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1. ABSTRACT

There is growing evidence of epidemiological, 
genetic, molecular and clinical links between Alzheimer’s 
disease (AD) and age-related macular degeneration 
(AMD). Major interest in the relationship between AD 
and AMD has derived from the evidence that beta-
amyloid, the main component of senile plaques, the 
hallmark of AD, is also an important component of 
drusen, the hallmark of AMD. This finding has a great 
potential in the present era of anti-amyloid agents for 
the treatment of AD. The connection between AD and 
AMD is also supported by the evidence that the two 
diseases share other pathophysiological factors, such 
as oxidative stress and neuroinflammation. Accordingly, 
a few clinical trials have evaluated the efficacy of 
antioxidants on visual and cognitive performance in 
patients presenting both disorders. In this review, we 
summarize the pathophysiological and clinical evidence 
of the relationship between these two age-related 
disorders. Considering the increasing prevalence of both 
conditions along with the aging of the population, further 
investigations of this important issue are highly needed.

2. INTRODUCTION

Recently, many efforts have been done to 
investigate the possible link between two common age-
related disorders, i.e. Alzheimer’s disease (AD) and age 
related macular degeneration (AMD), the leading cause 
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of blindness in the elderly population (1). AD is the most 
common neurodegenerative dementia, representing over 
50 percent of all causes of dementia (2).

Beta-amyloid (A beta), the main component of 
amyloid plaques in Alzheimer’s disease, is also located 
in drusen, that are the hallmarks of AMD, for review 
see (3,4). Drusen deposits are focal deposition of acellular 
debris between the retinal pigment epithelium (RPE) and 
Bruch’s membrane. They are common findings already at 
the early stages of the disease (5).

These two diseases share many pathogenic 
mechanisms, such as neuroinflammation and oxidative 
stress, for review see (6), and several risk factors such 
as age, obesity, atherosclerosis and hypertension (7), 
for review see (3). Hence, the similarity between these 
two degenerative diseases is sufficiently evident to allow 
some authors to speculate that AMD could be “Alzheimer 
disease in the eye” (8).

3. ABOUT AMD

Based on the histopathological aspects and the 
clinical progression, AMD was categorized in different 
subtypes by the Age-Related Eye Disease Study 
(AREDS) severity scale grading system (9). According 
to this classification, early AMD is characterized by few 
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small (smaller than 63 um) along with numerous medium-
size drusen (greater than 63 but smaller or equivalent to 
125 um) see in Figure 1 a normal eye and in Figure 2 an 
eye affected by early AMD. It can progress in severity 
(see Figure 3) to one of the two advanced forms of AMD: 
dry (i.e.  non neovascular) AMD characterized by the 
presence of drusen and atrophy of the RPE and choroid 

(see Figure 4); or wet AMD (neovascular) (1,10), defined 
by newly formed vessel (choroidal neovascular membrane 
(CNV)) and RPE detachment (see Figure  5) (10). Wet 
AMD is thought to exist in two subtypes, Classical 
Choroidal Neovascularization (CNV) and Polypoidal 
Choroid Vasculopathy (PCV), although many authors 
consider PCV as a distinct clinical entity (10,11).

Figure 1. Normal eye imaging. Horizontal SD-OCT scan (A, right) with the plane of the section demonstrated in green in a OCT fundus image (A, left). 
MultiColor™ – Scanning Laser Imaging (B). FAG imaging (C).

Figure  2. Early AMD. Horizontal SD-OCT scan (A, right) with the plane of the section demonstrated in green in a OCT fundus image (A, left). 
MultiColor™ – Scanning Laser Imaging (B). FAG imaging (C).
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Figure 3. Intermediate AMD. Vertical SD-OCT scan (A, right) with the plane of the section demonstrated in green in a OCT fundus image (A, left). 
MultiColor™ – Scanning Laser Imaging (B). FAG imaging (C).

Figure 4. Advanced AMD: dry form. Vertical SD-OCT scan (A, right) with the plane of the section demonstrated in green in a OCT fundus image (A, left). 
MultiColor™ – Scanning Laser Imaging (B). FAG imaging (C).
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4. EPIDEMIOLOGICAL ASPECTS OF AD AND 
AMD

AD is the most prevalent cause of dementia and 
could account up to 70 percent of cases of dementia (12). 
The burden of this disease on worldwide healthcare 
can be easily understood by looking at its general 
prevalence, which is estimated to count 46 millions of 
cases worldwide (12), with the number of AD patients 
expected to triple in 2050  (13), reaching 131 million of 
cases (14). Moreover, it is possible to speculate that the 
real prevalence could be higher due to the underdiagnosis 
of AD, especially among the oldest old (15,16). To this 
regard, there is evidence of a possible overlap between 
cerebrovascular dementia and AD dementia pathology, 
thus cases previously classified as vascular dementia 
could have been joined today in the AD category (17). 
Anyway, it’s worth to mention that a definition of AD can 
differ when using clinical criteria of dementia not otherwise 
explained, imaging methods or biomarkers essay, leading 
thus to different estimation of AD prevalence (18). The 
prevalence of AD is differing among countries and shows 
to be higher in western countries as US and Western 
Europe. In these countries, there is evidence of a cohort 

effect with later-born individuals showing a lower risk 
than the ones born in the last century (12).

