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Abstract 

Asthma is a chronic respiratory condition characterized by airway inflammation and hyper-reactivity. Asthma 
prevalence has continued to rise in recent decades as Western dietary patterns have become more pervasive. Evidence 
suggests that diets emphasizing the consumption of plant-based foods might protect against asthma development and 
improve asthma symptoms through their effects on systemic inflammation, oxidation, and microbial composition.  
However, some dietary patterns, such as the Western diet, which includes a high intake of refined grains, processed and 
red meats, and desserts, have pro-inflammatory effects. On the contrary, the Mediterranean diet, with high intake of 
fruits and vegetables has anti-inflammatory properties. Greater intake of dietary fibre has been consistently associated 
with reduced COPD risk, better lung function and reduced respiratory symptoms. The influence of food on asthma 
outcomes is of growing interest, but dietary habits of asthma patients are not commonly investigated in clinical practice. 
In this review, we focus on the impact of diet on asthma risk and asthma control. We also detail the influence of diet on 
obese patients with asthma. 
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1. Introduction

Asthma prevalence has been steadily rising since the 1980s. According to national surveillance data from the Centers 
for Disease Control, an estimated 6.8 million people had asthma in 1980 [1]. This number increased to 25.7 million 
persons diagnosed in 2010 [1]. In children, asthma prevalence was reported to be 3.5% in 1980 [1]. Thirty years later, 
that figure had jumped to 9.5% of children aged 0–17 years [1, 2]. The disease can be fatal. In 2009, the rate of deaths 
with asthma as the underlying cause per 10,000 persons with asthma was 1.9 in adults and 0.3 in children [1]. The 
asthma death rate was highest among individuals aged 65 years and older [2]. The disease is more common in African 
Americans (11.9% in 2010) than in white Americans (7.8%) [1,2]. According to the 2012 National Vital Statistics System 
and National Health Interview Survey, asthma mortality was also higher in African Americans (24.9%) than white 
persons (8.4%) in 2010 [1]. Persons with a family income below the federal poverty threshold also had higher asthma 
prevalence [1, 3]. In 2010, asthma prevalence was 2.5% higher among individuals with a family income under the 
federal poverty threshold than individuals with a family income at or above the poverty threshold [1]. Holsey et al 
suggest that disparities in asthma prevalence and mortality can be attributed to lower socioeconomic status and the 
greater health needs of minority groups.  Minority groups are more likely to be uninsured or have non-private insurance, 
and subsequently less likely to receive quality medical care and afford prescription medication. In addition, minority 
and low-income patients are more likely to report difficulty obtaining appointments and less likely to be seen by an 
asthma specialist. Socioeconomically disadvantaged individuals are also more likely to consume high-fat foods and 
fewer fruits and vegetables than individuals with a higher socioeconomic status. These disparities in healthcare and diet 
quality might explain the increased asthma prevalence in low-income families [5]. The direct influence of food on 
asthma outcomes regardless of allergic status has emerged more recently [6], with dietary factors showing the potential 
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to be directly involved in asthma pathogenesis [6, 7]. Obese asthmatics have a distinct phenotype with a unique 
pathophysiology (low eosinophilic inflammation, low allergen sensitization) [8, 9]. The specific role of diet on asthma 
outcomes in obese patients is also of growing interest due to their limited responsiveness to inhaled corticosteroids, as 
well as other difficulties faced when managing these patients [10, 11]. The key question for clinicians is to know whether 
changes in the diet could benefit patients with asthma in routine practice. In this review, we will describe the impact of 
diet on asthma, and identify messages that can be used in asthma management. Given that obese asthmatic patients 
represent a particular group in terms of inflammation and clinical management, we will also focus on the effect of diet 
on asthma patients with obesity [11]. 

2. Nutrition and respiratory health 

Next to smoking and physical activity, diet is an important and interrelated lifestyle factor not only for disease 
prevention but also contributing to heterogeneity in disease progression and prognosis. In addition to smoking and 
physical inactivity, evidence is accumulating that dietary habits are not only involved in the development of metabolic 
and cardiovascular diseases but may also influence etiology and progression of chronic obstructive pulmonary disease 
(COPD) [12]. Diet and nutrition are increasingly becoming recognized as modifiable contributors to chronic disease 
development and progression. Considerable evidence has emerged indicating the importance of dietary intake in 
obstructive lung diseases such as asthma and COPD in both early life and disease development [12, 13]. 

