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Abstract

Metabolic syndrome is a complex disorder characterized by a cluster of conditions, including insulin
resistance, obesity, dyslipidaemia, and hypertension, which collectively elevate the risk of
cardiovascular disease and type 2 diabetes mellitus and its significant impact on patients with lung
diseases such as chronic obstructive pulmonary disease (COPD), asthma, and interstitial lung disease
(ILD). This review explores the pathophysiology of Metbolic Syndrome, emphasizing the roles of
insulin resistance, chronic inflammation, the complex interplay between MetS and lung diseases,
focusing on systemic inflammation, oxidative stress, and immune system activation in its
development. These factors exacerbate pulmonary symptoms and contribute to multi-organ
complications, including cardiovascular disease, non-alcoholic fatty liver disease (NAFLD), chronic
kidney disease (CKD), and cognitive decline. Clinical implications are discussed, highlighting the
increased risks of cardiovascular disease, cognitive impairment, and frailty, particularly in older
adults and specific gender groups. Management strategies, such as lifestyle interventions,
pharmacological treatments, and novel therapeutic approaches like sacubitril/valsartan and
telmisartan, are reviewed to underscore the importance of early intervention. This review also
highlights the importance of a multidisciplinary approach to management, integrating lifestyle
modifications, pharmacological interventions (e.g., statins, GLP-1 agonists), and emerging therapies
(e.g., senolytics, gut-lung axis modulation). The paper concludes with a call for targeted therapies to
address the underlying mechanisms of Metabolic Syndrome in high-risk populations and by
addressing pulmonary components, such strategies aim to improve patient outcomes and reduce
morbidity and mortality.
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1. Introduction

Metabolic syndrome (MetS) is a systemic metabolic
disorder characterized by a cluster of interrelated
abnormalities, including insulin resistance, central
obesity, dyslipidaemia, and hypertension, which
together increase the risk of cardiovascular disease and
type 2 diabetes mellitus [1]. The concept of MetS was
introduced to facilitate early identification of
individuals at increased cardiometabolic risk and to
enable timely preventive and therapeutic
interventions. The hallmark features of MetS include
abdominal obesity, elevated blood pressure, reduced
high density lipoprotein cholesterol,
hypertriglyceridaemia, and impaired glucose

metabolism [2].

Primary hypertension, the most common form of
hypertension in adolescents, is frequently associated
with metabolic disturbances indicative of MetS. A
substantial proportion of adolescents with primary
hypertension exhibit features such as increased
visceral fat accumulation, accelerated biological
maturation, and heightened sympathetic nervous
system activity. These interrelated mechanisms
emphasize the importance of early recognition and
management of MetS to prevent progression to more
severe cardiovascular and metabolic disorders later in
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life [3].

Recent evidence highlights the significant role of MetS
in pulmonary diseases, particularly chronic
obstructive pulmonary disease, asthma, and
interstitial lung disease, where it contributes to
increased symptom burden, morbidity, and mortality
[4]. The interaction between MetS and lung diseases is
complex and involves systemic inflammation,
oxidative stress, endothelial dysfunction, and insulin
resistance, which collectively drive both pulmonary
and extrapulmonary complications. This review
focuses on the pathophysiological mechanisms linking
MetS with lung disease, its impact on other organ
systems, and the clinical implications for management

[5].

2. Pathophysiology of Metabolic Syndrome

2.1. Insulin Resistance and Obesity

Insulin resistance represents a central pathogenic
feature of MetS and is closely linked to obesity,
particularly excess abdominal and visceral fat. Insulin
resistance impairs glucose uptake in peripheral
tissues, leading to hyperglycaemia and compensatory
hyperinsulinaemia. Visceral adipose tissue is
metabolically active and releases increased amounts of
free fatty acids and proinflammatory mediators, which
further worsen insulin resistance and contribute to
dyslipidaemia and hypertension.

