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Abstract: Type 2 diabetes mellitus (T2DM) and chronic obstructive pulmonary disease (COPD) are two chronic conditions with
significant global impact and high incidence, frequently occurring as comorbidities. This article analyzes the particularities of
pathophysiological, genetic, and epigenetic interactions, as well as the therapeutic implications in patients with both conditions.
Additionally, the clinical management of these patients is investigated in correlation with updated international guidelines, such as the
Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2026 and the American Diabetes Association (ADA) 2026. The
importance of rigorous monitoring, personalized treatment, and the use of modern therapies with proven benefits—including sodium-
glucose cotransporter 2 inhibitors (SGLT2i) and glucagon-like peptide-1 (GLP-1) receptor agonists—is highlighted. The conclusion
emphasizes the necessity of an integrated, multidisciplinary approach aimed at preventing complications, reducing cardiovascular risk,
and improving the quality of life in comorbid patients.
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Introduction

The interconnection between type 2 diabetes mellitus and chronic obstructive pulmonary disease (COPD) has become
a central focus in recent medical research. This shift is driven by the continuous global rise in the prevalence of both
diseases. Studying the relationship between these conditions is vital because they share key pathophysiological aspects.
These include systemic inflammation, oxidative stress, and metabolic alterations. From these shared pathways arises
a significant clinical and therapeutic interdependence.'

According to the GOLD 2026 report, COPD remains one of the top three causes of mortality worldwide. It is
responsible for approximately 3 million deaths annually. The global prevalence is estimated at around 10% among adults
aged >40 years. Widespread underdiagnosis further accelerates disease progression. Consequently, it increases the
healthcare burden associated with comorbidities. In parallel, type 2 diabetes mellitus continues to show a rising
prevalence worldwide. Estimates from the International Diabetes Federation indicate that approximately 589 million
adults currently live with diabetes. This figure represents over 10% of the adult population. This high prevalence is
coupled with shared risk factors like chronic low-grade inflammation, aging, smoking, obesity, and a sedentary lifestyle.
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Together, these factors drive the epidemiological overlap between type 2 diabetes mellitus and COPD. This reality aligns
perfectly with the current recommendations of the ADA 2026 guidelines.>

Recent epidemiological data show that approximately 30% of patients with COPD also suffer from type 2 diabetes
mellitus. The coexistence of these pathologies leads to a severe decline in clinical outcomes. It also causes an increased
frequency of hospitalizations and higher mortality rates. The simultaneous presence of these diseases is explained by
shared pathogenic mechanisms. Chronic inflammation and insulin resistance act as key drivers, continuously amplifying
and worsening each other.*

Systemic inflammation is a crucial driving mechanism, mainly mediated by tumor necrosis factor-alpha (TNF-a) and
interleukin-6 (IL-6). However, the link between COPD and insulin resistance is fundamentally multifactorial. This
connection must be framed within the broader context of multimorbidity, rather than following a single causal pathway.
In line with the updated GOLD report, this relationship involves multiple interacting mechanisms. Factors such as
smoking, obesity, physical inactivity, and chronic hypoxia play major synergistic roles. Adipokine dysregulation and
frequent corticosteroid use further compound this risk. These molecules and risk factors directly disrupt glucose
metabolism. They alter pancreatic B-cell function and increase the overall risk of diabetes. In parallel, manifest
hyperglycemia in diabetes exacerbates systemic oxidative stress. This metabolic stress further impairs pulmonary
function. Ultimately, this interaction establishes a dangerous vicious cycle between the two conditions.'*

A recent study based on Mendelian randomization demonstrates a confirmed causal relationship between these
conditions. The data indicate that COPD may be a direct triggering factor for the development of type 2 diabetes
mellitus.” This finding carries clear clinical implications. It underscores the need for regular glycemic monitoring in
COPD patients and systematic pulmonary function assessment in diabetic patients. The ultimate goal remains early
detection and timely management of these comorbidities.’

