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Objectives:
At the end of this lecture, participants will be able to:

◼ Provide a unifying theory for the chronic complications of Diabetes.

◼ Debate the advantages of glycemic control.

◼ Discuss the importance of early recognition of the chronic complications of 
diabetes.

◼ Discuss the ADA recommendations or Standard of Care related to:

❑ Retinopathy

❑ Nephropathy

❑ Neuropathy

❑ Diabetic Foot

◼ Cardiometabolic was covered at Diabetes University

❑ Coronary artery Disease, Hypertension, Dyslipidemia



Chronic Complications
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Diabetes and Long Term Complications
Key Points

◼ Diabetes is associated with several microvascular and macrovascular
complications, and tight glucose control has been shown to prevent or delay 
the onset of these vascular lesions.

◼ The prevalence of the microvascular complications of diabetes (i.e., 
retinopathy, nephropathy, and neuropathy) is associated with the duration of 
the disease and degree of glycemic control.

◼ The role of tight glucose control as the sole factor to modify macrovascular 
complications and cardiovascular disease is still an unresolved issue.

Jameson JL, De Groot LJ, et al.  Endocrinology 7th Edition, 2016



Visual impairment:
diabetic retinopathy,

cataract and 
glaucoma

Kidney disease
(diabetic nephropathy)

Sexual 
dysfunction

Sensory impairment
(peripheral neuropathy)

Ulceration

Stroke
(cerebrovascular disease)

Heart disease
(cardiovascular disease)

Bacterial and fungal
infections of the skin

Severe hardening of 
the arteries (atherosclerosis) Autonomic neuropathy

(including slow emptying
of the stomach and diarrhea)

Necrobiosis lipidoica

Gangrene

The major diabetic complications

Poor blood supply to lower limbs 
(peripheral vascular disease)

*

*

Leading cause of new 

blindness 

Leading cause of end-

stage renal disease
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Long Term Complications of Diabetes

◼ Microvascular
❑ Damage to capillaries and small vessels

◼ Retinopathy

◼ Nephropathy

◼ Neuropathy

◼ Macrovascular
❑ Increased risk for accelerated 

atherosclerosis

◼ Coronary artery disease

◼ Cerebrovascular accidents

◼ Peripheral vascular disease

◼ The risk of cardiovascular 
complications is increased by 
twofold to sixfold in subjects with 
diabetes with higher relative risk in 
women than in men.

◼ The life expectancy is about 7 to 10 
years shorter for people with 
diabetes mellitus because of 
increased mortality from diabetic 
complications.

More extensive and rapidly progressive vascular disease.
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Prevalence of Diabetes Complications is Associated with 
Duration of the Disease and Degree of Glycemic Control
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Mensing C.  The art and Science of Diabetes Self-Management Education Desk Reference.  2nd Edition 2011

Many have the complications at time of Dx of T2DM
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Trends in Age Standardized Rates of Diabetes Related 
Complications Among US Adults

Gregg EW  N Engl J Med 2014; 370:1514-1523

50/6 = 8.3



Chronic Complications: Pathophysiology
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Pathophysiology

◼ There is universal agreement that high glucose levels are causing the 
microvascular lesions of diabetes, the exact molecular mechanisms by 
which glucose levels induce vascular damage are still not completely 
understood.

Jameson JL, De Groot LJ, et al.  Endocrinology 7th Edition, 2016
Brownlee M  Diabetes 2005;54:1615.
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The Risk of Incidence and Progression of Diabetic Retinopathy Rises 
for Individuals with Higher Levels of HbA1c

Incidence Progression

Klein B  Diabetes 2015; 64: 341

~40% Reduction
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Pathophysiology

◼ There is universal agreement that high glucose levels are causing the 
microvascular lesions of diabetes, the exact molecular mechanisms by 
which glucose levels induce vascular damage are still not completely 
understood.

◼ Several molecular pathways are activated by high glucose levels

❑ Increase flux in the polyol pathway

❑ Increased formation of Advanced Glycation End-products (AGEs)

❑ Activation of protein kinase (PKC) pathway

❑ Increased flux in the hexosamine pathway

Jameson JL, De Groot LJ, et al.  Endocrinology 7th Edition, 2016
Brownlee M  Diabetes 2005;54:1615.