AMD, likewise, has been reported to be the 
leading cause of blindness and severely impaired vision 
(visual acuity < 6/18) in non-Hispanic white people by 
several studies (19-23). The pooled prevalence (any 
form and stage of AMD) of AMD worldwide was found 
to be around 9 percent, with a higher prevalence in 
Europeans (12 percent) than Asians (7.4. percent) or 
Africans (7.5. percent), in a systematic review of previous 
works (24). The number of people affected is expected 
to increase in all population groups in the next decades, 
with overall 196 million of people with the disease in 
2020 and 280 million in 2040 (24). Although the pooled 
prevalence of any type of AMD has proven to be high, a 
great part of this percentage is attributable to early and 
intermediate AMD (8.0.1. percent). A  recent systematic 
review has reported that prevalence of advanced AMD is 
definitely lower (0.3.7. percent) (24). It should be noted 
that the majority of epidemiological studies on AMD has 
excluded early AMD (23,25) which covers 85-90 percent 
of the cases. For a better understanding, the current 
classification of AMD subtypes and severity has been 

Figure 5. Advanced AMD: wet form. Horizontal SD-OCT scan (A, right) with the plane of the section demonstrated in green in a OCT fundus image 
(A, left). MultiColor™ – Scanning Laser Imaging (B). FAG imaging. (C). ICG angiography: early (D), intermediated (E) and late (F) scans.
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summarized in Table 1. In the context of exudative AMD, 
a different prevalence between Europeans and Asians 
of two different patterns of neovascularization  -  CNV 
and PCV - has been observed. Population studies have 
shown the latter to be more prevalent in Asian populations 
while the former in the western populations (26).

4.1. Risk factors, protective agents and 
associated conditions

Risk factors, protective agents and associated 
conditions of AD and AMD are reported respectively in 
Tables 2, 3 and 4.

Age is the strongest risk factor for AD. The 
incidence of AD increases yearly by 0.5. percent in the age 
group 65-70, and by 6-8 percent in subjects aged 85 or 
older (27). AMD as well was found to be a condition strongly 
related to aging. Two meta-analyses have investigated the 
epidemiology of AMD, gathering data respectively from 
39 (24) and 30 studies (28). The first one found early AMD 
prevalence increasing with age (24) while the second one 
has detected an odds ratio (OR) for late AMD increasing 
4.2 points (3.8.6. – 4.6.3.) every decade (28). In Wong’s 
meta-analysis, there were no consistent differences 
between sexes in terms of AMD prevalence (24). When 
we look at AD global prevalence, it is well documented that 
it is more frequent among women than among men (with 
over 60 percent of persons with AD being female) (29), but 
this has been generally attributed to the women’s greater 
life expectancy. Thus, after adjusting for age, AD presents 
a similar scenario to the AMD’s one (18,29).

Genetics has demonstrated to play a main 
role in the development of AD and AMD, with a 
heritable component ranging between 45 percent and 
70  percent (30,31) for AMD and even more for AD 
(about 60–80 percent) (12). Rare mutations in three 
genes have been firmly implicated in familiar early-onset 
disease:  APP,  PSEN1, and PSEN2  (27). These genes 
show high penetrance (greater than 85 percent) and 
are inherited in an autosomal dominant fashion (12). 
APOE is the strongest common genetic variant for late-
onset AD. Among its known polymorphisms, epsilon-3 is 
considered a neutral allele, epsilon-4 the high-risk allele, 
and epsilon-2 a protective allele. The epsilon-4 allele 
influences age at onset in a dose-dependent manner. 
APOE gene has been also linked by a set of studies with 
AMD. Surprisingly, epsilon-2 and epsilon-4 alleles are, 
in contrast to AD, respectively risk and protective factor 

Table 1. Classification of AMD subtypes
Condition Drusen size Neoangiogenesis Epithelial degeneration References

Early AMD Medium drusen ( larger than 63 but 
equivalent to or smaller than 125 um)

Absent Absent any pigmentary 
abnormality

(10,97)

Intermediate AMD Large drusen (larger than 125 um) Absent Pigmentary abnormalities alone 
or associated with large drusen

(10,97)

Advanced AMD Whichever Defined by the presence of Geographic atrophy or any form of 
neoangiogenesis

(97)

