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Abstract
BACKGROUND 
The relationship between diabetes mellitus (DM) and asthma is complex and can 
impact disease trajectories.

AIM 
To explore the bidirectional influences between the two conditions on clinical 
outcomes and disease control.

METHODS 
We systematically reviewed the literature on the relationship between DM and 
asthma, focusing on their impacts, mechanisms, and therapeutic implications. 
Various studies were assessed, which investigated the effect of glycemic control 
on asthma outcomes, lung function, and exacerbations. The study highlighted the 
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role of specific diabetes medications in managing asthma.

RESULTS 
The results showed that poor glycemic control in diabetes can exacerbate asthma, increase hospitalizations, and 
reduce lung function. Conversely, severe asthma, especially in obese individuals, can complicate diabetes manage-
ment and make glycemic control more difficult. The diabetes-associated mechanisms, such as inflammation, 
microangiopathy, and oxidative stress, can exacerbate asthma and decrease lung function. Some diabetes medi-
cations exhibit anti-inflammatory effects that show promise in mitigating asthma exacerbations.

CONCLUSION 
The complex interrelationship between diabetes and asthma suggests bidirectional influences that affect disease 
course and outcomes. Inflammation and microvascular complications associated with diabetes may worsen asthma 
outcomes, while asthma severity, especially in obese individuals, complicates diabetes control. However, the 
current research has limitations, and more diverse longitudinal studies are required to establish causal rela-
tionships and identify effective treatment strategies for individuals with both conditions.

Key Words: Diabetes mellitus; Bronchial asthma; Glycemic control; Lung function; Asthma exacerbation; Disease interaction; 
Microangiopathy

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study explores the intricate relationship between diabetes mellitus (DM) and asthma, emphasizing their 
bidirectional impact. It delves into the influence of glycemic control on lung function and asthma exacerbations, highlighting 
how poorly controlled DM correlates with reduced lung function. The research underscores various mechanisms linking DM 
to asthma complications, including inflammation, microangiopathy, and insulin resistance. Medications like metformin and 
glucagon-like peptide 1 receptor agonists show promise in mitigating asthma exacerbations in diabetic patients. Overall, the 
study underscores the significance of glycemic management in ameliorating asthma outcomes and identifies potential 
avenues for targeted therapeutic interventions in this complex interplay between DM and asthma.

Citation: Al-Beltagi M, Bediwy AS, Saeed NK, Bediwy HA, Elbeltagi R. Diabetes-inducing effects of bronchial asthma. World J 
Diabetes 2025; 16(1): 97954
URL: https://www.wjgnet.com/1948-9358/full/v16/i1/97954.htm
DOI: https://dx.doi.org/10.4239/wjd.v16.i1.97954

INTRODUCTION
Bronchial asthma is a chronic inflammatory disease affecting the respiratory airways characterized by airway inflam-
mation and hyperresponsiveness. As a heterogeneous disease, it impacts over 300 million people globally, making it a 
significant health concern across all age groups. The prevalence of bronchial asthma is rising in many countries, partic-
ularly among children, leading to frequent school and work absenteeism[1].

Diabetes mellitus (DM) affects approximately 425 million people worldwide aged 20-79, with projections indicating 
this number could rise to 629 million by 2045. Type 2 DM (T2DM) accounts for 87%-91% of all diabetic cases, while type 1 
DM (T1DM) represents 7%-12%, and the remaining 1%-3% includes gestational diabetes mellitus (GDM) and secondary 
diabetes, which can result from chronic pancreatitis, gene mutations, or medication use. T1DM is the most prevalent form 
among children and adolescents, though T2DM is increasingly common in this age group due to rising obesity rates. In 
adults, DM occurs slightly more frequently in men than women, with the incidence rates in 2014 reported at 9% for men 
and 7.9% for women, expected to increase to 12.8% and 10.4%, respectively, by 2025[2].

T2DM is a common multifactorial disease characterized by decreased insulin sensitivity, reduced insulin reserves, and 
a defect in insulin secretion associated with chronic inflammation[3]. Obesity is a significant factor linking bronchial 
asthma and T2DM, as elevated levels of circulating inflammatory cytokines in obese individuals with asthma increase the 
risk of developing T2DM and insulin resistance[4]. Furthermore, asthma itself can elevate the risk of T2DM indepen-
dently of obesity due to chronic inflammation's role in diabetes pathogenesis[5].

Individuals with asthma are more likely to have comorbidities such as T2DM compared to those without asthma. 
These comorbidities are often linked to poorer asthma outcomes, increased healthcare utilization, and a diminished 
quality of life[4-7]. The lungs are one of the target organs affected by diabetic microangiopathy in both type 1 and type 2 
diabetes patients[8]. Numerous studies have reported impaired lung function in individuals with diabetes[9]. Bronchial 
asthma has been associated with an increased risk of developing DM[6]. This review article examines the potential link 
between bronchial asthma and DM, focusing on T2DM and T1DM. It discusses various epidemiological studies, explores 
the coexistence of these conditions, and delves into the underlying mechanisms that may explain their association.

https://www.wjgnet.com/1948-9358/full/v16/i1/97954.htm
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MATERIALS AND METHODS
We systematically reviewed electronic data, including PubMed/MEDLINE, Scopus, and Google Scholar, to gather 
relevant literature on the association between bronchial asthma and DM. We used a combination of keywords and 
controlled vocabulary terms related to "bronchial asthma" "diabetes mellitus" "association" "epidemiology" and 
"pathophysiology" to search for articles published from inception to November 28th, 2023. We included articles that met 
the following criteria: They were written in English, published in peer-reviewed journals, and investigated the epidemi-
ological association between bronchial asthma and DM (Type 1 or Type 2) in any population group. The articles could be 
meta-analyses, systematic reviews, original research articles, case reports, guidelines, editorial pieces, or letters to the 
editor discussing the relationship between bronchial asthma and DM. We initially found 1870 articles, but after removing 
duplicates, we screened 1561 unique articles for relevance. From this, we conducted full-text assessments on 159 articles 
that met the predefined criteria. The final selection included 108 research articles, 40 review articles, 4 meta-analyses, 3 
guidelines, 2 case reports, 1 editorial, and 1 Letter to the editor, as shown in Figure 1. These articles provide information 
on the relationship between bronchial asthma and DM, including study design, participant characteristics, key findings, 
and discussions. We synthesized the data from these articles to provide a comprehensive overview and analysis in this 
review article.

RESULTS
The review showed that poor glycemic control in diabetes correlates with exacerbated asthma, reflected in increased 
hospitalizations and diminished lung function. Conversely, severe asthma, particularly in obese individuals, affects 
diabetes management, complicating glycemic control. Mechanisms such as inflammation, microangiopathy, and 
oxidative stress associated with diabetes may contribute to asthma exacerbations and decreased lung function. Certain 
diabetes medications exhibit anti-inflammatory effects that show promise in mitigating asthma exacerbations.

