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MICROVASCULAR COMPLICATIONS 
 ASSOCIATED WITH TYPE II DIABETES 

Sameer Khan, MD 
Week 1 

 
 
Educational Objectives: 
 

1. List common microvascular complications associated with type II diabetes 
2. Understand the pathophysiologic mechanisms that contribute to these complications, 

namely diabetic nephropathy and retinopathy 
3. Identify screening tools and therapeutic strategies and goals according to guidelines 
4. Develop an approach for monitoring patients to prevent the development of diabetic 

microvascular complications 
 
 
CASE ONE: 

 
Mr. EG is a 58-year-old janitor who presents to your clinic for a follow-up visit after four 
years. He has been too busy to come back for a return visit because of work. Mr. EG states 
he has a history of high blood pressure. He walks a lot for his job but doesn’t get much 
exercise beyond that. He quit smoking 15 years ago and has a 20 pack-year smoking 
history. He has a beer sometimes after work but does not drink daily. He recalls that his 
mother had diabetes. He denies any other significant family history. When you mention it, 
he endorses that he has been urinating more frequently for the past year. His only 
medication is hydrochlorothiazide 25mg. On exam, his temperature is 98.4F, pulse 83, and 
BP 147/88.  
 

 
Questions: 
 

1. What are the screening criteria for diabetes mellitus? If Mr. EG meet these criteria, 
what tests exists to screen for diabetes mellitus (DM)? 
The U.S. Preventive Services Task Force (USPSTF) recommends screening for abnormal 
blood glucose and type 2 diabetes in adults 40 to 70 years of age who are overweight or 
obese, and repeating testing every three years if results are normal. Individuals at higher 
risk should be considered for earlier and more frequent screening. The American 
Diabetes Association (ADA) recommends screening for type 2 diabetes annually in 
patients 45 years and older, or in patients younger than 45 years with major risk factors 
(Pippitt, 2016). You may find a detailed table describing asymptomatic individuals who 
should be screened under the third citation (Handelsman, 2017). 
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Mr. EG needs to be screened for DM. A diagnosis can be made with a fasting plasma 
glucose level of ≥126 mg/dL; an A1c level of ≥ 6.5%; a random plasma glucose level of 
≥ 200 mg per dL or greater; or a 75-g two-hour oral glucose tolerance test with a plasma 
glucose level of ≥ 200 mg/dL. Results should be confirmed with repeat testing on a 
subsequent day; however, a single random plasma glucose level of ≥ 200 mg/dL with 
typical signs and symptoms of hyperglycemia likely indicates diabetes.  
 
 

CASE ONE CONTINUED: 

 
Mr. EG agrees to get bloodwork. Later that day, his labs are notable for an LDL of 194 
and hemoglobin A1c of 9.7%. On his basic metabolic panel, his glucose is 228 and his 
serum creatinine is 1.20 (GFR 77). After calling him with the results, he agrees to return to 
the office the following week, when you perform a more thorough exam. His bedside 
fundoscopic exam is limited but appears normal. He has reduced sensation along the soles 
of his feet bilateral with monofilament testing. He has never seen an ophthalmologist.  
 

 
2. What are the common macrovascular and microvascular complications of diabetes? 

Macrovascular complications essentially include the major disease processes associated 
with ASCVD (atherosclerotic cardiovascular diseases) such as coronary artery disease, 
peripheral arterial disease, and stroke. The main pathogenesis of the macrovascular 
complications associated with DM is due to atherosclerosis. The pathology of 
atherosclerotic lesions in patients with diabetes is similar to lesions in patients in whom 
another characteristic, like hypercholesterolemia or smoking, is the major risk factor 
(Rasl-Madsen, 2013). 
 
Diabetes induces changes in the microvasculature, causing extracellular matrix protein 
synthesis and capillary basement membrane thickening, which are the main features of 
diabetic microangiopathy. These changes, in conjunction with advanced glycation end 
products and oxidative stress, result in low-grade inflammation and neovascularization 
inducing many of the major microvascular complications. Our discussion today will 
primarily focus on retinopathy and nephropathy (Orasanu, 2009). 

