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Diabetic Retinopathy, Associated 
Comorbidities, and Treatment 

Considerations
Diabetic retinopathy is a complex disorder of the microvascular and neuronal 

structure of the retina. Although poorly understood, the problem does not start 
in the retina, but rather begins through systemic metabolic dysfunction, which 
causes damage to retina vessels. The metabolic dysfunction and subsequent 
reduced circulation create ischemia and damage to adjacent neurons. This article 
will review the structure of the retina, the systemic pathophysiology of diabetes, 
the resulting damage to retinal structure and function, comorbidities, tradi-
tional treatments, and prevention and treatment for diabetic retinopathy and its 
comorbidities. 

Anatomy of the Eye
The eye functions much like a camera. There are two lenses of the eye critical to 

quality vision. Light entering the eye at the cornea refracts and transmits through 
the anterior chamber, the pupil, and the crystalline lens, through the posterior 
chamber to the retina with maximum focus at the macula. The photoreceptors, 
called rods and cones, have their highest density centrally. The cones, known best 
for their reception of clarity and color, are most concentrated at the fovea centralis, 
and the rods are most heavily concentrated approximately 10-15 degrees temporal 
and nasal to the fovea. The rods are most important for receiving and using light 
in the vision process. The rods and cones cover the entire retina, but their numbers 
gradually diminish as the focus migrates past the equator to the ora serrata. (See 
Figure 1.)

The retina is composed of 10 layers from the inside out: 1) the internal limiting 
membrane; 2) the nerve fiber layer; 3) the ganglion cell layer; 4) the inner plexi-
form layer; 5) the inner nuclear layer; 6) the outer plexiform layer; 7) the outer 
nuclear layer; 8) the outer limiting membrane; 9) the inner and outer segments of 
rods and cones; and 10) the retinal pigment epithelium. 

The retinal vasculature involves several interconnected vascular plexuses of 
vessels and capillaries that feed the various layers of neural structures that accept 
light. Through chemical transition into electrical impulses, the light transmits 
through the optic nerve, optic chiasma, lateral geniculate body, and temporal optic 
radiations to the visual cortex in the occipital lobe of the brain. 

Diabetic Retinopathy
Diabetic retinopathy is a known sequela of diabetes. Vascular dysfunction 

occurs. In the eye, the blood retinal barrier breaks down. This allows cells to leak 
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EXECUTIVE SUMMARY
Diabetic retinopathy is a catastrophic complication of diabetes, 
with microvascular disease being the number one cause for loss 
of vision in those 20-74 years of age.  Primary care physicians are 
charged with not only assisting patients in achieving optimal 
blood sugar control but also documenting that all patients have 
yearly dilated retinal exams.  

 z The HEDIS Eye Exam criteria require a retinal or dilated 
eye exam by an eye care professional (optometrist or 
ophthalmologist) completed every year OR a negative retinal 
exam (no evidence of retinopathy) by an eye care professional 
in the year prior OR bilateral eye enucleation anytime during 
the patient’s history. Practitioners who are not eye care 
professionals may indicate a low risk for retinopathy because 
of a negative retinal exam the year prior by using CPT II code 
3072F. 

 z Primary care physicians also should be responsible for 
identifying prediabetes in their patients, as 84 million 
Americans are affected and should be managed actively. Up 
to 70% of these individuals develop diabetes mellitus with 
the risk of all the known macrovascular and microvascular 
complications.

 z Tight control of blood sugar has resulted in reduced incidence 
of maculopathy and takes issue with the recent American 
College of Physician Guidance Statement #3, suggesting 
physicians deintensify pharmacologic therapy in patients with 
type 2 diabetes who achieve HbA1C levels less than 6.5%.

 z Attention to fostering lifestyle changes in patients with 
prediabetes and diabetes takes time and can be frustrating for 
primary care physicians, but success is rewarding.

out of the once tight junctions of the 
blood vessel walls. In early diabetic reti-
nopathy, researchers believe that pericyte 
loss is part of the pathophysiology of 
microaneurysm development and pro-
gression. In patients with proliferative 
diabetic retinopathy, researchers have 
identified higher levels of inflammatory 
cytokines in collected vitreous samples. 
Serum blood samples also have shown 
higher C-reactive proteins in patients 
with proliferative diabetic retinopathy as 
compared to controls.1,2

Essentially, diabetic retinopathy has 
four levels of severity. In the early stages, 
patients may not have any symptoms. 
During the late stages, patients often 
have symptoms secondary to blood in 
the posterior chamber, retinal detach-
ment, vitreoretinal traction, or diabetic 
cystoid macular edema. The stages are 
identified with clinical findings as indi-
cated in Table 1. 