Likewise, another recent study demonstrates that patients affected simultaneously by both diseases face a significantly
higher risk of cardiovascular complications. These include heart failure and major coronary events, compared to patients
with only a single pathology. Mortality is also significantly higher in cases of concomitant involvement. This study
strongly confirms the importance of a complex, multidisciplinary approach to managing these patients.*

The duration of type 2 diabetes also negatively influences the progression of COPD. Patients with a diabetes duration
of more than 7 years face a significantly higher mortality risk than those with a shorter duration. This underscores the
absolute necessity of early, aggressive management to avoid long-term complications.®

Regarding therapeutic strategies, recent data offer insights of multidisciplinary interest. Studies show that the use of
sodium-glucose cotransporter 2 inhibitors (SGLT2i) is associated with a significant reduction in severe COPD-related
outcomes. These include fewer hospitalizations and a reduced need for non-invasive ventilation.” This clinical benefit can
improve the control and clinical evolution of both conditions. It also indirectly reflects a decrease in severe acute
exacerbations. The prospect of developing unified therapeutic strategies based on these shared pathways holds strong
potential.'’

Type 2 diabetes mellitus and COPD are chronic conditions with a major global impact. Their epidemiological overlap
leads to mutual aggravation. Shared elements like inflammation, insulin resistance, and oxidative stress justify an
integrated approach. This strategy must focus on prevention, early diagnosis, and treatment tailored to comorbidities.
However, how can clinical management be optimized when the pulmonary and metabolic systems progressively
deteriorate each other? Addressing this compelling challenge requires moving beyond isolated, single-organ treatments.
Therefore, the primary objective of this review is to provide a comprehensive analysis of these shared pathways. We will
evaluate current pharmacological interferences based on the latest 2026 guidelines. Furthermore, we will discuss the role
of genetic and epigenetic biomarkers in advancing personalized medicine.

Materials and Methods

A narrative review of the literature was conducted across databases such as PubMed/MEDLINE, Scopus, and Web of
Science, using the search terms “COPD”, “type 2 diabetes mellitus”, “systemic inflammation”, “oxidative stress”,
“cardiovascular risk”, “SGLT2 inhibitors”, and “GLP-1 receptor agonists”. To help readers assess the relevance of the
data, the timeframe for the literature search was restricted to articles published within the last 10 years, with a particular
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emphasis on recent evidence from the past 5 years. Inclusion criteria encompassed peer-reviewed original studies,
comprehensive reviews, meta-analyses, and updated international guidelines (ADA 2026 and GOLD 2026) that
addressed the pathophysiological mechanisms or therapeutic strategies in patients with comorbid COPD and type 2
diabetes. Articles were excluded if they were individual case reports, non-peer-reviewed commentaries, abstracts lacking
full-text availability, or studies without direct relevance to the research objectives. The selected sources were meticu-
lously reviewed to synthesize the current evidence.

Results

Genetic Factors

The comorbidity between COPD and type 2 diabetes mellitus is frequently observed in clinical practice. An increasing
number of studies support the idea that both diseases, having a chronic inflammatory character, may be influenced or
determined by shared genetic and epigenetic factors. The presence of these factors not only contributes to the
simultaneous onset of the diseases but may also explain the increased severity observed in such patients.

Recent studies show that certain genes may influence the risk of both COPD and type 2 diabetes mellitus. For
example, it is well known that variations in the ADRB2 gene, which encodes the beta-2 adrenergic receptor, can affect
how the body responds to oxidative stress and inflammation. These genetic variations can impair both pulmonary
function in COPD and insulin sensitivity in patients with type 2 diabetes mellitus. Another relevant example is the
PPARG gene, which is directly involved in glucose metabolism and inflammatory processes. This effect is well
documented in type 2 diabetes and is increasingly associated with COPD risk through modulation of the pulmonary
inflammatory cascade.®

Notably, a 2025 study utilizing modern bioinformatics and Al techniques identified a highly significant set of 186
shared genes that undergo alterations in both diseases. Among these, CADPS, EDNRB, THBS4, and TMEM27 were
prominently recognized as valuable potential genetic biomarkers. With increasing accessibility to genetic sequencing
technologies, these markers could become essential tools in everyday clinical practice for early diagnosis and targeted
intervention.’