2.1. Fried foods and salt on asthma 

Any food when fried becomes extra greasy and will lead to extra effort during digestion. The breakdown of fats takes 
longer in the digestive system and a sensation of being bloating can occur in the abdomen. The feeling of being bloated 
causes discomfort to the patient. This makes it difficult to take full breaths as the diaphragm hurts due to the extra gas 
produced by the digestive juices. Fried foods are also associated with easy weight gain. This extra fat usually 
accumulates in the area around the middle of the torso, putting more pressure on the diaphragm and causing discomfort 
for the patient during breathing. Some such foods that should be avoided include French fries, onion rings, fried chicken, 
fried fish, high salt content, jalapeno poppers, and deep-fried pickles [12]. 

2.2. Aerated drinks in asthma 

This refers to any kind of drink which may have been aerated with carbon dioxide. They usually include artificial 
preservatives, sweeteners and colors, none of which are good for the health of a person suffering from COPD. The 
pressure in the middle of the torso affects the ease with which the patient can breathe. Furthermore, the sugars, sugar 
substitutes and caffeine which may be part of these drinks have no nutritive value for the patient. It is best to drink pure 
water to stay hydrated and allow the body enough fluid to carry out all metabolic activities. Therefore, one should avoid 
drinking sodas, energy drinks, colas and other aerated drinks [12].  

2.3. Cruciferous vegetables 

Since cruciferous vegetables have been known to have many health benefits, people make a special effort to include 
them in their diet. Common cruciferous vegetables being consumed include cauliflower, broccoli, radishes, Brussels 
sprouts, bokchoy, cabbage, collard greens, kale and arugula. Unfortunately, the extra fibre causes them to give patients 
with COPD indigestion and bloating due to the extra gas generated in the system. The bloating causes a difficulty in 
breathing for the patient [12]. 

3. Mediterranean diet 

Various dietary patterns have been linked to the risk of respiratory disease [14]. The Mediterranean diet has been found 
to have protective effects for allergic respiratory diseases in epidemiological studies [15]. This dietary pattern consists 
of a high intake of minimally processed plant foods, namely; fruit, vegetables, breads, cereals, beans, nuts and seeds, low 
to moderate intake of dairy foods, fish, poultry and wine and low intake of red meat. High intakes of olive oil result in a 
dietary composition that is low in saturated fat though still moderate in total fat. In children, several studies showed 
that adherence to the Mediterranean diet is inversely associated with atopy and has a protective effect on atopy, 
wheezing and asthma symptoms [16, 17, 18]. The Mediterranean diet may also be important for maternal diet, as a 
study in Spain found that a high Mediterranean diet score during pregnancy was protective for persistent wheeze and 
atopic wheeze in children at 6.5 years of age [19]. 
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4. Western diet 

The “western” dietary pattern, prevalent in developed countries, is characterized by high consumption of refined grains, 
cured and red meats, desserts and sweets, French fries, and high-fat dairy products [20]. This pattern of intake has been 
associated with increased risk of asthma in children [21, 22]. In adults, a western diet has been shown to be positively 
associated with increased frequency of asthma exacerbation, but not related to asthma risk. In addition, an acute 
challenge with a high fat fast food meal has been shown to worsen airway inflammation [23, 24]. Cross-sectional studies 
have also found that the “western” diet is associated with an increased risk of COPD [13]. 

5. Fruits and vegetables 

Fruit and vegetable intake has been investigated for potential benefits in association with respiratory conditions due to 
their nutrient profile consisting of antioxidants, vitamins, minerals, fibre and phytochemicals. Epidemiological evidence 
reviewed by Saadeh et al. showed that fruit intake was associated with a low prevalence of wheezing and that cooked 
green vegetable intake was associated with a low prevalence of wheezing and asthma [25]. In adults, Grieger et al. 
discusses the heterogeneous nature of the data describing fruit and vegetable intake and lung function, with one study 
showing no effect on lung function of higher fruit and vegetable intake over 10 years, yet in another study, increased 
fruit intake over 2 years was associated with increased FEV1, while another study showed that a large decrease in fruit 
intake over 7 years was associated with decreased FEV1 [26, 27, 28]. Increased fruit and vegetable intake may be 
protective against COPD development, with consumption of a “prudent” diet including increased fruit and vegetables 
being protective against lung function decline [29]. Insufficient intake of fresh fruits and vegetables may result in 
deficiency of vitamins with antioxidant capacity. Conversely, long-term supplementation with vitamin E has been shown 
to reduce the risk of COPD [30]. 