Diabetic retinopathy is the early 
presentation of blood vessel damage in 
retinal disease. This is considered a mild 
non-proliferative or pre-proliferative 
stage and is identified by one or a few 
microaneurysms. Some exudates or nerve 
fiber layer hemorrhages may be present. 
The moderate pre-proliferative stage is 
identified when microaneurysms, nerve 
fiber layer hemorrhages (also called 
flame-shaped hemorrhages), a few cot-
ton wool spots, and/or exudates are 
present. Severe pre-proliferative diabetic 
retinopathy is present when patients 

have multiple cotton wool spots, all of 
the moderate pre-proliferative findings, 
venous beading in two or more quad-
rants, and/or intra-retinal microvascular 
abnormalities (IRMA). The most severe 
diabetic retinopathy is the proliferative 
stage. Identifying signs of this stage in 
the clinical exam include vitreous hemor-
rhage, tractional retinal detachment, pre-
retinal hemorrhage, neovascularization 
at the optic disc (NVD), and neovascu-
larization elsewhere (NVE). Sometimes, 
neovascularization can be difficult to 
decipher from IRMA. Fluorescein angi-
ography will help to identify this differ-
ential diagnosis, as the blood vessels will 
leak in neovascularization but will not 
leak with IRMA. Fluorescein angiogra-
phy is helpful in finding areas of capillary 
non-perfusion important in the patho-
genesis of diabetic retinopathy and vessel 
leakage in the macula.1-4 (See Figure 2.)

Physical Exam Findings 
Microaneurysms: Essentially, micro-

aneurysms are outpouchings or balloon-
ing of capillary walls thought to be a 
result of mural cell loss. Mural cells are 
part of a neurovascular unit made up of 
endothelial cells, neurons, and astrocytes. 
These are found in the superficial vascu-
lar plexus of the retina. 

Venous Dilation and Beading: 
Venous dilation and beading is a rela-
tively common finding that presents with 
varying calibers of the retinal veins. They 
can appear substantially larger than usual 

and may appear to have periodic banding 
that creates the appearance of  “beads” 
along the vessel longitudinally. The veins 
also can become very circuitous, bending, 
or tortuous. 

Flame-shaped Hemorrhages: These 
very common retinal signs of local 
pathology are found in the superficial 
nerve fiber layer of the retina. They 
are called flame-shaped hemorrhages 
because of their appearance. 

Dot-blot Hemorrhages: Typically, 
these are found in some of the inner lay-
ers, such as the ganglion cell layer, inner 
nuclear layer, and the inner plexiform 
layer. 

Cotton Wool Spots: These are areas of 
ischemia that have swelling or edema of 
the nerve fiber layer. They appear like an 
irregular, mildly elevated, white blotch on 
the retinal surface. 

Intra-retinal Microvascular 
Abnormalities: IRMAs are shunt vessels 
that form in the most severe form of pre-
proliferative diabetic retinopathy where 
ischemia and vessel damage are most 
severe but do not leak. 

Neovascularization in the Retina: 
The most ominous finding for a patient 
with diabetes, NVE occurs when isch-
emic status has been present for an 
extended period. These new vessels are 
small, fragile, and leaky and are presumed 
to be the body’s response to ischemia. 

Neovascularization at the Optic 
Disc: NVD presents as lacy microvascu-
lar proliferation at the optic nerve.
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Neovascularization at the Iris: The 
most obvious identification for neovas-
cularization at the iris is the lacy ves-
sel formation at the pupillary margin. 
Sometimes, it may be seen only in the 
anterior chamber angle. If neovascular-
ization is found at either place, this is 
considered a high-risk sign for neovascu-
lar glaucoma. 

Vitreous Hemorrhage: Vitreous hem-
orrhage involves blood that has leaked 
out of the neovascularization vessels into 
the vitreous space. The blood cells cre-
ate scarring and vitreous traction. There 
is significant risk for secondary retinal 
detachment to occur. 

Diabetic Macular Edema (DME): 
DME is diagnosed when there is retinal 
thickening within 2 disc diameters (DD) 
of the macular center. It does not have to 
be treated at this stage.

Clinically Significant Macular 
Edema: This includes hard exudates 
within 500 microns (one-third DD) or 

less of the fovea with retinal thickening 
or 1 DD of thickening within 1 DD of 
the fovea. The Early Treatment Diabetic 
Retinopathy Study (ETDRS) set these 
parameters for grid laser treatment. These 
guidelines still are considered useful for 
non-center involving diabetic macular 
edema. When the fovea is involved (cen-
ter involving DME), then anti-vascular 
endothelial growth factor (VEGF) intra-
vitreal injections are the treatment of 
choice.5,6

The Diabetic Eye Exam 
When evaluating a patient with diabe-

tes, optometrists, ophthalmologists, and 
primary care physicians need to know 
the onset of diabetes and the current 
treatment regimen. Duration of disease 
is important for the assessment of the 
risk for retinopathy. Current research 
reveals that patients with type 1 diabetes 
have a higher incidence of retinopathy 
over time, but it is less prevalent at early 

stages of the disease.7 Maintaining blood 
pressure in the normal range is critical 
for best management of retinopathy. The 
hemoglobin A1c (HbA1c) is critical to 
understanding how well the patient’s 
disease is controlled and is helpful for 
evaluating the patient’s expected risk for 
developing diabetic retinopathy and/or 
the risk for worsening of existent reti-
nopathy. An annual dilated retinal exam 
is standard protocol for all patients with 
diabetes. The retina is the best place in 
the body to see an unobstructed view of 
blood vessels and the effects of arterio-
sclerotic and other vascular changes. It 
is an excellent place to evaluate diabetic 
complications and to determine the risk 
for kidney disease.