DISCUSSION
Epidemiological associations between DM and bronchial asthma
Bronchial asthma affects approximately 334 million people worldwide, with incidence rates varying significantly across 
countries. In 2012, Austria reported the highest incidence at 21%, while China had the lowest at 0.2%[10]. Unlike DM, the 
global incidence of bronchial asthma has remained relatively stable, although it is rising rapidly in developing countries 
and declining in developed ones. Boys are about 20% more likely than girls to develop asthma, particularly in childhood. 
Key risk factors for asthma include cigarette smoking, genetic predisposition, occupational exposure, and obesity[11].

DM is a common comorbidity among adults with asthma. Population-based studies have shown that the prevalence of 
comorbid diabetes in asthma patients ranges from 5% to 16%[12]. Patients with both asthma and diabetes tend to have 
higher glucose levels[13], reduced quality-adjusted life expectancy[14], and a greater risk of pneumococcal infections[15] 
compared to those with either condition alone.

Both DM and bronchial asthma often coexist. A meta-analysis of 11 clinical studies involving over 550000 patients 
found that those with asthma were more likely to develop DM than those without asthma[6]. In a 12-year study of 38570 
women aged 45 and older with asthma or overlap syndrome [asthma and chronic obstructive pulmonary disease 
(COPD)], 2472 new cases of T2DM were diagnosed. The presence of asthma or COPD was associated with a 1.75-fold 
increased risk of T2DM, independent of other risk factors like sedentary lifestyle, smoking, hormone replacement 
therapy, alcohol consumption, family history of DM, systemic hypertension, and familial hypercholesterolemia[5].

In Finland, a study on children found that a prior diagnosis of asthma increased the risk of developing T1DM by 41%. 
Conversely, having T1DM reduced the risk of subsequent asthma by 18%, independent of age at diagnosis, birth decade, 
sex, and maternal history of asthma or DM[16]. A Chinese study also identified DM as a major comorbidity in bronchial 
asthma patients, alongside hypertension, myocardial infarction, and ischemic stroke. This study found a significant 
relationship between lifestyle factors related to carbohydrate metabolism [e.g., body mass index (BMI), smoking, alcohol 
consumption, education level, screen time] and the risk of developing asthma[17].

There is a theory that individuals with T1DM, characterized by a prevalence of Th1 cytokines, may be less likely to 
develop allergic asthma associated with Th2 cytokines. A study by Tosca et al[18] compared the bronchodilator response 
in children with allergic rhinitis and diabetes to those with only allergic rhinitis. The study found a statistically significant 
difference, with children having both conditions showing a lower bronchodilator response, potentially suggesting a 
protective effect against asthma. However, the study had limitations, including a small sample size and lack of follow-up
[18]. Another study in Finland by Koskinen et al[19] found higher respiratory disease-related death rates among 
individuals receiving diabetes medication compared to the general population[19]. Additionally, Kero et al[20] found no 
significant difference in asthma prevalence among children with T1DM compared to those without, suggesting that Th1 
and Th2 diseases can coexist[20].

Yun et al[21] conducted a retrospective study analyzing 2392 patients with reactive airway disease and 4784 matched 
controls. The study revealed that asthma patients had a significantly higher risk of developing DM. However, the authors 
could not control for asthma severity, phenotype, or other contributing factors like smoking status, BMI, and physical 
activity[21]. In Germany and Austria, a study found that 3.4% of patients under 20 with T1DM also had asthma or 
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Figure 1  Flow chart of the study.

received asthma-specific treatment. These patients were more likely to be male, older, and have a longer duration of DM
[22]. Another study using the Optimum Patient Care Research Database and the British Thoracic Society Difficult Asthma 
Registry found that T2DM was more prevalent among patients with severe asthma compared to those with mild to 
moderate asthma[23].

Adults with self-reported asthma have a higher risk of developing T2DM, with an increased risk ranging from 21% to 
37% in various longitudinal observational studies[4,5,21]. A Danish twin study by Thomsen et al[24] showed that patients 
with T2DM were nearly twice as likely to develop asthma compared to those without T2DM[24]. A study using veterans' 
hospital data revealed that asthma was present in 4.5% of patients with T2DM compared to 2.9% in the control group, 
regardless of other comorbidities[25]. However, a longitudinal observational study found a negative association between 
asthma and T2DM[26]. A cross-sectional study of 5045 Korean adults found that the likelihood of developing asthma 
increased with higher HbA1c levels (1.38-fold) and insulin levels (1.02-fold) but not fasting blood glucose levels. The 
study also showed that DM rates increased by 1.75-fold with asthma[27].

Individuals with both asthma and T2DM generally have worse asthma control, with a higher likelihood of complic-
ations, exacerbations, and hospitalizations[28]. In a retrospective study, Ehrlich et al[29] found that asthma, COPD, 
pulmonary fibrosis, and pneumonia incidences were higher in patients with DM than in those without. However, no 
significant increase in asthma risk was observed with higher baseline glycated hemoglobin (HbA1c) levels, suggesting 
that asthma may be related to factors other than glycemic control in diabetic patients[29]. Hyperglycemia and hyperinsu-
linemia in lung tissue have been linked to reduced lung function and a higher risk of asthma in diabetic patients[30,31]. 
The association between asthma and chronic diseases is thought to involve low-grade systemic inflammation, corticos-
teroid use, genetic pleiotropy, and oxidative stress. However, these mechanisms may vary depending on the asthma 
phenotype. One limitation of Ehrlich et al's study[29] was the possibility of increased pulmonary disease diagnoses due to 
more frequent healthcare visits among DM patients[4,23,29,32].

Pathological mechanisms linking diabetes and bronchial asthma
The development of DM results from the interaction of genetic and environmental factors, leading to a gradual loss of 
pancreatic β-cell mass and/or function. In T1DM, specific variants of the HLA genes contribute to approximately 50%-
60% of the genetic risk by influencing the binding of HLA proteins to antigen peptides and their presentation to T cells. 
Genetic factors and environmental triggers, such as viral infections, dietary components, and autoimmune processes, also 
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affect the disease’s onset. In these cases, autoantibodies in the blood reflect an immune response by T and B cells against 
β-cell antigens[33].

T2DM is characterized by increased insulin resistance and a diminished insulin reserve. Diabetic microangiopathy can 
complicate DM, leading to conditions like retinopathy, nephropathy, and neuropathy. The lungs are also susceptible to 
diabetic injury, a condition now recognized as "diabetic pneumopathy" in medical literature[34]. Patients with diabetes 
often exhibit reduced capillary blood volume, indicating microangiopathy that causes ventilation/perfusion mismatch. 
Histopathological studies of diabetic patients’ lungs reveal thickening of the alveolar epithelium and the basement 
membrane of alveolar capillaries. This thickening and ventilation/perfusion mismatch impair diffusion capacity, 
exacerbated by anemia, a common complication in diabetic patients with kidney impairment[35].

Additional pathological mechanisms linking DM and bronchial asthma include systemic inflammation, obesity, 
metabolic disturbances, insulin resistance, and the impact of certain medications (Figure 2).

