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Abstract: The prevalence of both asthma and obesity in the pediatric population is steadily increasing,
and even the obese-asthma phenotypes are postulated. Obese children with asthma experience more
asthma symptoms, more frequent exacerbations, and worse response to treatment; they also report a
lower quality of life compared with lean asthmatics. Some of the etiological factors for asthma and
obesity may overlap. Perhaps asthma and obesity share a common genetic and immunologic origin.
Diet is a compelling modifiable factor in obesity and asthma prevention and control, although the
relationship between these two diseases is certainly multifactorial. In this article, we analyze the
impact of dietary intervention and weight loss in obese children on asthma prevention and control.

Keywords: asthma; obesity; allergy; prevention

1. Introduction

Obesity was commonly considered to be a cosmetic defect for many years. Now it
is well-known that excessive body weight is the cause (sometimes the main and some-
times coexisting) of many diseases, e.g., endocrine, cardiovascular, and respiratory, includ-
ing asthma. The pathogenesis of obesity is certainly multifactorial. In children, excess
body weight is predominantly associated with improper eating habits and insufficient
physical activity.

As there is a significant increase in the prevalence of both obesity and asthma in the
pediatric population, a growing number of studies also concerning the relationship of
these two diseases are being conducted. Observational studies showed the association
between obesity and asthma; the association that is most often postulated is the influence
of obesity on the occurrence of asthma [1,2], and there are also reports indicating the
bidirectional link [3]. The basis for such a relationship would be genetic, immunological,
and environmental factors (including diet and lifestyle).

Obese children with asthma experience more asthma symptoms, more frequent exacer-
bations, and worse response to treatment; they also report a lower quality of life compared
with lean asthmatics [4]. The question is if the introduction of nutritional education leading
to improving the diet and weight reduction may be a chance to prevent asthma in children.
In this article, we want to analyze the impact of dietary intervention and weight loss in
obese children on asthma prevention and control.

2. Influence of Obesity on the Occurrence and Course of Asthma

Asthma is a heterogeneous condition, and due to the differences in pathophysiological
background and response to treatment, it is divided into several endotypes, although the
clinical symptoms are similar in various ones. There is also a division of asthma into
phenotypes which have different clinical manifestations and are defined as observable
individual features resulting from genetic and environmental factors. Several asthma
phenotypes have been described. Holguin et al. postulated the presence of early onset
and late-onset obese—asthma phenotypes [5]. Early onset asthma, according to the authors,

Nutrients 2022, 14, 4322. https:/ /doi.org/10.3390/nu14204322

https:/ /www.mdpi.com/journal /nutrients


https://doi.org/10.3390/nu14204322
https://doi.org/10.3390/nu14204322
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0002-9161-706X
https://doi.org/10.3390/nu14204322
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu14204322?type=check_update&version=1

Nutrients 2022, 14, 4322

2 0f 10

usually begins under the age of 12 and affects boys and girls equally. It is usually atopic in
origin—patients have elevated levels of total immunoglobulin E. The airway infiltration
is eosinophilic, and the Th2 biomarkers are elevated. Usually, in this group of patients,
asthma occurs first and then obesity, complicating the course of the disease. Patients
are characterized by a reduction in spirometric parameters, significant respiratory tract
hyperresponsiveness, and more severe symptoms. In contrast, late-onset asthma is usually
diagnosed in patients over 12 years of age, more often in women. Atopy is not observed.
The airway infiltration is neutrophilic, and the Th2 biomarkers are low. Most often, obesity
precedes the onset of asthma in that phenotype. Airway hyperresponsiveness and airway
obstruction are also lower, and patients report less severe disease symptoms [5-7]. In
early onset asthma, as it is eosinophilic and complicated with obesity, the treatment plan
should consist of anti-inflammatory medication and weight loss [5], whereas in the late-
onset asthma, weight loss should be a priority to gain better asthma control [8]. Peters
et al. suggested the existence of the obese—asthma syndrome, which would include the
phenotypes of asthma described above, and also another one associated with increased
response to environmental pollutants [9]. Scott et al. demonstrated another phenotype—
neutrophilic obese-asthma, but it was only found in adult women [10]. The variety of
phenotypes of obese—asthma is considerable and not entirely clear. Understanding, for
example, of the early onset of asthma may be complicated by the influence of obesity in
pregnant women on the incidence of asthma in their children. It has been shown that
obesity in pregnant women increases the risk of asthma in their child by 21-31%, and
exactly that an increase in body mass index (BMI) by 1 kg/m? increases the risk of early
onset asthma by 2-3% [11].