2.2, Dyslipidaemia and Hypertension
Dyslipidaemia in MetS is characterized by elevated
triglyceride levels, reduced high density lipoprotein
cholesterol, and an increased proportion of small
dense low density lipoprotein particles, as illustrated
in Figure 1 [6]. These lipid abnormalities promote
endothelial dysfunction and accelerate atherosclerotic
cardiovascular disease. Hypertension in MetS results
from multiple interacting mechanisms, including
increased sympathetic nervous system activity,
impaired endothelial nitric oxide bioavailability,
activation of the renin—angiotensin—aldosterone
system, and altered renal sodium handling, as
depicted. The kidneys play a critical role in long term
blood pressure regulation, and disruption of pressure
natriuresis is a key feature of MetS associated
hypertension [7].

Figure 1 illustrates the stepwise pathophysiology of
heart disease, beginning with major risk factors such
as smoking, hypertension, and unhealthy diet. These
factors initiate endothelial damage, which promotes
plaque formation within the blood vessels and leads to
reduced coronary blood flow. Persistent impairment of
blood supply results in myocardial ischemia and may
ultimately progress to myocardial infarction,
highlighting the progressive nature of cardiovascular
disease [8], [9].

Heart Pathology

Risk Factors

Smoking Hyperters Unhealthy diet

Endothelial Damage

Figure1: Flow diagram showing the sequential pathophysiological events in heart disease leading from risk factors
to myocardial infarction.
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2.3. Role of Inflammation and the Immune
System

Growing evidence indicates that chronic low grade
inflammation and activation of the immune system
play a crucial role in the pathophysiology of both
hypertension and metabolic syndrome.
Proinflammatory cytokines such as interleukin six and
interleukin seventeen contribute to endothelial
dysfunction, vascular inflammation, and structural
remodeling of blood vessels, which are key features in
the development of hypertension [10], [11]. Immune
cell activation promotes oxidative stress and sustains
inflammatory signaling within the vascular wall,
thereby exacerbating vascular stiffness and impairing
normal vasoregulatory mechanisms. The increasing
recognition of immune mediated pathways highlights
the importance of inflammation as a unifying
mechanism linking metabolic disturbances with
cardiovascular dysfunction [12], [13].

2.4. Pathophysiology of Metabolic Syndrome in
Lung Disease

2.4.1. Systemic Inflammation and Oxidative
Stress

Metabolic syndrome is characterized by persistent low
grade systemic inflammation and increased oxidative
stress, both of which play a significant role in the
progression of chronic lung diseases such as chronic
obstructive pulmonary disease and asthma [14]. In
chronic obstructive pulmonary disease, systemic
inflammation driven by  adipokines and
proinflammatory cytokines, including interleukin six
and tumor necrosis factor alpha, exacerbates airway
obstruction and accelerates the decline in lung
function, as illustrated in Figure 2 [15]. Similarly, in
asthma, obesity associated inflammation contributes
to increased airway hyperresponsiveness, reduced
responsiveness to standard therapies, and poorer
disease control [16].
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Oxidative stress represents a hallmark feature of
metabolic syndrome and further contributes to
pulmonary injury through excessive generation of
reactive oxygen species. These reactive species impair
endothelial function, disrupt alveolar integrity, and
promote fibrotic remodeling of lung tissue [17], [18]. In
patients with interstitial lung disease, oxidative stress
plays a particularly detrimental role by accelerating
fibrotic progression and worsening clinical outcomes.
Together, systemic inflammation and oxidative stress
form a pathogenic link between metabolic syndrome
and chronic lung diseases, contributing to increased
disease severity and adverse prognosis [19], [20].

Figure 2 illustrates the key molecular and cellular
pathways through which components of metabolic
syndrome contribute to the development and
progression of chronic respiratory diseases. Adipose
tissue dysfunction leads to increased secretion of pro-
inflammatory cytokines such as IL-6 and TNF-q,
resulting in systemic inflammation and endothelial
damage. These processes promote airway obstruction
in chronic obstructive pulmonary disease (COPD),
enhance TH2-mediated immune responses in asthma,
and contribute to fibrotic remodeling in interstitial
lung diseases (ILD) [21].

In parallel, insulin resistance induces mitochondrial
dysfunction and excessive generation of reactive
oxygen species (ROS), leading to oxidative stress,
endothelial injury, and cellular senescence mediated
by p16 and ps53 signaling pathways [22]. The
convergence of inflammatory and oxidative
mechanisms ultimately accelerates tissue fibrosis in
COPD and ILD, highlighting metabolic syndrome as a
critical driver of chronic lung pathology [23].