Systemic inflammation
Bronchial asthma is characterized by chronic airway inflammation, leading to structural changes over time. Key players 
in this inflammation include dendritic cells and Th2 cells, which produce cytokines like interleukin (IL)-4, IL-5, and IL-13. 
These cytokines promote the maturation and survival of eosinophils, which are recruited to the bronchial mucosa, 
causing damage. Additionally, these cytokines contribute to the synthesis of IgE, which activates mast cells and further 
drives inflammation. Genetic factors also play a role, with polymorphisms in genes such as IL-33, IL1RL1/IL18R1, HLA-
DQ, SMAD3, IL2RB9, ZPBP2, GSDMB, and ORMDL3 increasing susceptibility to asthma[11,36].

Both bronchial asthma and DM are associated with low-grade systemic inflammation, independent of obesity. Chronic 
airway inflammation in asthma can contribute to insulin resistance in the liver, skeletal muscle, and vascular 
endothelium, leading to the clinical manifestations of DM due to elevated inflammatory cytokines[4,37,38]. Patients with 
T2DM often exhibit irregular immune system function linked to chronic inflammation. For instance, Dandona et al[39] 
found higher levels of inflammatory markers such as matrix metallopeptidase 9, IL-4, and chemokine receptor type 2 in 
obese subjects with T2DM compared to healthy non-obese individuals. These markers, excluding nitric oxide metabolites, 
were also associated with insulin resistance and BMI[39]. Sindhu et al[40] observed elevated monocyte chemoattractant 
protein-1 levels in patients with both asthma and T2DM, correlating with other inflammation and airway remodeling 
markers[40].

Though controversies persist, the link between T1DM and bronchial asthma appears stronger than with T2DM. 
Vaseghi et al s[41] found that T1DM patients had lower expression of T-bet and IFN-γ but higher levels of IL-4 mRNA 
and plasma IL-4 than non-diabetics[41]. Peters et al[42] noted that IL-6 levels were positively correlated with BMI and 
diabetes severity, irrespective of asthma severity[42]. Thomsen et al[24] identified an increased risk of asthma among 
T2DM patients, with positive genetic correlations between asthma and BMI in women[24].

Chronic inflammation, a hallmark of asthma, exacerbates insulin resistance and T2DM risk. High levels of ul-
trasensitive C-reactive protein, low-density lipoprotein-C, and leukocyte counts were observed in asthmatic individuals 
compared to controls[7]. Song et al[5] found increased T2DM incidence in women with preexisting asthma, supporting 
chronic inflammation’s role in diabetes pathogenesis[5]. Additionally, infections with extracellular parasites, prevalent in 
developing countries, may offer some protection against both asthma and diabetes, potentially through Toll-like receptors 
(TLRs)[43,44].

Yun et al[21] conducted a retrospective study revealing an increased risk of T2DM among patients with asthma, 
attributing it to inflammatory cytokines IL-6 and IL-17, hypoxia, tachyarrhythmia, and corticosteroid use. However, BMI 
was not evaluated as a potential confounder[21]. Verbovoy et al[45] identified subclinical inflammation in women with 
T2DM and asthma, characterized by increased leptin and resistin levels, decreased adiponectin, and elevated IL-6 and IL-
10[45]. Baek et al[26] found that T2DM patients without retinopathy had a lower risk of asthma than those with reti-
nopathy, suggesting chronic inflammation’s role in this relationship[26].

The inflammatory pathways of tumor necrosis factor-alpha (TNF-α) and IL-6 link DM, obesity, and bronchial asthma 
by promoting Th2 cell differentiation and cytokine production involved in eosinophilic asthma[30]. Elevated levels of 
TNF-α and IL-6 contribute to insulin resistance and T2DM development[46,47]. TLR activation, particularly by elevated 
free fatty acids in obesity, generates pro-inflammatory signals and activates NF-κB, which inhibits insulin signaling and 
promotes inflammatory gene expression[32,48-50]. Additionally, advanced glycation end-products and matrix metallo-
proteinase-9 from hyperglycemia further contribute to airway inflammation and dysfunction[51-53].

Obesity and metabolic disturbances
The prevalence of asthma, diabetes, and obesity is rising, particularly among young people. Obesity, now recognized as a 
pro-inflammatory condition, not only increases the risk of asthma but also exacerbates inflammatory processes and 
insulin resistance, both of which are key contributors to the development of T2DM[13]. Studies indicate that metabolic 
dysfunction plays a significant role in the severity of asthma[54] and that there is a clear association between obesity, 
metabolic syndrome (MS), and airway diseases[55]. MS has been identified as an independent risk factor for the incidence 
of asthma, even when accounting for other metabolic components[56]. Patients with obesity and MS often represent a 
distinct subtype of bronchial asthma, characterized by more severe symptoms, poorer quality of life, a higher risk of 
obstructive sleep apnea, and elevated levels of inflammatory markers like leptin and IL-6, compared to non-obese 
asthmatics and obese asthmatics without MS[47].

A study among Chinese Singaporeans revealed a significant association between bronchial asthma and T2DM, partic-
ularly in obese individuals, suggesting that excess body fat and airway inflammation together promote the development 
of diabetes[4]. Obesity is well-known to be linked with low-grade systemic inflammation, as evidenced by elevated levels 
of inflammatory markers such as TNF-α, TLR4, IL-6, and IL-1β, which contribute to immune system changes and inflam-
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Figure 2  Pathophysiological interactions between obesity, diabetes mellitus, and asthma.

matory responses[30,32]. Both obesity and insulin resistance are major factors in the pathogenesis of T2DM, with a close 
correlation between immune system function and excess fat. Dysfunctional adipose cells, caused by caloric overload, 
produce excessive leptin and reduced adiponectin and are characterized by hypoxia and excessive extracellular matrix 
deposition, leading to immune cell recruitment, activation, and the formation of proinflammatory cytokines[57].

According to some authors, individuals with obesity and bronchial asthma can be categorized into two phenotypes: 
Early-onset atopic Th2-high asthma, which is marked by high serum IgE levels and increased bronchial hyperreactivity 
and is complicated by obesity, and late-onset non-atopic Th2-low asthma, more common in obese women, which 
develops as a consequence of obesity. This latter phenotype is characterized by lower atopy, reduced bronchial hyperre-
activity, less airway obstruction, and fewer exacerbations[58].

Obesity, particularly in women, is associated with treatment-resistant asthma, which tends to have less eosinophilic 
and more neutrophilic sputum. Obesity also contributes to exertional dyspnea by reducing the functional residual 
capacity of the respiratory reserve volume[59]. However, the mechanisms underlying the link between obesity, gut 
microbiota, and bronchial asthma development are not fully understood. It has been suggested that factors such as IgA 
and calprotectin, exposure to lipopolysaccharides (LPS), bile acids, short-chain fatty acids, and intestinal microflora 
products may play a role[60].

