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Abstract 

Our aging population is set to grow considerably in the coming decades. In fact, the number 

of individuals older than 65 years will double by 2050. This projected increase of people 

living with extended life expectancy represents an inevitable upsurge in the presentation of 

age-related pathologies. However, our current understanding of the impact of aging on a 

number of biological processes is unfortunately inadequate. Cardiovascular, cerebrovascular 

and neurodegenerative diseases are particularly prevalent in the elderly population. 

Intriguingly, these pathologies are all associated with vascular dysfunction, suggesting that 

the process of aging can induce structural and functional impairments in vascular networks. 

Together with elevated cell senescence, pre-existing comorbidities and the emerging concept 

of age-associated inflammatory imbalance, impaired vascular functions can significantly 

increase one’s risk in acquiring age-related diseases. In this short review, we highlight some 

current clinical and experimental evidence of how biological aging contributes to three 

vascular-associated pathologies: atherosclerosis, stroke, and Alzheimer’s disease.  
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One thing is for certain, we cannot escape the process of aging. Population aging is 

expected to accelerate in the coming years, and along with it, comes new challenges. The last 

decade has seen vast advancements in public health, medical breakthroughs, and 

improvements in economic and social performance. All of these factors contribute to people 

living longer and healthier lives. According to data from the United Nations Population 

Division, the number of people aged >80 years is projected to triple from 137 million in 2017 

to reach 425 million by 2050 [82]. In fact, by the middle of the twenty-first century, one in 

every five people will be aged 60 years or over [82].  

A major challenge of population aging is the increased presentation of aged-related 

pathologies, especially in non-communicable diseases (NCDs). Unfortunately, it is estimated 

that 70% of global deaths are currently due to NCDs [90]. The main NCDs that affect the 

elderly include cardiovascular diseases, diabetes, neurodegeneration and cancer. 

Cardiovascular diseases, which includes coronary heart disease and stroke, formed the 

majority of deaths among older people in 2015 worldwide [82]. Immense research effort has 

been invested into understanding the aetiology of many NCDs in the hopes to find new 

therapeutic avenues. Recent findings indicate that age-related vascular abnormalities and 

dysfunction are key characteristics of cardiovascular, cerebrovascular and neurodegenerative 

diseases (Figure 1). Although many lifestyle factors such as diet and physical activity are 

known to influence vascular function, age is a non-modifiable risk factor. In this short review, 

we provide evidence to demonstrate that age-associated vascular changes can influence three 

key pathologies currently affecting the elderly population, specifically atherosclerosis, stroke, 

and Alzheimer’s disease. While this review focuses on key age-related functional and 

structural vascular changes, it is important to recognise that these alterations are likely to 

overlap, or are an additive to vascular responses caused specifically by disease initiation and 

progression. 

 

Atherosclerosis 

 

Atherosclerosis is a leading cause of cardiovascular disease in the elderly, commonly 

manifesting as ischemic heart disease and ischemic stroke. It is a chronic inflammatory 

disease of the vasculature, characterised by the build-up of lipids within arterial walls. Over 

time, this hardened lipid plaque creates a blockage to blood flow, restricting oxygen supply to 

vital organs. Atherosclerosis occurs predominately in larger vessels first and they are usually 

more progressive with higher rates of rupture. With age however, the occurrence of lesions in 
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smaller vessels may increase [1]. It is suggested that aging, in combination with specific 

vascular risk factors such as hypentension, diabetes and dyslipidemia are more consistently 

associated with small vessel atherosclerotic disease [1,47]. Although the physiological and 

pathological mechanisms for this observation requires more understanding, it is known that 

endothelial cells of small vessels interact closely with neighbouring cells and circulating or 

tissue resident immune cells to shape microvascular outcomes during chronic injury. 

Accumulating evidence, as discussed below, suggest elevated vascular inflammation and 

immunosenescence within smaller vessels may be fundamental in mediating disease 

progression.  