Primary care physicians should use 
Snellen acuity charts to check the vision 
of patients with diabetes at least once 
a year for screening purposes. In addi-
tion, the standard of care is an annual 
comprehensive eye exam, including 

Figure 1. Anatomy of the Eye

Source: Getty Images
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biomicroscopic, neuro-opthalmic, and 
dilated retinal exam, by an optometrist or 
ophthalmologist. 

Traditionally, diabetic retinopathy has 
been diagnosed with a binocular retinal 
ophthalmoscope and/or a biomicroscope. 
It is helpful to use some of the latest 
technology to evaluate both the anatomy 
and function of the retina. The spectral 
domain optical coherence tomographer 
(OCT) is invaluable for analyzing the 
topography as well as the various layers of 
the macula. The resolution of the OCT is 
measured in microns. Electrodiagnostic 
testing with the electroretinogram can 
provide a helpful objective analysis of the 
retinal function and is useful to monitor 
disease progression.1 Although the elec-
troretinogram can help provide earlier 
diagnosis of the disease and monitor 
disease progression, it is not used widely 
at this time. 

Eye care physicians often will use a 
wide angle retinal diagnostic laser tech-
nology. This can photograph approxi-
mately 82% (or 200 degrees) of the retina 
with one exposure. This device does not 
replace a careful dilated retinal exam 
because it does not photograph the infe-
rior retina well, but it augments the exam. 
Some studies reveal up to a 30% increase 
in pathologic discovery when the device 
is used. 

Retinopathy 
Microvascular disease in the retina is 

the number one cause for loss of vision 
in people ages 20 to 74 years. This is not 
surprising, as the number of patients with 
prediabetes and diabetes has increased 
dramatically during the last two decades. 
Multiple studies reveal that retinopathy 
presents to physician offices in those with 
prediabetes 8-13% of time, depending on 
the research results, locale, and design.8 

Researchers have found that patients 
with hypertension and elevated HbA1c 
showed a notable higher incidence of 
retinopathy than patients who were 
normotensive with normal HbA1c. In 
a 2017 case study, Zaleska-Zmijewska 
et al found anatomical changes occur-
ring at the microvascular level in the 
retinal arterioles.9 They demonstrated 
that abnormal anatomical changes of the 

blood vessel walls can occur as a result of 
hyperglycemia in a patient with predia-
betes. This change occurs before conver-
sion to diabetes and before retinopathy 
is present. The researchers demonstrated 
through multivariate regression that body 
mass index (BMI) and total cholesterol 
are significant correlates to the vessel wall 
changes.9 

In another study, De Clerck et al per-
formed multivariate regression to assess 
the relationship between the level of 
glycemia and macular thickness in 1,838 
participants (1,087 controls, 279 subjects 
with prediabetes, and 472 subjects with 
diabetes without retinopathy).10 Using 
the macular subfields designed in the 
ETDRS and the spectral domain OCT 
to measure macular thickness, they found 
a substantial reduction in macular thick-
ness in a somewhat linear relationship 
to hyperglycemia levels. They estimated 
that 50% of the thickness reduction 
already was present in participants with 
prediabetes.10 

Yazgan et al compared 53 subjects with 
prediabetes to 53 age- and sex-matched 
controls.11 They used the spectral domain 
OCT and scanned the macula cen-
trally, then at 1 mm, 2 mm, and 3 mm 

distances from the center in the nasal and 
temporal perimacular areas. They also 
scanned and measured choroidal thick-
ness at eight points in the peripapillary 
area. System and laboratory tests were 
performed to categorize BMI, fasting 
blood glucose, and HbA1c. They found 
a positive correlation of increased macu-
lar choroidal thickness associated with 
increased BMI, fasting blood glucose, 
and HbA1c. This method needs further 
investigation,11 as it could be an afford-
able option for identifying patients at 
risk for retinopathy. Sakata et al studied 
the relationship of small vessel circula-
tion in the para-macular area and retinal 
thickness to best corrected visual acuity 
in diabetics with macular edema. They 
concluded that the retinal thickness had 
the greatest effect on visual acuity.12

Diabetes, the underlying systemic 
disease causing diabetic retinopathy, 
is caused by insulin resistance and/or 
decreased insulin production. As patho-
genesis continues, many researchers 
believe that as hyperglycemia increases, 
there is oxidative stress, inflammation, 
an increase in cytokines, and endothelial 
growth factor that damage the pericytes. 
The pericytes are part of a neurovascular 

Table 1. Diabetic Retinopathy Stages

Background Diabetic Retinopathy (BDR)
Mild Pre-proliferative Diabetic Retinopathy
• Microaneurysms
• Dot and blot hemorrhages (intraretinal)
• Flame-shaped hemorrhages (nerve fiber layer)
• Hard exudates (chronic retinal edema)

Moderate Pre-proliferative Diabetic Retinopathy (ModPPDR)
Diabetic Retinopathy  (MPDR)
• BDR + cotton wool spots = infarction

Severe Pre-proliferative Diabetic Retinopathy (SPPDR)
(ModPPDR) +
• Venous beading (2-4 quadrants)
• Intraretinal microvascular abnormalities (IRMA)