A study by Cani et al[61] on animal models showed that mice fed a high-fat, carbohydrate-free diet had increased LPS 
concentrations. This diet altered the gut microbiota, reducing the abundance of Lactobacillus spp., Bifidobacterium spp., 
and Bacteroides-Prevotella spp., and increased intestinal permeability by decreasing the expression of tight junction 
proteins such as ZO-1 and Occludin. These changes were associated with elevated mRNA concentrations of PAI-1, IL-1, 
TNF-α, and F4/80 in visceral adipose tissue. Notably, a 4-week antibiotic treatment reversed these effects, significantly 
reducing inflammatory markers[60]. Similar effects were observed in groups consuming a carbohydrate-rich diet, which 
induced insulin secretion, insulin resistance, weight gain, increased energy consumption, and increased visceral and 
subcutaneous fat[61] (Figure 1).

Insulin resistance and prediabetes
Prediabetes, a key component of MS, is characterized by elevated blood glucose levels that do not meet the criteria for 
DM. Though often asymptomatic, prediabetes is frequently associated with obesity, dyslipidemia, and hypertension, all 
of which contribute to an increased risk of cardiovascular disease. The global prevalence of prediabetes is projected to rise 
significantly, from 720 million in 2021 to 1 billion by 2045. Over half of those diagnosed with prediabetes eventually 
develop T2DM[19,26,28,38]. However, lifestyle modifications, such as increased physical activity and a healthy diet, can 
reduce the risk of progression to T2DM[19,28].

The etiology of prediabetes is multifactorial, involving both genetic and lifestyle factors, ultimately leading to insulin 
resistance and abnormal blood glucose control. Prediabetes is diagnosed using specific criteria, including fasting blood 
glucose levels of 110-125 mg/dL (World Health Organization criteria) or 100-125 mg/dL (American Diabetes Association 
criteria), a glucose tolerance test showing 140-199 mg/dL 2 hours after ingesting a standardized glucose solution, or an 
HbA1c of 5.7%-6.4%[19,26,28]. Hyperinsulinemia, often preceding both prediabetes and DM, may occur even in 
individuals with normal glucose levels[19,26,28].

Insulin resistance is known to cause hyperglycemia, leading to hyperinsulinemia as an early compensatory mechanism 
in DM. Studies in both humans and animals have demonstrated a correlation between asthma and insulin resistance in 
patients with DM. For example, a cross-sectional study showed a significant association between bronchial asthma and 
visceral fat accumulation, as indicated by the Homeostasis Model Assessment Index[62]. Another study found that 
bronchial asthma patients had higher insulin levels than non-asthmatic individuals, with those with elevated insulin 
levels exhibiting a higher incidence of bronchial asthma[27].
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In T2DM patients, hyperglycemia and hyperinsulinemia—hallmarks of insulin resistance—can impair lung function 
through several mechanisms[63]. These include the stimulation of fibroblast proliferation and differentiation in lung 
tissue, leading to collagen deposition and airway remodeling, as well as pulmonary microvascular changes, chronic 
inflammation, autonomic neuropathy, and loss of elastic recoil due to collagen glycosylation in the pulmonary paren-
chyma[30,31,64]. Gulcan et al[65] also observed that fasting and 2-hour blood glucose levels were significantly higher in 
bronchial asthma patients than in controls, attributing this to insulin resistance driven by inflammation[65].

Insulin resistance is an established risk factor for developing bronchial asthma, wheezing, and asthma-like symptoms. 
However, whether there is a direct causal relationship between insulin resistance and asthma or if inflammatory 
mediators contribute to asthma pathogenesis remains unclear. This association is more prominent in insulin resistance 
than in obesity, regardless of gender[50]. Experimental studies have shown that intranasal insulin administration can 
induce insulin resistance, increase catenin levels, and lead to collagen deposition and bronchial hyperresponsiveness[30,
47]. Proposed mechanisms linking insulin resistance with bronchial asthma include hyperinsulinemia potentiating 
vagally mediated bronchoconstriction by reducing the activity of inhibitory M2 muscarinic receptors on airway parasym-
pathetic neurons, leading to increased acetylcholine release and airway hyperresponsiveness[63,66]. Additionally, insulin 
resistance can induce fibroblast proliferation and reduce the bioavailability of endogenous nitric oxide, which has 
bronchodilator effects[47,66].

Inflammation associated with obesity and insulin resistance can lead to asthma in obese children, who are more likely 
to experience insulin resistance compared to non-asthmatic peers[67-69]. Studies have shown an inverse relationship 
between insulin resistance and pulmonary function, with higher insulin resistance levels correlating with lower forced 
expiratory volume in 1 (FEV1)/forced vital capacity (FVC) ratios[70]. Forno et al[71] found that obese adolescents with 
insulin resistance exhibited a more pronounced inverse association between obesity and spirometric parameters[71]. A 
prospective study in Korea found a negative linear association between insulin resistance (measured by Homeostasis 
Model Assessment of Insulin Resistance) and yearly changes in FEV1 and FVC percent predicted, particularly in 
individuals over 50, even after adjusting for smoking, physical activity, and BMI[72].

Inhaled insulin therapy has also been linked to a reduction in FEV1 in diabetic patients, with effects reversible after 
discontinuation of treatment[73]. Insulin resistance significantly predicts expiratory reserve volume and may affect the 
Th1/Th2 immune response ratio, influencing lung function[74]. Even without overt insulin resistance, impaired glucose 
metabolism is associated with airway hyperresponsiveness, independent of BMI[75]. Insulin receptors in airway smooth 
muscle cells may contribute to a pro-contractile phenotype in obesity, making these cells more sensitive to neural-
mediated bronchoconstriction[47,63]. Experimental studies support this mechanism, with insulin exposure potentiating 
bronchoconstriction induced by vagal stimulation in mice models, an effect blocked by atropine, indicating the 
involvement of muscarinic receptors[76,77]. Additionally, insulin exposure can reduce cyclic adenosine monophosphate 
(cAMP) accumulation, affecting airway β2 adrenergic receptors[78]. Increased insulin resistance is also linked to a higher 
prevalence of gastro-oesophageal reflux disease, which can worsen bronchial asthma control and contribute to difficult-
to-treat asthma[79,80].

Medications effects
Concerns exist regarding the safety of bronchial asthma medications for diabetic patients and the impact of diabetes 
medications on asthma, particularly in severe cases. Asthma medications are categorized into two main types: 
Controllers, which suppress inflammation or provide long-acting bronchodilation, and relievers, which offer quick-onset 
bronchodilation for acute symptoms[81]. These medications include bronchodilators (beta-agonists, anticholinergics), 
corticosteroids, anti-leukotrienes, and biologics. A 5-year study by Ahmadizar et al[82] found higher usage rates of 
asthma medication in patients with T1DM. Although diabetic patients more frequently used short-acting muscarinic 
antagonists, there was no significant difference in the usage of specific asthma medications between patients with and 
without diabetes. The study also noted a decline in asthma medication use and exacerbations over time, particularly after 
the first year post-DM diagnosis[82].