Recent studies have shown that healthy elderly individuals often exhibit dysregulation 

of cytokine homeostasis, frequently reflected as chronic low-grade inflammation. This state is 

maintained by elevated circulating levels of pro-inflammatory cytokines and chemokines, 

including interleukin (IL)-6, IL-12, IL-1β, transforming growth factor beta (TGF-β), tumour 

necrosis factor alpha (TNF-α), monocyte chemoattractant protein-1 (MCP-1) and 

macrophage inflammatory protein (MIP)-1α by various cell types [2,30,70,78,97]. It is 

speculated that vascular inflammation, which is intrinsic to the aging process, may amplify 

these responses, contribute to vessel injury and predispose elderly individuals to vascular 

disease. Supporting this notion, several clinical studies report that the levels of inflammatory 

markers in the blood are predictive of cardiovascular complications, in particular C-reactive 

protein (CRP) and IL-6 [64,72,73]. Below, we discuss some age-associated mechanisms that 

have been documented to contribute to vascular injury during atherosclerosis. 

It is well accepted that the initiation and progression of atherosclerosis is 

predominantly monocyte-driven [89]. Circulating monocytes derive from hematopoietic 

precursor cells in the bone marrow and are key components of the innate immune response. 

As we age, haematopoietic stem cells (HSCs) exhibit bias towards long-lived myeloid 

differentiation, while reducing the repopulation of T- and B-lymphocytes [8,18]. Analysis of 

healthy volunteers showed that despite no change in total circulating monocytes with age, the 

proportion of phenotypically distinct subsets do alter [38,75]. More specifically, it was 

reported that CD14+CD16+ 38 inflammatory monocytes significantly increases with age [ ,75]. 

These aged CD14+CD16+ inflammatory monocytes show reduced HLA-DR, CXCR3, CD38 

and CD62L phenotypic markers, but increased CD11b expression. Monocytes and 

macrophages from older individuals also display reduced expression levels of immune 

activating receptors, such as major histocompatibility (MHC) class II and toll-like receptors 

(TLRs). The lowered expression of these receptors have been shown to contribute to poor 
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adaptive immunity [40,53,69] and cytokine dysregulation [11,38,84]. It is conceivable that 

such alterations in monocyte phenotype and increased inflammatory capacity with age may 

exacerbate vascular inflammation, injury and remodelling. Indeed, increased CD11b 

expression by monocytes under elevated inflammatory MCP-1 conditions has been associated 

with increased atherosclerotic plaque formation and monocyte infiltration in advanced lesions 

in mice [85]. 

A critical step in the initiation of an atheroma lesion is the enhanced expression of 

adhesion molecules by endothelial cells and monocytes, particularly under inflammatory 

conditions [31]. These adhesion molecules enable the recruitment, adherence and 

transmigration of circulating monocytes to vessel walls [52]. Selectins (P, L and E) are 

involved in the rolling of monocytes under high shear stress exerted by vascular blood flow 

[52]. Firmer adhesion and transmigration of inflammatory cells at the vascular wall is 

subsequently mediated by integrins, intercellular adhesion molecules (ICAMs), vascular cell 

adhesion molecules (VCAM-1) and platelet endothelial cellular adhesion molecules 

(PECAM-1) [52]. Many studies using mouse models of atherosclerosis have shown that 

deficiencies in these adhesion molecules reduce monocyte cell recruitment and attachment, 

lesion formation in arterial vasculature and atherosclerotic fatty streaks [20,25,44,67]. 

Unfortunately, very few studies have examined how aging affects these processes. Of the few 

reported, the expression of aortic P-selectin and VCAM-1 was shown to increase with age, 

causing excessive leukocyte infiltration to vessel walls that could trigger prolonged or 

exaggerated inflammatory responses [56,99]. Older animals (20-22 months old) with higher 

VCAM-1 expression developed more atherosclerotic lesions in the aortic wall compared to 

their younger counterparts [56]. The underlying mechanism of enhanced VCAM-1 and P-

selectin expression with age was shown to involve endothelial oxidative stress through NF-

ĸB signalling [99]. Another study showed that soluble E-selectin, P-selectin, ICAM-1 and 

VCAM-1 in the serum of aged rats (24-months) were all significantly higher compared to 

younger cohorts (6-months), suggesting the systemic expression of these adhesion molecules 

may contribute to increased risk of inflammatory vascular diseases [98]. Furthermore, 

peritoneum macrophages isolated from aged mice (10-months) exhibit higher adherence 

capacity and lower chemotactic ability ex vivo [29], both of these factors may impact on 

leukocyte accumulation at injured vascular sites.  