Adipose Dysfunction

+ |IL-6/TNF-a

Systemic Inflammation

+ Asthma: TH2 Response
— ILD: Fibrosis

Mediators and Pathways Linking Metabolic
Syndrome to Respiratory and Cardiovascular Diseases

Endothelial Damage

COPD: Airway Obstruction

i

Endothelial Damage

+ COPD: Airway Obstruction

Fibrosis (ILD/COPD)

Insulin Resistance

» Mitochondrial ROS

Oxidative Stress

Mitochondrial ROS

+ Oxidative Stress

Cellular Senescence
(p16/p53)

Figure 2: Schematic representation of the mechanistic links between metabolic syndrome and chronic respiratory
diseases through inflammatory and oxidative stress pathways.
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2.4.2. Insulin Resistance and Obesity

Insulin resistance is a defining feature of metabolic
syndrome and is closely associated with obesity,
particularly excess abdominal adiposity. Impaired
insulin signaling leads to altered glucose metabolism
and compensatory hyperinsulinaemia, = which
contribute to endothelial dysfunction and vascular
remodeling within the pulmonary circulation. In
patients with chronic obstructive pulmonary disease,
insulin resistance is associated with heightened
systemic inflammation and an increased risk of disease
exacerbations [24].

Obesity, a major component of metabolic syndrome,
also exerts mechanical effects on respiratory
physiology. Increased body mass reduces chest wall
compliance, elevates airway resistance, and impairs
diaphragmatic movement, leading to compromised
lung function [25]. These effects are particularly
evident in obese individuals with asthma, who often
experience more severe symptoms, reduced
responsiveness to therapy, and a poorer quality of life
compared with non obese patients [26].

3. Clinical Implications of Metabolic Syndrome
3.1. Cardiovascular Disease and Diabetes
Metabolic syndrome represents a major risk factor for
the development of cardiovascular disease, including
ischemic heart disease, stroke, and chronic kidney
disease. The clustering of metabolic abnormalities
accelerates atherosclerotic processes and significantly
increases the likelihood of adverse cardiovascular
events [27], [28]. Metabolic syndrome is also widely
regarded as a preclinical stage of type two diabetes
mellitus, with insulin resistance and chronic
hyperglycaemia serving as central drivers of disease
progression. In patients with chronic lung diseases,
particularly chronic obstructive pulmonary disease,
the coexistence of metabolic syndrome is associated
with a substantially higher incidence of cardiovascular
complications [29], [30].

3.2. Gender and Age Differences

Gender and age significantly influence the
manifestation and progression of metabolic syndrome.
Women with conditions such as polycystic ovary
syndrome frequently exhibit a more severe
cardiometabolic profile, particularly when
hyperandrogenism and insulin resistance are present
[31]. In contrast, men tend to develop hypertension
and dyslipidaemia at a younger age, contributing to an
increased burden of cardiovascular disease. Advancing
age is also a major determinant, with the prevalence of
metabolic syndrome, diabetes, and frailty increasing
markedly among older adults [32].

3.3. Cognitive Impairment and Frailty

Cognitive impairment and frailty are increasingly
recognized complications of metabolic syndrome,
especially in older individuals with diabetes [33].
Frailty is characterized by reduced physical strength,
impaired mobility, and increased vulnerability to
adverse health outcomes, and is closely linked to
insulin resistance and chronic systemic inflammation.
Targeted interventions focusing on nutritional
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optimization and physical activity have demonstrated
potential to partially reverse frailty and improve
functional capacity in elderly populations [34].

3.4. Liver

Non alcoholic fatty liver disease is a common
comorbidity in patients with metabolic syndrome and
chronic lung diseases. Persistent systemic
inflammation and insulin resistance promote hepatic
lipid accumulation, inflammation, and progressive
fibrosis, thereby increasing the risk of liver related
morbidity. In individuals with chronic obstructive
pulmonary disease, the presence of fatty liver disease
further amplifies systemic inflammation and
contributes to the progression of both hepatic and
pulmonary pathology [35].