Epigenetic Factors

In addition to heredity, gene expression can be modified by environmental factors through epigenetic mechanisms—such as
DNA methylation, histone modifications, or microRNAs. In COPD, epigenetic changes have been detected in lung tissue
cells, being involved in chronic inflammation and tissue destruction. DNA methylation has been shown to have transgenera-
tional effects, and early genetic analysis (eg, from umbilical cord blood at birth) could have strong predictive value.'

In diabetes mellitus, these changes are directed toward the function of pancreatic beta cells and mechanisms involved
in insulin sensitivity. For instance, exposure to environmental pollutants or an unbalanced diet can lead to the methylation
of certain genes, which consequently causes metabolic imbalance.'*"’

Another element involved in COPD is the role of macrophages. A study conducted in 2024 investigated the mechanism
of epigenetic changes and their influence on macrophage activity. According to this study, influencing factors contribute to
DNA methylation and histone modification. These, in turn, drive the transition of macrophages from a “reparative” M2
phenotype to an inflammatory M1 phenotype. This transition reduces the phagocytic capacity of macrophages, promotes the
inflammatory response, and modulates the immune response in a way that aggravates COPD.>'?

However, it is crucial to note that, to date, there are no validated epigenetic markers definitively shared between
COPD and diabetes mellitus. The current evidence regarding epigenetic overlap remains largely based on plausible
biological associations rather than established causal mechanisms.

Therapeutic Implications

Understanding these underlying molecular links offers a strong perspective for personalized medicine. The identification
of shared genetic biomarkers, such as the aforementioned 186-gene set, directly paves the way for early diagnosis and the
development of personalized therapeutic strategies tailored to the comorbid patient.'?
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Implementing these genetic profiling methods in clinical practice could significantly enhance treatment efficacy and
allow for the timely prediction of clinical evolution. While targeting epigenetic pathways (eg, through histone deacety-
lase inhibitors) represents a promising future research direction for developing novel therapies, their clinical application
will require the definitive validation of shared causal mechanisms.

Pathophysiology
COPD and diabetes mellitus are often comorbid conditions and share a series of pathophysiological mechanisms that
contribute to the mutual aggravation of these diseases. The interaction between these conditions is not merely
a superimposition of mechanisms but rather a network of interdependent processes. The main pathophysiological
mechanisms linking to COPD and type 2 diabetes are schematically illustrated in Figure 1.
To elucidate the pathophysiological interaction, we must begin with cigarette smoke and other pollutants which, upon
reaching the pulmonary alveoli, interact with macrophages. This process initiates several key downstream mechanisms:
Activated macrophages release pro-inflammatory cytokines such as TNF-a, IL-6, interleukin 1 beta (IL-1p), inter-
leukin 8 (IL-8), and chemokines, attracting neutrophils and T lymphocytes, leading to alveolar-bronchial destruction and

