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Adipose tissue: The early sensor and driver of systemic aging
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Abstract: Aging is increasingly recognized as a metabolically driven process rather than a passive consequence of cumulative
molecular damage. Increasing evidence indicates that disturbances in metabolic homeostasis emerge early and play an active
role in shaping the rate and heterogeneity of aging. These metabolic perturbations not only precede overt functional decline
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but also influence the vulnerability of multiple organs to age-associated diseases. Among metabolic organs, adipose tissue is
particularly susceptible to early aging-associated remodeling, undergoing profound structural and functional changes
characterized by mitochondrial dysfunction, immune activation, fibrotic remodeling, and dysregulated endocrine and
extracellular vesicle signaling. Importantly, these local changes propagate systemically through endocrine, immune, neural,
and vesicle-mediated communication, driving metabolic decline in the liver, muscle, vasculature, and brain. Accordingly,
aging-associated adipose tissue dysfunction emerges as both an early sensor and an active driver of organismal aging,
positioning adipose tissue at the center of metabolism-aging crosstalk. In this review, we propose a metabolism-driven aging
model in which adipose tissue acts as an early sensor and amplifier of aging signals, highlighting adipose metabolic resilience
as a strategic target to delay aging. We summarize the pathophysiological alterations that occur in aging adipose tissue,
emphasizing coordinated changes across multiple dimensions. These include immune-metabolic remodeling marked by
chronic low-grade inflammation and dysregulated IgG-Fc receptor signaling; mitochondrial stress and hypoxia characterized
by mitochondrial dysfunction, mtDNA damage, and aberrant HIF signaling; and progressive metabolic inflexibility
manifested as insulin resistance and loss of metabolic plasticity. Concurrently, impaired endocrine function and disrupted
inter-organ crosstalk, driven in part by altered adipokine and vesicle secretion, further contribute to functional deterioration
across organ systems. We also discuss how established and emerging interventions—including caloric restriction, time-
restricted eating, physical activity, mitochondrial-targeted approaches, and incretin-based therapies—can be reconsidered
from the perspective of adipose tissue function. We suggest that strategies aimed at preserving adipose tissue metabolic
resilience and maintaining inter-organ communication may offer an effective means to delay systemic aging and promote
healthy aging.
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Figure 1 Pathophysiological alterations and intervention strategies targeting adipose tissue aging

Aging adipose tissue undergoes coordinated pathophysiological alterations, including metabolic inflexibility, mitochondrial
dysfunction amplification, metabolic dysfunction, immune-fibrotic amplification, and inter-organ crosstalk failure. These alterations
form a self-reinforcing pathological network that amplifies local adipose tissue dysfunction and progressively disrupts systemic
metabolic homeostasis. Targeted intervention strategies are organized into multiple functional layers, encompassing metabolic
interventions (caloric restriction, time-restricted eating, and GLP-1 receptor agonists), mitochondrial quality control enhancement
(NAD" boosters, spermidine, and AMPK activators), anti-inflammatory strategies (autophagy enhancement and modulation of
mitochondrial dynamics), immune-fibrotic modulation (anti-fibrotic small molecules, TGF-f modulators, and FcRn inhibitors), and
inter-organ communication repair (extracellular vesicles, circadian rhythm alignment, and neuro-adipose signaling restoration). By
targeting distinct but interconnected pathological nodes, these interventions collectively restore adipose tissue resilience, thereby
attenuating the propagation of metabolic and inflammatory signals and ultimately contributing to delayed systemic aging.
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