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Abstract: The elderly population in the United States is projected to almost double by the year 
2050. In addition, the numbers of diabetics are rising, along with its most common complication, 
diabetic retinopathy (DR). To effectively treat DR within the elderly population, it is essential 
first to consider the retinal changes that occur due to aging, such as decreased blood flow, retinal 
thinning, and microglial changes, and understand that these changes can render the retina more 
vulnerable to oxidative and ischemic damage. Given these considerations, as well as the 
pathogenesis of DR, specific pathways could play a heightened role in DR progression in elderly 
patients, such as the polyol pathway and the vascular endothelial growth factor (VEGF) axis. 
Current ocular treatments include intravitreal corticosteroids, intravitreal anti-VEGF agents, 
laser photocoagulation and surgical interventions, in addition to better control of underlying 
diabetes with an expanding range of systemic treatments. While using therapeutics, it is also 
essential to consider how pharmacokinetics and pharmacodynamics change with aging; oral drug 
absorption can decrease, and ocular drug metabolism might affect the dosing and delivery 
methods. Also, elderly patients may more likely be nonadherent to their medication regimen 
or appointments than younger patients, and undertreatment with anti-VEGF drugs often leads to 
suboptimal outcomes. With a rising number of elderly DR patients, understanding how aging 
affects disease progression, pharmacological metabolism, and adherence are crucial to ensuring 
that this population receives adequate care. 
Keywords: diabetic retinopathy, aging, vascular endothelial growth factor, adherence, 
pharmacodynamic, pharmacokinetic

Introduction
Looking to the future, the population is aging, and there will be an increase in the 
number of individuals with diabetes. In 2014 it was estimated that about 
415 million adults worldwide had diabetes; by 2050, this number is predicted to 
increase to 642 million.1 On top of that, in 2015, 1 in 9 Americans were 65 or older. 
By 2050 this population is predicted to increase to account for 1 in 5 Americans.2 

The significance of this is that the longer people live with diabetes, the more likely 
they are to develop complications such as diabetic retinopathy (DR), 
a microvascular disease where hyperglycemia facilitates damage to the retina and 
can result in vision loss and blindness, DR is the leading cause of this in working- 
age adults living in developed nations.3,4 It is estimated that approximately 75% of 
patients with type 1 diabetes and 50% of patients with type 2 diabetes will develop 
DR.5 With the aging and diabetic populations getting ever more extensive, it is 
critical to determine if and how the progression of DR changes in the aging and the 
best strategies to treat the disease in an aging population.
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Diabetic Retinopathy and the Aging 
Population
DR is a growing problem, especially in aging diabetics. 
From 1990 to 2015, all causes of blindness other than DR 
showed decreased crude prevalence while DR increased 
by 7.7% in the general population.6 The prevalence of DR 
is also rising in the elderly. In 2007 the number of patients 
over 65 with DR in the United States was about 
2.5 million. It is expected to almost quadruple to 
9.9 million by the year 2050.7 In addition to this DR is 
increasingly causing vision loss in the elderly. In adults 
aged 50 and older, vision impairment due to DR increased 
by 9.6%.6 Looking at the predisposing factors for DR, it 
becomes evident why its occurrence in the elderly is 
rising.

Prevalence has a positive correlation with the duration 
of diabetes, especially with poor glycemic control.8 

A study of 12,112 diabetic patients, with a mean age of 
59.5 years, in Hong Kong, found that two to five years 
after diagnosis of diabetes, the prevalence of DR was 
about 26%, rising to 45.2% in patients who had been 
diagnosed with diabetes for more than ten years.3 

Severity of DR also has a positive correlation with dura-
tion of diabetes.8,9 Considering this helps to explain the 
increase in DR prevalence and vision impairment among 
the aging population.

In addition to this, DR often coincides with other 
microvascular diabetic complications such as diabetic 
nephropathy (DN).10 Both DR and DN involve endothelial 
dysfunction, resulting in proteinuria and DN has been 
found to increase the risk of cardiovascular events.11–13 

Consequently, the aging diabetic becomes increasingly 
frail with the accumulation of comorbidities, especially 
in older men, and this is associated with higher mortality 
rates and more hospitalizations and rehospitalizations.14,15 

Properly addressing DR in the elderly could reduce the 
burden of one comorbidity, and as such, make for less frail 
patients.