 
3. When should providers screen for microvascular complications (specifically for 

nephropathy and retinopathy) in patients with diabetes, and how often should 
screening occur?  What specific microvascular screening tests would you order for 
this patient? 
Screening for diabetic retinopathy is performed via a fundoscopic exam with full dilation, 
typically performed by an ophthalmologist or optometrist. The ADA recommends 
screening for diabetic retinopathy immediately upon diagnosis of type II diabetes. In the 
United States, diabetic retinopathy is the most frequent cause of new cases of blindness in 
adults between the ages of 20-74. Glaucoma and cataracts occur much earlier and more 
frequently in the diabetic patient population. It is important to emphasize the significance 
of this screening with your patients and make it a routine component of your care 
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(Solomon, 2017). If there is no evidence of retinopathy and the patient’s glycemia is 
well-controlled, screening should continue at an interval of every two years. If 
retinopathy is present, screening should continue at least yearly. Screening more 
frequently than yearly is typically a decision made by the patient’s ophthalmologist 
depending on disease severity (Agardh, 2011). 
 
Screening for diabetic nephropathy should be performed annually starting at the time of 
diagnosis of type 2 diabetes. Due to risk for the progressive chronic kidney disease 
(CKD), patients with urinary albumin ≥ 30 mg/g creatinine and/or an eGFR < 60 
mL/min/1.73m2 should be monitored at least twice annually to guide ongoing therapy. 
Screening is typically performed through the collection of a urinalysis with a urinary 
albumin-to-creatinine ratio (UACr) in a random spot urine collection. The UACr is a 
surrogate marker for the “gold standard” 24-hour collection. Multiple studies evaluating 
24-hr collections compared to the UACr have found that the spot specimens correlate 
well with 24-hr collections in adults (Wee Teo, 2014). In other words, a 24-hr collection 
is burdensome without significantly adding to accuracy in monitoring or management. Of 
note, the UACr should be distinguished from Urine protein-to-creatinine ratio (UPCr), 
which is typically used to identify nephrotic range proteinuria.  
 
At this point, it would be appropriate to refer the patient to both an eye specialist 
(optometrist or ophthalmologist) and obtain the appropriate urine studies (UACr; eGFR 
already obtained) to evaluate the patient for diabetes associated kidney disease. 

 
 
CASE ONE CONTINUED: 

 
After discussing the results, he agrees to visit the lab prior to your next visit and provide 
urine for urinalysis and urine Albumin/Cr ratio. His UA returns with 2+ protein and his 
albumin to creatinine ratio is reported as 476mg/g Cr. 
 

 
4. What is the definition of diabetic nephropathy? What changes are seen on 

pathology? 
Diabetic nephropathy results from the microvascular damage sustained by the kidneys 
from chronic hyperglycemia, resulting in progressive kidney disease that alters the 
architecture and function of the kidney characterized by proteinuria, hypertension, and 
progressive reductions in kidney function.  
 
Early in the disease course of diabetic nephropathy, the kidneys increase in weight and 
size by about 15%. Pathologically, the kidneys undergo deposition of extracellular matrix 
in the mesangium and glomerular basement membrane thickening. The classic 
pathological lesion seen on microscopy are the nodular, acellular depositions seen in 
Bowman’s space, first described by Kimmelstiel and Wilson. However, these are seen in 
fewer than 50% of pathologic specimens of patients with diabetic nephropathy. Over 
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time, hyaline material replaces the vessel and there is tubular atrophy. End-stage disease 
is characterized by interstitial fibrosis and glomerulosclerosis. 

 
5. What are the relevant cutoffs when interpreting a UACr? Why does the degree of 

albuminuria matter? 
A UACr level < 30 mg/g Cr signifies normal kidney function (in the setting of an 
otherwise normal GFR and urinalysis).  UACr values between 30 - 300mg/g Cr are 
defined as moderate albuminuria (previously “microalbuminuria”) and values ≥ 300 mg/g 
Cr are classified as severe albuminuria (previously “macroalbuminuria”). Abnormal 
results (moderate or severe albuminuria) should be repeated twice over three to six 
months to confirm the presence of albuminuria, as false positives can occur. For example, 
exercise within the last 24 hours, infection, fever, congestive heart failure, marked 
hyperglycemia, menstruation, and marked hypertension may elevate UACr. One of the 
main reasons accurately quantifying albuminuria is so important is because it allows us to 
stage our patient’s kidney disease. For Mr. EG, a GFR in the 70s with severe albuminuria 
is a considered CKD stage 2, at which point a referral to a nephrologist also becomes an 
important consideration for his care. The single biggest predictor of kidney function 
deterioration and diabetic nephropathy progression is severity of proteinuria.   
 