The timing of the weight gain plays a role in a child’s level of risk for developing
asthma. Children who gain an excessive amount of weight over the first 6 years of life,
especially during infancy, are at an even higher risk for asthma than children who gain
weight later in childhood [12].

Based on a Canadian study in 10-and-11-year-olds there is a relationship indicating
that, with an increase in BMI by 1 kg/m?, the incidence of asthma increases by 6%, both
in girls and boys. This result was not influenced by the gender of the respondents, the
presence of allergies, or socioeconomic factors [13]. Gilliland et al., in an observational
study, which initially included healthy children, showed that the risk of asthma was higher
in overweight or obese children, and that this effect was greater in boys and in non-allergic
children [14]. Similarly, a meta-analysis of studies related to BMI and asthma confirmed
that overweight or obesity increases the risk of asthma by 1.64 and 1.92 times, respectively,
compared with normal weight patients. However, most of the studies showed that this
relationship is more frequent in girls, or there is no difference between the sexes [15].

Obesity may cause the incidence of diseases imitating asthmatic-like symptoms: gas-
troesophageal reflux and obstructive sleep apnea. Children may experience shortness of
breath or chest pain, which can be misdiagnosed as asthma. A proper diet (thus avoiding
obesity) will minimize such a diagnostic problem [6,11].

Obesity in children leads to a decreased response to inhaled glucocorticoids (GCSs).
In obese subjects, inflammation is characterized by neutrophilia (less influenced by GCS)
rather than eosinophilia. At the same time, due to the general inflammation in the body and
the action of pro-inflammatory cytokines, obese people have real resistance to GCSs, and
this is associated with altered GCS receptor quality. No change in the effect of short-acting
[3-agonists (SABAs) was observed in obese patients [16,17].

3. The Etiological Connection between Obesity and Asthma
3.1. Genetic

Several genes that can cause both diseases are being investigated. Candidate genes
include, but are not limited to, PRKCA, LEP, ADRB2, ACE, and TNFE. The genome-wide
association study (GWAS), involving more than 23,000 children and adults, raised the
possibility that the DENND1B gene could be common to the pathogenesis of both diseases.
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However, subsequent studies do not provide conclusive results [18]. In a more recent
GWAS, the genetic relationship between obesity and asthma was studied, and the result
revealed the relationship between obesity and late-onset and non-atopic asthma only [19].
Studies conducted on twins prove the genetic relationship between asthma and obesity, but
they also emphasize the complexity of this relationship and the influence of many factors,
apart from genetic ones [20,21].

3.2. Immunologic

Obesity may be regarded as a chronic systemic inflammation with the participation of
factors referred to as adipokines, which are standard hormones produced by adipose tissue;
leptin; and adiponectin. Moreover, Tumor Necrosis Factor alpha (TNF-«), Interleukin-6
(IL-6), and the chemokines IL-8 and Monocyte Chemoattractant Protein-1 (MCP-1) also
complement proteins and other acute-phase proteins [22]. An increase in the expression
of protein genes associated with inflammation has been shown in obese subjects [22].
According to the reports, adipokines are released into the blood and, after reaching the
respiratory tract, may affect their hyperresponsiveness. Compared to lean patients, obese
ones have elevated blood levels of pro-inflammatory factors, which decrease along with a
decrease in BMI [23].

Leptin, a hormone derived from adipose tissue, is significantly increased in children
with asthma [24] and in obese people [25]. A relationship of leptin with asthma severity,
reduction in spirometric parameters, and increased BMI has been shown [26]. Leptin
production by adipocytes can be induced by infectious and inflammatory stimuli, including
TNE-oc and IL-1p3 [27]. Leptin also has a pro-inflammatory effect by stimulating the cytokine
secretion [27]. Due to its influence on lymphocytes, the production of Th1 cytokines is
increased, and the proliferation of Treg decreases. It may be one of the mechanisms that
leads to asthma. Higher leptin levels in obese adolescents inversely correlate with forced
expiratory volume in one second (FEV1), forced vital capacity (FVC), and FEV1/FVC [24].
However, leptin-related relationships can also vary by gender. For instance, Quek et al.
have shown that girls with asthma have higher levels of leptin [28]; however, Guler et al.
studied school-aged children with asthma and found a significant difference in serum
leptin levels between healthy children and those with asthma. This difference, however,
only concerned boys [29].

