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ABSTRACT 
Malnutrition has a significant impact on lung health, directly affecting the respiratory muscle, immune function, and the progression of chronic lung conditions. This review article identifies the primary effects of malnutrition on respiratory function, muscle performance, the immune system, the incidence of respiratory infections, and its impact on patients with chronic lung disease. The Developmental Origins of Health and Disease (DOHaD) theory posits that environmental factors, particularly inadequate nutrition during critical early life stages, can have lasting effects on health. People who did not get enough nutrients during pregnancy or right after giving birth are more likely to get chronic obstructive pulmonary disease (COPD) and asthma as adults. Poor ventilation and worse outcomes in COPD, asthma, interstitial lung disease, and idiopathic pulmonary fibrosis can result from the effects of malnutrition on the contractile capacity of the respiratory muscles. This also interferes with the body’s defences, increasing the risk of infection through compromised T-cell activity, reduced antibody production, and deficiencies in essential micronutrients such as vitamins D, A, and zinc. Acute respiratory infections increase, recovery takes longer, and death rates rise in seriously ill patients due to these changes. Due to malnutrition in chronic lung diseases, muscles weaken and become inflamed, resulting in decreased exercise, a lower quality of life, and shorter survival. Targeted nutrition, such as supplements and feeding plans, improves clinical outcomes and reduces mortality for children with recurrent infections and adults with advanced COPD. The high rate of malnutrition in respiratory patients emphasizes the need for nutrition care in respiratory treatment.
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1. INTRODUCTION 
Malnutrition is a persistent clinical problem that primarily affects pulmonary function among different populations, from critically ill adults to young children. It triggers a series of physiological and structural changes, including weakened respiratory muscles, altered lung mechanics, impaired immunity, and disrupted development that together increase the risk of respiratory problems, delayed recovery, and increased mortality. Malnutrition is defined by the World Health Organisation (WHO) as a “deficiency or excess in nutrient intake, imbalance of essential nutrients or impaired nutrient utilisation”, which encompasses undernutrition, micronutrient-related malnutrition, overweight, and obesity [40]. 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). Poverty, food insecurity, suboptimal feeding practices, climate change, and conflict are all contributing factors [41,42]. It is the responsibility of all healthcare professionals to recognise the importance of proper nutritional care for good clinical practice [43].
A significant complication of malnutrition is the decrease in respiratory muscle performance. The loss of muscle mass in the diaphragm and intercostal muscles reduces contractile strength and energy efficiency, thereby limiting ventilatory capacity. Such changes are generally associated with difficulty in weaning patients from mechanical ventilation, especially patients in the critical care unit [1,2] Research  has  also  shown  that chronic  malnutrition  can  exert  significant  effects on an individual's health, cognitive  development, and   productivity   throughout   their   whole   lives, hence  there  is  a  need  for  prompt  detection  of malnutrition  and  appropriate  management  which should   be   toward   the   goal   of   malnutrition eradication [44] 
Malnutrition affects lung mechanics. Experimental and clinical studies found increased lung elastance, greater airway resistance, and reduced surfactant levels. Structural changes, such as decreased elastic fibre content, patchy atelectasis, and emphysematous damage, lead to impaired ventilation and defective gas exchange [3].
The immune system represents another side effect of nutritional deficiencies. Malnutrition inhibits lymphoid tissue activity, reduces T-helper cell responses, decreases alveolar macrophage function, and lowers secretory IgA production, which may lead to high incidence and prolonged duration of pulmonary infections [4,5].
Nutrient deficiency can blunt the central respiratory drive, reducing the response to hypoxia and hypercapnia and further affecting ventilation, especially in patients with chronic or acute respiratory diseases [6].
Chronic malnutrition in children affects lung development. Children who have early-life nutritional deficiency often have smaller lung volumes and reduced pulmonary function during adolescence and adulthood. While catch-up growth during early childhood can partly reverse these deficits, persistent growth delays leave lasting vulnerabilities [7,8].
Adults with chronic diseases such as chronic kidney disease, malnutrition, often combined with systemic inflammation, have been associated with significant reductions in spirometric measures (e.g., FEV₁, FVC, and PEF) and a high risk of mortality [9].
This review article identifies the primary effects of malnutrition on respiratory function, muscle performance, the immune system, the incidence of respiratory infections, and its impact on patients with chronic lung disease.