Please be aware that in a patient with diabetes and evidence of kidney disease (i.e., 
albuminuria, hematuria, and/or reduced GFR) it is important to consider alternative 
diagnoses and pursue a work-up if the progression of kidney disease is out of proportion 
to the degree of diabetic control or if there are findings on history or physical 
examination that would indicate other causes of kidney disease. Furthermore, when 
urinalysis is performed, the presence of active sediment (typically defined as ≥ 5 RBC 
per high power field, ≥ 5 WBC per high power field, or presence of cellular casts) in the 
urine may suggests an alternative etiology of kidney dysfunction. In these cases, a careful 
history should evaluate for Lupus, HIV, hepatitis B and C, early-onset hypertension and 
heritable kidney diseases (e.g., polycystic kidney disease), all of which can cause 
proteinuria and/or albuminuria.  If concerning historical or exam features are present, 
further laboratory testing should be pursued. 
 
There is not any formal guideline on when a kidney biopsy should be pursued and, 
generally speaking, it is not necessary if the cause of nephropathy is thought to be 
diabetes alone. 

  



Diabetic Microvascular Complications. Yale Office-based Medicine Curriculum, Tenth Edition, Volume 5, 2020 
 

CASE ONE CONTINUED: 

 
You discuss the significance of the above results with Mr. EG when he returns to your 
office. His BP is noted to be 144/91. He is concerned when you tell him that he has 
proteinuria and that his diabetes is under poor control. You counsel him about the 
importance of getting his sugars under better control. Mr. EG expresses a fear that he 
might have to start insulin or need dialysis. A family friend needed insulin for diabetes and 
eventually developed end-stage renal disease. Mr. EG calls his son who is a nurse who he 
feels can help him better manage his diabetes and asks if you can explain to his son how 
this might affect his health long-term. 
 

 
6. What are important points you would discuss with Mr. G’s son about the health 

risks associated with diabetic nephropathy? 
A family member or friend who is a healthcare professional can be a powerful ally and 
source of motivation for your patient. It is important to emphasize to both the patient and 
family member that diabetic nephropathy is the most common cause of chronic kidney 
disease in the United States. Once a decline is seen either by an elevation in serum 
creatinine signifying a declining GFR, the disease is progressive and can result in chronic 
kidney failure and eventual need for renal replacement therapy (i.e., dialysis or renal 
transplant) or death. Further, diabetic nephropathy also confers a significant 
cardiovascular risk with increased mortality compared to the general population 
 
Notably, by identifying nephropathy early in the disease process, it is possible to reduce 
the risk of progression to end stage renal disease via medical therapy and lifestyle 
modification (see below). 

 
7. What approaches to glycemic control might help to prevent progression of diabetic 

nephropathy in this patient? 
The current standard of care according to the American Diabetes Association (ADA) is 
for a hemoglobin A1c goal of ≤ 7.0 for most patients. There have been several clinical 
trials that have attempted to better understand the possible benefits of stricter glycemic 
control in patients with DM with diabetic nephropathy. Early trial data first reported in 
patients with Type I DM from the Diabetes Control and Complications Trial (DCCT), 
showed that intensive control to an A1c < 6.0 resulted in a relative risk reduction of 39% 
for microalbuminuria and 56% for overt proteinuria (Nathan, 2013). Data for type II DM 
has been far more ambiguous. The UKPDS (UK Prospective Diabetes Study) and the 
ACCORD (Action to Control Cardiovascular Risk in Type 2 Diabetes) trial did not show 
clear evidence of an improvement in kidney endpoints (defined as stage of CKD and 
UACr values) in patients in the more intensive glycemic control arms. Moreover, at A1c 
targets of 6.0, the patients were found to have higher incidence of hypoglycemia. 
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A holistic approach to diabetes management involves both lifestyle modification and 
pharmacologic interventions. As such, it is important to counsel the patient on improving 
his dietary habits and increasing exercise to facilitate glucose utilization and uptake in the 
body. In terms of pharmacologic management of the patient’s hyperglycemia, the patient 
has articulated a preference for non-injectables. The landscape of pharmacologic 
treatment for diabetes has changed considerably in the last five to 10 years. Fortunately, 
there are many options for improving glycemic control. These include biguanides (i.e., 
metformin), sulfonylureas (e.g., glipizide), thiazolidinediones (e.g., pioglitazone), GLP 
agonists (e.g. liraglutide), DPP-4 inhibitors (e.g., saxagliptin), SGLT2 inhibitors (e.g., 
empagliflozin). Metformin remains a first-line medication in the absence of a major 
contraindication (typically eGFR < 30).  
 