remodeling. Some of these cytokines cross the alveolo-capillary barrier and trigger systemic inflammation.'?
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Figure | Pathophysiological interplay between chronic obstructive pulmonary disease and type 2 diabetes mellitus. The schematic illustrates the cascade initiated by
cigarette smoke and air pollutants, leading to pulmonary immune activation and subsequent tissue damage (emphysema and remodeling). Spillover of pro-inflammatory
cytokines across the alveolo-capillary barrier and the generation of reactive oxygen species (ROS) overwhelm antioxidant systems, driving systemic oxidative stress. This
upregulates inflammatory signaling cascades (notably NF-kB), increasing the production of inflammatory mediators (TNF-q, IL-6, IL-1B, COX-2) and activating enzymes such
as p38 MAPK. Consequently, elevated stress proteins, MMP-9, elastases, and collagenases further exacerbate bronchial remodeling. Systemic inflammation and oxidative
stress cause metabolic disruption by activating JNK, PKC, and p38 MAPK, which induce serine phosphorylation of IRS-1 in muscle and adipose tissue. This blocks normal
tyrosine phosphorylation, impairing insulin signaling and decreasing GLUT4-mediated glucose uptake, culminating in insulin resistance. Chronic hyperglycemia promotes the
formation of advanced glycation end-products (AGEs). The binding of AGEs to their receptor (RAGE) induces collagen stiffening, reduced lung and vessel elasticity,
decreased lung compliance, and pulmonary hypertension. Ultimately, this establishes a bi-directional vicious cycle: pulmonary inflammation and hypoxia drive systemic
oxidative stress and impaired glucose metabolism, which in turn cause further lung dysfunction, systemic outage, and exacerbated inflammation. Symbols: Solid arrow (—)
indicates a direct effect, pathway activation, or transition step. Dashed arrow (-->) indicates an indirect effect, multi-step pathway, or intermediate signaling. Upward arrow
(1) denotes upregulation, increase, or elevated levels. Downward arrow (|) denotes downregulation, decrease, or functional impairment.

Abbreviations: AGEs, advanced glycation end-products; COX-2, cyclooxygenase-2; GLUT4, glucose transporter type 4; IL-1f, interleukin | beta; IL-6, interleukin 6; IL-8,
interleukin 8; IRS-1, insulin receptor substrate |; JNK, c-Jun N-terminal kinase; MAPK, mitogen-activated protein kinase (p38 MAPK); MMP-9, matrix metalloproteinase-9; NF-
kB, nuclear factor kappa B; PKC, protein kinase C; RAGE, receptor for advanced glycation end-products; ROS, reactive oxygen species; TNF-a, tumor necrosis factor alpha.
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Activated macrophages and neutrophils also produce superoxide, peroxide, and nitrites, collectively known as
reactive oxygen species (ROS). In systemic circulation, ROS overwhelm antioxidant systems, resulting in oxidative
stress—an important pathogenic factor.'

ROS and cytokines have the capacity to activate nuclear factor kappa B (NF-«B), thereby inducing the transcription
of pro-inflammatory genes such as TNF-o, IL-6, IL-1B, and cyclooxygenase 2 (COX-2). Additionally, p38 mitogen-
activated protein kinase (p38 MAPK) signals the production of stress proteins and enzymes such as matrix metallopro-
teinase-9 (MMP-9), clastase, and collagenases—responsible for bronchial remodeling and destruction of pulmonary
parenchyma (emphysema).

Cytokines such as TNF-a and IL-6, released systemically from the lungs, alter the function of insulin receptor
substrate-1 (IRS-1). Instead of being tyrosine-phosphorylated, IRS-1 is serine-phosphorylated, which blocks insulin
signaling. This means that, despite the presence of insulin, glucose is not efficiently absorbed by cells—resulting in
insulin resistance. Moreover, ROS activate enzymes such as p38 MAPK, c-Jun N-terminal kinase (JNK), protein kinase
C (PKC), which have the same negative effect on IRS-1 and glucose transporter type 4 (GLUT-4), blocking glucose
uptake in muscle and adipose tissues.'*

Advanced glycation end products (AGEs) result from the non-enzymatic reaction between excess glucose and
proteins/lipids/collagen types. They slowly accumulate in various tissues under conditions of chronic hyperglycemia.
AGE:s bind to their receptors for advanced glycation end products (RAGE), located on endothelial, alveolar, and immune
cells. Activation of RAGE leads to the reactivation of NF-xB, further driving the transcription of pro-inflammatory
cytokines and ROS production, particularly in the lungs and blood vessels. Additionally, AGEs cause collagen stiffening,
reducing the elasticity of vessels and pulmonary tissue, thereby worsening COPD (by reducing lung compliance) and
contributing to pulmonary hypertension. '