Once adherent to the vascular surface, monocytes enter the intima and differentiate 

into macrophages that take up modified low-density lipoprotein (LDL) to form foam cells 
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[17]. A recent study elegantly demonstrated that senescent foam cells with reduced telomere 

length are vital for plaque build-up, and in later stages, plaque remodelling and rupture [16]. 

These senescent cells show heightened profiles of proatherogenic and proteolytic factors, 

including IL-1α, TNF-α, metalloprotease (MMP)-3, MMP12, MMP13, MCP-1, and VCAM-

1 [16]. Cellular senescence is a permanent state of cell cycle arrest, characterised by elevated 

activity of β-galactosidase, increased p16Ink4a

83

, p53, and p21 expression, and telomere erosion 

[ ]. Importantly, shortened telomere length and markers of senescence are distinctive 

features of aged leukocytes [87]. Clinically, reduced leukocyte telomere length has also been 

reported to be a predictor of future coronary heart disease [13]. Collectively, these 

observations suggest that senescent aged cells could accelerate atheroma formation, and 

participate as key drivers of cardiovascular disease.  

 

Ischaemic stroke 

 

Ischaemic stroke occurs when blood flow to the brain is interrupted by i) formation of 

a blood clot on an atherosclerotic plague within a cerebral blood vessel (atherothrombotic 

stroke); or ii) embolism of a clot or plague that ruptured from an atherosclerotic lesion 

outside the brain. Without blood flow the brain tissue is deprived of oxygen and nutrients, 

subsequently causing ischaemic injury. Intracranial atherosclerotic disease represents a major 

cause of ischemic stroke worldwide, particularly prevalent in black, Asian and Hispanic 

populations. It was reported that hypertension is a major risk factor for intracranial 

atherosclerotic disease, while obesity and hyperlipidemia are believed to be more important 

for the development of extracranial atherosclerotic lesions [81]. Clearly the effects of age on 

atherosclerosis are extremely relevant to stroke. 

According to the World Health Organization (WHO), stroke affects an estimated 15 

million people worldwide each year, and of these people 5 million die [61]. In fact, the 

incidence of stroke increases dramatically with age, with the risk doubling every decade after 

the age of 55 [19]. In addition, several large prospective clinical studies showed that old age 

is a prognostic marker for poor long-term outcome in both minor and major strokes [3,23,48]. 

For instance, a recent prospective study of 43,163 ischemic stroke patients found age was a 

predictor of poor functional outcome, independent of stroke severity and other characteristics 

such as risk factors, acute stroke therapy, complications, and stroke aetiology [48]. Post-

stroke complications are common, and can include dysphagia, infection, venous 

thromboembolism, gut dysfunction, delirium, immobility and seizures [76,88]. Similar to 
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clinical observations, experimental stroke studies have also highlighted the significance of 

age in worsening stroke severity and functional improvement [54,66,92]. So what can 

mediate this age-dependent effect in stroke prognosis? Although it remains uncertain, 

research suggests diverse morphological changes that occur naturally in the aging brain and 

neurovascular unit may compromise recovery after ischaemic brain damage. 

Various cross-sectional and longitudinal volumetric studies using magnetic resonance 

imaging (MRI) provide evidence of significant decline in global and reginal brain volumes 

with age [43,58,74]. Age-associated reduction in brain volume have been confirmed in 

regions such as the hippocampus, cerebral cortex, frontal lobe and temporal lobe [43,59,74]. 