Asthma medications
Bronchodilators: Bronchodilators are medications used to treat bronchial asthma. They include beta-agonists, anticholin-
ergics, and xanthine derivatives (non-selective phosphodiesterase inhibitors) like theophylline and aminophylline. Jessen 
et al[83] reported that beta2-agonists at near-therapeutic doses can improve insulin sensitivity in healthy young men due 
to effects on muscle hypertrophy and glucose disposal[83]. Kalinovich et al[84] demonstrated that clenbuterol, a selective 
β2-adrenergic agonist, improved glucose tolerance and insulin sensitivity in insulin-resistant mice by stimulating glucose 
uptake in skeletal muscle and reducing hepatic lipids and glycogen[84]. In humans, nebulized albuterol (2.5 mg) did not 
significantly increase blood glucose levels in diabetic patients[85]. Anticholinergics, especially inhaled ones, have no 
reported adverse effects on glucose levels or insulin resistance, though oral forms can attenuate late-phase insulin activity
[86]. Aminophylline has been shown to inhibit endogenous glucose production in T2DM by stimulating insulin secretion
[87]. Theophylline can improve hypoglycemia unawareness in T1DM patients, though prolonged use leads to tolerance
[88].

Corticosteroids: Frequently used in severe asthma and exacerbations, systemic corticosteroids are linked to hyper-
glycemia and prolonged hospital stays in patients with both T1DM and asthma[89]. Long-term use of systemic corticost-
eroids significantly increases the risk of developing DM, particularly when used four or more times per year[90,91]. A 
large retrospective study on severe asthma patients revealed that oral corticosteroid use correlated with an increased risk 
of DM, even at low doses[1,92]. Studies indicate that corticosteroids elevate the risk of hyperglycemia and T2DM, while 
inhaled corticosteroids (ICS) are also associated with increased DM risk and progression to insulin therapy[93-95]. 
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Corticosteroids contribute to DM by increasing hepatic gluconeogenesis, reducing peripheral glucose uptake, causing 
insulin resistance, inhibiting insulin secretion, and promoting the release of triglycerides and fatty acids, which impair β 
cell function[96,97]. Several risk factors for steroid-induced DM include age, elevated fasting glucose, higher HbA1c 
levels, and a family history of DM, although steroid dosage is not a primary risk factor[97]. While low-dose ICS has a 
good safety profile, higher doses increase the risk of DM and insulin therapy[98,99]. However, clinical trials have not 
consistently shown an increased risk of DM or hyperglycemia with ICS use[100].

ICS: ICS have revolutionized asthma treatment by directly targeting airway inflammation, though systemic absorption 
(10%-30% of the dose) raises concerns about systemic side effects. These risks are dose-dependent and influenced by 
patient factors like age, health, and comorbidities. Newer ICS formulations with low oral bioavailability and high serum 
protein binding are designed to minimize these risks[101,102]. A study on diabetic patients with asthma or COPD found 
that ICS (e.g., fluticasone propionate) caused a slight, non-clinically relevant increase in HbA1c after 6 weeks[103]. 
Although some literature suggests ICS is not significantly associated with glycemic changes, careful monitoring is 
advised[64,94,100].

Montelukast: Montelukast, a leukotriene receptor antagonist, is widely used for asthma management. While no evidence 
links it to diabetes or insulin resistance, an experimental study by Bapputty et al[104] found that montelukast reduced 
diabetes-induced retinal capillary leakage, leukocyte adherence, and superoxide generation in a mouse model, indicating 
potential protective effects[104].

Biologic agents: In severe asthma cases, patients may benefit from biologics, such as anti-IgE (e.g., omalizumab) and anti-
IL-5 (e.g., mepolizumab). A case report by Hamada et al[105] highlighted that omalizumab might increase blood sugar 
levels in patients with T2DM, though switching to mepolizumab improved DM control[105]. Yalcin et al[106] reported 
transient blood glucose increases after omalizumab injections, possibly due to the sucrose content in the medication, 
though infrequent use did not seem to affect glycemic control[106]. Despite these effects, omalizumab can reduce the 
need for corticosteroids, thereby lowering the risk of steroid-induced DM[107] (Table 1).

Anti-diabetic medications
Metformin: Metformin is a cornerstone in managing T2DM, recommended by the American Diabetes Association for all 
patients without contraindications[108]. It has also been shown to reduce airway inflammation[109]. A retrospective 
cohort study by Chen et al[110] linked metformin use to a lower incidence of bronchial asthma[110]. In vitro and in vivo 
studies confirm that metformin’s anti-inflammatory effects are mediated by activating 5-AMP-activated protein kinase 
(AMPK)[111,112], which reduces oxidative stress by regulating cellular proliferation and protein synthesis, particularly 
affecting nicotinamide adenine dinucleotide phosphate oxidases[113]. Calixto et al[111] observed that metformin reduced 
allergic eosinophilic inflammation in obese mice on a high-fat diet by inhibiting TNF-α-induced inflammatory signaling 
and NF-kB-mediated iNOS expression[111]. In a retrospective study by Li et al[109], metformin was associated with fewer 
asthma exacerbations and hospitalizations despite increased use of short-acting β2-agonists and methylxanthine among 
treated patients. However, the study did not account for several asthma risk factors like obesity and environmental 
triggers[109]. Another study found that metformin reduced the risk of asthma-related emergency department visits, 
though the reduction in asthma exacerbations was not statistically significant[114]. In a cohort of 23920 individuals, 
metformin use was linked to fewer asthma-related hospitalizations, potentially due to its inhibition of LPS-evoked TLR4 
activation, leading to AMPK activation and subsequent reduction in airway inflammation[115-117].

Thiazolidinediones: Thiazolidinediones (TZDs), which act on peroxisome proliferator-activated receptor gamma, are 
effective in reducing bronchial hyperresponsiveness, airway inflammation, and Th2 cytokine levels[118]. A cohort study 
of 13528 participants found that TZDs significantly lowered the risk of asthma exacerbations and the need for oral 
steroids[119]. Pioglitazone, in particular, has shown benefits in controlling asthma in patients with concurrent coronary 
heart disease, reducing inflammation and improving epithelial function[120]. However, studies by Dixon et al[121] and 
Anderson et al[122] found no significant changes in asthma control or lung function in patients with asthma treated with 
pioglitazone over 12 weeks[121,122] (Table 2).

Dipeptidyl peptidase 4 inhibitors
Dipeptidyl peptidase 4 (DPP-4) inhibitors, a class of oral medications for T2DM, have been studied for their effects on 
asthma control. A retrospective cohort study (2006-2014) found that one year of DPP-4 inhibitor use did not significantly 
impact asthma control[123]. Although metformin remains the preferred treatment for T2DM patients with asthma, DPP-4 
inhibitors hold promise for future management strategies[124].