Thus, an integrated mechanism emerges: pulmonary inflammation and hypoxia induce systemic oxidative stress, alter
glucose metabolism and insulin production, while hyperglycemia generates ROS and AGEs that further deteriorate lung
function and exacerbate insulin resistance.'®

Cardiovascular Risk

COPD and type 2 diabetes mellitus, as two chronic conditions with significant epidemiological impact on morbidity and
mortality, also have a substantial influence on the patient’s cardiovascular prognosis. Although they affect different
organs, more and more studies confirm the dramatic impact of this comorbidity on the cardiovascular system. This
impact is not coincidental but is mediated by shared pathogenic links such as chronic inflammation, oxidative stress, and
endothelial dysfunction.'’

Systemic inflammation is characteristic of both conditions. In COPD, persistent airway inflammation extends
systemically through elevated serum levels of cytokines such as IL-6, TNF- a, and C-reactive protein (CRP). In type
2 diabetes mellitus, chronic inflammation contributes to the exacerbation of insulin resistance and the progression of
cardiovascular complications. In the comorbidity between COPD and type 2 diabetes, the inflammatory background is
intensified, significantly increasing the susceptibility to major cardiovascular events.'®

A study conducted in 2023 on a cohort of 120,000 patients with type 2 diabetes showed that approximately 12% of
them also had COPD. In this study, overall mortality, as well as cardiovascular and respiratory mortality, were
significantly higher in patients with COPD. Additionally, the risk of hospitalization due to heart failure was elevated,
emphasizing the double burden of these diseases.'’

Another notable observation is that the simultaneous presence of type 2 diabetes and COPD significantly increases the
disproportionate risk of heart failure. A study based on medical registries in Sweden compared a cohort of comorbid
patients to the general population. According to the results of this study, the group of interest had a fourfold higher risk of
developing heart failure. This interaction suggests a pathological synergy between COPD and type 2 diabetes mellitus.?

Beyond the persistent chronic inflammation seen in COPD, progressive decline in pulmonary function is another
negative factor for patients with type 2 diabetes. A recent prospective study demonstrated that a decrease in spirometric
indices, such as forced expiratory volume in 1 second (FEV1), is associated with an increased incidence of
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cardiovascular events in patients with type 2 diabetes. Therefore, systematic spirometric evaluation of comorbid patients
may serve as a risk stratification factor.”’

Modern therapeutic approaches can significantly reduce cardiovascular risk even in the presence of comorbidities. In
2022 the EMPA-REG OUTCOME trial was conducted. In this study, Empaglifiozin, an SGLT2 inhibitor, significantly
reduced the risk of cardiovascular death and hospitalization for heart failure in patients with comorbidities including
COPD. This cardiovascular risk reduction benefit appears to be independent of pulmonary function, suggesting that
certain antihyperglycemic agents may exert favorable pleiotropic effects.*?

Therefore, comorbid patients represent a vulnerable group with elevated cardiovascular risk. These patients require an
integrated, multidisciplinary clinical approach, which should include meticulous glycemic monitoring, optimization of
respiratory therapy, comprehensive management of cardiovascular risk, and pharmacological interventions with proven
potential to reduce mortality. Moreover, early diagnosis could be essential in preventing the severe, often irreversible or
fatal complications.'’

Pharmacological Interferences in COPD and Type 2 Diabetes Comorbidity

The coexistence of COPD and diabetes mellitus in the same patient can be a challenge for clinicians because the
treatment intended for one of the diseases can negatively influence the manifestations and evolution of the other.
Effective pharmacological management in such patients requires a deep understanding of drug interactions and
a complex therapeutic approach. Rigorous glycemic control is one of the keys to effective management of comorbid
patients. Maintaining glycated hemoglobin (HbAlc) below 7% can significantly reduce the frequency of COPD
exacerbations by improving inflammatory processes and slowing the impairment of pulmonary parenchyma.

