbi.nlm.nih.gov/pubmed/20427238
http://doi.org/10.6133/apjcn.2015.24.1.17
http://doi.org/10.1093/tropej/fmw081
http://doi.org/10.1016/j.nut.2014.12.011
http://doi.org/10.1002/14651858.CD012875.pub2
http://doi.org/10.1016/j.jaci.2007.08.028
http://doi.org/10.1016/j.clinthera.2017.04.002
http://doi.org/10.12688/wellcomeopenres.15929.2
http://doi.org/10.1056/NEJMoa052885
http://www.ncbi.nlm.nih.gov/pubmed/17050892
http://doi.org/10.1079/BJN20041274
http://www.ncbi.nlm.nih.gov/pubmed/15533271


Medicina 2022, 58, 1236 10 of 10

25. Berntsen, S.; Lødrup Carlsen, K.C.; Hageberg, R.; Aandstad, A.; Mowinckel, P.; Anderssen, S.A.; Carlsen, K.H. Asthma symptoms
in rural living Tanzanian children; prevalence and the relation to aerobic fitness and body fat. Allergy 2009, 64, 1166–1171.
[CrossRef] [PubMed]

26. Saponaro, F.; Saba, A.; Zucchi, R. An update on Vitamin D metabolism. Int. J. Mol. Sci. 2020, 21, 6573. [CrossRef] [PubMed]
27. Sassi, F.; Tamone, C.; D’Amelio, P. Vitamin D: Nutrient, hormone, and immunomodulator. Nutrients 2018, 10, 1656. [CrossRef]
28. Bener, A.; Ehlayel, M.S.; Bener, H.Z.; Hamid, Q. The impact of Vitamin D deficiency on asthma, allergic rhinitis and wheezing in

children: An emerging public health problem. J. Fam. Community Med. 2014, 21, 154–161. [CrossRef]
29. Esfandiar, N.; Alaei, F.; Fallah, S.; Babaie, D.; Sedghi, N. Vitamin D deficiency and its impact on asthma severity in asthmatic

children. Ital. J. Pediatr. 2016, 42, 108. [CrossRef]
30. Yadav, M.; Mittal, K. Effect of vitamin D supplementation on moderate to severe bronchial asthma. Indian J. Pediatr. 2014,

81, 650–654. [CrossRef]
31. Al-Zayadneh, E.; Alnawaiseh, N.A.; Ajarmeh, S.; Altarawneh, A.H.; Albataineh, E.M.; AlZayadneh, E.; Shatanawi, A.;

Alzayadneh, E.M. Vitamin D deficiency in children with bronchial asthma in southern Jordan: A cross-sectional study. J.
Int. Med. Res. 2020, 48, 300060520974242. [CrossRef]

32. Aziz, D.A.; Abbas, A.; Viquar, W.; Munawar Hussain, A. Association of vitamin D levels and asthma exacerbations in children
and adolescents: Experience from a tertiary care center. Monaldi Arch. Chest Dis. 2022. [CrossRef]

33. Searing, D.A.; Zhang, Y.; Murphy, J.R.; Hauk, P.J.; Goleva, E.; Leung, D.Y.M. Decreased serum vitamin D levels in children with
asthma are associated with increased corticosteroid use. J. Allergy Clin. Immunol. 2010, 125, 995–1000. [CrossRef] [PubMed]

34. Staeva-Vieira, T.P.; Freedman, L.P. 1,25-dihydroxyvitamin D3 inhibits IFN-gamma and IL-4 levels during in vitro polarization of
primary murine CD4+ T cells. J. Immunol. 2002, 168, 1181–1189. [CrossRef] [PubMed]

35. Mahon, B.D.; Wittke, A.; Weaver, V.; Cantorna, M.T. The targets of vitamin D depend on the differentiation and activation status
of CD4 positive T cells. J Cell Biochem. 2003, 89, 922–932. [CrossRef] [PubMed]

36. Urry, Z.; Mahfiche, N.; Ozegbe, P.; Boswell, S.; Xystrakis, E.; Hawrylowicz, C.M. Vitamin D3 in inflammatory airway disease and
immunosuppression. Drug Discov. Today Dis. Mech. 2006, 3, 91–97. [CrossRef]

37. Gorman, S.; Judge, M.A.; Burchell, J.T.; Turner, D.J.; Hart, P.H. 1,25-dihydroxyvitamin D3 enhances the ability of transferred CD4+