Proliferative Diabetic Retinopathy (PDR)
SPPDR+
• New vessels at optic nerve disc (NVD)
• New vessels elsewhere
• Vitreous hemorrhage
• Traction retinal detachment
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unit, in that there is a one-to-one ratio 
between the endothelial cells of the 
retinal vascular plexuses that perfuse the 
ganglion cells and the photorecepters 
necessary for light transmission through 
the visual pathway to the visual cortex at 
the posterior occipital lobe.1,4

Diabetic Retinopathy  
in Pregnancy

Diabetes is present in about 1% of 
pregnant women. Pregnant patients with 
diabetes need to be followed closely for 
retinopathy before and after pregnancy. 
Researchers have found that if early pre-
proliferative retinopathy was diagnosed 
prior to pregnancy, the patient had a 
78% chance that the diabetic retinopathy 
would worsen. In addition, there was a 
23% increase in the risk of proliferative 
retinopathy. Non-proliferative diabetic 
retinopathy has a high rate of regression 
over time after childbirth.13

Prediabetes
Prediabetes is defined as fasting plasma 

glucose = 100-125 mg/dL, HbA1c = 5.7-
6.4%, and oral glucose tolerance = 140-
199 mg/dL. Currently, approximately 
30.3 million Americans have diabetes, 
according to the American Diabetes 
Association (ADA) and the Centers for 
Disease Control and Prevention.14,15 An 
estimated 10 million people do not know 
they have diabetes. The ADA recently 

reported the cost of diabetes as $327 
billion, which includes $237 billion in 
direct medical treatment costs and $90 
billion in lost production. An even larger 
concern lies ahead: It is estimated that 
5-10% of patients with prediabetes will 
develop diabetes each year.16 This could 
lead to an additional $100 billion in 
healthcare costs to an already financially 
fragile healthcare system within three 
years. At the current trajectory, the cost 
of diabetes alone could top more than $1 
trillion per year in 15 years. 
Obesity

Obesity is epidemic in America, with 
35-40% of the population falling into 
this category (defined by BMI > 30 kg/
m2). Obesity is a significant risk factor for 
diabetes, yet only 11% of the population 
have diabetes. There is much yet to learn 
regarding the connection between weight 
gain, beta cell malfunction, and glycemic 
absorption at skeletal muscles. Being 
overweight is one of the top risk factors 
for having prediabetes and ultimately 
diabetes. If obese people were tested 
with HbA1c and glucose tolerance test 
instead of only a fasting blood glucose, 
many of those in this weight category 
would be found to have intermediate 
glycemia.17,18

Kidney Disease
Kidney disease is a known comorbid-

ity with diabetes, but is less known as it 

relates to prediabetes. In 2012, Okada et 
al studied 99,140 people ages 20 to 89 
years in Aichi Prefecture, Japan.19 The 
subjects underwent health checks and 
were categorized into one of four catego-
ries: no prediabetes, stage 1 prediabetes, 
stage 2 prediabetes, and diabetes. Subjects 
also were categorized for no prehyper-
tension, stage 1 prehypertension, stage 2 
prehypertension, and hypertension. The 
authors concluded that the prevalence 
of glomerular hyperfiltration increased 
with increasing stages of prediabetes and 
prehypertension, and they recommended 
that providers monitor kidney function 
in patients with prediabetes or prehyper-
tension. In subjects with hyperfiltration, 
they suggested that earlier treatment of 
hyperglycemia and high blood pressure 
may help prevent the development of 
kidney damage.19 

In a large study in China using 
HOMA-IR and logistic regression in 
7,801 participants, Gu et al suggested 
that insulin resistance was a common 
independent risk factor for both chronic 
kidney disease and prediabetes.20 They 
acknowledged that chronic kidney dis-
ease and prediabetes are major public 
health problems in China and that insu-
lin resistance may be a risk factor. 

Using data from the 1999-2006 
National Health and Nutrition 
Examination Survey, Plantinga et al 
reviewed fasting plasma glucose, serum 
creatinine, and urinary albumin-creat-
inine ratio among 8,188 participants. 
They confirmed that kidney disease 
commonly is associated with diabetes, 
with 39.6% of patients known to have 
diabetes and 41.7% of patients who did 
not know they had diabetes (diagnosed 
in the study) having chronic kidney 
disease. Patients with prediabetes had a 
17.7% prevalence of kidney disease, and 
those with no diabetes or prediabetes had 
a 10.6% prevalence.21 

Tapp et al used an oral glucose toler-
ance test (OGTT) and urinalysis simul-
taneously with OGTT to determine 
correlational progression of increased 
impaired glucose tolerance to increased 
albuminuria in 11,247 adults. They noted 
that patients with prediabetes as clas-
sified in OGTT had about twice the 

Figure 2. Diabetic Retinopathy

Source: Getty Images
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incidence of albuminuria as those with 
normal glucose tolerance.22

Cardiovascular Disease
Cardiovascular (macrovascular) dis-

ease has several causative factors, includ-
ing diabetes. Could the more benign 
prediabetes show evidence of functional 
decline before damage occurs? Askin et 
al investigated this question in a study 
of 80 participants with prediabetes and 
80 age-matched controls. Using the 
myocardial performance index and non-
invasive Doppler of global ventricular 
function, they concluded that predia-
betes is a high-risk condition for type 2 
diabetes mellitus and that prediabetes 
is closely associated with subclinical 
left ventricular systolic and diastolic 
dysfunction.23 