2. RESPIRATORY MYOPATHY
Malnutrition is a common reason for inefficient breathing. It directly weakens the respiratory muscles by making it harder for them to contract. Nutritional replacement has been shown to improve muscle function, and this dysfunction is especially noticeable in people who are on mechanical ventilation, have sepsis, or have long-term illnesses like COPD [10]. There has been much talk about nutritional status lately because people with chronic respiratory diseases usually lose weight and muscle mass over time. The addition of poor nutrition makes it more difficult for the respiratory muscles to function correctly. This may result in worse hypoxemia, less physical activity, and the progression of idiopathic pulmonary fibrosis (IPF) [11]. Myopathies, such as congenital myopathies, often affect muscles in the arms and legs, as well as respiratory muscles. The degree of involvement directly affects lung function, which may hasten respiratory failure. Malnutrition increases the risk for these patients by further weakening muscles that are already weak [12,13]. Additionally, dysfunction of the respiratory and limb muscles is a characteristic of numerous chronic respiratory conditions, including lung cancer, obstructive sleep apnea, cystic fibrosis, asthma, and COPD. These problems usually get worse when patients are malnourished, have systemic inflammation, or cachexia, which lowers their rates of survival and quality of life [14]. People with severe COPD are especially at risk of the side effects of malnutrition. Whittom F. et al concluded that having lower body mass is linked to the atrophy of respiratory muscle fibres, which weakens them and makes the lungs work less effectively. This explains the effect of nutrition on the structure and function of the respiratory muscles directly [15].


3. RESPIRATORY INFECTION

Immunodeficiency is often caused by malnutrition, and severe acute malnutrition increases the risk of illness and death due to infections. Its influence largely depends on the cellular immune reaction, which is associated with weakened mucocutaneous permeability, lowered IgA levels, a decreased peripheral blood lymphocyte count, and altered CD4/CD8 ratios. Regarding humoral response, vaccination has been associated with a reduction in B-lymphocyte production, complement C3, and antibody synthesis [16]. It has been proven that malnutrition affects the immune system, specifically the Thymus gland, and decreases the T-cell response. Studies suggest that malnutrition negatively affects phagocytic function and impacts cytokine and antibody production [17]. With protein-energy malnutrition, immunity is severely damaged; however, a proper diet can restore it [18].
A connection between low vitamin D levels and an increased risk of respiratory infections has been found in numerous studies. Adult studies have found a link between vitamin D deficiency and an increased risk of pneumonia, with some findings showing similar results. According to a study, Vitamin D levels were linked to an increased risk of acute respiratory viral infections. A lack of vitamin D in professional swimmers was correlated with an increased incidence of respiratory infections, and vitamin D levels predicted an increased risk of bronchitis. Moreover, links have been noted between upper respiratory symptoms and vitamin D deficiency in adults, as well as between lower 25(OH)D levels and sudden respiratory infections in children. Children with critical sepsis who had vitamin D deficiency were more likely to die, a meta-analysis found, and other studies agreed. Critical patients with low 25(OH)D had more deaths; high vitamin D was associated with less organ failure. During the COVID-19 pandemic, vitamin D deficiency is a risk factor inversely related to SARS-CoV-2 infection and mortality rates. While some studies have found low vitamin D levels in hospitalised COVID-19 patients, others have found no significant correlation [19]. Further support comes from trials; a meta-analysis shows vitamin D reduces the risk of respiratory infections—individuals with low vitamin D levels and those who regularly take supplements experience the most protection. Rapid dosing did not show a protective effect. Also, supplementation was deemed safe, with no significant side effects [20].
Vitamin A is the term for trans-retinol, a fat-soluble compound, and its active derivatives. They work with the immune system to enhance the body's ability to fight off infections. According to correlation studies, a lack of serum retinol relates to a higher risk of respiratory infections, underscoring the potential of vitamin A for preventing URTIs. Nonetheless, its effectiveness is still in question. Vitamin A supplements may not affect acute upper respiratory infections in children, according to a Cochrane review of six studies with 27,351 participants from low-middle-income countries. The average infection duration may not change, with very low to low confidence in the evidence [21]. Additionally, a large-scale meta-analysis involving 47 studies and more than 1 million children found that while vitamin A supplements decreased overall child mortality and protected against diarrhea and measles, they had a limited impact on reducing respiratory illness or mortality. These results imply that vitamin A deficiency heightens vulnerability to respiratory infections, but supplement studies have shown inconsistent outcomes regarding vitamin A’s impact on children’s respiratory infections [22]
Also, zinc is key to the immune system, and without enough of it, you are more likely to get sick. Clinical trials have used zinc in the treatment of severe pneumonia. Zinc supplementation did not improve treatment failure or the need to switch antibiotics but reduced severe pneumonia mortality in a meta-analysis of six trials (2,216 patients) [23]. A trial in Ecuador with children, 2–59 months old, with severe pneumonia, saw no difference between the zinc and placebo groups in respiratory sign resolution time or treatment failure. Improved zinc and nutrition were predicted to lead to quicker symptom recovery, underscoring zinc’s role [24]. Likewise, an examination of zinc supplementation in young children with acute pneumonia revealed that while zinc did not decrease the total duration of acute pneumonia, it played a crucial role in lowering mortality rates, underscoring its significance in reducing pneumonia-related deaths, despite its limited effect on recovery time [25].
4. CHRONIC LUNG DISEASE
Chronic respiratory diseases pose a significant challenge to public health worldwide. They are happening increasingly, and they make up a big part of the world's burden of non-communicable diseases (NCDs). In 2017, chronic respiratory diseases were the third most common cause of death, accounting for 7.0% of all deaths, according to the Global Burden of Disease (GBD) study. Asthma and chronic obstructive pulmonary disease (COPD) are two major health problems that cause a lot of sickness and death [26]. Asthma is a long-term illness that makes it hard to breathe because the airways swell and become narrow. People often have trouble breathing, feel tightness in their chest, cough, and wheeze during acute exacerbations [27]. Two of the disease's most significant features are limited airflow and the constant remodelling of the trachea [28]. Severe asthma is a more complicated type of disease that causes symptoms that do not go away, flare-ups that happen often, blocked airways, and inflammation. It needs to be treated with short-acting beta-agonists and inhaled corticosteroids on a regular basis [29].
The Developmental Origins of Health and Disease (DOHaD) theory posits that environmental factors, particularly inadequate nutrition during critical early life stages, can have lasting effects on health. People who did not get enough nutrients during pregnancy or right after giving birth are more likely to get chronic obstructive pulmonary disease (COPD) and asthma as adults [30]. Malnutrition hurts your immune system, makes the muscles that help you breathe weaker, and changes how well you can breathe. This is why maintaining a healthy diet is crucial for managing lung diseases [31].
Interstitial lung diseases (ILDs) are a group of chronic lung diseases characterised by inflammation and/or fibrosis of the lung interstitium. These conditions may be induced by occupational exposures such as silica dust and asbestos fibers, or they may arise from autoimmune diseases, including systemic sclerosis and rheumatoid arthritis. Idiopathic pulmonary fibrosis is the most serious type of ILD [32]. Malnutrition has a significant effect on both acute respiratory infections (which cause about half of all deaths from acute lower respiratory tract infections) and chronic respiratory disorders. For kids with bronchiectasis and childhood ILD, nutritional assessment and intervention programs have been shown to improve growth, clinical symptoms, and lung function while reducing hospitalisations and flare-ups [33].