CD25+ cells to modulate T helper type 2-driven asthmatic responses. Immunology 2010, 130, 181–192. [CrossRef]
38. Rytter, M.J.; Kolte, L.; Briend, A.; Friis, H.; Christensen, V.B. The immune system in children with malnutrition—A systematic

review. PLoS ONE 2014, 9, e105017. [CrossRef]
39. Maes, T.; Joos, G.F.; Brusselle, G.G. Targeting interleukin-4 in asthma: Lost in translation? Am. J. Respir. Cell Mol. Bio. 2012,

47, 261–270. [CrossRef]
40. Acharya, M.; Borland, G.; Edkins, A.L.; Maclellan, L.M.; Matheson, J.; Ozanne, B.W.; Cushley, W. CD23/FcεRII: Molecular

multi-tasking. Clin. Exp. Immunol. 2010, 162, 12–23. [CrossRef]
41. Selb, R.; Eckl-Dorna, J.; Neunkirchner, A.; Schmetterer, K.; Marth, K.; Gamper, J.; Jahn-Schmid, B.; Pickl, W.F.; Valenta, R.;

Niederberger, V. CD23 surface density on B cells is associated with IgE levels and determines IgE-facilitated allergen uptake, as
well as activation of allergen-specific T cells. J. Allergy Clin. Immunol. 2017, 139, 290–299.E4. [CrossRef]

42. Geha, R.S.; Jabara, H.H.; Brodeur, S.R. The regulation of immunoglobulin E class-switch recombination. Nat. Rev. Immunol. 2003,
3, 721–732. [CrossRef]

43. Dullaers, M.; De Bruyne, R.; Ramadani, F.; Gould, H.J.; Gevaert, P.; Lambrecht, B.N. The who, where, and when of IgE in allergic
airway disease. J. Allergy Clin. Immunol. 2012, 129, 635–645. [CrossRef] [PubMed]

44. Chary, A.V.; Hemalatha, R.; Murali, M.V.; Jayaprakash, D.; Kumar, B.D. Association of T-regulatory cells and CD23/CD21
expression with vitamin D in children with asthma. Ann. Allergy Asthma Immunol. 2016, 116, 447–454.E2. [CrossRef] [PubMed]

45. Aberle, N.; Gagro, A.; Rabatić, S.; Reiner-Banovac, Z.; Dekaris, D. Expression of CD23 antigen and its ligands in children with
intrinsic and extrinsic asthma. Allergy 1997, 52, 1238–1242. [CrossRef] [PubMed]

46. Rosenwasser, L.J.; Meng, J. Anti-CD23. Clin. Rev. Allergy Immunol. 2005, 29, 61–72. [CrossRef]

http://doi.org/10.1111/j.1398-9995.2009.01979.x
http://www.ncbi.nlm.nih.gov/pubmed/19210365
http://doi.org/10.3390/ijms21186573
http://www.ncbi.nlm.nih.gov/pubmed/32911795
http://doi.org/10.3390/nu10111656
http://doi.org/10.4103/2230-8229.142967
http://doi.org/10.1186/s13052-016-0300-5
http://doi.org/10.1007/s12098-013-1268-4
http://doi.org/10.1177/0300060520974242
http://doi.org/10.4081/monaldi.2022.2230
http://doi.org/10.1016/j.jaci.2010.03.008
http://www.ncbi.nlm.nih.gov/pubmed/20381849
http://doi.org/10.4049/jimmunol.168.3.1181
http://www.ncbi.nlm.nih.gov/pubmed/11801653
http://doi.org/10.1002/jcb.10580
http://www.ncbi.nlm.nih.gov/pubmed/12874827
http://doi.org/10.1016/j.ddmec.2006.03.004
http://doi.org/10.1111/j.1365-2567.2009.03222.x
http://doi.org/10.1371/journal.pone.0105017
http://doi.org/10.1165/rcmb.2012-0080TR
http://doi.org/10.1111/j.1365-2249.2010.04210.x
http://doi.org/10.1016/j.jaci.2016.03.042
http://doi.org/10.1038/nri1181
http://doi.org/10.1016/j.jaci.2011.10.029
http://www.ncbi.nlm.nih.gov/pubmed/22168998
http://doi.org/10.1016/j.anai.2016.02.018
http://www.ncbi.nlm.nih.gov/pubmed/27026514
http://doi.org/10.1111/j.1398-9995.1997.tb02530.x
http://www.ncbi.nlm.nih.gov/pubmed/9450145
http://doi.org/10.1385/CRIAI:29:1:061

	Introduction 
	Stunting and Vitamin D 
	Metabolism of Vitamin D 
	Vitamin D Deficiency and Asthma 
	Possible Mechanism of Asthma in Stunted Children: The Role of Vitamin D, Leptin, IL-4, and CD23+ 
	Vitamin D 
	Leptin 
	Interleukin (IL)-4 
	CD23+ 

	Conclusions 
	References