SGLT2 inhibitors and GLP-1 agonists should be considered for patients with type 2 
diabetes and CKD who require another drug added to metformin to attain target A1c or 
who cannot use or tolerate metformin. It is thought that SGLT2 inhibitors reduce 
oxidative stress in the kidney by as much 50% and blunt increases in angiotensinogen, as 
well as reduce NLRP3 inflammasome activity (Wanner, 2016). In several large 
cardiovascular outcomes trials in patients with type 2 diabetes at high risk for CVD or 
with existing CVD, kidney effects were examined as secondary outcomes. In the EMPA-
REG OUTCOME study, empagliflozin reduced the risk of incident or worsening 
nephropathy (a composite of progression to UACr > 300 mg/g Cr, doubling of serum 
creatinine, ESRD, or death from ESRD) by 39% and the risk of doubling of serum 
creatinine accompanied by eGFR < 45 mL/min/1.73 m2 by 44%. In the LEADER study, 
liraglutide reduced the risk of new or worsening nephropathy (a composite of persistent 
macroalbuminuria, doubling of serum creatinine, ESRD, or death from ESRD) by 22%. 
 
Given what is known about the average A1c reduction associated with oral hypoglycemic 
agents, it is reasonable to start the patient on at least one of the above medications in 
addition to metformin.  Given his desire to avoid injectable medications, it would be 
reasonable to start the patient on metformin and an SGLT2 inhibitor such as 
empagliflozin at this time. 

 
8. Is there a role for blood pressure (BP) control in the management of Mr. EG’s 

nephropathy? If so, what agents would you consider and why? 
Blood pressure reduction is an important aspect to the management of patients with 
diabetic nephropathy. Cardiovascular and kidney event rates are higher with elevated BP 
and are reduced progressively with therapy to lower BP. The current Kidney Disease 
Outcomes Quality Initiative (KDOQI) guideline recommends a goal BP < 130/80 mmHg 
in patients with diabetes. The ADA generally recommends a goal BP < 140/90 mm Hg. 
The benefits of BP control below a systolic BP of 140 mmHg in patients with diabetes 
have been more difficult to demonstrate in clinical trials (De Boer, 2017). 
 
A UKPDS study that examined the impact of assigning participants to two different 
levels of BP control. During a mean 8.4 years of follow-up, achieved mean BPs in the 
two groups were 144/82 versus 154/87 mm Hg. The risk for any DM-related 
complication, death, adverse cardiovascular events, and the composite of microvascular 
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events was substantially decreased in the lower BP arm. There was no benefit on kidney 
outcomes (proteinuria and kidney function decline), but the study was not designed to 
carefully or frequently assess kidney outcomes.  
 
The ABCD (Appropriate Blood Pressure Control in Diabetes) trial randomly assigned 
480 participants with T2DM to intensive control (achieved BP 128/75 mm Hg) versus 
moderate control (achieved BP 137/81 mm Hg) arms with follow-up of five years. 
Development of microalbuminuria and overt proteinuria was lower in the intensive 
control arm, but there was no benefit in the primary outcome (improvement in creatinine 
clearance). Nonetheless, data from early observational studies and secondary outcomes 
assessed in large cardiovascular trials have been enough for multiple societies to 
recommend BP control of at least < 140/90 mm Hg. 
 
