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Introduction
The aging process is a significant contributor to the development of 

cardiovascular diseases due to the buildup of waste materials, such as 
damaged mitochondria, and a decline in stress response mechanisms. 
This leads to an increase in oxidative stress over time. According to the 
free radical theory of aging, elevated levels of reactive oxygen species 
(ROS) cause DNA damage in the mitochondria and genome, which 
leads to sustained oxidative stress and contributes to tissue dysfunction 
and aging. Within the cardiovascular system, ROS are produced by 
NADPH oxidases as a part of normal function. However, excessive 
ROS production by these enzymes, along with reduced expression of 
antioxidant enzymes, is linked to vascular dysfunction and disease [1]. 
Zinc is a potential mediator of vascular aging and disease as altered 
zinc homeostasis can accelerate cellular senescence in vascular smooth 
muscle cells (VSMCs) through a ROS-dependent mechanism. Zinc 
deficiency has also been linked to increased risk of cardiovascular 
diseases such as atherosclerosis, and in vitro experiments suggest that 
intracellular zinc not buffered by zinc regulatory mechanisms creates 
a vicious cycle that promotes oxidative damage and senescence in 
VSMCs. Therefore, understanding the role of intracellular zinc levels 
and distribution in response to zinc deficiency in the cardiovascular 
system is crucial for the development of potential interventions for 
vascular aging and disease. Zinc has been linked to the development 
of cardiovascular diseases, such as atherosclerosis, although the 
exact mechanisms are not fully understood. Zinc deficiency, which 
is prevalent worldwide, has been associated with an increased risk 
of cardiovascular diseases. Studies have shown that low dietary zinc 
intake promotes atherosclerosis and increases inflammation in 
mice. As mammalian organisms age, cellular senescence becomes 
a prominent characteristic, which is a permanent cessation of cell 
division. This process has been associated with the progression of age-
related illnesses, such as atherosclerosis. Recent studies have shown that 
senescence plays a causative role in the development of these diseases. 
This is supported by in vivo studies that demonstrate delayed onset of 
age-related illnesses upon selective removal of senescent cells. Despite 
losing their ability to replicate, senescent cells retain a secretory and pro-
inflammatory/oxidative phenotype that is believed to contribute to age-
related organ dysfunction [2-7]. The role of nutritional status in disease 
development is well-established, with overconsumption of high-calorie 
foods being a known risk factor for diseases like metabolic syndrome, 
atherosclerosis, and diabetes. However, the impact of micronutrient 
deficiencies on cardiovascular disease progression is less understood. 
Zinc deficiency, which affects 31% of the global population according 
to the World Health Organization, has been linked to an increased 
risk of cardiovascular diseases such as atherosclerosis, although the 
mechanisms are not well defined. Studies in mice have shown that 
low dietary zinc intake is associated with increased inflammation and 
promotes atherosclerosis. Zinc deficiency in rats during pregnancy has 
also been correlated with increased susceptibility to cardiovascular 
diseases in the offspring. Additionally, zinc has been found to be 
required for the protective anti-inflammatory function of PPAR 
[8-13]. Nutritional status is an important factor in the development 
of various diseases. High calorie intake is a known risk factor for 
metabolic syndrome, atherosclerosis, and diabetes. However, the 

impact of micronutrient deficiencies, such as zinc, on the development 
of cardiovascular disease is less well-known. Zinc deficiency, which 
affects 31% of the global population according to the World Health 
Organization, has been linked to increased risk of cardiovascular 
diseases such as atherosclerosis, although the exact mechanisms are 
not yet understood. Previous research has suggested a possible link 
between zinc and senescence, which is a process of permanent cell 
cycle arrest that contributes to aging and age-related diseases. In vitro 
experiments have shown that altered zinc homeostasis accelerates 
cellular senescence by a reactive oxygen species (ROS)-dependent 
mechanism in vascular smooth muscle cells (VSMCs). Zinc deficiency 
may induce changes in the expression of zinc regulators such as zinc 
transporters, which could lead to a redistribution of intracellular zinc, 
potentially causing a rise in cytosolic zinc. Increased intracellular zinc 
in vitro and zinc deficiency in vivo lead to oxidative stress that may 
mediate vascular disease [14,15]. Zinc is also known to be a mediator of 
oxidative damage and neuronal cell death in neurological diseases like 
Alzheimer’s disease [16,17]. Overall, these findings suggest that zinc 
deficiency may contribute to the development of cardiovascular disease 
through its impact on senescence and oxidative stress.

Conclusion
To gain a comprehensive understanding of how zinc affects vascular 

aging and disease, it is necessary to investigate intracellular zinc levels 
and distribution, as well as the expression of zinc transporters in 
response to zinc deficiency in the cardiovascular system. It is important 
to note that zinc deficiency is not only associated with lower zinc intake 
but also with chronic diseases. Therefore, further development of this 
emerging area of research is crucial.
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