Chronic obstructive pulmonary disease (COPD) is another severe long-term lung disease. Its main signs are persistent breathing problems and worsening airflow restrictions caused by problems with the airways and/or alveoli, typically due to prolonged exposure to harmful particles or gases [34]. Nutritional problems, especially muscle loss and sarcopenia, are some of the most common systemic symptoms of COPD. Malnutrition is more prevalent in low- and middle-income countries, impacting 10–45% of outpatients with COPD. No matter how much airflow is restricted, it is associated with reduced skeletal muscle function, decreased exercise capacity, an increased risk of infections, more frequent flare-ups, and a lower quality of life [35,36]. Research indicates that oral nutritional supplements can help individuals with COPD manage body weight, fat-free mass, muscle strength, exercise tolerance, inflammatory markers, and overall quality of life [36].
Malnutrition affects 17% to 47.2% of individuals with COPD, with an average pooled prevalence of 30%. Malnutrition also puts almost half of COPD patients at risk. This disease is characterised by imbalances in energy, protein, and micronutrients, which worsen respiratory symptoms and significantly contribute to sarcopenia [37]. Poor nutrition harms muscle energy, exercise tolerance, and prognosis. Mini Nutritional Assessment (MNA) is a tool used by many older patients with COPD to assess their nutritional status. It has been linked to both the patient's reported dyspnea and the progression of the disease [37].
Chronic respiratory diseases like COPD, asthma, ILDs, pulmonary sarcoidosis, and pneumoconioses are a significant cause of illness and death around the world. They kill 4.6 million people every year, mostly in low- and middle-income countries [38]. Bronchiectasis is another chronic airway disease that shares similarities with COPD. It is characterised by recurrent respiratory infections, a persistent cough, and airway dilation that cannot be reversed. Eventually, these symptoms impair the lungs' function and make life less enjoyable [39].
5. CONCLUSION

[bookmark: _GoBack]Based on the evidence reviewed, malnutrition presents a profound and systemic risk to pulmonary function, directly affecting respiratory mechanics, host defence, and long-term lung health. Mechanistically, protein-energy wasting drives respiratory myopathy through atrophy of the diaphragm and intercostal muscles, severely compromising ventilatory capacity and contributing to difficulties in weaning from mechanical ventilation. Concurrently, nutrient deficiencies impair immunocompetence, as evidenced by suppressed T-cell responses and reduced IgA levels, which significantly heighten susceptibility to and the severity of acute respiratory infections. This pathology extends to chronic conditions; in diseases like COPD and ILDs, malnutrition acts as a critical exacerbating factor, accelerating catabolism, promoting systemic inflammation, and worsening patient prognosis and quality of life. Collectively, these findings establish that nutritional status is not merely a supportive variable but a therapeutic target whose proactive management is essential for mitigating respiratory morbidity and mortality across the clinical spectrum.
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