It is estimated that between 30 and 90 years of age, volume loss averages 14% in the cerebral 

cortex, 35% in the hippocampus, and 26% in the cerebral white matter [43]. However, to date 

there is still no consensus among studies to indicate which specific brain regions are most 

likely to alter with age, and by how much. This is likely due to variations in the sensitivity of 

methods employed to detect brain volumetric changes, sex-related biological differences, as 

well as environmental and lifestyle factors (e.g. nutrition). Nevertheless, it is thought that 

age-related vascular degradation, combined with less neuronal proliferation contributes to 

reduced brain volume. Importantly, disruption of the brain vascular network could have 

significant implications for neurovascular repair (angiogenesis) and blood brain barrier 

permeability following stroke onset in the elderly (discussed below) [65,77].    

Angiogenesis is a physiological process involving the growth of new blood vessels 

from pre-existing vessels and a key feature of post-stroke neuroregeneration. Studies indicate 

that angiogenesis has a crucial role in stroke recovery as it helps re-establish the cerebral 

microvasculature to stimulate blood flow and metabolism to ischaemic brain regions 

[6,37,55]. Although clinical studies are limited, analysis of post mortem brain tissues indicate 

stroke patients with greater microvessel density tend to have improved survival outcome and 

recovery [49]. Rodent ischaemic stroke models demonstrated that gene expression of 

angiogenesis-related genes are upregulated immediately after injury, which is accompanied 

by increased endothelial cell proliferation in the peri-infarcted regions [6,15,37]. Some key 

pro-angiogenic factors secreted by the brain milieu include vascular endothelial growth factor 

(VEGF), MMPs, angiopoietins, fibroblast growth factor (FGF) and platelet-derived growth 

factor (PDGF) [95].  

Few studies have addressed how age affects angiogenesis in stroke, and there is no 

clear consensus [10,15,32,80]. A 60 patient cohort study found angiogenesis was evident 3-4 

days after stroke onset [80]. When patients were further separated according to age, they 
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showed using immunocytochemical methods that the duration of penumbra 

neovascularisation decreased in older patients (70-92 years of age) compared to the younger 

group (48-69 years of age) [80]. In terms of experimental models, a recent in depth 

transcriptomic study identified key differences in gene expression of angiogenic factors in the 

aged brain after stroke [15]. Aged rats (18-20 months) showed delayed upregulation of genes 

involved in sprouting angiogenesis, tube formation, and maturation compared to younger 

animals (3-5 months) [15]. Despite these alterations, aged brains were still capable of 

mounting a vigorous angiogenic response after stroke onset, and at a comparable level as 

younger counterparts. Similarly, although aged mice showed attenuated VEGF and hypoxia 

inducible factor 1-α (HIF-1α) expression in the cerebral cortex after prolonged hypoxia, the 

long-term angiogenic response was unaffected compared to young mice [10]. Furthermore, 

overexpression of VEGF in the mouse brain induced angiogenesis and neurogenesis in 3- and 

12-month-old mice, but not in 24-month-old mice [32]. These studies highlight that aging can 

dampen angiogenesis and vascular remodelling, but how this affects long term functional 

recovery and overall brain plasticity after stroke warrants further investigation.  

VEGF-monotherapy in particular has gained much attention as a therapeutic avenue 

in stroke. The infusion of VEGF into brain tissue has proven to enhance angiogenesis, reduce 

infarct size and improve neurological performance after cerebral ischemia damage in rodents 

[79,96]. However, it appears the timing of VEGF treatment after stroke is equally important 

to ensure a beneficial effect. One study showed that while late (48 hours) administration of 

VEGF to ischemic brains improved neurological recovery, early post-ischemic (1 hour) 

administration increased blood-brain barrier leakage, haemorrhagic transformation, and 

ischemic lesions in rats [96]. As such, we must further understand the mechanistic roles of 

pro-angiogenic stimuli during defined times post-stroke to ensure an effective therapeutic 

strategy. Care should also be taken when considering the use of VEGF-monotherapies in the 

elderly. For example, it would be difficult to predict the responses of aged patients whom 

often have various underlying conditions that is implicated by the VEGF pathway, including 

cardiovascular diseases, diabetes and hypertension. 