Retinal Changes with Aging
As with other organs and tissues, aging changes the struc-
ture of the retina. A study comparing young rat retinas to 
those of elderly and senile rats showed that with aging, the 
overall thickness of the retina decreases, and in senile 
retinas, there was a marked decrease in the thickness of 
the inner nuclear layer, with it only having 2–3 rows of 
cells.16,17

Ocular blood flow and its regulation are altered with 
senescence, and elderly retinas also show, on average, 
a 20% decrease in macular blood flow.18–20 These age- 
related changes in perfusion may further exacerbate the 
well-described ocular perfusion abnormalities in diabetes, 
including impaired blood flow regulation.21,22 In addition 
to these occurrences, there are changes to the microglia of 
the retina. Young retinal microglia have motile cellular 
processes and are very responsive to injuries, whereas 
aged retinal microglia do not have very motile processes 
and respond much slower to injuries.23 Aged retinal micro-
glia are also denser and have a smaller dendritic arbor.23 In 
addition to this, in young eyes, the outer retina usually is 
free of microglia but, with aging, they begin to proliferate 
into this space and come into contact with the retinal 
pigment epithelium (RPE); these cells can then contribute 
to proinflammatory responses in this space.23 At the same 
time, RPE production of melanin decreases while the 
accumulation of lipofuscin increases.24 Müller cells also 
undergo changes that make them more susceptible to oxi-
dative stresses as they age; mitochondrial dysfunction is 
thought to play a role in this susceptibility.20,24 Alongside 
these microglial changes, the number of neurons within 
the retina also decreases with age and contributes to 
decreased visual acuity associated with aging.24 These 
structural changes, summarized in Table 1.

The retina also experiences metabolic changes with 
aging. Advanced glycation end products (AGEs) accumu-
late in the RPE and within Bruch’s membrane.25 There is 
an accumulation of methylated metabolites like 1-methyl-
nicotinamide (1-methylNAA), 3-methylglutarate, and 5ʹ- 
methylthioadenosine in the aged retina.24 The production 
of these metabolites requires the donation of a methyl 
group from S-adenosylmethionine (SAM), depleting 

Table 1 Structural Retinal Changes with Aging

Retinal 
Component

Change from Aging

Thickness Decreases, especially the Inner Nuclear Layer.16,17

Macular Blood 

Flow

Reduced by 20% on average.20

Microglia Less motile, slower response time to injury, 

denser, with a smaller dendritic arbor.23

RPE Decreased melanin production, increased 

lipofuscin accumulation.23,24

Müller Cells More susceptible to oxidative stress.20,24
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cellular methyl group reserves which are also necessary 
for epigenetic modification, potentially hindering that pro-
cess and contributing to structural changes in the retina.24 

The increased production of 1-methylNAA from nicotina-
mide is also thought to inhibit the production of nicotina-
mide adenine dinucleotide (NAD+), potentially explaining 
the decrease in NAD+ levels in aging retinas.24,26 All 
these changes help account for the natural decline in visual 
acuity with aging. Some of them have the potential to alter 
the pathogenesis of DR in the aging population.

Pathogenesis of DR and the Effects 
of Aging
Diabetes and the resulting hyperglycemia are the driving 
forces behind the progression of DR. Normally glycolysis 
is very tightly regulated to maintain a steady state concen-
tration of its intermediates; in times of great metabolic 
demand, like ischemia, there is an increased glycolytic 
flux which results in a greater number of glycolytic inter-
mediates than can be handled by the normal pathways and 
the excess are sent into the downstream pathways.27 

Diabetic end organ complications, such as DR, develop 
as hyperglycemia progressively contributes to sorbitol 
accumulation via aldose reductase, formation of AGEs, 
protein kinase C activation, oxidative stress and angio-
genic pathways.28 A number of these pathways have 
been thought of as links between hyperglycemia and DR, 
and are reviewed below.27,29

Polyol Pathway
Typically cellular glucose is handled by hexokinase in 
retinal cells; however, when intracellular glucose levels 
rise high enough to saturate hexokinase, the excess glu-
cose gets shunted into the polyol pathway.27 Here, it is 
converted first into sorbitol by aldolase reductase (AR). 
This reaction uses up nicotinamide adenine dinucleotide 
phosphate (NADPH), which in turn reduces the function-
ality of glutathione reductase, hindering intrinsic antiox-
idant activity within cells. In addition to this, sorbitol 
cannot be transported out of the cell; this is thought to 
cause osmotic damage and eventually cell death 
potentially.29,30 The trapped sorbitol is slowly converted 
to fructose via sorbitol dehydrogenase (SDH); the fructose 
can then be phosphorylated to fructose-3-phosphate and 
further converted into 3-deoxyglucosone; both of which 
are potent glycating agents.29 Increased SDH activity also 
promotes the production of reactive oxidative species 

(ROS).29 This is problematic and cytotoxic due to the 
impeded glutathione reductase activity. Within the retina, 
AR is localized to certain cells: pericytes, retinal endothe-
lial cells, ganglion cells, Müller cells, RPE cells, and 
neurons; increased AR activity within these cells has 
been associated with their death.29,30 Damage to these 
cells could damage the retinal microvasculature and 
decrease visual acuity. AR activity was also measured at 
significantly higher levels in the vasculature of aged rats 
than in young rats; another observation was that the aged 
endothelial cells also showed significantly lower antioxi-
dant capabilities.31 As mentioned earlier, Müller cells are 
at a higher risk of oxidative damage as they age, so there is 
potential that this pathway could play a heightened role in 
the progression of DR in elderly patients.