The concentration of adiponectin in adipose tissue and plasma decreases with increas-
ing body weight and increases again after the patient loses weight [24]. Adiponectin admin-
istered exogenously in mice protects them against obesity-related diseases, e.g., type 2 dia-
betes, thus emphasizing the important function of this protein [23]. The role of adiponectin
can be both pro-inflammatory and anti-inflammatory. For example, adiponectin reduces
TNF-«-induced NF-«B activation in endothelial cells and reduces LPS-produced TNF-x
production in macrophages. It has also been shown that adiponectin increases the expres-
sion of some anti-inflammatory factors, including IL-10 and the endogenous IL-1 receptor
antagonist [23]. At the same time, adiponectin causes a dose-dependent increase in IL-6
release from fibroblasts and macrophages. Adiponectin receptors are expressed on airway
epithelial cells, and adiponectin induces the release of IL-8 in these cells [30]. Thus, the
exact role of adiponectin may depend on the nature of the stimulus and the cells it acts on.

Leptin and adiponectin are also associated with exercise-induced changes in lung
function [31]. Baek et al. demonstrated that the level of leptin was higher and that
adiponectin was lower in obese asthmatics compared with lean ones, and the concentration
of these hormones was significantly correlated with bronchial hyperresponsiveness after
exercise. In obese children, bronchospasm is more easily induced by exercise than by
methacholine provocation [31].

Higher levels of oxidative stress markers are observed in patients with asthma. Like-
wise, when the amount of adipose tissue is increased, especially visceral fat, the level of
oxidative stress is higher. It has not been unequivocally proven whether obesity can affect
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the onset and course of asthma through the excessive production and action of reactive
oxygen species, for example, by damaging the epithelium of the respiratory tract [9].

The metabolic disorders accompanying obesity also affect the course of asthma. Hyper-
glycemia and hyperinsulinemia can lead to bronchial hyperresponsiveness and narrowing
of the bronchi through epithelial damage and proliferation of airway smooth muscles.
Metabolic syndrome and insulin resistance are associated with decreased lung function in
adolescents, both with asthma and healthy adolescents. Obesity-related pro-inflammatory
cytokines such as IL-6 may play a key role in the relationship between metabolic syndrome,
lung function, and the severity of asthma [9].

3.3. Mechanical

The mechanical effect of obesity on asthma may also be important. Excessive body fat
may put pressure on and constrict the chest; moreover, fat accumulated in the abdomen
makes it harder for the diaphragm to move down, leading to increased work of breath-
ing [32]. Functional residual capacity and expiratory reserve volume are reduced in obese
patients, regardless of asthma [22]. Unlike obese adults with decreased FEV1 and FVC,
obese children are characterized by decreased FEV1/FVC [33]. It may be related to airway
dysanapsis, which is observed not only in obese patients. It refers to the situation when
the growth of the lung tissue and the lungs’ volume is greater, and at the same time, the
enlargement of the caliber of the airways is inadequate, i.e., smaller [34].

3.4. Others

Other factors can also have an effect on the coexistence of asthma and obesity, e.g., low
birth weight, which is connected with asthma and obesity. Likewise, antibiotic therapy in
early childhood, by changing the gut microbiome, can affect the occurrence of both diseases
in childhood [7].

4. Effect of Dietary Interventions/Weight Loss on the Occurrence and Course of Asthma

As the association between asthma and obesity is multifactorial, maybe it is possible
to reduce the incidence of asthma and improve its course in obese patients by physical
activity, weight loss, and dietary intervention.

4.1. Physical Activity

Eijkemans et al., in 2011, created a systematic review describing studies regarding
physical activity and the risk of asthma. Researchers found that physical exercise may be
a potential protective factor against developing asthma. At the same time, the authors
emphasized possible limitations of their review—a greater number of analyzed studies
were cross-sectional in design rather than longitudinal (better for causality assessment),
and also the impact of other confounding factors (e.g., exposure to tobacco smoke) cannot
be eliminated [35].

4.2. Weight Loss (Physical Activity and Diet)

In patients with already diagnosed asthma, it has been shown that physical exercise to
reduce body weight with or without caloric restriction diet or at least normocaloric diet
improves asthma control. Jensen et al. used a 10-week diet in adolescents with asthma,
resulting in a decrease in their BMI and an improvement in ACQ (Asthma Control Ques-
tionnaire). At the same time, the authors did not register any improvement in spirometric
parameters or any decrease in fractional exhaled nitric oxide (FeNO), leptin, eosinophils, or
neutrophils [36].