6. Omega-3 fatty acids and fish 

Omega-3 polyunsaturated fatty acids (PUFA) from marine sources and supplements have been shown to be anti-
inflammatory through several cellular mechanisms including their incorporation into cellular membranes and resulting 
altered synthesis of eicosanoids [31]. Experimental studies have shown that long chain omega-3 PUFA’s decrease 
inflammatory cell production of pro-inflammatory prostaglandin (PG) E2, leukotriene (LT) B4 and activity of nuclear 
factor-kappaB (NF-κB), a potent inflammatory transcription factor [32, 33]. Long chain omega-3 PUFA’s also down 
regulate pro-inflammatory cell cytokine production (interleukin-1β (IL-1β), tumor necrosis factor-α (TNF-α)) by 
monocytes and macrophages, decrease expression of cellular adhesion molecules on monocytes and endothelial cells 
and reduce production of ROS in neutrophils [34]. Maternal dietary intake of oily fish was found to be protective of 
asthma in children 5 years of age if born to mothers with asthma and a recent systematic review of omega-3 fatty acid 
supplementation studies in women during pregnancy found that the risk of asthma development in children was 
reduced [35, 36]. Omega-3 PUFA may have positive effects in COPD, as higher levels of DHA in serum were found to 
decrease the risk of developing COPD [37]. Experimental studies in humans with COPD including supplementation with 
omega-3 found lower levels of TNF-α  and improved rehabilitation outcomes[38], though no improvements were seen 
in FEV1 [39]. 

7. Antioxidants and oxidative stress 

Dietary antioxidants are an important dietary factor in protecting against the damaging effects of oxidative stress in the 
airways, a characteristic of respiratory diseases [40]. Oxidative stress caused by reactive oxygen species (ROS), is 
generated in the lungs due to various exposures, such as air pollution, airborne irritants and typical airway 
inflammatory cell responses [41]. Also, increased levels of ROS generate further inflammation in the airways via 
activation of NF-κB and gene expression of pro-inflammatory mediators [42]. Antioxidants including vitamin C, vitamin 
E, flavonoids and carotenoids are abundantly present in fruits and vegetables, as well as nuts, vegetable oils, cocoa, red 
wine and green tea.α-tocopherol is a form of vitamin E, which helps maintain integrity of membrane fatty acids, by 
inhibiting lipid peroxidation. Carotenoids are plant pigments and include; α- and β-carotene, lycopene, lutein and β-
cryptoxanthin. This group of fat soluble antioxidants have been shown to benefit respiratory health due to their ability 
to scavenge ROS and reduce oxidative stress [26]. 

The antioxidant lycopene, present predominantly in tomatoes, may be beneficial in respiratory conditions, indeed 
lycopene intake has been positively correlated with FEV1 in both asthma and COPD and an intervention study in asthma 
showed that lycopene supplementation could suppress neutrophilic airway inflammation [43, 44]. Antioxidants may 
also be important in asthma during pregnancy, as while oxidative stress commonly increases during normal 
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pregnancies, in women with asthma oxidative stress is heightened [45]. Improving antioxidant intake in pregnant 
women with asthma may be beneficial as poor fetal growth outcomes are associated with low levels of circulating 
antioxidants and dietary antioxidants are the first defense mechanism against ROS [26]. 

8. Vitamin C and vitamin E in asthma 

Vitamin C has been enthusiastically investigated for benefits in asthma and links to asthma prevention. Vitamin C could 
inhibit NF-κB activation by IL-1, TNF-α and block production of IL-8. Observational studies in children showed 
consumption of fruit, a rich source of vitamin C, was related to reduced wheezing [46]. Despite the observational data 
linking vitamin C to lung health, supplementation with vitamin C has not been shown to reduce the risk of asthma [47]. 
Vitamin E works synergistically with vitamin C, as following neutralization of ROS, oxidized vitamin E isoforms can be 
processed back into their reduced form by vitamin C [48]. A study in humans showed that both α and γ-tocopherol may 
be effective in decreasing LPS induced neutrophilic inflammation [49]. In COPD, serum levels of vitamin E have been 
shown to be decreased during exacerbation, which suggests increased intake may be helpful to improve vitamin E 
concentrations [50]. Vitamin E has been shown to reduce biomarkers of oxidative stress in adults with COPD in one RCT 
[51]. In the Women’s Health Study (n = 38,597), the risk of developing chronic lung disease over a 10 year 
supplementation period was reduced by 10% in women using vitamin E supplements (600 IU on alternate days) [52]. 
In COPD there is currently not enough evidence to make conclusions about vitamin E supplementation. As smoking and 
lung inflammation in COPD are known to cause significant oxidative stress, a reduction of the anti-oxidative capacity 
may have negative effects on the course of COPD. 