3.5. Kidneys

Chronic kidney disease is another frequent
complication of metabolic syndrome, particularly
among patients with chronic obstructive pulmonary
disease and interstitial lung disease. Metabolic
syndrome promotes renal inflammation and fibrosis
through neurohormonal activation and metabolic
stress, leading to progressive decline in kidney
function. Renal impairment further exacerbates
systemic inflammation and may indirectly worsen
pulmonary disease outcomes [36].

3.6. Brain

Metabolic syndrome is associated with an increased
risk of neurodegenerative disorders, including
Alzheimer’s disease and Parkinson’s disease. Chronic
inflammation, oxidative stress, and vascular
dysfunction contribute to neuronal injury and
cognitive decline. In patients with chronic lung
diseases, the coexistence of metabolic syndrome may
accelerate neurocognitive impairment and increase the
risk of dementia [37].

4. Pathophysiological Mechanisms

4.1. Inflammation and Immune Dysregulation
Inflammation and immune dysregulation play central
roles in linking metabolic syndrome with chronic lung
diseases [38]. In chronic obstructive pulmonary
disease, macrophage polarization toward a
proinflammatory phenotype predominates, leading to
the release of cytokines such as interleukin one beta
and interleukin eight, as illustrated in Figure 3. In
asthma, metabolic disturbances such as
hyperglycaemia activate inflammasome pathways,
resulting in increased production of inflammatory
mediators that sustain airway inflammation and
disease severity [39], [40].

4.2. Insulin Resistance

Insulin resistance contributes directly to pulmonary
vascular dysfunction by impairing intracellular
signaling pathways involved in glucose uptake and
endothelial homeostasis. Disruption of these pathways
in lung endothelial cells promotes hypoxia, oxidative
stress, and vascular remodeling, thereby worsening
pulmonary dysfunction [41].

4.3. Obesity and Adipokines
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Adipose tissue derived mediators play a critical role in
metabolic syndrome associated lung pathology.
Elevated leptin levels enhance type two immune
responses and contribute to airway inflammation in
asthma, while reduced adiponectin levels promote
fibrotic processes in interstitial lung disease. These
adipokine imbalances further strengthen the link
between obesity, metabolic syndrome, and progressive
lung injury [42].

4.4. Oxidative Stress

Oxidative stress represents a key pathogenic
mechanism in metabolic syndrome related lung
disease [43]. Excessive generation of mitochondrial
reactive oxygen species induces cellular senescence
and tissue damage through activation of stress
responsive signaling pathways. In chronic obstructive
pulmonary disease, oxidative stress accelerates airway
remodeling, inflammation, and loss of pulmonary

Figure 3 illustrates the molecular regulation of
hypoxia-inducible factor-1 alpha (HIF-1a) under
normoxic and hypoxic conditions and its downstream
transcriptional effects. Under normoxia, HIF-1a
undergoes proline hydroxylation by prolyl hydroxylase
domain (PHD) enzymes, leading to ubiquitination and
subsequent proteasomal degradation [45]. In contrast,
inhibition of PHD activity during hypoxia prevents
HIF-1a hydroxylation, allowing its stabilization and
accumulation. Stabilized HIF-1a translocates to the
nucleus, where it dimerizes with HIF-1 (ARNT) and
binds to hypoxia response elements (HREs) in target
gene promoters [46]. This activation induces the
transcription of hypoxia-responsive genes involved in
angiogenesis, erythropoiesis, metabolic adaptation,
and inflammation, including VEGF, EPO, and PPARA.
Collectively, the figure highlights the central role of
HIF-1a signaling in coordinating cellular responses to
hypoxic stress, inflammation, and oxidative imbalance

function [44]. [47].
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Figure 3: Pathophysiological Mechanisms of Inflammatory response and oxidative stress.

5. Management Strategies for Metabolic
Syndrome

5.1. Integrated Treatment Approach

The management of metabolic syndrome in patients
with lung disease requires a comprehensive and
multidisciplinary approach that simultaneously
addresses metabolic abnormalities and pulmonary

dysfunction. Lifestyle modification remains the
foundation of management and should be
complemented by appropriate pharmacological

therapy when indicated [48]. Interventions such as
weight reduction, dietary optimization, and regular
physical activity play a central role in improving
insulin sensitivity, reducing systemic inflammation,
and lowering cardiovascular risk [49]. In patients with

chronic lung diseases, pulmonary rehabilitation
programs that integrate nutritional counseling and
structured exercise have demonstrated benefits in
improving functional capacity, enhancing lung
function, and reducing the frequency of disease
exacerbations [50].