Dry AMD Absent Geographic atrophy (97)

Wet AMD Present RPE detachment (10,97)

Classical CNV Choroidal neovascularization usually 
located between the neurosensory 
retina and the RPE

RPE detachment (10)

PCV
(Considered by 
many authors as a 
distinct entity)

Branching vascular network with 
polypoidal lesions under the retinal 
pigment

Serous or hemorrhagic 
detachments of the RPE

(98,99)

Table 2. Overview of risk factors for AMD and AD
Risk factors AD AMD References

Aging + + + + ++ (27) (24,28)

Genetic

	 CST3 + +1 + +1 (33,40) (40)

	 TNF + + (33)

	 APOE epsilon‑4 ++ ‑‑‑ (33) (100)

	 APOE epsilon‑2 ‑‑‑  ++ (32,33) (101)

	� CFH and ARMS/
HTRA1

+ +++ (36) (31,34,35,37)

Smoking ? +++ (9,35,42–44)

High BMI + + (12) (102) (103)

Diabetes mellitus ++ + (49) (51)

Blood pressure ++ + (12) (102) (104) (25)

Hyperlipemia ++ ? (105) (106)

Diet rich in saturated lipids + + (12) (107) (25,88)

Low vitamin D serum levels + + (108) (109)
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for AMD (32). However, other studies failed to confirm 
this association (33). The most important genetic risk 
factors for AMD are CFH (encoding for a complement 
inhibitor factor) and ARMS2/HTRA1 (encoding for a 
serine protease) with an OR for AMD greater than 3 in the 
homozygote carriers (33-35). In Woo’s study, ARMS2/
HTRA1 mutation was found to be associated with the 
exudative (wet) pattern of AMD and with their subtypes, 
typical CNV and PCV. The same study has confirmed 
also the association of CFH with exudative AMD but has 
not identified any correlation with its subtypes (35). One 
study has also found a possible association between a 
polymorphism of CFH, strongly associated with AMD, 
and AD; this gene could act interacting with APOE-
epsilon-4  (36). Several genetic risk scores (GRS) have 
been perfected to predict the likelihood of developing 
AMD in subjects with selected genetic alterations; in 
2016, a review was performed in order to assess their 
accuracy (31). According to this analysis, the most 
accurate GRS resulted to be the one developed by 
Seddon (37), which included in addition to CFH and 
ARMS2/HTRA1 also C3, C2, and CFB genes. This model 
has failed to show any influence for AD risk prediction (38). 
Moreover, variants in SORL1, which encodes a protein 
involved in trafficking of APP, are associated with late-
onset AD (39). In 2014, a study has been conducted to 
directly investigate the genetic similarities between AMD 
and AD, based on the hypothesis of a common genetic 
background: ABCA7, HGS and PILRA/ZCW1P1 were 
identified as associated with both pathologies. Moreover, 
pathways analysis have shown clathrin-mediated 
endocytosis (CME) signaling, LXR/RXR activation and 
atherosclerosis signaling pathways to be linked with both 
AD and AMD (33). The results of this pathways analysis 
suggested a possible involvement of TNF gene (33). One 

year later, CST3, previously confirmed by meta-analysis 
to be associated with AD, has been found to be associated 
also with exudative AMD (40). Finally, a study by Hoffman 
and colleagues tried to search for a possible correlation 
with AMD progression, defined by using drusen number 
and total area, and a set of selected genetic loci, but they 
failed to find any significant correlation (41).