AGEs
AGEs are naturally occurring results of nonenzymatic cova-
lent linkage, Maillard reaction, between a reducing sugar 
and a protein or lipid. They are observed in embryonic 
development and continue to form at a slow constant rate 
in healthy individuals; however, in people with diabetes, the 
rate of AGE formation is markedly increased due to the 
greater availability of glucose.29 AGEs are structurally and 
functionally different from their lipid or protein precursor. 
They can accumulate to cause damage when they crosslink 
with extracellular matrix (ECM) components, which can 
decrease elasticity.32 AGEs can also bind to cell surface 
receptors for AGEs (RAGE); within the retina, these recep-
tors are found in endothelial cells, pericytes, microglia, 
Müller cells, and RPE, and their expression increases in 
the diabetic state.32 This AGE-RAGE binding causes signal-
ing cascades that result in pro-oxidant, proinflammatory 
events, like increased vascular endothelial growth factor 
(VEGF) secretion, which can further damage the retinal 
microvasculature and the blood-retinal barrier 
(BRB).25,29,32,33 It is believed that AGE accumulation within 
retinal pericytes increases significantly in the diabetic state 
and results in the apoptosis of these cells due to a resultant 
increase in production of ROS; pericyte loss is considered to 
be one of the first signs of DR.32

Protein Kinase C (PKC) Activation
PKC is a serine/threonine kinase that is activated by dia-
cylglycerol (DAG); hyperglycemia causes increased de 
novo production of DAG.29 The PKC family functions as 
members of signaling cascades associated with Gαo and 
Gαq G-protein coupled receptors. Out of this family of 
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kinases, the beta isoform (PKC β) is the principal active 
isozyme, especially in vascular tissue, during hyperglyce-
mia. The β 1/2 isoform is closely associated with DR, and 
its expression is upregulated in the diabetic state.29,34 

Increased PKC activation within the retina has been 
observed to have multiple effects, including increased 
endothelial permeability, altered hemodynamics, increased 
VEGF secretion, and increased leukostasis.29,34 The 
increased activation also alters the composition of the 
retinal ECM resulting in changes in the synthesis of com-
ponent proteins and endothelial and leukocyte dysfunction, 
which can lead to occluded capillaries.29

Hexosamine Pathway
Fructose-6-Phosphate (F-6-P) is an intermediate of the 
glycolytic pathway, which in the healthy state is predomi-
nantly converted into fructose-1,6-bisphosphate 
(F-1,6-BP) and further broken down to generate pyruvate. 
Under hyperglycemic conditions, F-6-P buildup can over-
whelm the body’s capacity to generate F-1,6-BP and the 
excess is shunted into the hexosamine pathway and con-
verted to N-acetyl glucosamine-6-phosphate (GlucN-6-P) 
by glutamine fructose-6-phosphate-amido transferase 
(GFAT).27,35 GlucN-6-P is then converted into uridine- 
5-diphosphate (UDP)-N-acetyl glucosamine (UDP- 
GlcNAc), a precursor for many biologically required 
amino sugars.27 Under normoglycemic conditions, this 
pathway only handles a small percentage of total glucose 
metabolism, but it is highly upregulated to handle the 
excess F-6-P present in hyperglycemia; this can result in 
excess protein glycosylation, which can, in turn, alter gene 
expression and cellular functions.27 Hyperactivity of this 
pathway has been shown to increase cell death within 
retinal neurons and ganglion cells.27 It can also glycosylate 
p53 in retinal pericytes; this has been linked with 
increased pericyte apoptosis and vascular dysfunction.27

VEGF
Inflammatory responses are among the body’s primary 
responses to diabetes, and this is also seen in the retina with 
DR.5 One of the ways this response is initiated in the retina is 
through the release of VEGF. The VEGF family of proteins 
includes VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, 
and placental growth factor (PGF). VEGF-A binds to VEGF 
receptor 1 (VEGFR1 or Flt-1) and VEGF receptor 2 
(VEGFR2 or KDR/Flk-1), which mediates angiogenesis 
and vascular leakage. VEGF-A, initially termed vascular 
permeability factor (and often referred to simply as 