15

Overproduction of Superoxide by Mitochondrial Electron Transport 
Chain

Brownlee M  Diabetes 2005;54:1615.
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Unified Theory of Hyperglycemia Induced Mitochondrial 
Superoxide Overproduction

Brownlee M  Diabetes 2005;54:1615.



Importance of Control
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Microvascular Complications and Genetic Predisposition

◼ Clinicians have long observed that different patients with similar duration and 
degree of hyperglycemia differ markedly in their susceptibility to 
microvascular complications. 

◼ Such observations suggested that genetic differences exist that affected the 
pathways by which hyperglycemia damages microvascular cells. 

◼ Familial clustering

❑ 40% heritability for diabetic nephropathy

❑ Odds ratio of 5.4 for the risk of severe retinopathy with relatives positive for 
retinal disease

❑ Coronary artery calcification has also showed familial clustering
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Diabetes Control and Complications Trial (DCCT)

◼ Established the essential role of tight glucose control in preventing or 
delaying the microvascular complications of diabetes type 1.

N Engl J Med 1993;329:977-986

Avoid hypoglycemia or 
hyperglycemia symptoms

Fasting: 70-120mg/dL
Post Prand: <180mg/dL
A1c: <6.05%

Goals

N=1,441
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Three Step Change in Retinopathy

Primary Prevention Secondary Prevention
N Engl J Med 1993;329:977-986

Risk Reduction: 76% in 1ry and 54% in 2ry Prevention
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Relationship of HbA1c levels and complications in the DCCT

Retinopathy Progression Development of MicroAlbuminuria

Continuous without a threshold or break point.

N Engl J Med 1993;329:977-986

Any Control if Better than NO Control

~36% Reduction

~57% Reduction
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Retinopathy from DCCT Closeout to EDIC Year 18

DCCT/EDIC Research Group Diabetes 2015; 64: 631
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Retinopathy from DCCT Closeout to EDIC Year 18

DCCT/EDIC Research Group Diabetes 2015; 64: 631

“Metabolic Memory:” improvement in outcomes and prolonged 
effects from early intervention
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Benefit of Glycemic Control for Microvasculature in 
Type 2 Diabetes Mellitus

◼ Based on the results of:
◼ Kumamoto Study
◼ UKPDS: United Kingdom Prospective Diabetes Study

It has been estimated on average a 40% reduction in microvascular complications 
for each 1% reduction in A1c,  similar to Diabetes Control and Complications Trial 
(DCCT)

Diabetes Res Clin Pract. 1995;28:103
UKPDS  Lancet 1998;352:837
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Microvascular Complications Reduction

Type 1

DCCT

Type 2

Kumamoto

Type 2

UKPDS
HbA1c 9 to 7% 9.8 to 7.0% 7.9 to 7.0%

Retinopathy 54-76% 56-76% 21%

Nephropathy 43-56% 64-72% 34%

Neuropathy 63% 58% -

N Eng J Med 1993;329:977
Diabetes Res Clin Pract. 1995;28:103

Lancet 1998;352:837



Macrovascular Disease is Another Story…  
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Cardiovascular Disease 

◼ Cardiovascular disease (CVD) is the leading cause of death in patients with 
both type 1 and type 2 diabetes and the prevalence of CVD is increased by the 
disease.
❑ Individuals with diabetes and a mean age of 60 were shown to have a twofold 

increase in all-cause mortality and a threefold increase in CVD mortality compared 
to the nondiabetic population.

◼ Resembles disease in subjects without diabetes but it is more rapidly 
progressive and extensive, with a greater incidence of multivessel disease and 
a greater number of diseases vessel segments than persons without diabetes.

◼ Clinical outcomes of CVD are worse in patients with diabetes as compared to 
nondiabetic subjects.
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Global Cardiometabolic Risk Management

◼ The earlier the complications are detected, the greater the opportunity to 
intervene and prevent their worsening.

❑ Delaying dialysis

❑ Avoiding blindness

❑ Avoiding amputations

◼ Stopping smoking, controlling of blood glucose, blood pressure, and blood 
lipids is central to the prevention of all chronic complications.

◼ Complications compound the deleterious effects of one another.

❑ Foot amputation: PAD, BP, lipids, neuropathy, immune function

❑ Heart attack: Atherogenous lipids, HTN, endothelial damage



Retinopathy
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Retinopathy

◼ Diabetic retinopathy remains the leading cause of new-onset blindness
among adults 20-74 years in developed countries.