Besides genetics, also environmental factors are 
probably implicated in the pathogenesis of both diseases. 
In particular, smoking for AMD has consistently been 
identified as a risk factor by several studies (9,35,42-44). 
The risk in current smokers has shown to be increased 
three times and smoking cessation revealed a protective 
effect (43). Smoking and an elevated BMI are also 
risk factors associated with the progression of early 
or intermediate AMD to advanced AMD (9,44), while 
their role is controversial in AD. Nonsteroidal anti-
inflammatory drugs (NSAIDs) usage can act as a 
protective factor for AD (45). On the other hand, there 
is emerging, but not definite, evidence that also the 
use of antacids and anti-inflammatory medications 
could play a role in the transition between early AMD 
and advanced disease (9,44,46). In the AD field, also, 
the association between statins and antihypertensive 
medications use and reduction of dementia risk is strong 
according to a recent meta-analysis (45). With respect 
to AMD, even if hypertension is probably an important 
risk factor for this disease, until now there is no evidence 
that antihypertensive medications could have a positive 
impact on clinical outcome (47). As well, the association 
between cholesterol levels, statin use or alterations in the 
lipids pathway was found to be inconsistent in AMD (48). 
Arvanitakis, in 2004, found a strong association between 
AD risk and type  II diabetes mellitus (DM) (49). Other 
studies have then claimed a substantial two-fold increased 
prevalence of AD in patients with type II DM, attributable 
to the amyloidogenic effect of advanced glycation end 
products and insulin resistance (27). Nevertheless, a 
recent study group which included Arvanitakis himself 
has found that type II DM would actually only be linked 
with an increased risk for cerebrovascular accidents and 
not with an increased risk for AD neuropathology (50). 
Furthermore, a meta-analysis, has been performed about 
the correlation between AMD and diabetes mellitus (51). 
This study showed that in 7 cohort studies, diabetes was 
shown to be a risk factor for AMD (OR, 1.0.5.; 95 percent 
CI, 1.0.0.-1.1.4.). Results of 9 cross-sectional studies 
revealed consistent association of diabetes with AMD 
(OR, 1.2.1.; 95 percent CI, 1.0.0.-1.4.5.), especially for 
late AMD (OR, 1.4.8.; 95 percent CI, 1.4.4.-1.5.1.). Similar 
association was also detected for AMD (OR, 1.2.9.; 95 
percent CI, 1.1.3.-1.4.9.) and late AMD (OR, 1.1.6.; 95 
percent CI, 1.1.1.-1.2.1.) in 11  case-control studies. 
However, the authors concluded affirming that the data 
are not sufficient to state definitely a clear association 
between these two diseases. Stroke risk has been found 
to be associated with AMD in a court of patients from 

Table 3. Overview of protective factors for AMD 
and AD

Protective factors AD AMD References

Vitamin A, C, E, carotenoids ++ + + (45) (12) (102) (25) (110)

Intake of folates ++ ? (45)

Estrogen Exposition + ? (45)

Homocysteine, Folate, B12 ++ + (45) (102)

APOE epsilon‑2 ++ ‑‑ (33)

APOE epsilon‑4 ‑‑ ++ (33) (101) 

Table 4. Overview of AMD and AD associated 
conditions

Associated condition AD AMD References

Stroke ++ ++ (111) (52)

Obstructive sleep apnea ? + (55)

Thyroid dysfunction + + (112) (113)
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the Atherosclerosis Risk in Communities Study (ARIC). 
Multi-variable adjusted hazard ratio (HR) resulted to be 
1.5.1., with a greater risk for intracerebral hemorrhage 
(HR: 2.6.4.) than for cerebral infarction (HR: 1.4.2.) (52). 
However, an association between AMD and Coronary 
atherosclerotic heart disease (CHD) or Classical 
cardiovascular disease (CVD), in people without known 
risk factors of CVD, has failed to be found (53). Moreover, 
a novel study performed a meta-regression analysis 
seeking for an association with incident stroke but no 
association has been found (54). A recent record linkage 
study has shown a possible association with obstructive 
sleep apnea, by recording a RR of 1.4.4. (1.3.2. to 
1.5.7.) of AMD following sleep apnea (55). Concerning 
the link between atherosclerotic pathology and AD, only 
intracranial atherosclerosis increases substantially the 
risk of dementia (56).

4.2. Studies assessing the direct association 
between AD and AMD

Recently, several studies were performed in 
order to better investigate the direct association between 
AD and AMD (see Table 5). For instance, a population 
based cohort study conducted in 2015 by Tsai and 
collegues found AD to be associated significantly with 
only non-exudative AMD. The authors reported that, 

since the database they used was not providing a 
distinction between PCV and CNV in AMD patients, the 
lack of significance found in exudative AMD could be due 
to the protective effect that PCV could have in developing 
AD, with respect to CNV (57). The absence of a direct 
association between these two disorders was also 
documented by Williams and colleagues (58). Another 
study by Keenan and collaborators based on a cohort of 
65,894 people with AMD recruited from English National 
Health Service and on a dementia cohort (168,092 
people) and a reference cohort (more than 7.7. million 
people) constructed in similar ways, has investigated 
the risk of AD or dementia following AMD and risk to be 
admitted for AMD following AD or dementia. This study 
showed that the risk of AD or dementia following AMD was 
not elevated. The rate ratio was 0.8.6. (95 percent 
CI, 0.6.7.-1.0.8.) for  AD  and 0.9.1. (0.7.9.-1.0.4.) 
for dementia. The likelihood of being admitted 
for AMD following AD or dementia was very low: the rate 
ratio was 0.0.4. (0.0.1.-0.1.0.) for people with  AD  and 
0.0.7. (0.0.4.-0.1.1.) for those with dementia with respect 
to the reference cohort. The explanation of these results 
could be that subjects with dementia may be less likely 
to attend regular optometrist appointments, less likely to 
notice or report relevant visual symptoms, and, above all, 
less likely to receive anti-VEGF treatments for exudative 
AMD, as demonstrated by Curtis and colleagues (59).