9. Role of vitamin D in asthma 

Epidemiological studies show promising associations between vitamin D and lung health; however the mechanisms 
responsible for these effects are poorly understood. Vitamin D can be obtained from dietary sources or 
supplementation; however sun exposure is the main contributor to vitamin D levels [53]. While vitamin D has beneficial 
effects independent of UV exposure, it can be difficult to separate this potential confounder from direct effects of vitamin 
D on lung health [54, 55]. Respiratory infections contribute to disease progression and exacerbation in both COPD and 
asthma. Vitamin D appears to have a protective role against the susceptibility to and severity of these infections as active 
vitamin D (1, 25 (OH) 2D) modifies production of antimicrobial cathelicidins and defensins that kill bacteria and induce 
wound repair [56, 57]. Observational studies report that in children, low levels of vitamin D are associated with asthma 
exacerbation [58]. Blood vitamin D levels have also been correlated with lung function in COPD patients [60, 61]. COPD 
exacerbations are generally caused by viral or bacterial lung infections, and though vitamin D has a positive role in 
reducing infection, there is no evidence to support that vitamin D is associated with ameliorating exacerbations in COPD 
patients [62]. Vitamin D deficiency and insufficient intake of vitamins with antioxidant capacity (vitamins A, C and E) 
have been reported in COPD. Vitamin D has an important role in bone and calcium homeostasis but effects may occur 
beyond bone health, as anti-inflammatory, anti-infectious and anti-tumoural actions, as well as neuromuscular 
improvements, have been attributed to vitamin D [63]. For COPD, conflicting evidence exists on whether 25-OHD levels 
correlate with lung function decline, infectious exacerbations and muscular function [64 - 67]. In COPD, vitamin D 
deficiency frequently occurs because of smoke-induced skin ageing, reduced outdoor activity and low-quality dietary 
intake. Based on internationally accepted cut-offs, vitamin D deficiency (25-OHD levels, 20 ng.mL-1) is highly prevalent 
in COPD and increases with disease severity [68]. Daily intakes in addition to a minimal amount of ultraviolet radiation 
exposure vary with age but a dose of 800 IU with 1 g calcium is considered to be largely sufficient. The potential of high-
dose supplementation to obtain other than calcaemic effects, including lung function decline and COPD exacerbations, 
needs further exploration [69]. 

10. Role of minerals in asthma 

Some minerals have also been found to be protective in respiratory conditions. In children, increased intake of 
magnesium, calcium and potassium is inversely related to asthma prevalence [25]. Dietary magnesium may have 
beneficial bronchodilator effects in asthma [70]. Low dietary magnesium intake has been associated with negative 
effects on bronchial smooth muscle in severe asthma and with lower lung function in children [71, 72].However further 
evidence of positive therapeutic effects are required before its importance in asthma and recommendations can be 
determined [73]. Dietary intake of selenium has been shown to be lower in asthmatics compared to non-asthmatics and 
maternal plasma selenium levels were reported to be inversely associated with risk of asthma in children [74, 75]. 
Furthermore, results from a large well designed RCT in adults with asthma showed no positive benefit of selenium 
supplementation [76]. Studies on dietary intake of minerals and associations with COPD are sparse. Mineral intake may 
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be important in respiratory diseases, yet evidence for supplementation is weak. It is likely that adequate intake of these 
nutrients in a whole diet approach is sufficient. 

Table 1 Relationship of Nutrition and Obstructive Lung Diseases: Dietary factors that have been linked to respiratory 
disease. “YES” is Evidence suggesting positive effect, “NO” is evidence suggesting negative effect,”?” Evidence is lacking. 

 DIET Asthma and COPD 

Dietary patterns Mediterranean diet YES 

Prudent diet YES 

Western diet NO 

Fast food NO 

Weight status Healthy weight YES 

Underweight NO 

Overweight NO 

Antioxidants Vitamin C YES 

Vitamin E YES 

Flavonoids YES 

Other nutrients Vitamin D YES 

Minerals ? 

11. Role of flavonoids in respiratory diseases 

Flavonoids are potent antioxidants and have anti-inflammatory as well as anti-allergic actions due in part, to their ability 
to neutralize ROS [77]. There are 6 classes of flavonoids including flavones, flavonols, flavanones, isoflavones and 
flavanols , which are widely distributed throughout the diet and found in fruit, vegetables, nuts, seeds, stems, flowers, 
roots, bark, dark chocolate, tea, wine and coffee [78]. In addition to reducing oxidative stress, in vitro experiments have 
found that many individual flavonoids have inhibitory effects on IgE mediated immune responses such as histamine 
secretion by mast cells, shift in cytokine production from Th-2 to Th-1 production and decreased NF-κB activation and 
inhibition of TNF-α [79]. In humans, evidence from a case control study in adults showed that apple and red wine 
consumption, rich sources of flavonoids, was associated with reduced asthma prevalence and severity [47]. Three RCT’s 
in adults with asthma using a product called pycnogenol, which contains a mixture of bioflavonoids, reported benefits 
including increased lung function, decreased symptoms and reduced need for rescue inhalers [80]. 