Patscheider et al assessed subclinical 
changes in the right ventricular volumes 
and function in controls, patients with 
prediabetes, and patients with diabetes 
without a history of cardiovascular dis-
ease. The 337 participants underwent 3-T 
whole-body magnetic resonance imaging 
using short-axis and four-chamber views. 
The authors demonstrated a subclinical 
association of reduced right ventricular 
volume in men with diabetes and pre-
diabetes. This finding was not evident 
in women, and subclinical reduced right 
ventricular ejection fraction was not 
found in men or women.24 

Xing et al studied 2,340 participants 
in the Dallas Heart Study 2 who did not 
have cardiovascular disease. They used 
typical blood tests to identify those with 
prediabetes, and measured carotid wall 
thickness, coronary artery calcium mea-
sures, estimated glomerular filtration rate, 
and urinary albumin-creatinine ratio. 
To remain in the study, the participants 
could not have diabetes or cardiovascular 
disease. The results revealed that partici-
pants had abnormalities in the presence 
of prediabetes, which was consistent with 
expected findings. HbA1c and fasting 
plasma glucose had loose association 
with markers for microvascular and mac-
rovascular disease. However, when the 
multivariable adjustment was applied, 
the theories did not hold true. Xing et al 
concluded that characteristics other than 

HbA1c and fasting plasma glucose in 
patients with prediabetes have a relation-
ship with the vascular disease process.25 

In 2016, Abdul-Ghani et al con-
ducted a literature review to determine 
if impaired fasting glucose and impaired 
glucose tolerance test are related to pos-
sible prediabetes and diabetes. It appears 
that suspicion of cardiovascular disease 
comes with impaired fasting glucose. 
However, the association or relationship 
to cardiovascular disease does not occur 
until there is impaired glucose toler-
ance. Impaired glucose tolerance and 
a decrease in beta cell function of the 
pancreas are considered biomarkers for 
future cardiovascular disease. They noted 
that once this is identified, intervention 
should be initiated to prevent progres-
sion to type 2 diabetes and cardiovascular 
disease.26 

Ford et al performed a systematic 
review to determine if there was a 
connection between prediabetes and 
cardiovascular disease. They reviewed 
18 papers between 1997 and 2008, and 
found a modest increase in cardiovascular 
risk associated with impaired glucose 
tolerance, impaired fasting glucose, 
insulin resistance, and free fatty acid 
metabolism.27,28

Neuropathy 
Microvascular disease is a notable 

concern with intermediate glycemia and 
hyperglycemia. Although the patho-
logic process from the signs is not fully 
understood, they are common and are 
the result of an aberrant metabolism, 
most commonly believed to start with 
obesity and intermediate glucose toler-
ance and pancreatic beta cell dysfunction. 
Fat deposition is believed to cause insulin 
resistance, which is the early evidence of 
the metabolic process gone awry. 

Zeng et al studied the relationships 
between tumor necrosis factor-alpha 
(inflammation), interleukin-10 (anti-
inflammation), and neuropathy in the 
distal most sensory nerves of subjects’ 
toes. The study included 55 patients with 
prediabetes, 55 patients with diabetes, 
and 48 controls, and the researchers 
performed electrophysiology nerve 
conduction tests of the dorsal/medial 

plantar sensory nerves. They found a high 
enough correlation to suggest a predia-
betes/diabetes causative factor for the 
symptomatic neuropathy.29 

Rajabally performed a systematic 
review of 23 papers.30 The auathors of 
14 papers hypothesized and investigated 
the presence of neuropathy in the pres-
ence of intermediate glucose tolerance 
(IGT). The authors of nine papers tested 
for IGT in the presence of chronic idio-
pathic axonal polyneuropathy. The find-
ings suggest a probable strong association 
with IGT, especially for the small fiber 
painful type.30,31

Nephropathy
Intermediate hyperglycemia or pre-

diabetes often has no symptoms or few 
symptoms that the general population 
would consider pertinent or that could 
put them at risk for developing diabetes. 
Multiple researchers have identified a 
statistically significant increase in micro-
albuminuria in patients with prediabetes. 
Australian researchers demonstrated 
twice the incidence of microalbuminuria 
in patients with prediabetes compared to 
normal controls.22 Researchers in India 
found a 19% incidence of microalbumin-
uria in patients with prediabetes.32 

Many researchers have proposed 
theories regarding the causative fac-
tors for kidney disease, ranging from 
macrovascular disease or coronary artery 
disease, hypertension, microvascular 
disease, inflammation, oxidative stress, 
hyperlipidemia, and genetics. The consis-
tent observation is a correlation between 
impaired fasting glucose and IGT to 
elevated HbA1c, showing a relationship 
to increased microalbuminuria. The defi-
nition of microalbuminuria seems to vary. 