The conclusion was that, even if AMD and AD 
probably share some risk factors and pathophysiological 
mechanisms, these diseases were not directly associated. 
However, it could be also due to the possibility that 
patients with dementia were less likely to receive AMD 
investigation and treatment (60).

5. COMMON PATHOPHYSIOLOGICAL 
FACTORS

AD is histopathologically characterized by 
beta-amyloid-containing extracellular senile plaques 
and hyper-phosphorylated tau-containing intracellular 
neurofibrillary tangles (NFTs) (61). Both of them are 
found in the hippocampus and brain cortex (62). The 
amyloid deposits have been detected also in the inner 
layers of the retina of AD patients (63). However, retinal 
amyloid deposits in AD show a different deposition 
pattern as compared to the classical/neuritic plaques 
found in the AD patients’ brain, possessing a central core 
with apparently non-radiating fibrils (63).

Amyloid plaques are primarily composed of 
beta-amyloid protein but different compounds co-localize 
with it in the brain. We listed the most significant proteins 
in Table 6. Next to proteins, metal ions including Fe, Zn, 
Cu, Cr, Ni, Mn, Pb, Si and Al have been found, together 
with proteoglycans (including heparan, chondroitin, 
keratin and dermatan sulphate proteoglycans) and 
immunoglobulins (64).

Table 5. Results of selected studies investigating 
the direct correlation between Alzheimer’s disease 
and AMD

Study and results References

Prevalence of Alzheimer’s disease in AMD patients
Design: Population‑Based cohort study – Sample size: 
4,993
HR:
1.4.4, P<0.0.001	 in any AMD type
1.3.5, P=0.1.61	 in exudative AMD
1.4.4, P<0.0.001	 in non‑exudative AMD

(57)

Prevalence of Alzheimer’s disease in Advanced AMD 
patients
Design: Population‑Based prospective study –
Sample size: 6,209
OR: 1.5., P=0.3.7

(8)

AD following AMD: Record linkage study of hospital 
admissions
Design: Record‑Linkage study
OR: 0.8.6
Sample size: 65,894
Estimated P value: 0.2.2

(60)

AMD following AD: Record linkage study of hospital 
admissions
Design: Record‑Linkage study
OR: 0.0.4
Sample size: 65,894 (AMD) and 168,092 (dementia)
Estimated P value: <0.0.001

(60)
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Drusen, the hallmark of AMD, are instead 
amorphic extracellular deposits containing lipids and 
proteins along with an increasing list of macromolecules. 
They lie between the RPE and Bruch’s membrane. Drusen 
can be classified as hard and soft drusen. Hard drusen 
are focal thickening of the basement membrane of RPE 
while soft drusen are thickenings limited to the separation 
of the basement membrane from Bruch’s membrane at 
the inner collagenous zone. Pseudodrusen, instead, are 
deposits located above the basement membrane of RPE 
and their presence could be a sign of progression to more 
advanced stages of AMD (65). A study performed on 36 eye 
samples found the lipid component to account for around 
40 percent of the drusen volume and for the majority of 

their weight. Proteins are thought to account for most of 
the volume in drusen (66). Most of the lipids component 
of drusen was constituted by esterified cholesterol and 
phosphatidylcholine. Lipid-containing particles were the 
elements accounting for up to 40 percent of the drusen 
volume (66). A more recent study found 7-ketocholesterol 
as a component related to aging and highly represented 
in drusen (67). This finding is consistent with a model 
which tries to explain the question of the source of lipids 
found in retinal depositions by proposing a mechanism 
in which oxidation products of cholesterol, oxysterols 
(as 7-ketocholesterol), could gain access to the eye. 
Another oxysterol, 27-hydroxycholesterol, is significantly 
present in drusen and its presence has been correlated 

Table 6. Comparison of protein content found in drusen and senile plaques
Group Proteins found in drusen Proteins found in senile plaques References

Complement C1q
C3, C3d, iC3b
C5
C8
C9
CFH
CFB
Complement Receptor 1
C4
C5
C6
MAC

C1q
C2
C3, C3d, iC3b
C9
C7
MAC
CFH
CFI
CFB

(62,66, 69)

Immune system HLA‑DRA
Scavenger receptor class B
Immunoglobulin lambda chains

HLA‑DRA (62,66, 69)

Amyloid SAP
SAA1
Amyloid Beta
Transthyretin

Transthyretin
Amyloid Beta
SAP
SAA1

(62,66, 69)

Lipid transport ApoE
ApoB

ApoE
ApoB

(62,66, 69)

Inflammatory Vitronectin
Clusterin
TIMP3
CRP

CRP
Clusterin
Vitronectin

(62,66, 69)