Glucagon-like peptide 1 receptor agonists
Glucagon-like peptide 1 receptor (GLP-1R) agonists, including liraglutide, albiglutide, and semaglutide, have demon-
strated potential in reducing asthma exacerbations and symptoms in patients with both T2DM and asthma. An animal 
study by Toki et al[125] showed that liraglutide reduced IL-33 expression in lung epithelial cells, a key factor in asthma 
pathogenesis[125]. GLP-1R agonists may also improve airway hyperresponsiveness and have a synergistic bronchodilator 
effect with anticholinergics[126,127]. A retrospective cohort study by Foer et al[128] found that patients on GLP-1R 
agonists had fewer asthma exacerbations than those on other anti-diabetic drugs[128-130]. Additionally, GLP-1R agonists 
have improved baseline pulmonary function, reduced airway eosinophilia, and mitigated airway inflammation in 
preclinical models[125,126,131,132].
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Table 1 The effect of bronchial asthma medications on blood glucose and diabetes mellitus

Drug Effect Mechanism

Beta-agonists Beta2-agonists can improve insulin sensitivity[83]. Improved glucose 
tolerance and homeostasis[84]. No clinically significant increase in blood 
glucose in patients with DM[85]

Stimulating glucose uptake in the skeletal muscle, 
improving whole-body insulin sensitivity, and 
reducing hepatic lipids and glycogen[84] 

Anticholinergic There are no recorded harmful effects of inhaled anticholinergic drugs on 
the glucose level or insulin resistance. Oral anticholinergics can attenuate 
the late-phase insulin activity in varying degrees of glycemic status[86]

Insulin secretion is influenced by the cholinergic 
system[86]

Xanthine derivatives 
(phosphodiesterase 
inhibitors)

Aminophylline inhibits the endogenous glucose production in T2DM by 
stimulating insulin secretion[87]. A single dose of theophylline can improve 
hypoglycemia unawareness in patients with T1DM; however, prolonged 
theophylline use is associated with tolerance of that effect, causing a 
sustained effect on different responses to hypoglycemia (cardiovascular, 
metabolic, and symptom responses)[88]

Paracrine factors, such as adenosine, may be 
involved in regulating basal insulin secretion[87]

Systemic corticost-
eroids

High risk of developing DM and progression to insulin therapy in persons 
using long-term systemic steroids[90-93]. Patients with asthma without a 
diagnosis of DM who used corticosteroids developed hyperglycemia[94]. 
Risk factors for developing DM in subjects using systemic glucocorticoids 
include older age, higher fasting blood glucose levels and HbA1c, lower 
glomerular filtration rate, presence of pregnancy, visceral obesity, insulin 
resistance, and family history of DM[97]

Increased hepatic gluconeogenesis. The peripheral 
glucose uptake by the skeletal muscle, adipose 
tissue, liver, and bone is reduced. Insulin resistance 
and its effect on glycemic control. Inhibition of 
insulin secretion by pancreatic β cells. Steroids 
favor the systemic release of triglycerides and fatty 
acids that negatively affect β cells' function[96,97]

ICS Systemic bioavailability of ICS increases the risk of systemic adverse effects, 
especially with higher doses of ICS, increasing the risk of DM and 
hyperglycemia. Other factors that determine ICS's potential for systemic 
adverse effects include the dose of the drug, the patient's age, and the 
presence of other co-morbidities. Newer ICS preparations have essentially 
zero oral bioavailability and exhibit 98%–99% binding to serum proteins, 
making them unable to reach the glucocorticoid receptors. Efforts to 
improve the delivery devices to choose the best form of the ICS are ongoing
[101,102]

The same mechanisms as with systemic steroids 
when the drug reaches the circulation

Leukotriene receptor 
antagonists

No recorded evidence of their effect on DM control or insulin resistance 
exists. Montelukast has a protective effect against diabetic retinopathy[104]

Leukotriene receptor antagonism by montelukast 
resulted in a significant decrease in early, diabetes-
induced retinal capillary leakage, leukocyte 
adherence, and superoxide generation[104]

Biologic agents Few case reports show elevation of blood glucose following administration 
of omalizumab, an anti-IgE antibody. That was not noticed after adminis-
tering mepolizumab, a monoclonal antibody against IL-5[105-107]

Each vial of omalizumab (150 mg) contains 145.5 
mg sucrose. However, because of the infrequent 
use of omalizumab (every two or four weeks), 
sucrose included in the omalizumab vial did not 
seem to influence glycaemic control[105-107]

T2DM: Type 2 diabetes mellitus; T1DM: Type 1 diabetes mellitus; ICS: Inhaled corticosteroids; IL: Interleukin.

Insulin therapy, essential for T1DM and some T2DM cases, has been associated with increased bronchial smooth 
muscle proliferation and airway hyperresponsiveness in both animal and in vitro studies[47,63]. A Taiwanese cohort 
study linked insulin use to a higher incidence of asthma in diabetic patients[110]. Medications that improve insulin 
resistance, like sulfonylureas, may also enhance asthma control[115].

Sodium/glucose cotransporter 2 inhibitors
Sodium/glucose cotransporter 2 inhibitors (SGLT2I) inhibitors, including dapagliflozin and empagliflozin, reduce blood 
glucose by inhibiting renal glucose reabsorption[133]. A retrospective cohort study in Hong Kong found that SGLT2I use 
was associated with a reduced risk of obstructive airway disease (OAD) and lower rates of OAD exacerbations than DPP-
4 inhibitors[134]. Meta-analyses have supported the association of SGLT2Is with a lower risk of OAD adverse events[135,
136]. The anti-inflammatory effects of SGLT2Is, possibly through NLRP3 inflammasome inhibition, may explain their 
beneficial impact on OAD symptoms[137-140].

Phosphodiesterase inhibitors
Phosphodiesterase (PDE) inhibitors, including aminophylline, theophylline, and roflumilast, treat diabetes and bronchial 
asthma by modulating cyclic nucleotide signaling pathways. These drugs promote bronchodilation, reduce airway 
inflammation, and decrease airway hyperresponsiveness[87,88,141,142]. PDE4 inhibitors specifically increase cAMP 
levels, enhancing insulin signaling and improving glucose uptake[142,143]. Despite their benefits, PDE inhibitors can 
have undesirable effects on gluconeogenesis regulation.

Effect on clinical course and disease control
Research indicates that diabetes significantly increases the risk of asthma attacks[144]. Patients with diabetes exhibit 
lower lung function parameters than those without the condition, and those with poorly controlled diabetes or higher 
HbA1c levels experience a more rapid decline in lung function over time[145,146]. This decline is attributed to changes in 
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Table 2 The effect of diabetes mellitus medications on bronchial asthma

Drug Effect Mechanism

Metformin It reduces the airway inflammation[109,111,112]. It is 
linked to a lower incidence of asthma[110]. Metformin 
reduced asthma exacerbation, asthma-related hospital-
ization, and emergency department visits[109,114,115]

Its anti-inflammatory effect is mediated through the activation of 5 
adenosine monophosphate-activated protein kinase[112], which 
decreases oxidative stress via the regulation of cellular proliferation 
and protein synthesis with subsequent effects on nicotinamide adenine 
dinucleotide phosphate-oxidases[113]. Activation of adenosine 
monophosphate-activated protein kinase also inhibits glycolysis and 
cytokine production in immune cells with subsequent reduction of 
airway inflammation, collagen deposition, fibrosis, and airway 
remodeling[117]. Metformin inhibits tumor necrosis factor-α-induced 
inflammatory signaling and nuclear factor-kappa B-mediated inducible 
nitric oxide synthase expression[111]. Activation of lipopolysaccharide 
evoked Toll-like receptor-4[116]