Inhaled and systemic corticosteroids are one of the pillars of COPD treatment due to their strong anti-inflammatory
effect and ability to reduce the number of exacerbations, improving disease progression. Despite these advantages,
prolonged use of systemic corticosteroids can alter carbohydrate metabolism, contributing to the decompensation of
diabetes mellitus. Thus, patients who receive systemic glucocorticoid treatment require regular reevaluation of glycemic
values with adjustment of antidiabetic treatment as needed.'+

It should be noted that, according to a meta-analysis conducted in 2021, the use of inhaled corticosteroids does not
have a significant effect on the onset or progression of diabetes mellitus.?®

Regarding oral antidiabetic therapy, we must mention Metformin, which for many years has been the first-line oral
antidiabetic drug in the treatment of type 2 diabetes mellitus. Its curative effects refer to improving insulin sensitivity and
reducing hepatic glucose production. Besides its direct effects on carbohydrate metabolism, metformin has proven anti-
inflammatory and antioxidant effects which undoubtedly are beneficial in COPD. However, in patients with advanced
COPD and chronic hypoxemia, there is an increased risk of lactic acidosis, which requires caution in the use of
metformin, avoiding its initiation in unstable patients, and carefully monitoring of respiratory function, and lactate
levels.”

Another promising class of oral antidiabetics is SGLT2 inhibitors, which inhibit renal glucose reabsorption and
promote its excretion in urine. This class of oral antidiabetics offers cardiovascular and renal benefits demonstrated by
recent studies. The use of SGLT2 inhibitors in patients with COPD is beneficial by reducing the risk of severe COPD-
related outcomes, such as hospitalizations and the need for non-invasive ventilation; however, since consistent improve-
ments in respiratory function have not been definitively demonstrated, this metabolic treatment should be framed
primarily as a strategy to reduce severe acute events. Caution is required due to the increased risk of dehydration and
hydro-electrolytic disturbances.”*

GLP-1 receptor agonists contribute to glucose-dependent insulin secretion and inhibit glucagon secretion, contribut-
ing to glycemic control. Another advantage of this class of antidiabetics is the increased potential for weight loss and
significant reduction in cardiovascular risk, being indicated in patients with ischemic heart disease (IHD) in medical
history. Recent studies suggest that GLP-1 agonists may have additional anti-inflammatory effects on the respiratory
pathways, providing a supplementary benefit to patients with COPD.**2®

The combination of SGLT2 inhibitors and GLP-1 agonists offers superior glycemic control, cardiovascular and renal
benefits, as well as potential anti-inflammatory effects. This combined therapy may be beneficial in patients with COPD
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and type 2 diabetes, addressing multiple aspects of comorbidities. However, combined therapy may increase the risk of
adverse effects, such as urinary tract infections, requiring careful monitoring and individualization of treatment.?>°

Statin therapy has been associated with a reduced risk of severe exacerbations in patients with chronic obstructive
pulmonary disease (COPD), particularly in those with cardiovascular comorbidities or type 2 diabetes mellitus. Recent
evidence suggests that statins may lower both the risk of hospitalization due to COPD exacerbations and overall
mortality, although some studies are limited by size and methodology.*'-*?

The pleiotropic effects of statins include anti-inflammatory, antioxidant, and immunomodulatory properties, which
may contribute to reducing systemic inflammation associated with COPD. Recent meta-analyses indicate that statin
therapy can improve pulmonary function, exercise capacity, and symptom burden in patients with COPD?*® In parallel,
international guidelines for diabetes and dyslipidemia recommend statins as first-line therapy for reducing cardiovascular
risk in patients with type 2 diabetes, with treatment intensity tailored to overall risk.! Therefore, in patients with
diabetes—COPD comorbidity, statins may provide a dual benefit by addressing cardiovascular risk and modulating
systemic inflammation, without being indicated as disease-modifying therapy for COPD itself. >

Management of patients with COPD and diabetes mellitus requires an integrated approach involving collaboration
between pulmonologists, endocrinologists, cardiologists, and other specialists. Careful monitoring of metabolic and
respiratory parameters, adjustment of therapy according to clinical evolution, and patient education are essential for

optimizing therapeutic outcomes.