Emerging evidence suggests that re-establishment of the cerebral microvasculature 

after stroke is also dependent on endothelial progenitor cells (EPCs). EPCs are immature 

endothelial cells found in peripheral circulation [4], which have the capacity to differentiate 

into mature endothelial cells for vessel repair and angiogenesis after vascular injury [26]. 

Clinically, circulating EPC levels are reported to either significantly decline [34,91], or 

remain unchanged with age [39,50]. A report from Heiss et al. demonstrated that despite no 
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change in numbers, EPCs isolated from healthy aged individuals (61 years old) show reduced 

proliferative ability and VEGF-induced migration when compared to EPCs from younger 

subjects (20 years old) [39]. Furthermore, bone-marrow derived EPCs from aged mice have 

reduced capacity to initiate angiogenic repair in models of cardiac injury [27] and 

atherosclerosis [68]. An elegant study by Fan et al. demonstrated that transplanted human 

EPCs migrated to the ischemic brain region of post-stroke mice within 24 hours via a 

stromal-derived factor (SDF)-1/CXCR4 mediated pathway [28]. Consequently, post-stroke 

mice that received EPC therapy showed reduced cortex atrophy, improved neurobehavioral 

outcomes and increased angiogenesis around ischemic boundaries [28]. Taking these findings 

into consideration, it is reasonable to speculate that aged EPCs are less effective at forming 

functional cerebral vessels after stroke, thereby attenuating blood flow and recovery after 

stroke.  

The blood-brain barrier (BBB) is a major component of the neurovascular unit. It is 

mainly composed of endothelial cells closely bound together by tight junctions, including 

occludin, claudin, and junctional adhesion molecules (JAMs). Endothelial cells are further 

supported by astrocyte end-feet and pericytes. Together, this dynamic network of cells and 

junction proteins regulate the selective diffusion of molecules between the intravascular 

lumen/space and extravascular parenchyma to maintain homeostasis within the brain. 

Disruption of this barrier system has been implicated in numerous comprehensive stroke 

studies in patients and rodent models [9,21,33,45,93]. However, the underlying mechanisms 

whereby age affects BBB function after stroke is currently unknown. Although limited, 

studies do indicate that age exacerbates BBB permeability and worsens stroke outcomes 

[24,46]. For instance, aged animals (18 months) demonstrated elevated BBB permeability by 

almost 2-fold in the infarct brain hemisphere as compared to younger animals (3 months) at 

20 minutes and up to 24 hours post-stroke [24]. Neurological damage in these aged rats post-

stroke was also worse compared to the young cohorts at 24 hours, with the aged rats suffering 

larger infarct size, worse functional impairment and prolonged recovery time [24]. Enhanced 

BBB permeability with age may be due to changes in the phosphorylation status of tight 

junction proteins, including claudin 5 and occludin after stroke onset [46]. A recent study 

speculated on the use of insulin-like growth factor 1 (IGF-1) treatment in the aging brain to 

improve stroke outcome [5]. IGF-1 is considered neuroprotective, and middle-aged (9-11 

month old) mice showed improved blood brain barrier integrity and reduced infarct volume 

after IGF-1 treatment [5]. Overall, while age appears to be an important factor in BBB 

dysregulation in stroke, it is often neglected in animal studies of ischemic stroke and hence 
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requires much more extensive investigation. In addition to the devastating consequences of 

stroke following acute disruption of blood flow to the brain, there is a growing body of 

evidence from epidemiological, neuroimaging and clinical studies to indicate chronic 

hypoperfusion is linked to risk factors of Alzheimer’s disease [22]. 

 

Alzheimer’s disease  

 

Alzheimer’s disease (AD) is the most common form of dementia in the elderly, 

clinically characterised by the progressive decline in memory and cognitive function. A key 

pathological feature of AD is the abnormal deposition of amyloid β-peptide (Aβ) that forms 

plaques in the brain parenchyma and cerebral blood vessels, as well as presence of 

neurofibrillary tangles. Aβ deposition has been shown to initiate a cascade of events that 

culminates in neuronal loss, synaptic dysfunction and eventual cognitive decline [36].  