Other Serum Albumin
Tau
MCP
ATP synthase
Enolase
Alfa‑1‑antichimotrypsin
Alfa‑1‑antitrypsin
Retinal dehydrogenase 5
Ubiquitin
A2E
AGE
Alfa‑2‑macroglobulin
Acetylcholinesterase

Alfa‑1‑antichimotrypsin
Alfa‑1‑antitrypsin
ATP synthase
Enolase
Retinal dehydrogenase 5
Ubiquitin
AGE
A2E
CLAC
Tau
Alfa‑2 macroglobulin
Serum Albumin

(62,66, 69)
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with beta-amyloid deposition (68). In drusen, the 
presence of elements as Zn2+, Fe3+, Cu2+ has been 
identified (62) and several studies have found lipofuscin 
to occur in these lesions, suggesting an important role 
in the pathogenesis (69). Drusen are more typical of dry 
AMD, especially at the early and intermediate stages, 
when GA is not yet present. A  small number of hard 
drusen, provided they are smaller than a threshold size 
(less than 63-um diameter), is considered as a normal 
sign of aging. Interestingly, drusen volume, analyzed 
with modern SD-OCT is a biomarker useful to evaluate 
intermediate AMD progression and the likelihood to 
develop advanced AMD (70,71). However, in AMD and 
other types of macular degeneration, the role of these 
deposits is controversial and it is unclear whether they 
are causing the RPE dysfunction or are a consequence 
of the impairment of the RPE function. The hypothesis of 
an impairment of the nutrients transport across Bruch’s 
membrane by drusen is strengthened by a recent 
finding which identified aquaporin proteins (AQP1) to be 
upregulated only in the RPE above drusen. The authors 
of the study proposed this as a compensatory mechanism 
to increase the fluid transport impaired by the presence 
of drusen (72).

Likewise, today, the correct interpretation of 
amyloid plaques and NFTs in AD is not completely clear 
(for review see (73)). It was shown, for example, that 
toxicity of A beta was linked to fibril formation (74). The 
A beta in vitro toxicity was linked to several mechanisms, 
including induction of apoptosis (75), promotion of 
inflammatory mediators (76), and oxidative stress (77). 
Phosphorylated tau also exerts its in vitro toxicity by similar 
properties (78). On the other hand, it has been speculated 
that the two AD hallmarks are the visible non-toxic 
epiphenomenon of the real pathophysiological process 
that is, incidentally, invisible and impossible to verify by 
direct observation (e.g.  synaptic damage mediated by 
soluble toxic intermediates). This process is probably due 
to oxidative stress (79) and neuroinflammation (80).

5.1. Role of beta-amyloid
The amyloids plaques and drusen share 

common molecular constituents, like beta-amyloid, 
vitronectin, apolipoprotein E complement components 
and inflammatory mediators (81); for review see (3). In 
both AD and AMD pathology, the presence of amyloid 
precursors and amyloid proteins, as well as tau proteins, 
has been surmised and, to a certain extent, confirmed for 
decades (82,83). These finding gave rise to the suspicion 
that AMD pathogenesis could share some features with 
Alzheimer’s disease. In the following years, along with the 
attempts to fully characterize the proteomics of drusen 
and sub-RPE deposits, also the characteristics and the 
pattern of deposition of amyloid in such locations ha been 
investigated (62). Dentchev and colleagues identified 
drusen containing beta-amyloid just in AMD patients’ 
eyes and not in normal retinas; moreover, they found 

the number of beta-amyloid positive drusen correlated 
with the stage of the disease and the coexistence of 
geographic atrophy (GA) (84).

Secreted beta-amyloid exists in mainly two 
isoforms: A  beta 1-40 and A beta 1-42 forms, with the 
latter being more prevalent in AD. In AMD it is still unclear 
which of the two isoforms is the most prevalent in drusen, 
but A beta 1-42 reduced levels in plasma have been 
found to be correlated with the severity of AMD (85), 
while physiologically A beta 1-40 is the most prevalent 
isoform in both vitreous and aqueous humour (62). 
Amyloid aggregates according to a peculiar pattern in 
drusen and forms “amyloid vesicles” ranging from 2 to 10 
um of diameter. In these vesicles, non-fibrillar oligomers 
appeared to be the most prevalent component. These 
vesicles appeared to have an interior substructure with 
flocculent material and concentric ring-like elements, 
while mature amyloid fibrils have been found to constitute 
the outer shell of the vesicles. Another pattern of amyloid 
deposition in drusen was represented by “amyloid cores” 
which are thought to be the generating form of the lesions 
and thus did not co-localize with amyloid vesicles. Amyloid 
cores have shown immunoreactivity in the central part of 
drusen and in the region close to the inner collagenous 
layer of Bruch’s membrane (62). Beta-amyloid is known 
to have proinflammatory effects on the retina (65) and the 
same holds true for the brain where it strongly activates 
the microglia (64). It is thought that-beta- amyloid could 
activate the NLRP3 inflammasome and, in histology 
sections of AMD specimens, it co-localizes with sites of 
complement activation (65). Besides this, beta-amyloid 
could be a proangiogenic factor by inhibiting PEDF (65).

