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Aging, inflammation, degeneration, and cell death in age-related macular degeneration

Age-related macular degeneration (AMD), the leading cause of irreversible central blindness in the elderly, is characterized 
most significantly by atrophy of photoreceptors and retinal pigment epithelium, which is sometimes accompanied by 

choroidal neovascularization. Development of AMD is contingent on both environmental and genetic risk factors, the strongest 
being advanced age. With normal aging, photoreceptors are steadily lost, Bruch’s membrane thickens, the choroid thins, and 
hard drusen may form in the periphery. The changes are characterized as kinetics between homeostasis and allostasis. In AMD, 
many of these changes are exacerbated (chronic allostatic overload leading to pathology and disease); additionally, there is 
development of disease-specific factors such as macular soft drusen, geographic atrophy, and choroidal neovascularization. 
Para-inflammation, which can be thought of as an intermediate between basal and robust levels of inflammation, develops 
within the retina in an attempt to maintain ocular homeostasis and physiological allostasis, reflected by increased expression 
of the anti-inflammatory cytokine IL-10 coupled with shifts in macrophage plasticity from the pro-inflammatory M1 to the 
anti-inflammatory M2 polarization. In AMD, imbalances in the M1 and M2 macrophage populations and activation of retinal 
microglia are observed and potentially contribute to tissue degeneration. In the chronic stage of allostatic overload, including 
oxidative stress, inflammasomes, and inflammatory cytokines (e.g., IL-1β, IL-17 and IL-18) wax and wane; retinal pigment 
epithelium and photoreceptors degenerate leading to programed cell death via apoptosis, autophagy, pyrotosis and/or necroptosis. 
Neovascularization may also develop. Therefore, the underlying mechanism of AMD involves homeostasis, allostasis, and 
allostatic overload, which all depend primarily on aging, inflammation, degeneration, atrophy, and neovascularization.
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