“VEGF”), promotes angiogenesis and vascular permeability, 
contributing to the breakdown of the inner BRB, retinal 
edema and microhemorrhages.5,20,29,36,37 it is believed that 
this might be an attempt by the body to keep cells viable in 
the presence of the increase in metabolic activity associated 
with diabetes.5 While promoting vascularity at the site of 
inflammation, VEGF exacerbates the inflammatory reaction 
by allowing higher levels of proinflammatory cells modula-
tors. The inflammatory response might be beneficial in the 
short term; it can be damaging if maintained for an extended 
period. Prolonged metabolic stresses and inflammation can 
cause permanent damage to the retina, including edema, 
invasion of immune cells, and scarring.5

As described in Figure 1, each of the pathways discussed 
above can play a role in DR, and it is likely a synergy between 
them that allows the disease to progress and worsen. Looking 
at the elderly population, some pathways of note are the 
polyol pathway and the AGE pathway due to the ways in 
which they can be sources of oxidative stress within retinal 
cells; taking advantage of the fact that the aged retina’s 
defenses against oxidative stress have been weakened due 
to the structural and metabolic changes associated with aging. 
Also of note is the VEGF pathway which could exacerbate 
the already reduced blood flow in the elderly retina.

Clinical Studies of DR in Young and 
Aging Populations
To date, there have been only a few clinical studies 
focused on DR in the aging population. One such study 
focused on screening habits in Iran found that prevalence 
of DR increased with age from the ages of 55 to 74; in the 
55–59 age group, the prevalence was around 1.0%, and it 
increased with each subsequent group peaking at 8.2% in 
the 70–74 age group, the 75 and older group did not follow 
this trend with a prevalence of 3.4%.38 Another study in 
Australia found that in elderly patients, mean age 64.9, 
severe nonproliferative DR (NPDR) and proliferative DR 
(PDR) were associated with higher levels of depression.39 

This could present another complication in the care of 
elderly patients with DR. In addition to these findings, 
further analysis of the Action to Control Cardiovascular 
Risk in Diabetes (ACCORD) Trial found that DR was 
associated with increased risk for cognitive decline in 
type 2 diabetics.40 In some instances, there have been 
studies looking at other facets of diabetes in elderly popu-
lations that have had findings that pertain to DR. One 
study, SUSTAIN 6, aimed at ascertaining the potential 
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benefits of glucagon-like peptide 1 (GLP-1) found that 
while these drugs might indeed have protective effects 
against the cardiovascular complications of diabetes, in 
patients over 50, there was a significantly higher risk of 
developing new or worsening DR in those treated with the 
GLP-1 agonist semaglutide than those receiving the 
placebo.41 The reason for this occurrence was explained 
via post-hoc analysis, which revealed that it was due to 
a known cause: early DR can worsen with sudden and 
significant reductions in hemoglobin A1c (HbA1c) in 
patients who had poor glycemic control in the first 
place.42 For patients whose DR is moderate NPDR or 
less severe, strict glycemic control, maintaining HbA1c 
concentrations below 7%, can slow disease progression 
and reduce severe disease risk.43 The increasing use of 
telemedicine has allowed for better study of DR in aging 
populations; one such study, mean age 66, found links 
between high-density lipoprotein cholesterol (HDL-C) 
levels and the risk for DR and PDR.44 The mechanisms 
behind this link between HDL-C and DR need further 
study; although high-density lipoproteins (HDL) have 
been shown to be beneficial, when these molecules contain 
cholesterol, HDL-C, they have little clinical benefit and 
may even be harmful.45 The use of telemedicine opens the 

door for even more research on DR in the elderly popula-
tion. The telemedicine-based studies have also allowed for 
better study of the comorbidities often associated with DR 
in the elderly like DN.44,46

Studies of DR in younger populations have also shed 
some light on the changes that occur with DR in older 
populations. For example, they have shown that younger 
patients are more likely to develop PDR than older 
patients.8,47 It has also been found that even when older 
patients develop PDR, they are less likely to suffer from 
postoperative complications than young patients if they 
require a vitrectomy; this is thought to be attributed to 
the fact that younger patients have greater vitreoretinal 
adhesion and more vasculature in that region.47 One find-
ing that does not change between the two populations is 
that in both groups, the risk of developing DR increases 
with the duration of diabetes.48 The one exception to this 
is that young patients with type 1 diabetes are more likely 
to develop DR than those with type 2 diabetes and they 
tend to develop it at a faster rate.49