Thiazolidinediones Thiazolidinediones decrease bronchial hyper-respons-
iveness[118]. Thiazolidinediones reduce the risk of asthma 
exacerbation and oral steroid prescription[119]. The use of 
pioglitazone improves the level of asthma control[120]. 
Other studies showed no changes in the amount of exhaled 
nitric oxide, level of asthma control, and lung function 
parameters using pioglitazone[121,122]

Thiazolidinediones decrease airway inflammation and levels of Th2 
cytokines[118]. Thiazolidinediones ameliorate the epithelial function
[120]

Dipeptidyl 
peptidase 4 
inhibitors

The use of the dipeptidyl peptidase 4 inhibitors did not 
significantly affect the rate of asthma hospitalization, 
lower respiratory tract infections, oral glucocorticoid 
prescriptions, total asthma control, and the number of 
severe exacerbations[123]

Anti-inflammatory effect

GLP1R agonists GLP1R agonists use results in relaxation of airway smooth 
muscle cells, lowering of airway eosinophilia, and 
improvement of airway hyperresponsiveness[126]. GLP1R 
agonists reduce rates of asthma exacerbations and 
frequencies of asthma symptoms[128]. GLP1R agonists can 
improve baseline pulmonary function[126]

GLP1R agonists activate cyclic AMP-dependent protein kinase A in the 
human airway[126]. GLP1R agonists decrease the expression of IL-5 
and IL-13, the lung protein expression of type-2 cytokines and 
chemokines, the number of perivascular eosinophils, the mucus 
production, and the airway responsiveness[125]. Liraglutide reduces 
the number of lung epithelial cells expressing IL-33, the level of IL-33 
expression by individual cells, and the level of IL33 in broncho-alveolar 
lavage fluid

Insulin Increased insulin level increases airway hyperrespons-
iveness[47,63]. The use of insulin therapy in patients with 
DM was associated with a higher occurrence of asthma
[110]. Other insulin-resistance medications, such as 
sulfonylureas, improve asthma control[115]

Insulin increases bronchial smooth muscle proliferation[47,63]

SGLT2I SGLT2I use was associated with a reduced risk of incident 
obstructive airway diseases and a lower rate of obstructive 
airway diseases exacerbations in comparison with placebo 
or dipeptidyl peptidase 4[134-136]

The potential anti-inflammatory effect of SGLT2Is was noticed in both 
animal and human cohort studies[137,138]. SGLT2Is also inhibit 
NLRP3 inflammasome activation in multiple tissues, including the 
lung[139]. NLRP3 inflammasome activation has been implicated in 
asthmatic airway inflammation[140]

PDE inhibitors Nonselective PDE inhibitors such as aminophylline and 
theophylline increase cAMP and cyclic guanosine 
monophosphate levels, leading to bronchodilation and 
reduced airway inflammation. PDE4 Inhibitors such as 
roflumilast increase cAMP levels in bronchial smooth 
muscle cells, leading to muscle relaxation and 
bronchodilation. PDE inhibitors reduce inflammation in 
the airways. PDE inhibitors can decrease the hyperre-
sponsiveness of airways to allergens and irritants, a key 
feature of asthma[87,88,141]. PDE inhibitors improve the 
control of DM and reduce its related complications[142,
143]

Modulating cyclic nucleotide signaling pathways that are critical for 
various cellular functions, including metabolism and smooth muscle 
relaxation[141,142]. PDE inhibitors have effects on bronchial asthma 
including bronchodilation, anti-inflammatory effects and reduction of 
airway hyperresponsiveness. PDE inhibitors reduce inflammation in 
the airways by inhibiting the breakdown of cAMP, which decreases the 
release of pro-inflammatory cytokines and reduces the activity of 
inflammatory cells like eosinophils and neutrophils[87,88,141]. PDE 
inhibitors have effects on DM, including improved insulin sensitivity 
and glucose homeostasis, reduction of inflammation, cardiovascular 
benefits, and potential weight management effects[142,143]

DM: Diabetes mellitus; GLP1R: Glucagon-like peptide 1 receptor; cAMP: Cyclic adenosine monophosphate; SGLT2I: Sodium/glucose cotransporter 2 
inhibitors; PDE: Phosphodiesterase.

lung connective tissues, including collagen and elastin, and microangiopathy caused by chronic hyperglycemia-induced 
nonenzymatic glycosylation of proteins. These changes lead to thickening of the basal lamina of the alveolar epithelium, 
reducing pulmonary capacity for carbon monoxide diffusion[147].

The Fremantle Diabetes Prospective Study[146] demonstrated that individuals with T2DM have significantly lower 
lung function, with glycemic exposure being a strong negative predictor of follow-up lung function. This suggests that 
reduced lung volume and airflow limitations are likely consequences of T2DM. However, the Rancho Bernardo Study
[148] found no significant association between pulmonary function and T2DM after adjusting for factors like age, height, 
and smoking status, though it did note that non-diabetic subjects exhibited significant correlations between fasting 
plasma glucose levels and spirometric values, suggesting hyperglycemia's harmful effects may begin before diabetes 
onset. Similarly, Litonjua et al[9] observed impaired lung function in men predisposed to diabetes years before the disease 
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was diagnosed.
Patients with diabetes experience lung function decline due to various mechanisms, including low-grade inflam-

mation, loss of elastic recoil due to lung parenchymal collagen glycosylation, microangiopathy of lung vessels, hypoxia 
from insulin resistance, and low birth weight. Diabetic polyneuropathy can further impair respiratory muscles, 
worsening neuromuscular function and impairing diaphragmatic contractility due to phrenic nerve axonal loss[149]. 
Studies consistently show more significant reductions in FVC than in FEV1 among diabetic patients, regardless of 
smoking status or obesity, indicating a restrictive rather than obstructive lung function pattern. This deterioration is more 
pronounced in patients with poor glycemic control and longer disease duration[150].

Diabetes is often associated with obesity and dyslipidemia, conditions that have been linked to more severe and 
uncontrolled asthma[151]. In a large study from the United Kingdom, Yang et al[152] found that higher HbA1c levels 
were associated with increased lifetime odds of asthma hospitalization and reduced FEV1 and FVC. Participants with 
HbA1c in the prediabetic and diabetic range had higher chances of asthma hospitalization and lower lung function[152]. 
However, limitations included a restricted age range (40 to 69 years) and the study’s cross-sectional design, which did not 
allow for long-term follow-up[153].

Bronchial asthma in diabetic patients often presents with more severe symptoms, lower quality of life, and reduced 
responsiveness to asthma medications, which can lead to steroid resistance[154]. While the GEIRD study found no 
significant difference in bronchial asthma incidence between diabetic and non-diabetic patients, those with diabetes 
reported more frequent exertional dyspnea and chronic cough[155]. In children and adolescents with T1DM, asthma does 
not appear to influence the age of diabetes onset. Still, those with both conditions are more likely to use continuous 
subcutaneous insulin infusion and report hypoglycemic coma, although HbA1c levels remain similar[22].