5.1.1. Lifestyle Interventions

Lifestyle modification is the cornerstone of metabolic
syndrome management. Dietary interventions focused
on calorie control, balanced macronutrient intake, and
reduction of refined carbohydrates and saturated fats
are essential for achieving sustainable weight loss and
improving metabolic parameters [51], [52]. Regular
physical activity, particularly moderate intensity
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aerobic exercise combined with resistance training,
improves insulin sensitivity, lowers blood pressure,
enhances lipid profiles, and promotes overall
cardiometabolic health. In patients with lung disease,
tailored exercise programs should account for
respiratory limitations while encouraging gradual
increases in activity levels to maximize both metabolic
and pulmonary benefits [53].

5.2. Pharmacological Treatments
Pharmacological therapy is often required to control
individual components of metabolic syndrome when
lifestyle interventions alone are insufficient.
Antihypertensive  agents such as angiotensin
converting enzyme inhibitors and angiotensin receptor
blockers are commonly preferred in patients with
metabolic syndrome due to their favorable effects on
renal function and cardiovascular protection [54].
Insulin sensitizing agents, including metformin and
thiazolidinediones, are widely used to manage insulin
resistance and type two diabetes mellitus, with
metformin being favored for its cost effectiveness and
weight neutral profile. In many patients, combination
pharmacotherapy is necessary to address multiple
metabolic abnormalities, such as the concurrent use of
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medications to achieve comprehensive risk reduction
[55].

5.2.1. Pharmacological Interventions in Lung
Disease

Several pharmacological agents used in the treatment
of metabolic syndrome may also provide additional
benefits in patients with chronic lung diseases. Statins
have demonstrated anti inflammatory properties
beyond lipid lowering and may contribute to improved
lung function and reduced cardiovascular risk in
patients with chronic obstructive pulmonary disease
[56]. Similarly, angiotensin converting enzyme
inhibitors and angiotensin receptor blockers may exert
protective effects on the pulmonary vasculature by
reducing inflammation and oxidative stress [57].
Thiazolidinediones have also shown potential in
improving metabolic control and modulating
inflammatory pathways, although their use requires
careful consideration due to potential adverse effects.
Overall, an individualized treatment strategy that
balances metabolic control with pulmonary safety is
essential for optimizing outcomes in patients with
coexisting metabolic syndrome and lung disease [58].

lipid lowering agents with antihypertensive
Table 1: Drug therapy for metabolic syndrome in lung disease patients.
S. Drug class Examples Mechanis Indication Reported Referenc
No m of action in lung efficacy es
disease
Statins Atorvastatin HMG CoA Cardiovascul Reduced CRP [591, [60]
L reductase ar risk levels and
) inhibition reduction in fewer
COPD exacerbations
Statins Rosuvastatin Lipid Dyslipidaemi Improved [61]
lowering and ain COPD endothelial
2. anti function
inflammator
y effects
GLP 1receptor Liraglutide Appetite Obesity Significant [62], [63]
agonists suppression related weight loss
3 and insulin asthma and improved
sensitization FEV1
GLP 1receptor Semaglutide Delayed MetS with Improved [64]
agonists gastric asthma metabolic
emptying profile and
4 and symptom
glycaemic control
control
PPAR gamma Pioglitazone Anti Insulin Improved gas [65], [66]
agonists inflammator resistance in diffusion and
o y and insulin ILD reduced
sensitizing fibrosis
ACE inhibitors Ramipril Renin Hypertensio Reduced [67]1, [68]
6 angiotensin n in COPD cardiovascula
’ system r mortality
inhibition
ACE inhibitors Enalapril Vasodilatatio MetS with Improved [69], [70]
n and pulmonary vascular
7 antifibrotic hypertension outcomes
effects
ARBs Losartan Angiotensin Hypertensio Reduced [71]
8. IIreceptor n in COPD inflammation
blockade and blood
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pressure
ARBs Valsartan Vascular MetS with Improved [72], [73]
9. protection lung disease cardiovascula
r outcomes
SGLT2 Empagliflozi Glycosuria Heart failure Reduced [74]
inhibitors n and weight in obesity hospitalizatio
10. :
reduction related ns
asthma
SGLT2 Dapagliflozin Improved MetS with Improved [751, [76]
11. inhibitors insulin COPD cardiometabol
sensitivity ic status
Metformin Metformin Reduced Insulin Improved [77]
hepatic resistance in glycaemic
12.
glucose asthma control
output
Beta blockers Nebivolol Beta one Hypertensio Improved [781, [79]
13. selective n in COPD endothelial
blockade function
Calcium Amlodipine Smooth Hypertensio Reduced [80]
14 channel muscle n with lung blood
’ blockers relaxation disease pressure
variability
Thiazide Indapamide Sodium Hypertensio Improved [81], [82]
15 diuretics excretion n in MetS blood
’ pressure
control
Anti Colchicine Inhibition of Systemic Reduced [83]
16. inflammatory inflammaso inflammatio inflammatory
agents me activity n in COPD markers
Antioxidants N Reduction of COPD with Improved [84], [85]
17. acetylcystein oxidative MetS lung function
e stress
8 Fibrates Fenofibrate Triglyceride Dyslipidaemi Improved [86], [87]
) reduction ain MetS lipid profile
Mineralocortico Spironolacto Aldosterone MetS related Reduced [88]
19. id receptor ne blockade hypertension fibrosis and
antagonists inflammation
PCSKog Evolocumab LDLreceptor Severe Marked LDL [89], [90]
20. inhibitors upregulation dyslipidaemi cholesterol
a in MetS reduction