Discussion

Management Strategies

Evaluating the specialized literature in order to elucidate the optimal management for comorbid patients with type 2
diabetes mellitus and COPD, it is inevitable to consult the current clinical recommendations. In the case of COPD, we
refer to Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2026, and respectively for type 2 diabetes
mellitus, the American Diabetes Association (ADA) 2026 guideline. Knowing that comorbid patients present an
increased risk of cardiovascular events, metabolic and respiratory decompensations, it is vital to know the key moments
for the optimal management of these patients. Consulting the sources mentioned above, we can highlight an integrated,
individualized, and evidence-based therapeutic approach.

Risk and comorbidity assessment is one of the important directions that needs to be addressed. The ADA 2026
guideline mentions that patients with type 2 diabetes mellitus often present cardiovascular complications, renal failure,
and chronic pulmonary diseases including COPD. From here it follows that rigorous glycemic control, blood pressure
monitoring, and blood lipid management are essential to reduce overall risks.*® Furthermore, this multidimensional
interaction emphasizes that cardiovascular and metabolic stability heavily influences long-term respiratory outcomes.* In
turn, GOLD 2026 emphasizes that COPD is often accompanied by metabolic comorbidities including type 2 diabetes
mellitus, and monitoring and management of these must be initiated from the diagnostic stage.” Table 1 provides an
overview of key management considerations in patients with comorbid COPD and type 2 diabetes mellitus, differentiat-
ing specific therapeutic impacts and precise safety precautions for each pharmacological class.

Optimizing glycemic control is particularly important in comorbid patients, especially considering the pulmonary
context. ADA 2026 recommends metformin as the first-line treatment, with the addition of agents with proven
cardiovascular and renal benefits such as SGLT2i or GLP-1 RA. It also recommends avoiding sulfonylureas when
possible, which carry an increased risk of hypoglycemia and may potentially mask the early signs of a pulmonary
exacerbation.”® Similarly, inhaled or systemic glucocorticoids (ICS) in COPD can complicate glycemic control.
However, it is critical to distinguish their metabolic risks: while inhaled corticosteroids (ICS) primarily pose a risk of
localized effects and minimal systemic absorption modifying long-term HbA1c only in susceptible individuals, systemic
corticosteroids induce acute, profound insulin resistance and severe glycemic spikes. For this reason, GOLD 2026
recommends cautious use of corticosteroids, indicating them only for patients with blood eosinophilia or frequent

exacerbations.’
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Table | Integrated Management of Comorbid COPD and Type 2 Diabetes Mellitus

Drug Class Benefit in T2DM Impact in COPD Key Precautions Clinical Relevance

Metformin | insulin resistance Anti-inflammatory Avoid in hypoxemia First-line

SGLT2i | CV risk | severe COPD outcomes Dehydration risk Preferred
(hospitalizations)

GLP-1 RA | weight, | CV risk Possible anti-inflammatory Gl intolerance High-risk patients

Inhaled No glycemic benefit | exacerbations Local side effects (candidiasis); Selected patients

Corticosteroids minimal metabolic risk.

(ICS)

Systemic No glycemic benefit Management of acute Acute hyperglycemia, profound insulin Selected patients

corticosteroids exacerbations resistance. Requires blood glucose

monitoring.

Insulin | hyperglycemia Neutral, may improve Risk of hypoglycemia, weight gain In patients with contraindications to other

metabolic status antidiabetic agents or with inadequately

controlled diabetes.

