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DESCRIPTION
Aging is a complex, multifactorial process characterized by a 
gradual decline in physiological functions and an increased 
susceptibility to chronic diseases. Among the myriad hallmarks 
of aging, chronic low-grade inflammation-often referred to as 
“inflammaging”-has emerged as a key contributor to age-related 
functional   decline   and    diseas e  vulnerability      .   The   term 
“inflammaging” describes a persistent, systemic pro-
inflammatory state that arises in the absence of overt infection, 
often fueled by immunosenescence, oxidative stress, cellular 
senescence, and microbial translocation. This chronic 
inflammatory state not only accelerates biological aging but also 
contributes to the pathogenesis of diseases such as 
atherosclerosis, Alzheimer’s disease, type 2 diabetes, cancer, and 
sarcopenia      .

The inflammatory response is a protective mechanism designed 
to eliminate harmful stimuli and initiate tissue repair. However, 
when inflammation becomes dysregulated or chronic, it leads to 
tissue damage, fibrosis, and the propagation of further 
inflammatory signals. In aging populations, modulating this 
chronic inflammation through therapeutic and lifestyle 
interventions is increasingly viewed as a viable approach to 
extend lifespan and promote healthspan-the period of life spent 
in good health        .

One of the primary sources of chronic inflammation in aging is 
cellular senescence. Senescent cells, which accumulate with age, 
no longer divide but remain metabolically active and secrete a 
range of pro-inflammatory cytokines, chemokines, and proteases 
known collectively as the Senescence-Associated Secretory 
Phenotype (SASP). The SASP contributes to tissue dysfunction 
and the spread of senescence to neighboring cells, thereby 
creating a vicious cycle of inflammation and damage. Targeting 
the SASP through senolytic drugs or SASP inhibitors has shown 
promise in preclinical studies for reducing inflammation and 
improving tissue function in aged organisms     .

The immune system itself undergoes profound remodeling with 
age, a process known as immunosenescence. This includes 
diminished function of adaptive immunity, particularly T and B 
lymphocytes, alongside an overactive and less regulated innate

immune response. Aging monocytes and macrophages often
exhibit heightened basal levels of pro-inflammatory cytokines
such as Interleukin-6 (IL-6), Tumor Necrosis Factor-Alpha (TNF-
α), and C-Reactive Protein (CRP), which are key biomarkers of
systemic inflammation and predictors of mortality in elderly
cohorts. Therapeutic strategies that recalibrate immune
responses-such as caloric restriction, exercise, and
pharmacological agents-have been investigated for their capacity
to lower inflammatory markers and restore immune balance      .

Similarly, physical activity is a potent anti-inflammatory
intervention. Regular moderate exercise has been shown to
decrease systemic inflammation by lowering visceral fat mass-a
significant source of pro-inflammatory adipokines-and by
promoting the release of anti-inflammatory cytokines from
skeletal muscle, such as Interleukin-10 (IL-10) and Interleukin-1
Receptor antagonist (IL-1Ra). Exercise also improves
mitochondrial function, insulin sensitivity, and endothelial
health, all of which are important for mitigating chronic
inflammation and extending healthspan          .

Pharmacological interventions have also been explored in the
context of inflammaging. Non-Steroidal Anti-Inflammatory
Drugs (NSAIDs) like aspirin have been evaluated for their effects
on age-related diseases and longevity. However, long-term
NSAID use carries the risk of gastrointestinal and cardiovascular
side effects, making them less suitable for chronic use in elderly
populations. Alternatively, newer anti-inflammatory agents such
as Interleukin-1β (IL-1β) blockers (e.g., canakinumab) have
shown efficacy in reducing cardiovascular events and may hold
promise in aging interventions, although their cost and
immunosuppressive effects require careful consideration.

Metformin, a widely prescribed drug for type 2 diabetes, has
garnered significant interest for its anti-aging properties. It
reduces inflammation through multiple mechanisms, including
inhibition of mitochondrial complex I, activation of AMP-
activated Protein Kinase (AMPK), and suppression of NF-κB
signaling. Observational studies have suggested that metformin
use is associated with reduced cancer incidence and improved
cognitive function in older adults. Ongoing clinical trials such as
the Targeting Aging with Metformin (TAME) study aim to assess
whether metformin can delay the onset of age-related diseases
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and mortality by modulating inflammation and other aging-
related pathways.

In recent years, the role of dietary bioactive compounds in 
modulating inflammation has gained traction. Polyphenols such 
as resveratrol, curcumin, and Epigallocatechin Gallate (EGCG) 
exhibit anti-inflammatory effects by scavenging free radicals, 
inhibiting NF-κB activation, and modulating the expression of 
inflammatory genes. These compounds, found in foods like 
berries, turmeric, and green tea, may contribute to the longevity 
benefits observed in populations adhering to plant-rich diets, 
such as the Mediterranean or Okinawan diets.

CONCLUSION
Chronic inflammation is a central feature of biological aging 
and a driving force behind many age-related diseases. 
Modulating this inflammatory milieu through evidence-based 
interventions offers a promising pathway to not only extend 
lifespan but, more importantly, to enhance the quality of life in 
aging populations. Continued research into the molecular 
underpinnings of inflammaging and the development of 
targeted therapies will be essential in realizing the goal of healthy 
aging for all. Ultimately, the modulation of inflammation to 
promote healthy aging and extend lifespan will likely require a 
multifaceted approach that integrates lifestyle modifications, 
pharmacological agents, and emerging biotechnologies. 
Personalized interventions tailored to an individual’s genetic, 
immunological, and metabolic profiles may offer the most 
effective strategy for mitigating inflammaging and its deleterious 
effects.
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