In the United States and in most stud-
ies, the standard definition of microalbu-
minuria is 30-300 mg/g creatinine. Some 
researchers have used 22-220 mg/g 
for men and 31-220 mg/g for women. 
Regardless of the definition used, the 
correlation was seen. Bahar et al con-
ducted a literature review and found that 
BMI and hypertension seem to be unre-
lated to microalbuminuria, and that there 
is a high correlation of microalbuminuria 
in IGT especially.33
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Metabolic Syndrome 
Metabolic syndrome is increasing at 

epidemic proportions. Symptoms of 
metabolic syndrome include a large waist 
line or abdominal adiposity, low high-
density lipoprotein levels, hypertension, 
high fasting plasma glucose, and high 
triglycerides in the blood. The presence 
of three or more of these signs results 
in a diagnosis of metabolic syndrome. 
Metabolic syndrome is one of the pre-
cursors for common chronic diseases, 
including obesity, diabetes, prediabetes, 
hypertension, cardiovascular disease, and 
stroke. Researchers have worked dili-
gently for years to determine why there 
has been such a rapid growth of obesity 
in the United States and other developed 
countries worldwide. Theories include 
lack of exercise, increased stress, improper 
sleep patterns, dietary choices, genetics, 
sedentary hobbies, and sedentary work 
environments. 

Researchers also have evaluated how 
food additives may play a role in human 
dietary behaviors. The most common 
involves monosodium glutamate (MSG). 
Multiple researchers are studying 
whether MSG is healthy. Ironically, most 
of the studies concluding that MSG is 
healthy were funded by the food indus-
try.34 MSG has been found to have an 
obesogenic effect in both rat and human 
studies.35-38 The majority of processed 
food in the United States includes MSG 
hidden within covert names, such as 
natural flavoring. 

Alzheimer’s Disease and Senile 
Dementia 

Neurodegenerative disease generally 
is associated with genetics and/or aging. 
Some researchers have called this diabe-
tes of the brain or type 3 diabetes.39 There 
appears to be an association with insulin 
resistance, which may contribute to the 
pathogenesis of Alzheimer’s disease 
and senile dementia. In a well-designed 
meta-analysis, Cheng et al found that 
diabetes is a significant risk factor in 
Alzheimer’s disease, senile dementia, 
and mild cognitive decline. This is not 
surprising, since the brain accounts for 
roughly 25% of energy resource demand, 
and insulin receptors and proper function 
are critical to optimal cognitive function. 

In addition, most chronic diseases are 
presumed to be metabolic in nature, and 
insulin resistance appears to be germane 
to their pathogenic process.28,40,41

Glaucoma
Glaucoma is a chronic progressive 

multifactorial disease of the optic nerve 
causing damage with a resulting loss of 
vision. Intraocular pressure is important 
in determining risk for damage or pro-
gression. However, 30% of glaucoma 
patients will have a normal pressure at 
the time of their eye exam. As a result, 
clinicians no longer include high intra-
ocular pressure in the definition of glau-
coma, but it still is important in treating 
glaucoma.

People who have diabetes are twice as 
likely to develop glaucoma as those with-
out diabetes; in fact, some researchers call 
glaucoma “diabetes of the brain.”42 There 
are some similarities, in that circulation 
compromise and neuropathy occur in 
both.42 Hypertension is a risk factor as 
well. Atherogenic and arteriosclerotic 
factors associated with chronic diseases 
play a role in the group of ocular dis-
orders that culminate in glaucomatous 
loss of vision. At least 10% of glaucoma 
patients never have an intraocular pres-
sure above normal (> 21), and at least 
20% or more have a normal intraocular 
pressure at the time of their eye exam but 
have a pressure above normal at some 
other time of day. Furthermore, many 
patients continue to have progression of 
disease even in the presence of a normal 
treated intraocular pressure. 

Research indicates that eye pressure is 
highest in the middle of the night while 
sleeping in the prone or supine position. 
Some studies indicate as much as a  
6 mmHg increase in nocturnal intra-
ocular pressure. Other research has been 
conducted related to ocular perfusion 
pressure. Researchers believe low oxygen 
perfusion pressure may play a role in pro-
gression of glaucoma damage in patients 
who appear to have ocular pressure that 
is well controlled. In one study, women 
were affected more than men, and 
ethnicity was believed to be a factor.43 
The results of this study provide further 
evidence that a vascular mechanism is a 
causative factor in glaucoma. There are no 

symptoms until late in pathogenesis of 
primary open-angle glaucoma, the most 
common form of the disease. This is 
another reason it is important for people 
to get yearly eye exams. 

Sometimes, cranial nerve palsy is the 
first sign of diabetes. Microvascular 
changes create ischemia to innervation 
for the extraocular muscles, causing 
double vision or diplopia. Sixth nerve 
palsy would present with horizontal dip-
lopia, fourth nerve palsy would present 
as vertical diplopia, and third nerve could 
present as vertical or horizontal diplopia 
but may have pupil involvement or lid 
drooping (ptosis). Fortunately, when the 
pathogenesis of diplopia is related to 
diabetes, it has an excellent prognosis in 
most cases. 