Current and Emerging Treatments
Currently, the best intervention for DR is detection at an 
early stage which may facilitate prompt treatment and 

Figure 1 Interconnected pathways of DR and areas of susceptibility for the elderly. 
Notes: All the above pathways contribute to DR progression in unique ways. They have some mechanisms that can exacerbate the effects of other pathways. Namely, many 
of the pathways increase VEGF production, which could impact the role of the VEGF pathway and take advantage of some age-related changes that leave the retina more 
susceptible to DR damage.
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prevent vision loss.50 Early and frequent screening is vital 
as many patients are asymptomatic in the early stages of 
the disease.51 The current standard for screening is an 
ophthalmic exam with pupillary dilation and retinal 
evaluation.51 Yet this is still a challenge, especially in low- 
middle income countries where there may be as few as one 
ophthalmologist per million people, approximately 1% of 
the proportion in the United States, and most of these 
ophthalmologists often live in urban areas, leaving rural 
patients further underserved.52 However, advances in tech-
nology facilitate teleophthalmology, a form of telemedi-
cine, with remote color fundus cameras capable of sending 
high-quality images to retinal specialists for evaluation.51 

The importance and usefulness of telemedicine, especially 
in the elderly, has been highlighted by the COVID-19 
pandemic; studies have shown that teleophthalmology is 
adequate for glaucoma diagnosis and recent advances in 
smartphone imaging devices have led to significant 
increases in the number of patients screened for DR 
using telemedicine.53 Advances in artificial intelligence 
show promise in accelerating this process, potentially pro-
viding instantaneous feedback on whether the patient 
requires follow up with an ophthalmologist and even 
determining which treatment may be indicated.51,54 

These technological advances and the widespread use of 
telemedicine could also improve access to DR screening 
for low-middle income countries.

Therapeutically, corticosteroids were utilized early in 
the treatment of DR. Currently, two intravitreal corticos-
teroid therapies are approved by the US Food and Drug 
Administration (FDA) for the treatment of DME: 
OZURDEX® (0.7 mg dexamethasone intravitreal implant, 
Allergan) and ILUVIEN® (0.19 mg fluocinolone acetonide 
intravitreal implant, Alimera Sciences). Corticosteroid 
mechanism of action in the treatment of macular edema 
is multifactorial and complex, involving interaction with 
corticosteroid hormone receptor which can alter gene 
expression and synthesis of inflammatory and anti- 
inflammatory proteins, improvement of blood-retinal bar-
rier permeability by increased expression of retinal 
endothelial junction proteins and stabilization of lipid 
membranes, as well as inhibition of macrophage migra-
tion, and down regulation of eicosanoid production. 
Corticosteroids also decrease elaboration of VEGF by 
proinflammatory mediators. However, when administered 
as currently approved via the intravitreal route, there is an 
increased risk of ocular hypertension and glaucoma.55

The current standard of care for the treatment of DME 
is intravitreal anti-VEGF therapy. Currently, two intravi-
treal anti-VEGF agents are approved by the US FDA for 
the treatment of DME: EYLEA® (aflibercept, Regeneron) 
and LUCENTIS® (ranibizumab, Genentech). Also, one 
agent is routinely used intravitreally off-label, 
AVASTIN® (bevacizumab, Genentech). Initially intended 
for diabetic macular edema, anti-VEGF agents have also 
shown promise in treating DR.36,56 These agents bind 
VEGF-A, which normally activates the VEGF receptor 
(VEGFR)-2, to mediate angiogenesis and vascular leak-
age. The use of these agents has been widely adopted in 
the industrialized world, given their efficacy. However, 
these agents have a short half-life and require monthly or 
bi-monthly intraocular injections. In addition, these injec-
tions can increase the risk of developing endophthalmitis 
due to the introduction of microorganisms, and this risk is 
exacerbated by the need for frequent intravitreal 
injection.36

Laser photocoagulation, practiced for decades before 
the widespread adoption of anti-VEGF therapy, remains 
another treatment option for DR. Laser photocoagulation 
was found to reduce the risk of moderate vision loss by up 
to 50% in the Early Treatment Diabetic Retinopathy 
Study; the mechanism of action is complex and multi-
factorial but involves stimulation of RPE cells and reduc-
tion of metabolic requirements. However, potential side 
effects of laser photocoagulation include loss of RPE and 
photoreceptors leading to paracentral scotomas after macu-
lar photocoagulation for macular edema or reduced visual 
field and nyctalopia after pan-retinal photocoagulation for 
PDR.36 For PDR complicated by vitreous hemorrhage, 
pars plana vitrectomy with laser photocoagulation remains 
an option; traction retinal detachment can be addressed by 
peeling causative membranes that result from neovascular-
ization. Pars plana vitrectomy with the stripping of macu-
lar membranes is sometimes used in cases of refractory 
diabetic macular edema.