Despite intense research efforts in the last decade, there is currently no cure for this complex 

disease, and the available pharmacological treatments only offer symptomatic relief by 

regulating neurotransmitter imbalance [94]. Interestingly, accumulating evidence suggests 

that vascular dysfunction may contribute to the development of AD - a factor currently not 

considered during diagnosis.  

Early indications of vascular involvement in AD comes from large epidemiological 

studies [41,42,62,63,86]. The Rotterdam study, a prominent prospective population-based 

study that included over 7,000 participants over the age of 55, is one such early example. It 

was concluded from many years of patient follow-up that risk factors for vascular disease are 

strongly associated with AD in the elderly, including diabetes mellitus, atherosclerosis and 

atrial fibrillation [12,41,62,63]. Similar to these observations, a more recent study of 430 

individuals aged >60 reported that age was a predictor for poor vascular health, and those 

with existing cardiovascular conditions had significantly greater AD neurodegeneration [86]. 

Furthermore, another recent study analysed over 7,700 multimodality brain images, in 

conjunction with plasma and cerebrospinal fluid biomarkers from 1,171 healthy and AD 

individuals, to understand the temporal order of disease progression [42]. The data-driven 

study concluded that intra-brain vascular dysregulation is the earliest and strongest pathologic 

factor associated with late-onset AD. This was followed in order by Aβ deposition, glucose 

metabolism dysregulation, functional impairment, and grey matter atrophy [42]. 

The importance of vascular changes in the pathogenesis of AD was shown more 

conclusively in an eloquent experimental animal study by Meyer et al. [57]. Using APP23 
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transgenic (tg) mice, which display typical pathological hallmarks of AD, they found an age-

dependent disruption of the brain microvasculature integrity with vascular corrosion casting 

techniques [57]. Specifically, vessels from aged tg mice (18-months) were often found to be 

truncated, constricted, and missing in areas of amyloid plaques. Using the same animal model, 

they previously showed these changes were associated with reduced cerebral blood flow [7]. 

Importantly, morphological and architectural alterations of the vasculature preceded 

deposition of amyloid plaques, supporting the idea that aged cerebral vasculature contributes 

to disease pathogenesis and progression [57]. One may speculate from these findings that AD 

is in fact an inevitable part of normal or ‘unhealthy’ vascular aging. Indeed, it is hard to 

ignore the many overlaps of vascular degenerative processes that occur in both the aged brain 

and in AD: capillary loss, reduced cerebral blood flow, BBB dysfunction, and lower glucose 

metabolism [14]. While more conclusive studies are required, it is clear from current studies 

there is a strong synergy between vascular aging and AD.   

 

Outlook 

From the clinical and experimental evidence reviewed here, it is fair to conclude that 

the process of aging elicits significant structural and functional impairments in vascular 

networks. It is important to remember that many age-related pathologies share similar risk 

factors and spectrum of underlying vascular dysfunction. For example, chronic hypertension 

is a major cause of atherosclerosis, which can lead to heart attacks and stroke. More recently, 

evidence suggests hypertension is a risk factor for cognitive decline, and can also act 

synergistically with vascular disease such as atherosclerosis to promote AD progression [60]. 

Together with proven inflammatory imbalance and elevated cell senescence with age, it is 

somewhat unsurprising that vascular-related pathologies arise more readily in elderly 

individuals. This raises the possibility that pharmacological approaches aimed at 

targeting/reversing age-associated impairments in vascular and immunological functions may 

delay the onset of disease in the elderly. Indeed, some studies have focused on the potential 

beneficial effects of anti-oxidant and anti-inflammatory therapies with promising results.  