Lajmi et al found that the sixth cranial 
nerve palsy, which causes horizontal dip-
lopia, showed a 50% incidence. In addi-
tion, 75% of the time diabetes was poorly 
controlled, and there was diabetic reti-
nopathic comorbidity more than 50% of 
the time in study participants with sixth 
nerve palsy. Symptoms typically resolved 
in six to 12 weeks with normalization of 
the hyperglycemia.44,45

More than 50% of patients with 
diabetes have dry eyes and should be 
treated as any other patient with dry eye 
syndrome.46 Some studies indicate there 
is reduced tear production in patients 
with diabetes. Other studies reveal eyelid 
disease and corneal denervation. Often, 
patients will be given artificial tears to 
treat burning or dry eye symptoms.47 This 
may be appropriate for some patients 
with diabetes, but providers do not know 
what they are treating when basing it on 
symptoms alone. Patients with diabetes 
have a relatively high prevalence of both 
evaporative as well as aqueous deficiency 
dry eye. Patients with diabetes should be 
examined by an eye doctor under biomi-
croscope to determine which type of dry 
eye is present.This will help to achieve a 
more focused and appropriate treatment. 

Treatment for Diabetic 
Retinopathy and Diabetic 
Maculopathy

The majority of patients with diabetes 
do not have retinopathy early in their 
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disease. However, they still should have 
a comprehensive eye exam with dilation 
of the retina by an ophthalmologist or 
an optometrist who is properly equipped 
with at least a spectral domain OCT. 
Patients with diabetes who do not have 
retinopathy or who have mild pre-
proliferative diabetic retinopathy should 
be monitored regularly, with a report 
sent to their primary care physician. 
This reporting is important for HEDIS 
scoring requirements. When moderate 
pre-proliferative retinopathy is pres-
ent, patients should be seen at three- to 
six-month intervals. More aggressive 
discussion of compliance and optimal 
management of the disease is imperative 
to reduce the risk of blindness. 

When severe pre-proliferative reti-
nopathy is present with IRMA, patients 
should see a retina consultant for a 
fluorescein angiogram to determine if 
the blood vessels are leaking or if there is 
capillary non-perfusion. This is necessary 
to determine whether patients have pro-
liferative disease, as well as what treat-
ment is needed and where laser would 
be applied, if applicable. Patients have a 
significant risk for blindness and should 
be more diligent in managing their sys-
temic disease.

Proliferative retinopathy is diagnosed 
when neovascularization is present. The 
neovascularization may be at the optic 
disc (NVD) or elsewhere (NVE). These 
are very small, lacy, leaky vessels and 
are considered pathognomonic in the 
diagnosis of proliferative stage disease. 
Additional findings in more severe pro-
liferative retinopathy are vitreous hem-
orrhage, tractional retinal detachment, 
and preretinal hemorrhage. Patients who 
have proliferative stage disease, especially 
with vitreous hemorrhage and/or retinal 
detachment, should avoid any heavy lift-
ing in their exercise or daily activities. 

The current therapeutic regimen for 
patients with proliferative retinopathy 
is pan-retinal photocoagulation. It is 
believed that the eye has become so 
ischemic that laser cauterization of 
the retina will reduce the metabolic 
demand. Furthermore, it is thought that 
when the demand for new blood ves-
sels goes away, then so will the existing 

neovascularization as well as future neo-
vascular growth. This is seen clinically. 
The neovascularization certainly can 
return. The return depends on sufficient 
treatment and how well systemic disease 
is managed. 

Although it would appear that the 
peripheral vision is reduced substantially, 
such that someone would be at high 
risk for losing driving privileges, this 
turns out not to be true, especially in 
a binocular patient. The studies show 
that 80-92% of people undergoing this 
procedure can expect to still be able to 
drive. 48,49

When diabetic maculopathy is pres-
ent but is not clinically significant, the 
patient can be monitored with serial 
macular scans with spectral domain 
OCT every three to six months. The 
patient also should monitor at home 
with an Amsler grid. (See Figure 3.) This 
device provides a means by which the 
patient can identify change or distortion. 
Patients should perform self-monitoring 
by evaluating one eye at a time while 
wearing prescription eyewear. If they 
identify notable distortion or wavy line 
changes via this means between office 
visits, they should return to the clinic as 
soon as possible. 

Clinically significant macular edema 
is a pathologic development with a 
statistically increased risk for vision loss 
and must be treated. Ten to 15 years 
ago, it was treated primarily with grid 
argon laser using the ETDRS param-
eters. Over the last five years, the use 
of injected anti-VEGF treatments has 
changed the treatment substantially. 
Previously, laser and vitreous steroid 
injections were the only treatments 
available. Central visual acuity often had 
to be sacrificed to manage the macu-
lar edema with laser. There is about a 
27-40% incidence of increased intraocu-
lar pressure for up to 100 days following 
treatment with steroids. 