There are several promising therapeutics under devel-
opment to help stop or slow the progression of DR. AR 
inhibitors (ARIs) are one example that work by inhibiting 
the polyol pathway; as discussed earlier, the overactivity 
of this pathway increases oxidative stress within cells. 
Early animal studies in spontaneously diabetic torii 
(SDT) rats have shown that the ARI ranirestat may inhibit 
upregulation in AR activity and have neuroprotective 
effects when used in the early stages of DR.17 Glucose 
transporter 1 (GLUT-1) siRNA has also shown promise in 
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reducing retinal glucose concentrations, by reducing the 
number of GLUT-1 channels, and protecting photorecep-
tor cells from hyperglycemic damage in diabetic state 
mice.57 This reduced retinal glucose concentration could 
also reduce the use of the alternate glucose metabolic 
pathways associated with the pathogenesis of DR. 
Another promising avenue is the modification of sirtuin 
1 (Sirt1) expression. Sirt1 is a deacetylase known to be 
downregulated in DR. Animal studies in mice have found 
that the Sirt1 overexpression slowed the progression of 
DR, and Sirt1 diabetic mice had fewer acellular capillaries 
than the wild type diabetic.58 This Sirt1 downregulation 
could result in altered gene expression that favors the 
progression of DR, and inducing its overexpression 
could mitigate those effects. PKC inhibition has also 
shown promise in animal studies, helping prevent the 
breakdown of the BRB and limiting retinal neuropathy; 
however, it has only had significant results in human 
studies when used in combination with 
photocoagulation.59 There are also studies looking at alter-
natives to anti-VEGF therapeutics. Although there have 
not yet been any clinical trials, gene therapy to insert anti- 
VEGF genes has the potential to prevent the leaky angio-
genesis associated with DR.59,60

In addition to these preclinical candidates, there are 
a few potential therapies in clinical trials, or have already 
been approved to treat other aspects of diabetes. One such 
therapy is sodium-glucose cotransporter 2 (SGLT2) inhibi-
tion which has had demonstrated nephroprotective and 
cardioprotective benefits.61,62 SGLT2 inhibitors also hold 
promise as a potential treatment for DR because of their 
ability to protect retinal pericytes from hypoglycemic 
damage and correct systemic hyperglycemia by reducing 
the reabsorption of glucose in the proximal convoluted 
tubule of the nephron.63,64

Another promising treatment involves the interaction 
between angiopoietins and tyrosine receptor kinases. 
Angiopoietin-1 (Ang1) binds to the tyrosine receptor 
kinase (Tie2), activating vascular maturation; 
Angiopoietin-2 (Ang2) deactivates Tie2 causing vascular 
destabilization.59 Increased Ang2 activity could synergis-
tically affect VEGF and result in a more significant num-
ber of leaky vessels in the diabetic retina. Several new 
drugs in development aim to inhibit Ang2 or Ang2 and 
VEGF to restore Tie2 activity.59

Recently, one such agent, Faricimab, a bispecific anti-
body for both VEGF-A and Ang2, was assessed in two 
global phase 3 clinical trials. These studies demonstrated 

that Faricimab administered intravitreally every 8 to 16 
weeks was non-inferior to standard-of-care aflibercept 
administered intravitreally every 8 weeks.65 New treat-
ments with prolonged durability or enhanced efficacy, 
combined with early screening, could dramatically change 
the progression of DR and considerably decrease the 
development of severe forms of the disease. While these 
new and existing treatments do hold promise, some con-
siderations must be taken when looking at elderly patients.

Challenges for the Aging Population
Prescribing medication within an elderly population can 
present several unique problems. It is thought that phar-
macodynamic and pharmacokinetics might change with 
aging and alter how drugs are absorbed and metabolized. 
Another concern with this population is an increased med-
ication nonadherence rate, where patients do not take their 
medications per their treatment plan.

Pharmacokinetic and Pharmacodynamic 
Changes
There is a decrease in a mucosal surface area within the 
gastrointestinal system with aging, and it is thought that 
this might result in a decreased rate of gastrointestinal 
drug absorption.66 It has also been noted that drug absorp-
tion is diminished to a greater degree in malnourished, 
underweight, elderly patients than those who are well- 
nourished.67 Another age-related change is that gastric 
acid secretion can decrease with aging, and the use of 
proton pump inhibitors can exacerbate this decrease; the 
decrease could reduce the absorption of drugs that require 
an acidic environment to pass through cellular 
membranes.68 They might not experience any therapeutic 
benefits from a dose that would otherwise be effective in 
a patient with normal absorption. This decreased absorp-
tion could require a different dosing schedule or a different 
delivery method for these patients to receive benefits from 
their medications.