5.3. Novel Therapeutic Approaches

Recent advances in the understanding of metabolic
syndrome pathophysiology have facilitated the
development of novel therapeutic strategies targeting
both metabolic and cardiovascular complications [91].
Sacubitril and valsartan, a dual angiotensin receptor
and neprilysin  inhibitor = combination, has
demonstrated beneficial effects on glycaemic
regulation and a reduction in heart failure risk in
patients with metabolic dysfunction, as illustrated in
Figure 2. Similarly, telmisartan, an angiotensin
receptor blocker with partial peroxisome proliferator
activated receptor gamma agonist activity, has shown
favorable effects on insulin sensitivity, adipokine
modulation, and metabolic regulation, as depicted in
Figure 2 [92].

5.3.1. Novel Therapies

Emerging pharmacological agents such as glucagon
like peptide one receptor agonists and sodium glucose
cotransporter two inhibitors have demonstrated
considerable potential in the integrated management
of metabolic syndrome and chronic lung disease [93].
These agents improve glycaemic control, promote

weight reduction, and exert anti inflammatory and
cardioprotective effects, which may translate into
improved pulmonary outcomes and reduced systemic
inflammation in lung disease patients [94].

5.3.2. Lifestyle Modifications

Lifestyle modification remains a cornerstone of
metabolic syndrome management. Dietary
interventions,  particularly = adherence to a
Mediterranean style diet, have been associated with
reductions in systemic inflammatory markers and
improvement in cardiometabolic health [95].
Structured physical activity programs, including
pulmonary rehabilitation combined with metabolic
conditioning, have demonstrated improvements in
exercise tolerance, functional capacity, and overall
quality of life in obese patients with asthma and
chronic obstructive pulmonary disease [96].

6. Clinical Advancement of Metabolic
Syndrome and Its Role in Lung Disease
Metabolic dysfunction has emerged as a critical
determinant of lung health and disease progression

479



[97]. A growing body of evidence supports a strong
association between metabolic abnormalities and
chronic lung diseases through multiple interconnected
mechanisms. Elevated triglyceride levels reflect
underlying hyperglycaemia and dyslipidaemia, both of
which adversely affect lung structure and function in
experimental and translational studies [98].

Adipose tissue plays a central role as an active
metabolic and endocrine organ involved in extensive
cross talk between cardiovascular, metabolic, and
pulmonary systems. In susceptible individuals,
excessive adiposity leads to pathological responses to
positive energy balance, contributing directly and
indirectly to cardiometabolic disease. Genetic and
mechanistic studies increasingly support the role of
central obesity in driving adverse cardiovascular
outcomes [99].