5.2. Oxidative stress
As previously discussed, aging is the most 

important risk factor for both AD and AMD.

The fundamental mechanism of aging is oxidative 
stress (86). In the brain, oxidative stress is needed for 
physiological cell functions but when it goes over a 
certain threshold, it begins to be cytotoxic. Nevertheless, 
the brain possesses a counter-acting system able to 
reestablish homeostasis: the dysfunction of this control 
system could contribute to AD pathophysiology. The 
excess of the chronic oxidative stress causes a severe 
neuroinflammation. Lipids mediators, as docosanoids, 
are thought to play an important role in the contrast of 
the neuroinflammation; thus, a sluggish synthesis of 
them could be one of the mechanisms implicated in AD 
pathology (87).

An excess of oxidative stress in the brain can be 
caused by mitochondrial leakage but the most abundant 
source of free radical is thought to derive from the 
microglial over-activation (88). It has been speculated that 
oxidative stress is perhaps the earliest feature of AD and a 
sensitive marker of oxidative stress, heme-oxygenase-1, 
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has been found elevated in postmortem brain tissue of 
individuals with both AD and mild cognitive impairment 
(MCI). Oxidative damage marked by lipid peroxidation, 
nitration, reactive carbonyls, and nucleic acid oxidation 
is increased in vulnerable neurons in AD (8). Likewise, 
morphologic analysis of human donor eyes affected by 
AMD revealed a decrease in the number of mitochondria 
per cross-sectional area as compared to expected age-
related changes. Mitochondrial DNA (mtDNA) is more 
susceptible than nuclear DNA to damage from oxidation 
and blue light. It has been supposed that the impairment 
of the function of mtDNA-encoded subunits of the 
electron transport chain may evoke increased superoxide 
anion production; it causes further mtDNA damage and 
superoxide anion production (8). Interestingly, autophagy 
and lysosomal processes linked to oxidative stress are 
increased in AMD eyes (5) and AD brain (89). Moreover, 
an oxysterol, 27-Hydroxycholesterol, appears to be 
implicated in oxidative damage both in AMD and AD. 
It would act by increasing the generation of reacting 
oxygen species (ROS) and the production of beta-
amyloid (68). In AMD, the RPE affected by chronic 
oxidative stress is known to release complement coated 
exosomes which would bind CFH. This mechanism 
impairs the capacity of CFH to limit the toxic effect of 
malondialdehyde, a by-product of the metabolism of 
membrane lipids exposed to constant light and O2 high 
concentrations (5). Furthermore, the induction of heme-
oxigenase 1 (HO-1) (a protein stimulating the oxidation 
of cholesterol to oxysterols) is suggested to be an early 
event in the pathogenesis of sporadic AD. Interestingly, 
HO-1 levels were also increased in RPE of AMD-affected 
maculas (68).

In conclusion, taken together, increased 
oxidative stress, mitochondrial and lysosomal 
dysfunctions seem to be common pathophysiological 
events in both AMD and AD pathogenesis (8).

5.3. Neuroinflammation
Complement activation is a central mechanism in 

both AMD and AD models of pathology, but while in AD the 
classical pathway is thought to play a major role, in AMD 
the alternative pathway is the most involved (88). It has 
been suggested that amyloid plaques are preferentially 
placed in areas of micro-hemorrhages in which the 
blood brain barrier is most likely compromised: it allows 
an invasion of inflammatory elements (macrophages, 
microglia) into the tissues. In situ hybridization studies on 
AMD models have than shown that invading macrophages 
express C3, so causing further cell damage. This aspect 
could contribute to the progression of the disease (90). 
Moreover, both amyloid-proteins and lipofuscin increase 
in normal eyes and brain as age-related changes (62,65) 
and it is known these molecules can act as stimulators 
of the inflammasome, the complement system and 
autophagy. Aggregated beta-amyloid is an activator of 
the complement system in the brain as well, where it 

also works as an activator of the microglia. This causes 
an increase of oxidative damage as well (88). Microglial 
activation has been found to be present also around drusen 
and in the subretinal space (91). Finally, it is well known 
that aging causes the decrease of hydraulic conductivity 
in Bruch’s membrane and changes in lipid content in the 
retina (65). Parallel to age, chronic oxidative stress can 
induce RPE senescence, as when it is exposed to most 
of risk factors for AMD. These phenomena together are 
probably the cause and the consequence of beta-amyloid 
production. In this way, an irreversible positive-feedback 
mechanism of proinflammatory cytokines and proteases 
secretion takes place. This process could be the drive of 
progression of the disease (92).