Notes: Data synthesized by the authors based on ADA 2026 and GOLD 2026 guidelines."'® The downward arrow symbol (]) denotes a decrease or reduction.
Abbreviations: COPD, chronic obstructive pulmonary disease; CV, cardiovascular; G, gastrointestinal; GLP-1 RA, glucagon-like peptide-| receptor agonists; ICS, inhaled
corticosteroids; SGLT?2i, sodium-glucose cotransporter-2 inhibitors; T2DM, type 2 diabetes mellitus.

Regarding respiratory pharmacological management, the GOLD 2026 guidelines recommend long-acting broncho-
dilators, including long-acting 2-agonists (LABA) and long-acting muscarinic antagonists (LAMA) as the basic therapy.
These, having a metabolically neutral profile, are preferable for comorbid patients. This combined dual bronchodilation
therapy may be beneficial in patients with COPD and comorbid type 2 diabetes by maximizing lung function without
disrupting glucose homeostasis. The guideline also mentions new preparations such as ensifentrine and dupilumab,
promising agents also for comorbid patients.”

We cannot fail to mention in this section the non-pharmacological management, which is covered quite extensively in
both guidelines. A balanced diet, regular physical exercise according to functional capacities, and weight reduction are
essential common strategies that bring benefits both in type 2 diabetes mellitus and in COPD. Regular monitoring of
HbAlc is essential, being recommended at least annually according to the ADA guidelines. Respiratory reevaluation is
recommended after exacerbations or adapted to the clinical and functional response of the patient.®

The clinical utility of newly identified molecular markers represents a cornerstone for optimizing these management
strategies. Specifically, translating the bioinformatic identification of the 186 shared genes—including CADPS, EDNRB,
THBS4, and TMEM27—into routine screening protocols could revolutionize early diagnosis.” Testing patients with an
established COPD diagnosis for these specific genetic variations could help clinicians identify individuals at a critically
high risk of developing type 2 diabetes long before manifest hyperglycemia occurs, a clinical necessity underscored by
recent causal insights.” This subclinical window allows for the implementation of aggressive, personalized preventive
strategies, such as targeted lifestyle modifications and the early initiation of metabolically beneficial therapies like
SGLT2i or GLP-1 RA." Furthermore, recognizing a patient’s specific genetic profile enables a tailored therapeutic
approach, guiding the selection of pharmacological agents that address shared pathways and shifting the paradigm from

. .. .. 4
generic treatment to precision medicine.

Future Research Directions

The integration of advanced bioinformatic tools and multi-omics analysis represents the next frontier in unraveling the
complex interactome between COPD and metabolic dysregulation. Future longitudinal studies are urgently required to
clinically validate the predictive power of the shared 186-gene set in diverse patient cohorts.” Moreover, expanding
bioinformatic pipelines to map specific protein-protein interactions will be essential for discovering entirely new
therapeutic targets. Another highly promising area is the development of targeted epigenetic therapies. Since environ-
mental factors actively drive histone modifications and DNA methylation—such as the phenotypic shift of macrophages
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from the reparative M2 state to the pro-inflammatory M1 state—reversing these processes holds significant therapeutic
potential.'? Investigating the safety and efficacy of selective histone deacetylase (HDAC) inhibitors or microRNA-
targeted therapeutics could provide novel pathways to arrest both chronic airway destruction and pancreatic beta-cell
decline.>'? However, until these epigenetic mechanisms are definitively proven as causal rather than associative across

both conditions, extensive translational research utilizing integrated clinical networks remains vital.'*

Conclusion

The relationship between type 2 diabetes mellitus and COPD transcends a simple statistical association, outlining
a clinical picture with profound systemic implications. The common understanding of pathogenic mechanisms, genetic
susceptibility, and therapeutic considerations allows for a reassessment of screening, treatment, and monitoring strategies.
The integration of current guidelines into clinical practice, alongside the judicious use of therapies with pleiotropic
benefits, offers the opportunity for personalized medicine, capable of responding to the complex challenges of comor-
bidity. Interdisciplinary collaboration thus becomes not only useful but essential for optimizing patient care.
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