Obese adolescents suffering from asthma achieved weight reduction, as well as improve-
ment in asthma-related quality of life, after 28 weeks of a normocaloric diet. Moreover, in
comparison with the control group, patients had fewer asthma exacerbations (less SABA
intake and less nighttime wakefulness) during the study period [37]. In another research study,
obese adolescents with asthma were encouraged to go on a diet and to exercise. A decrease
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in leptin and an increase in adiponectin concentration in their serum were reported [38].
Willeboordse et al., in an 18-month study of obese children with asthma or with a high risk of
asthma, revealed improvement in asthma control, lung parameters, and asthma quality of life
(PAQLQ) after intervention of weight reduction. Changes were seen in both the intervention
and control group, but improvement in FVC% predicted, asthma control, and asthma quality
of life were more visible in children from the intervention group [39].

Similarly, in adult patients with asthma, weight loss improves asthma control. How-
ever, this relationship occurs under certain conditions. In the Breathe Easier through Weight
Loss Lifestyle (BE WELL) Intervention study, a large 12-month project with 330 participants,
Ma. et al. suggest that weight loss of more than 10% of the baseline value has an impact on
asthma control (expressed as statistically significant improvement in ACQ) [40]. Moreover,
Scott et al. found that weight loss in overweight adult asthmatics must be at least 5-10%
to improve asthma control, lung function, and quality of life [41]. Weight loss (caused by
diet, exercise, or both) by more than 10% was connected with greater improvement in FVC,
but not with better ACQ or Asthma Quality of Life Questionnaire (AQLQ). On the other
hand, weight loss of less than 5% did not improve FVC, but improved ACQ and AQLQ.
According to Johnson et al., 5% weight loss may be enough for obese asthmatics to gain
clinically significant improvement in asthma control and quality of life [42]. In children, no
relationship has been found so far that a specific percentage of body weight should be lost
to improve asthma control. Interestingly, patients whose weight loss was caused by diet
and exercise showed better asthma-control results when compared with patients whose
weight loss was only due to diet. Thus, the importance of exercise in obese asthmatics was
emphasized [43]. A prospective study was conducted among obese patients with severe
asthma. The study group was on a weight-reduction program (encouraged to lose weight
by eating less caloric meals and taking medication), and after 6 months, the level of asthma
control from using the ACQ was obtained. During the study, patients who managed to lose
weight had less asthma symptoms, fewer visits to the emergency room, and less rescue
medication use. Moreover, an increase in forced vital capacity was shown in that group;
however, no changes in markers of airway inflammation or bronchial reactivity were shown
compared to the control group [44].

In studies conducted on adults, medications are often used to help them lose weight,
and patients scheduled for bariatric surgery are also followed. The results of such studies
show that asthma is better controlled after weight loss [8,45]. Sparse studies show similar
improvements in pulmonary parameters in extremely obese adolescents after weight loss
through bariatric surgery [46,47].

4.3. Diet

Losing weight can improve asthma control in obese. It is likely that dietary patterns
implemented in early life may contribute to the onset of asthma and obesity.

Breastfeeding was shown to be relevant in protection against the development of
asthma and obesity [48,49]. Not only the fact of breastfeeding but also the duration of it is
crucial in asthma and obesity protection [50].

One of the causes of obesity might be the use of a Western diet based on a large number
of calories, sweets, fats, and processed foods and a small amount of fruit, vegetables, fiber,
and micronutrients. Moreover, for asthma, a Western diet is regarded as a possible risk
factor. Consuming more fat and less fiber was shown to cause a higher eosinophil rate in the
airways and worse spirometric parameters, i.e., lower FEV1 and higher leptin levels [51].
Such a diet may promote a pro-inflammatory state due to the lack of a sufficient amount of
antioxidants and, thus, increased susceptibility to oxidative stress. In addition, increased
consumption of saturated fatty acids by activating TLR4 receptors leads to the activation
of the inflammatory cascade of NF-«B [52]. In contrast, a Mediterranean diet consisting
of fruits, vegetables, nuts, fish, unsaturated fatty acids, and antioxidants has an anti-
inflammatory effect. Examining Spanish children, Garcia-Marcos et al. revealed that obesity
was a risk factor of current severe asthma in girls aged 6 and 7, and the Mediterranean diet
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may have a protective effect on it [53]. In French school-aged children from a PARIS birth
cohort, high adherence to a Mediterranean diet was connected with lower asthma morbidity
and sensitization and also with higher FEV1 and FVC in patients [54]. However, there are
also some studies not confirming the positive relation between a Mediterranean diet and
asthma prevention [55]. Sexton et al. studying asthmatic adults on a Mediterranean diet
showed that diet intervention improved patients” asthma related quality of life, but this
improvement was not statistically significant [56]. In a pilot study, Bseikri et al. showed
that improving a diet by a specially designed nutrient-and-fiber-dense bar may improve
lung function in poorly controlled asthmatic adolescents with obesity, even without losing
weight or making special changes in lifestyle. However, it was only in non-eosinophilic
asthma (with low FeNO measures in patients) [57].