The typical agent of choice in patients with diabetic nephropathy and hypertension 
includes either an ACE inhibitor (ACEi) or angiotensin II receptor blocker (ARB). It is 
unclear whether starting ACEi/ARB therapy confers mortality benefits or improves risk 
of cardiovascular events. The two main trials that looked at these outcomes were the 
IDNT (Irbesartan Diabetic Nephropathy Trial) and RENAAL ((Reduction in End-Points 
in Non-Insulin Dependent Diabetes Mellitus with the ARB Losartan). In the IDNT trial, 
patients with hypertension and diabetic nephropathy were randomized to antihypertensive 
therapy with Irbesartan, amlodipine, or placebo. In the RENAAL trial, patients with 
hypertension and diabetic nephropathy were randomized to losartan or placebo in 
addition to conventional antihypertensive therapy (excluding ACE inhibitors). Neither 
trial showed a reduction in cardiovascular mortality. However, a post-hoc analysis of 
both trials did reveal a significant and large reduction in albuminuria compared to 
placebo. Given the above data, the current recommendations are to initiate ACEi or ARB 
therapy for patients with Type II diabetics, moderate or severe albuminuria and 
concomitant hypertension.  
 
You may notice that many patients with both DM and HTN are on an ACEi/ARB, even 
without evidence of albuminuria or reductions in eGFR. While this is quite common, 
please remember that these medications are only specifically indicated if your patient has 
evidence of diabetic nephropathy.  
 

 
CASE ONE CONTINUED: 

 
Mr. EG commits to starting both metformin and empagliflozin, which he tolerates. He also 
starts losartan 25mg daily. In terms of lifestyle changes, he still eats desserts, but has 
reduced his consumption of carbonated beverages and drinks diet soda when making an 
exception. His hemoglobin A1c three months later is 7.9. He has noticed a decline in his 
urination frequency. You congratulate him on his progress. In the office, his BP is 138/81. 
During your review of symptoms, he mentions that he feels that his vision is not what it 
used to be and he wonders if he needs a new set of reading glasses. 
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9. What is the incidence of diabetic retinopathy in diabetic populations?  
Diabetic retinopathy is a very common microvascular complication of diabetes and leads 
to nearly 10,000 cases of blindness every year in the United States. It will develop into 
clinically significant disease in approximately 10% of patients with diabetes. The risk of 
developing retinopathy increases with time and with severity of hyperglycemia. It can 
affect those with type II diabetes as early as seven years after diagnosis. Patients with 
diabetic retinopathy are at higher risk of developing cataracts and glaucoma.  

 
10. What are the two different types of diabetic retinopathy? What are the 

characteristic findings of each? 
Diabetic retinopathy can be classified into two different forms, proliferative and 
background (or non-proliferative) retinopathy. Proliferative retinopathy is characterized 
by the development of increased vasculature (neovascularization) in the retina. Classic 
fundoscopic findings include cotton wool spots (which may signal early vascular 
proliferative changes). The increase in new blood vessels increases the patient’s risk for 
both vitreal hemorrhage and retinal detachment.  
 
Non-proliferative retinopathy is often characterized by “dot hemorrhages” which describe 
micro-bleeds in the middle layer of the retina. Lipid deposits can form at the periphery of 
these hemorrhages known as “hard exudates.” Microaneurysms can form which appear as 
red dots on fundoscopic exam. Distinguishing dot hemorrhages and microaneurysms can 
be difficult as they appear similar on fundoscopic exam. The difference lies in their 
location. Dot hemorrhages are found in the deeper layers of the retina and are often larger 
than microaneurysms. Microaneurysms tend to be smaller “dots” and are located on the 
superficial layers of the retina.  

 
 
CASE ONE CONTINUED: 

 
You refer Mr. EG to an optometrist. His fundoscopic exam shows scattered dot 
hemorrhages and exudates. These are present throughout all four quadrants. The optic 
nerve is pink and clear and the vessels are within normal limits. 
 