Metabolic syndrome is increasingly recognized as a
prevalent and often underdiagnosed comorbidity in
patients with chronic obstructive pulmonary disease
[100]. A substantial proportion of individuals with
chronic obstructive pulmonary disease exhibit
metabolic syndrome, which is associated with
increased systemic inflammation, particularly in
patients with chronic bronchitis phenotypes and
elevated inflammatory markers. The coexistence of
metabolic syndrome significantly increases the risk of
cardiovascular events, stroke, and mortality in this
population [101].

Abnormal glucose metabolism is frequently observed
in patients with acute coronary syndromes, with a
large proportion exhibiting either diabetes or
prediabetes [102]. These individuals are particularly
vulnerable to recurrent ischemic events but also derive
substantial benefit from intensive lipid lowering
strategies. The shared pathological mechanisms
linking metabolic syndrome, cardiovascular disease,
and lung disease include endothelial dysfunction,
oxidative stress, chronic inflammation, and adipokine
imbalance [103].

Despite  increasing recognition, the precise
mechanisms underlying the development of metabolic
syndrome in chronic obstructive pulmonary disease
remain  incompletely = understood. = Proposed
contributors include aging, physical inactivity, adipose
tissue inflammation, systemic inflammatory burden,
and progressive decline in pulmonary function [104].

7. Discussion and Future Directions

The available evidence highlights a strong
bidirectional  relationship  between  metabolic
syndrome and chronic lung diseases, particularly
chronic obstructive pulmonary disease. Metabolic
syndrome, characterized by central obesity,
dyslipidaemia, and impaired glucose metabolism,
exacerbates pulmonary dysfunction through systemic
inflammation, adipose tissue dysregulation, and
endothelial injury [105]. The high prevalence of
metabolic syndrome in chronic obstructive pulmonary
disease underscores its role as a silent but clinically
significant comorbidity that contributes to worse
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cardiovascular outcomes, increased inflammatory
burden, and accelerated disease progression [106].

Adipose tissue dysfunction appears to be a central
mediator in this interaction by promoting chronic low
grade inflammation, lipotoxicity, insulin resistance,
and immune dysregulation, all of which may adversely
affect lung structure and function [107]. The
association between chronic bronchitis phenotypes
and metabolic syndrome suggests that specific
subgroups of chronic obstructive pulmonary disease
patients may be particularly susceptible to metabolic
derangements [108].

Future research should prioritize mechanistic studies
to elucidate the molecular pathways linking metabolic
syndrome and lung disease, with particular emphasis
on adipokines, macrophage polarization, oxidative
stress, and systemic inflammation. Phenotype specific
therapeutic strategies should be explored to determine
whether targeted metabolic or anti inflammatory
interventions benefit select patient populations.
Advances in personalized medicine, including genetic
and biomarker driven approaches, may facilitate early
identification of high risk individuals [109].

Routine metabolic screening should be integrated into
pulmonary care, particularly for patients with chronic
obstructive pulmonary disease, to enable early
intervention. Multidisciplinary care models involving
pulmonologists, endocrinologists, cardiologists, and
rehabilitation specialists are likely to optimize clinical
outcomes. Longitudinal studies are required to
determine whether metabolic syndrome precedes lung
disease progression or accelerates its course and
whether effective metabolic control can mitigate
pulmonary decline [110], [111].

Conclusion

Metabolic syndrome is a complex and multifactorial
disorder that significantly increases the risk of
cardiovascular disease and diabetes and represents an
important comorbidity in patients with chronic lung
diseases. Through interconnected mechanisms
involving insulin resistance, dyslipidaemia,
hypertension, oxidative stress, and chronic
inflammation, metabolic syndrome contributes to both
pulmonary and extrapulmonary complications. Early
identification and comprehensive management of
metabolic syndrome through lifestyle modification
and pharmacological intervention are essential to
prevent  disease progression and  reduce
cardiopulmonary morbidity. Addressing metabolic
dysfunction in patients with chronic obstructive
pulmonary disease offers a promising opportunity to
improve lung function, reduce cardiovascular risk, and
enhance overall clinical outcomes. The intersection of
metabolic and pulmonary diseases therefore
represents a critical area for translational research and
clinical innovation.
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