Several studies have compared lung function parameters between diabetic and non-diabetic patients, consistently 
finding lower FEV1, FVC, and higher dyspnea scores among diabetic patients, regardless of chronic lung diseases like 
asthma, chronic bronchitis, or emphysema[156,157]. Smoking cessation has been shown to decrease cardiovascular risk 
factors, including diabetes, in patients with bronchial asthma[158]. However, hyperglycemia during systemic corticos-
teroid therapy can delay recovery in acute asthma exacerbations, prolonging hospital stays[89,159]. Additionally, diabetic 
patients with asthma or COPD are at higher risk of long-term mortality, with diabetes contributing more significantly to 
this risk than hyperglycemia during hospitalization[28].

Reducing inflammatory markers, BMI, HbA1c, and glucose levels in patients with uncontrolled bronchial asthma and 
T2DM have improved asthma control[127]. Metformin has also been found to reduce airway inflammation, decreasing 
the risk of exacerbations and hospitalizations for asthma in diabetic patients[109]. The association between asthma and 
T2DM can compromise glycemic control and exacerbate asthma, increasing the duration of hospital stays and mortality 
from respiratory complications[28,156]. Inflammation associated with bronchial asthma significantly contributes to 
insulin resistance, a key factor in diabetes complications[160-165].

Finally, GDM is more prevalent among patients with asthma and maternal diabetes has been linked to the later need 
for anti-asthma medications in children born prematurely[166,167]. While ICS do not increase the risk of GDM, there is an 
increased risk of asthma development in children of mothers with GDM[168,169].

Recommendations
Enhancing glycemic control among diabetes patients is crucial to effectively addressing the interplay between diabetes 
and asthma. Optimizing blood glucose levels through regular monitoring and medication adjustments can help mitigate 
the adverse effects on lung function and asthma management. Research indicates that higher HbA1c levels correlate with 
worsening lung function and increased asthma exacerbations[145,146]. Therefore, maintaining tight control over diabetes 
can potentially slow the decline in lung function and reduce the frequency of asthma attacks. A multidisciplinary 
approach is recommended to manage patients with both diabetes and asthma. Coordinating care between endocrino-
logists, pulmonologists, and primary care providers ensures comprehensive management of these complex conditions. 
Such collaboration can address the multifaceted needs of patients, including medication management and lifestyle 
modifications.

Additionally, exploring and utilizing targeted therapies that address diabetes and asthma is beneficial. For example, 
medications like metformin, known to reduce airway inflammation, may offer dual benefits for patients with comorbid 
conditions[109]. Understanding the interactions between diabetes and asthma medications can help optimize treatment 
strategies and improve patient outcomes. Another essential recommendation is to promote lifestyle modifications. 
Patients should be encouraged to adopt healthy habits such as smoking cessation, weight management, and regular 
physical activity. Lifestyle factors like smoking and obesity exacerbate both diabetes and asthma, leading to poorer 
outcomes[151,154]. Addressing these factors can improve overall health and reduce the burden of both conditions.

Patient education and self-management play crucial roles in managing chronic conditions. Comprehensive education 
on how to manage diabetes and asthma simultaneously can empower patients to adhere to their treatment plans, 
recognize signs of exacerbations, and maintain regular follow-up appointments. Effective self-management is key to 
improving health outcomes and quality of life. Further research is needed to explore the long-term effects of diabetes on 
asthma and lung function, particularly across diverse populations and age groups. Additionally, investigating the impact 
of early interventions in pre-diabetic individuals on asthma outcomes could provide valuable insights. Current evidence 
highlights the need for more research to understand the complex interactions between diabetes and asthma and identify 
effective strategies for prevention and treatment.

Addressing comorbidities such as obesity and dyslipidemia is also essential, as these conditions can worsen both 
diabetes and asthma control. Targeted interventions to manage these additional risk factors can enhance overall health 
and improve patient outcomes. Particular attention should be given to pediatric and gestational populations. Monitoring 
children with diabetes and asthma, as well as those born to mothers with GDM, can help identify and address potential 
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respiratory issues early. Early intervention in these populations can improve long-term outcomes and prevent severe 
complications associated with both conditions. By implementing these recommendations, healthcare providers can 
improve the management of patients with both diabetes and asthma, leading to better clinical outcomes and a higher 
quality of life for these individuals.

Limitations of the study
It's important to note that the current review has several limitations that may prevent us from drawing a robust 
conclusion. Some of the studies mentioned in the review are retrospective, which means they rely on pre-existing data 
and may have potential biases. Additionally, some studies only focused on specific age groups, which may limit their 
generalizability to broader age ranges. Moreover, some studies utilized cross-sectional designs that make it difficult to 
establish causality or determine long-term effects. Furthermore, several risk factors that could impact asthma control, 
such as obesity, allergens, infections, occupational sensitizers, smoking, air pollution, socioeconomic status, and dietary 
habits, were not included in some studies. This omission could limit our comprehensive understanding of the rela-
tionships studied. Additionally, some studies lacked diversity in terms of ethnicities, socio-economic backgrounds, or 
geographic regions, which could also limit their generalizability to broader populations. Certain studies did not cover 
various asthma or diabetes severity indicators, potentially missing out on crucial factors affecting disease control and 
clinical outcomes. Some studies relied on self-reported data, which could introduce recall bias and affect the accuracy of 
the reported information. Furthermore, studies that only focused on certain age groups may limit our understanding of 
how these conditions interact across the entire lifespan. Additionally, some studies may not be able to establish a cause-
and-effect relationship between diabetes and asthma and their respective impacts on disease control or clinical outcomes. 
Furthermore, the lack of long-term follow-up or longitudinal data in some studies might constrain the ability to 
determine the lasting effects of diabetes on asthma outcomes and vice versa. Finally, while some studies touch upon the 
effects of specific medications (like metformin), they may not comprehensively address the broader spectrum of diabetes 
or asthma treatments and their impacts on disease control or clinical courses. Addressing these limitations could enhance 
the depth and breadth of research on understanding the interplay between diabetes and asthma, providing more robust 
evidence for clinical management and treatment strategies.

CONCLUSION
The relationship between diabetes and asthma is intricate, suggesting bidirectional influences impacting disease course 
and outcomes. Poor glycemic control in diabetes appears linked to worsened asthma, leading to higher hospitalization 
rates and reduced lung function. Conversely, asthma severity, particularly in individuals with obesity, seems to affect 
diabetes control, complicating glycemic outcomes. Inflammation, microangiopathy, and oxidative stress associated with 
diabetes may contribute to asthma exacerbations and decreased lung function. Certain diabetes medications show 
promise in mitigating asthma exacerbations through their anti-inflammatory effects. However, limitations in the existing 
research, primarily retrospective and cross-sectional study designs along with population-specific characteristics, impede 
the establishment of causal relationships and call for more diverse longitudinal studies to unravel effective treatment 
strategies for those dealing with both conditions.
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