For DR, current standard-of-care intravitreal injections 
are also susceptible to pharmacokinetic variation with 
aging; for example, it has been found that aging causes 
an increase in proteases within the vitreous.69 A potential 
implication of this would be that certain protein drugs like 
antibodies could undergo a pseudo-first-pass effect meta-
bolism within the vitreous. However, more research is 
needed to determine if this is indeed the case or if the 
increased protease levels have no significant impact on 
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protein drugs delivered via intravitreal injections.69 There 
are also aging-related changes that could affect the volume 
of distribution of certain medications within the eye. Some 
medicines, such as tyrosine kinase inhibitors, can bind to 
melanin, and this can prolong the effect of the drug in 
melanin-rich tissue such as the RPE and choroid.69 As the 
eye ages, the amount of melanin within the RPE decreases, 
and the amount of melanin within the choroid increases, 
and this could shift the melanin binding drugs out of the 
RPE and into the choroidal tissues.69

Cellular receptors have also been shown to have chan-
ging sensitivity to ligands with aging, which could affect 
the efficacy of a drug based on the age of the patient.70 For 
example, elderly patients are more sensitive to opioids and 
certain anesthetics than younger patients and less sensitive 
to the β2 receptor agonist salbutamol and the β2 receptor 
antagonist propranolol.71,72 A change in efficacy could 
also cause a standard dose not to have therapeutic effects, 
or it could result in the dose having too much effect and 
crossing the border into toxic effects. The elderly also tend 
to have increased body fat and decreased total body water, 
which can lead to increased volume of distribution (Vd) 
for lipophilic drugs and a decreased Vd for hydrophilic 
drugs.73 That could result in lipophilic drugs being seques-
tered within the fat stores and being released into the 
plasma at a later time. While these aging changes poten-
tially alter how drugs are absorbed and distributed within 
the body, the way they are metabolized does not seem to 
undergo much of a change. Although hepatic mass and 
circulation decrease with aging, hepatic drug metabolism 
appears to be preserved in the elderly up to age 80.73 

Whereas hepatic metabolism might not be affected, renal 
clearance is known to decrease with age.74 That could also 
have toxic effects if drug metabolites have toxic effects 
with prolonged exposure. The above parameters require 
consideration when prescribing medications to elderly 
patients and they could affect the treatment options for 
elderly patients with DR.

Adherence
Non-adherence to the medication has been observed as 
a longstanding problem within the diabetic community in 
general, and it has also been noticed as a problem within 
the elderly population.75 One implication of poor adher-
ence in diabetics is that it is associated with poor glycemic 
control.76 Poor glycemic control and nonadherence to 
medicine in diabetics, especially elderly diabetics, can be 
a dangerous combination. An Ethiopian study of 311 

patients with diabetes found that patients over the age of 
60 were five times more likely to develop DR than those 
under 60, patients with poor adherence were three times 
more likely to develop DR than those who were adherent, 
and those with poor glycemic control were nine times 
more likely to develop DR than those with good glycemic 
control.77 A study examining the adherence within the 
Atherosclerosis Risk in Communities Study, average par-
ticipant age 75.4, found that 2119 participants, or about 
40%, reported intermediate to poor compliance with their 
medication; of these participants, 75% of them said their 
non-adherence was due to poor memory.78 Although these 
results look daunting, there were some positive takeaways 
from the study. Patients in good physical and mental health 
as well as those who were “very satisfied with the care,” 
were significantly correlated with higher drug adherence.78

Other factors have also been studied when looking at 
drug adherence within the elderly. Functional health lit-
eracy, or the ability to read and understand the instructions 
on a prescription label, is significantly lower among 
elderly populations, making it a contributing factor to the 
higher rates of drug nonadherence in this population.79 

Health issues such as decreased visual acuity and dexterity 
are also associated with lower adherence.79 This is espe-
cially a problem in elderly patients with DR, particularly 
those with advanced disease and severe vision loss. 
Dosing frequency has also been shown to play a role. 
Drug regimens that call for administration once or twice 
a day have a higher adherence rate than drugs adminis-
tered thrice daily or more frequently.76,79 Cost of medica-
tion has also been shown to play a factor in drug 
nonadherence with the elderly.80 This is especially 
a problem in low-middle income countries where patients 
often have to pay out of pocket for diabetes care, and there 
are lower rates of adherence compared to high-income 
countries.81 The elderly population has a higher rate of 
dementia, and this can cause a two to a three-fold higher 
chance of being nonadherent to their medication.82 Each of 
these factors presents a potential hurdle to seeing thera-
peutic benefits of prescribed medications in this popula-
tion. These studies warrant communication between 
providers and patients about the importance of taking 
medications and taking them on time and efforts made to 
simplify the process of taking the medication for the 
patient.