The results of the recent Canakinumab Anti-inflammatory Thrombosis Outcome 

Study (CANTOS) is one such example (NCT01327846) [71]. This randomised, double-blind 

trial showed that anti-inflammatory therapy targeting the IL-1β innate immunity pathway 

with Canakinmab led to significantly lower rate of secondary cardiovascular events than 

placebo in patients with a history of myocardial infarction and persistent pro-inflammatory 

response, as defined by high-sensitivity C-reactive protein (median age 61) [71]. Similarly, 
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the JUPITER (Justification for the Use of Statins in Prevention: an Intervention Trial 

Evaluating Rosuvastatin) trial (NCT00239681) showed that healthy individuals above 50 

years of age with high levels of basal inflammation, as indicated by high C-reactive protein 

levels, had significantly reduced occurrence of symptomatic venous thromboembolism after 

treatment with statin therapy (rosuvastatin) [35]. Statins are known to markedly lower LDL-

cholesterol as well as reducing inflammation. Further, the JUPITER trial indicated that 

patient with the highest levels of persistent pro-inflammatory response showed the greatest 

absolute risk reduction of major vascular events. The Cardiovascular Inflammation Reduction 

Trial (CIRT; NCT02576067) is still currently ongoing to evaluate whether anti-inflammatory 

methotrexate (LDM) at low-doses can reduce rates of myocardial infarction, stroke, and 

cardiovascular death. If successful, this trial will open new directions for cardiovascular 

treatment. Besides drug based treatments, it is perhaps equally important to place more social 

focus on encouraging our aging population to maintain lifestyle changes and preventative 

measures that may attenuate the negative consequences of aging and preserve vascular 

integrity. For example, incorporation of a healthy diet and regular exercise have been well 

accepted to reduce risk of cardiovascular disease.  

Although significant attention and efforts have been devoted into deciphering the 

effect of aging on many biological processes in recent years, there are still many caveats in 

the emerging field of aging research. Firstly, current experimental models of disease cannot 

recapitulate the spectrum of co-morbidities and vascular injury that often present in elderly 

patients. For example, the occlusion of the middle cerebral artery is the most frequently used 

model in stroke research. This model involves the transient or permeant insertion of a 

monofilament to induce a direct mechanical occlusion of blood flow to the brain and cause 

ischaemic injury. A disadvantage of such model is that co-morbidities that are known to 

contribute significantly to stroke with age, such as arterial hypertension, diabetes and 

atherosclerosis are not considered. In addition to this limitation, many preclinical studies 

examining age-related illnesses do not use aged animal models due to various logistical 

challenges. One of this being the resource, time and costs required to age experimental 

animals. According to the Jackson Laboratory, the biological measures of a mature adult 

mice of 3-6 months old equates to humans at 20-30 years old, while mice ranging from 18-24 

months of age correlate with humans ranging from 56-69 years of age [51].  By omitting the 

age factor, this means that critical molecular and biological changes associated with aging are 

not considered, which could alter the efficacy of therapeutics being tested.  
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For some areas of neurodegenerative disorders such as Alzheimer’s disease, 

preclinical models rely on using genetic mutations instead of naïve aged animals to initiate 

similar brain pathologies. Unfortunately, most of these existing transgenic models do not 

recapitulate the entire spectrum of lesions and cognitive decline observed in human. 

Additionally, transgenic mouse models are based on the expression of mutant genes 

implicated in causing pathology in a small subset of patients, and separating gene effects 

from those initiated by age remains difficult. A similar case exists with existing experimental 

models of atherosclerosis whereby studies employ the use Apolipoprotein E (ApoE) knockout 

or LDLR deficient mice. Development of pathology in these models do not rely on age and 

avoid the toxicity of long-term high fat diets. Nevertheless, these transgenic models have 

improved our understanding of disease pathogenesis, and will no doubt play a crucial role in 

the quest for novel therapeutic approaches. 
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Figure Legend 

Figure 1. Key age-associated changes that contribute to the progression of atherosclerosis, 

stroke and Alzheimer’s disease (Stock images sourced from Servier Medical Art; Creative 

Commons Attribution 4.0 International License). 
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