4.4. Vitamin D

Obese and asthmatic children often suffer from vitamin D deficiency [58,59]. It is
not clearly established whether vitamin D supplementation could help prevent asthma
and obesity; however vitamin D’s multidirectional effect explains its possible impact on
children with obese—asthma. Studies suggest that obese children require higher doses of
vitamin D in comparison with lean ones and also that losing weight can increase vitamin
D concentration [60]. Vitamin D immunomodulation of anti-inflammatory processes in
the airways has been regarded as one of the possible ways of influencing the course of
asthma [61]. This effect during vitamin D deficiency is less effective. The causes of vitamin
D deficiency in the obese are different—maybe it is because of the fact that vitamin D,
being soluble in fats (present in excess in the obese), has lower blood concentration, which
leads to its weakened effectivity [62]. Another possibility is an effect of high leptin and
IL-6 in the obese, as they have an influence on VDR receptors and lead to lower 25(OH)D
synthesis [63]. The other important fact is that obese asthmatics exercise less and spend less
time outdoors, thus preventing UV-dependent vitamin D skin synthesis. Epidemiological
studies show increased frequency of respiratory infections in obese people. Vitamin D
deficiency is regarded as one of the causes [64]. Respiratory tract infections, on the other
hand, are one of the factors that exacerbate asthma. The multidirectional influence of
vitamin D on asthma and obesity is significant.

4.5. Other Factors

In obese adolescent asthmatics, Lang et al. supplemented omega-3 fatty acid (n3PUFA)
through 6 months and observed lung function and biomarkers in comparison to the control
group not receiving n3PUFA. Their outcomes show no improvement in spirometry, Asthma
Control Test, asthma exacerbations, and urgent-care visits for asthma after the study period [65].

Another factor studied in obese asthmatics was L-citrulline supplemented through
2 weeks in a dose of 15 g/d. In a pilot study in poorly controlled obese asthmatics, the
authors showed an increase in FeNO and, at the same time, an improvement in ACQ [66].

As noted by Brown et al., not only the type of intervention used—diet and / or exercise—
but also the method of proposing it to the patient may affect the achievement of the effect.
For younger children, it is important to involve the parent in the therapeutic process, while
adolescents can be offered age-appropriate methods—the use of games and applications
for mobile devices that support the treatment process [67]. The role of doctor-patient
communication is also emphasized. A study conducted by Alexander et al. showed that
obese teenagers with asthma want to hear from their doctor about possible weight-loss
interventions to help them better control their asthma. The patients underlined that they
would like such a conversation to be started by a doctor, and what is more, they also wanted
the parents’ participation [68].

5. Conclusions

Asthma and obesity seem to be associated, and the relationship between these two
diseases is certainly multifactorial and based on genetic, immunological, and mechanical
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aspects. Diet is a compelling modifiable factor in obesity and asthma prevention and control.
It is crucial to recommend appropriate lifestyle modifications to children with excess body
weight—encouraging them to change eating habits and increase physical exertion. In obese
children with asthma, the above recommendations must be supplemented with optimal
drug therapy and control of the course of both diseases. There are still some unresolved
questions about the possibility of asthma prevention and improving asthma control by
diet modifications in obese children. For example, should a specific diet be dedicated to
different phenotypes of asthma? Is loss of weight through exercise a more sufficient form of
prevention than diet intervention, and does the time of intervention matter? More research
on this topic is needed. Future studies concerning the effect of weight loss and exercise on
asthma control may provide a better understanding of the complex relationships between
asthma and obesity and may increase the effectiveness of therapeutic processes.
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