Another type of nonadherence is patients being lost to 
follow up, where patients fail to show up for their sched-
uled appointments. This has been seen in the general 
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diabetic population in regard to the annual diabetic eye 
exam. A study of 4072 patients age 20 and older who self- 
reported having diabetes found that about 36.6% of them 
were nonadherent to the recommendation for annual dia-
betic eye exams; one interesting finding of this study was 
that younger adults, age 30 to 35 years old, had a higher 
rate of nonadherence at 59% compared to those over 65 
who had rates of nonadherence at 30% or lower.83 It is 
possible that one reason for this level of nonadherence to 
annual diabetic eye exams is that patients with diabetes 
might be unaware of DR and their increased risk for 
developing it or the need for annual eye exams. One 
study found that out of 7395 diabetic participants, only 
about half of them knew about the need for annual exams. 
Most participants did not know the reasoning behind 
needing the eye exams.84 When it comes to patients with 
DR, however, there does appear to be an increase in 
appointment nonadherence with aging. An Austrian 
study found that out of 423 patients being treated for 
DR, with either intravitreal injections, photocoagulation, 
or a combination of the two, 122 patients, or about 28.8%, 
were lost to follow up for at least six months.85 The study 
also found that long term loss to follow up was signifi-
cantly higher in patients over 70 and those who needed 
assistance in traveling to their appointments; a resultant 
multivariate model found that patients of advanced age 
were 1.68 times more likely to be lost than younger 
patients and patients needing assistance traveling were 
2.05 times more likely to be lost to follow up.85 These 
patients would be at risk of their DR worsening as any 
disease changes would go unnoticed by their doctors and 
they would not be able to receive any treatments that 
might prevent this disease progression. A study looking 
at 59 PDR patients treated with intravitreal injections or 
photocoagulation, who were lost to follow up for at least 
six months, found that both the injection and photocoagu-
lation groups showed a significant decrease in visual 
acuity when comparing the visit before being lost to the 
return visit.86 For diabetic macular edema patients under-
going treatment with anti-VEGF agents, studies using 
large databases have shown that reduced treatment inten-
sity yields suboptimal visual acuity outcomes.87,88 As with 
nonadherence to medication, there is a need for better 
patient education and clear communication to ensure that 
patients are aware of the need for annual eye exams and 
follow-up care as well as the rationale behind those 
exams.

Conclusion
DR in the aging population presents a growing problem, 
one which is compounded by other aging-associated 
issues. The number of diabetics and the number of older 
adults in the global population are both projected to grow 
in the next 30 years. With DR as the leading cause of 
vision loss in working-age people today, it is essential to 
understand how DR affects aging populations as today’s 
working population will become tomorrow’s aged popula-
tion. This is especially important considering that the 
duration of diabetes has a positive correlation with the 
risk of developing DR. The hyperglycemia brought on by 
diabetes induces a variety of changes in the retina, parti-
cularly in the upregulation of multiple glucose metabolism 
pathways which can have cytotoxic results. The changes in 
the structure of the retina that come about with aging could 
affect these pathways and alter the progression of DR. To 
treat these aging diabetics properly, further work is needed 
to determine the extent to which the retinal changes of 
aging do affect the progression of DR so that new ther-
apeutics can be developed if required, and existing thera-
pies can be modified to account for any age-related 
changes. As of now, there are a few treatment options 
for DR, including anti-VEGF drugs and laser photocoagu-
lation, and there are promising new therapeutics still under 
development. Even with these advances, elderly patients 
present with several challenges when it comes to treatment 
with medications.

Pharmacokinetic and pharmacodynamic changes with 
aging can affect how drugs are metabolized or how they 
bind to their targets. This can result in the prescribed doses 
not having a therapeutic effect or even possibly crossing 
the threshold for toxic effects and causing harm to these 
patients. Elderly patients also have a higher chance of 
being nonadherent to their medications or appointments 
for a variety of reasons. Treatment plans for elderly DR 
patients should take this into account to ensure that 
patients are getting therapeutic benefits from their medica-
tions. To comprehensively address the growing number of 
elderly patients with DR, there is also a need for more 
studies, especially clinical trials, that determine the exact 
relationship between aging-related changes in the retina 
and the progression of DR.
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