With the introduction of vitreous 
injected anti-VEGF, retina specialists 
often use one of three treatment proto-
cols that have a substantially lower risk 
of intraocular pressure elevations. These 
treatment protocols involve anti-VEGF 
injections used monthly, when necessary 

(PRN), or treat-and-extend. These have 
been tested in multiple clinical trials, 
and all protocols demonstrate significant 
improvements to diabetic retinopathy 
severity measures. Aderman and Garg 
concluded the treat-and-extend method 
can provide both anatomical and visual 
improvements similar to monthly and 
PRN methods at less cost to the patient 
and insurance company.5 Argon grid 
laser and intravitreal steroid injections 
still are important for some patients who 
do not respond to anti-VEGF.5,6,50 

Discussion
Diabetic retinopathy is secondary to 

the metabolic disorder of diabetes. The 
pathogenesis occurs chronically over 
many years for the majority of patients 
with type 1 and type 2 diabetes. Further, 
the National Institute of Diabetes and 
Digestive and Kidney Diseases Diabetes 
Prevention Program showed that life-
style modification as treatment is almost 
twice as efficacious as metformin. The 
results are even better among patients 
older than 60 years of age. The Diabetes 
Prevention Program Outcomes Study 
(DPPOS) revealed that lifestyle treat-
ment compared to metformin reduced 
diabetes development over 15 years. The 
researchers also noted there were no 
overall differences in the microvascular 
outcomes between the two treatments at 
the end of 15 years. As expected, those 
participants who did not develop diabe-
tes had fewer microvascular complica-
tions than those who had developed 
diabetes.51-53

There is some concern among prac-
titioners regarding aggressive treatment 
of diabetes and early worsening of dia-
betic retinopathy. The Diabetes Control 
and Complications Trial (DCCT) 
demonstrated that retinopathy worsens 
early. However, the long-term progres-
sion of the retinal disease is better with 
aggressive treatment than moderate 
treatment.54

A central characteristic of prediabetes 
and its comorbidities is insulin resis-
tance. Whether the insulin resistance 
comes from oxidative stress, inflam-
mation, lipid dysfunction, obesity, and/ 
or a poor diet is not fully understood. 



AHCMedia.com Primary Care Reports / June 2018     77

Insulin resistance appears to be central 
to or closely related to early pathologic 
development of many chronic diseases 
prominent today. Prediabetes leads to 
diabetes up to 70% of the time.55,56 

A recent American College of 
Physicians (ACP) guidance on HbA1c 
treatment levels57 is of some concern 
as it relates to diabetic retinopathy. The 
guidance suggests that it is acceptable 
for most patients with type 2 diabetes to 
maintain an HbA1c of 7-8%. However, 
this range does not seem reasonable. In 
2009, Cheng et al found an approxi-
mately 400% increase in retinopathy 
prevalence from the prediabetic HbA1c 
of 5.5% to diabetic HbA1c of 8%,58 
which provides credence to tighter con-
trol than what is being advocated with 
the ACP guidance. 

The research regarding common 
comorbidities of prediabetes is impor-
tant because multi-organ damage is 
occurring even in the prediabetic stage. 

In addition, there is a multi-system 
benefit in lifestyle modification as 
treatment. A whole food, plant-based 
diet has been shown to reduce lipids, 
decrease hypertension, and lower plasma 
glucose.59-61 In addition, macrovascular 
disease responds positively to lifestyle 
modification.62 More longitudinal and 
observational studies are needed to 
determine what occurs anatomically and 
functionally to the neurovascular units 
in the diabetic retina when patients fol-
low a lifestyle that includes primarily a 
whole food, plant-based diet and regular 
exercise.

Conclusion
Diabetic retinopathy, a complica-

tion of diabetes, is the leading cause of 
blindness in people 25 to 74 years of age 
and is a serious sequela of hyperglyce-
mia. Microvascular and macrovascular 
changes often begin in the prediabetic 
phase. Any treatment that reduces the 

systemic disease of diabetes and its 
related comorbidities reduces the risk of 
blindness for patients. 
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CME Questions
1. Clinically significant macular edema 

is present when: 
a. there are microaneurysms present 

in the periphery of the retina.
b. proliferative diabetic retinopathy 

exists.
c. exudates are seen within one-

third disc diameter of the fovea 
with thickening.

d. there are two disc diameters of 
thickening within three disc 
diameters of the fovea.

2. Cranial nerve palsies can result from 
diabetic pathogenesis. If a patient 
has horizontal diplopia, which 
cranial nerve most likely is involved?
a. II
b. III
c. IV
d. VI

3. Risk factors for cardiovascular 
disease are identified in a diabetic 
workup. According to Abdul-Ghani, 
which of the following biomarkers, 
along with decrease in beta cell 
function, indicated enough evidence 
of disease to initiate treatment?
a. Fasting blood sugar
b. Hyperinsulinemia
c. Impaired glucose tolerance test
d. C-reactive protein 

4. Tapp et al used an oral glucose 
tolerance test to classify diabetic 
status of 11,247 participants. Which 
of the following is the best match 
for additional findings in those 
who had prediabetes (intermediate 
glucose tolerance)? 
a. 200% more incidence of 

microalbuminuria as compared 
to those with normal glucose 
tolerance

b. 50% more incidence of 
microalbuminuria as compared 
to those with normal glucose 
tolerance

c. 0% more incidence of 
microalbuminuria as compared 
to those with normal glucose 
tolerance

d. 100% more incidence of 
microalbuminuria as compared 
to those with normal glucose 
tolerance

5. Where is the highest concentration 
of cones in the human macula?
a. Within 10-15 degrees of the 

fovea
b. 360 degrees concentration at the 

ora serrata
c. 30 degrees from the macula
d. At the fovea centralis

6. What is the approximate percent 
increase in retinopathy prevalence 
when HbA1c increases from 5.5% 
to 8.0%?
a. 100 
b. 300
c. 400
d. 500
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