12. Obesity, adipokines and respiratory disease 

In the obese state dietary intake of lipids leads to increased circulating free fatty acids which activate immune responses, 
such as activation of TLR4, leading to increased inflammation, both systemically and in the airways [13, 81]. Adipose 
tissue also secretes adipokines and asthmatic subjects have higher concentrations of circulating leptin than healthy 
controls [16] which are further increased in females, though leptin is associated with BMI in both males and females 
[82]. Leptin receptors are present in the bronchial and alveolar epithelial cells and leptin has been shown to induce 
activation of alveolar macrophages [83]. .Adiponectin, an anti-inflammatory adipokine, has beneficial effects in animal 
models of asthma [84]. COPD is characterised not only by pulmonary deficits but also by chronic systemic inflammation 
and co-morbidities which may develop in response to the metabolic dysregulation that occurs with excess adipose 
tissue [85]. Obesity, the resulting systemic inflammation and alterations in adipokines have significant negative effects 
in both asthma and COPD. While work examining the mechanisms of effect is extensive, evidence for interventions to 
improve the course of disease are limited to weight loss interventions in asthma at this stage. 

13. Undernutrition and respiratory disease 

Though underweight has not been well studied in asthma, an observational study in Japan reported that subjects with 
asthma who were underweight had poorer asthma control than their normal weight counterparts [86]. Amongst the 
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obstructive lung diseases, undernutrition is most commonly recognized as a feature of COPD [87]. Weight loss, low body 
weight and muscle wasting are common in COPD patients with advanced disease and are associated with reduced 
survival time and an increased risk of exacerbation [88]. The causes of undernutrition in COPD are multifactorial and 
include reduced energy intake due to decreased appetite, depression, lower physical activity and dyspnea while eating 
[89]. In addition, resting energy expenditure is increased in COPD, likely due to higher energy demands from increased 
work of breathing [90]. Also, systemic inflammation which is a hallmark of COPD, may influence energy intake and 
expenditure [91]. Nutritional supplementation therapy in undernourished COPD patients has been shown to induce 
weight gain, increase fat free mass, increase grip strength and exercise tolerance as well as improve quality of life [92]. 
Other dietary nutrients have been investigated for the benefits in COPD. Creatinine, found in meat and fish, did not have 
additive effects to rehabilitation, while sulforaphane, found in broccoli and wasabi, and curcumin, the pigment in 
turmeric, may have beneficial antioxidant properties [93 - 95]. Branched chain amino acid supplementation in COPD is 
associated with positive results including increases in whole body protein synthesis, body weight, fat free mass and 
arterial blood oxygen levels [96, 97]. Undernutrition is not a significant problem in asthma, though is a major debilitating 
feature of COPD. There is promising evidence that nutritional supplementation in COPD is important and can help to 
alleviate some of the adverse effects of the disease, particularly muscle wasting and weight loss [97]. 

14. Conclusion 

Dietary intake appears to be important in both the development and management of respiratory diseases, shown 
through epidemiological and cross-sectional studies and supported by mechanistic studies in animal models. Although 
more evidence is needed from intervention studies in humans, there is a clear link for some nutrients and dietary 
patterns.  The dietary patterns associated with benefits in respiratory diseases include high fruit and vegetable intake, 
Mediterranean style diet, fish and omega-3 intake, while fast food intake and westernized dietary patterns have adverse 
associations. Though antioxidants are associated with positive effects on inflammation, clinical outcomes and 
respiratory disease prevention, intervention studies of individual antioxidants do not indicate widespread adoption of 
supplementation. Greater intake of dietary fibre has been consistently associated with reduced COPD risk, better lung 
function and reduced respiratory symptoms. Iron deficiency often occurs in COPD, which may be caused by several 
factors including systemic inflammation, malabsorption of iron from the gut, renal failure (as a consequence of 
concomitant chronic kidney disease or diabetes mellitus), and medications such as angiotensin-converting enzyme 
inhibitors and corticosteroids  Overall, the evidence indicates that a well-balanced diet with sufficient intake of fresh 
fruits and vegetables is beneficial to COPD and asthma patients, not only for its potential benefits on the lung, but also 
for its proven benefits on metabolic and cardiovascular risk. 
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