6. CLINICAL TRIALS

Given the supposed link between AD and AMD, 
both at biomolecular and epidemiological level, some 
trials have been performed to test drugs able to contrast 
simultaneously the core symptoms of these two disorders. 
In particular, in two double-blind randomized trials, the 
possible effects on cognitive and visual functions of oral 
supplementation with antioxidant nutrients were studied 
in both patients with AD and AMD. In the first one, (the 
Age-Related Eye Disease Study 2 (AREDS2)), retinal 
specialists in 82 US academic and community medical 
centers enrolled old AMD subjects from October 2006 
to December 2012  (93). In addition to annual eye 
examinations, several cognitive tests were administered 
via telephone at baseline and every 2 years during the 
5-year follow-up. Some antioxidant nutrients, such as 
long-chain polyunsaturated fatty acids (1 g) and/or lutein 
(10 mg)/zeaxanthin (2 mg) vs placebo were tested in this 
factorial designed trial. All participants were also given 
varying combinations of vitamins C, E, beta-carotene and 
zinc. In this study, the oral supplementation with these 
antioxidant nutrients did not show any significant effect 
on cognitive functions in patients diagnosed with AMD.

The second trial, instead, has investigated the 
impact of supplementation with macular carotenoids on 
macular pigment, vision and cognitive function in patients 
diagnosed with AD (94). In this double-blind randomized 
trial, a mix of 10 mg meso-zeaxanthin, 10 mg lutein and 
2 mg zeaxanthin was compared to placebo (sun flower 
oil) in 31 AD patients and 31 age-matched controls. 
The results confirmed the inefficacy of this kind of 
supplementation from the cognitive point of view both 
in AD and control groups, while it was able to improve 
visual functions (in particular, the contrast sensitivity) in 
two groups and to widen macular pigment, as measured 
with dual-wavelength autofluorescence, in AD patients. 
These results support the hypothesis that antioxidant 
supplementation could have a positive impact on visual 
function, but not on cognitive performance in AD patients. 
Of course, further studies will be necessary to verify 
these findings.
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Finally, since the pre-clinical evidence of the 
efficacy of glatiramer acetate in AD mice model in reducing 
amyloid plaques (95) and given the similarity between 
AD and AMD, this drug was tested vs placebo within 
a very small randomized trial, in over 50  patients with 
dry age-  related macular degeneration (96). This study 
showed a significant reduction of drusen as measured 
by Image-Pro software in the four AMD patients treated 
with glatiramer acetate, while no difference was observed 
in the two AMD subjects who received placebo. The 
results of this small clinical trial, together with the above 
mentioned pre-  clinical evidence on glatiramer efficacy 
in AD mice model, suggest the usefulness of testing 
in the future this therapy in both disorders within large 
double- blind controlled randomized clinical trials.

7. CONCLUSIONS

According to the evidence available so far, 
it is possible to state that AD and AMD, two diseases 
recognizing aging as the main risk factor, share several 
aspects.

The presence of retinal beta-amyloid deposits 
both in AD and AMD patients has been well demonstrated. 
This finding could represent the basis for assessing the 
efficacy of anti-amyloid drugs not only in ADbut also in 
AMD patients. Interestingly, these two diseases also 
share other molecular aspects, i.e. oxidative stress and 
neuroinflammation, thus reinforcing the possibility to find 
common therapeutic strategies.

At the genetic level, polymorphisms of 
genes related to inhibition of endopeptidases (CST3), 
complement system (CFH) and inflammatory response 
(ARMS/HTRA1) have been shown to increase the risk 
for both disorders. To this respect, a quite intriguing role 
is played by APOE isoforms. As well documented, in AD 
APOE epsilon-4 represents the main genetic risk factor, 
while APOE epsilon-2 represents a protective factor. 
According to the data available so far, the opposite holds 
true for AMD, where APOE epsilon-2 plays the role of 
risk factor and APOE epsilon-4 is a protective factor. 
The possible explanation for the “inverted” role of these 
APOE isoforms remains to be understood.

Hypertension, diabetes mellitus, obesity, and 
excessive alcohol consumption represent other risk 
factors common to the two disorders, although data 
on a direct association – i.e.  increased risk of AMD in 
AD or vice versa  -  are not significant. Oxidative stress 
is a well-documented pathogenetic factor both in AMD 
and AD. Clinical trials aimed at assessing the efficacy 
of antioxidant agents both on visual and cognitive 
performance in AMD and AD are partly available and in 
progress.

According to the aging of the population, 
both AMD and AD will increase their prevalence in the 

next future. Therefore, the definite knowledge of the 
overlapping area between the two disorders is of utmost 
importance, since it will increase the possibility to activate 
effective preventive strategies for both AMD and AD.
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