 
11. How do you determine the severity of the patient’s retinopathy? What should your 

next step in management be?  
Dot hemorrhages are a sign of non-proliferative retinopathy. It is imperative that he is 
referred to an ophthalmologist for further screening and management as early 
intervention and monitoring can help prevent the progression to vision loss or blindness. 
Because the severity of disease dictates both treatment recommendations and follow-up 
intervals, it is critical to get expert evaluation. Non-proliferative retinopathy is classified 
into mild, moderate, severe, and very severe. Proliferative retinopathy is classified into 
early, high-risk, and severe. These stages are determined by an experienced 
ophthalmologist. Broadly, the stages are determined by a combination of the pathologic 
changes present (e.g., dot hemorrhages, cotton wool spots, neovascularization) and the 
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amount of space that they occupy on the retina. Stratification is important for 
determination of treatment and frequency of follow-up. 
 
If macular edema is present, data supports the use of intra-vitreal anti-VEGF (Vascular 
Endothelial Growth Factor) injections. If anti-VEGF therapy is contraindicated 
(hypersensitivity to VEGF-inhibitors previously or active ocular infection/inflammation) 
then focal photocoagulation is indicated. For high risk and severe proliferative 
retinopathy, scatter (or panretinal) photocoagulation is indicated. 
 
As far as general health recommendations, the target HgA1c associated with decreased 
progression of retinopathy is an A1c < 7%. Similarly, clinicians should also target blood 
pressure of < 140/80 (ACCORD trial) to reduce progression, preferably with an 
ACEi/ARB. Most experts recommend initiating statin therapy (either moderate or high 
intensity, for patients ≥ 40 with an ASCVD risk score of <7.5% or ≥7.5%, respectively). 

 
 
Diabetes Trivia Question: 
 

12. What is the etymology of the words, “diabetes mellitus”? 
The word “diabetes” derives from the Greek “diabaínein,” which means “to stand with 
legs apart.” This is thought to refer to the polyuria associated with the condition when left 
untreated. The word “mellitus” is derived from the Latin word for honey and refers to the 
sweet taste of the urine in patients with glucosuria. 
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Knowledge Questions:  
 

1. Which of the following are associated with non-proliferative retinopathy? 
 

a. Hard exudates 
b. Microaneurysms 
c. Dot hemorrhages 
d. Cotton wool spots 
e. a, b and c.  
f. All of the above 

 
 

2. Which adjuvant medications should be considered in diabetics with diabetic 
nephropathy who are already on metformin (GFR > 60)? 
 

a. SGLT2 inhibitors 
b. DPP4 inhibitors 
c. Sulfonylureas 
d. GLP1 receptor agonists 
e. a and d 

 
 

3. Mr. M is a 45-year-old gentleman with a longstanding history of type 2 diabetes and 
hypertension who presents for follow up of his diabetes.  He currently takes 
metformin, atorvastatin, and amlodipine.  His blood pressure today was 156/92.  His 
last HbA1c, obtained 2 months ago was 6.9.  His eGFR was > 60 at that time with 
UACr < 30.  What is the next best step in his management? 
 

a. Stop amlodipine, start lisinopril 
b. Stop amlodipine, start losartan 
c. Add hydrochlorothiazide 
d. Add lisinopril 
e. Either c or d 
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Answers: 
 

1. e Non-proliferative retinopathy is often characterized by “dot hemorrhages” 
which describe micro-bleeds in the middle layer of the retina. Lipid deposits 
can form at the periphery of these hemorrhages known as “hard exudates.” 
Microaneurysms can form which appear as red dots on fundoscopic exam. 

2. e Both SGLT2 inhibitors and GLP1 receptor agonists have evidence showing 
that they prevent onset or progression of diabetic kidney disease.  There is no 
data to date showing the sulfonureas or DPP4 inhibitors have the same effect 
on development of diabetic nephropathy. 

3. e Either addition of a thiazide diuretic, ACE inhibitor, or ARB would be 
appropriate at this time.  The patient in the case has a history of diabetes and 
hypertension with BP > 140/90; therefore he requires additional blood 
pressure control to prevent both macro and microvascular disease.  In the 
absence of evidence of diabetic kidney disease, any first line blood pressure 
agent is appropriate in this setting.  If the patient had microalbuminuria or 
other evidence of diabetic nephropathy (eGFR < 60, UACr > 30), then an 
ACE inhibitor or ARB would be the most appropriate next medication. 

 