◼ It is estimated that 90% of vision loss resulting from progressive diabetic 
retinopathy can be prevented.

◼ Glaucoma, cataracts, and other disorders of the eye occur earlier and more 
frequently in people with diabetes.

◼ Lack of appropriate glycemic control is another significant risk factor for the 
onset and progression of diabetic retinopathy. The DCCT and other studies 
have demonstrated a clear relationship between hyperglycemia and 
diabetic microvascular complications.

Strongly related to both:
• Duration of diabetes
• Level of glycemic control

Retinopathy status should be assessed when intensifying 
glucose-lowering therapies such as those using GLP-1 RAs
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Diabetic Retinopathy

◼ Nonproliferative Diabetic Retinopathy (NPDR)
❑ Microaneurysm

◼ Out-pouching of the retinal microvasculature

❑ Cotton-wool spot
◼ Micro-infarcts of the retinal nerve fiber layer

❑ Hard Exudates
◼ Lipid accumulation from increased vaso-permeability

◼ Proliferative Diabetic Retinopathy
❑ Proliferation of new vessels or fibrous tissue on or within the retina

◼ Macular edema
❑ Can coexist with either group

No retinopathy→mild, moderate, severe, very severe NPDR to PDR.
with or without macular edema



Microaneurysms

Hard Exudates

Cotton Wool Neovascularisation
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Retinopathy Recommendations
Recommendations

◼ 12.1 Optimize glycemic control to reduce the risk or slow the progression of 
diabetic retinopathy. A

◼ 12.2 Optimize blood pressure and serum lipid control to reduce the risk or 
slow the progression of diabetic retinopathy. A

◼ 12.3 Adults with type 1 diabetes should have an initial dilated and 
comprehensive eye examination by an ophthalmologist or optometrist within 
5 years after the onset of diabetes. B

◼ 12.4 Patients with type 2 diabetes should have an initial dilated and 
comprehensive eye examination by an ophthalmologist or optometrist at the 
time of the diabetes diagnosis. 

ADA Standard of Medical Care 

ADA. Diabetes Care 2022 Jan; 45 (Suppl 1): S185
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Retinopathy Screening
Recommendations

◼ 12.5 If there is no evidence of retinopathy for one or more annual eye exams and 
glycemia is well controlled, then screening every 1–2 years may be considered. If any 
level of diabetic retinopathy is present, subsequent dilated retinal examinations 
should be repeated at least annually by an ophthalmologist or optometrist. If 
retinopathy is progressing or sight-threatening, then examinations will be required 
more frequently. B

◼ 12.6 Programs that use retinal photography (with remote reading or use of a 
validated assessment tool) to improve access to diabetic retinopathy screening can 
be appropriate screening strategies for diabetic retinopathy. Such programs need to 
provide pathways for timely referral for a comprehensive eye examination when 
indicated. B
❑ Retinal photography is not a substitute for a comprehensive eye exam, which should be done at 

least initially and at intervals thereafter as recommended by an eye care professional.

ADA Standard of Medical Care 

ADA. Diabetes Care 2022 Jan; 45 (Suppl 1): S185
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Retinopathy Screening
Recommendations

◼ 12.7 Women with preexisting type 1 or type 2 diabetes who are planning pregnancy or 
who are pregnant should be counseled on the risk of development and/or progression 
of diabetic retinopathy. B

◼ 12.8 Eye examinations should occur before pregnancy or in the first trimester in 
patients with preexisting type 1 or type 2 diabetes, and then patients should be 
monitored every trimester and for 1 year postpartum as indicated by the degree of 
retinopathy. B

ADA. Diabetes Care 2022 Jan; 45 (Suppl 1): S185

ADA Standard of Medical Care 
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Retinopathy Screening and Treatment
Recommendations

Patients moving to intensive 
diabetes management should 

be screened or stabilized 
from the retinopathy prior 
intensifying the treatment.

DCCT Trial. Arch Ophthalmol. 1998;116:874
Henricsson M, Nilsson A, Janzon L, et al  Diabet Med 1997;14:123

N Engl J Med 1993;329:977-986
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Once you have one microvascular complication you should look for 
other…

◼ Microalbuminuria is a risk factor for onset and progression of retinopathy.  

◼ Hypertension is associated with PDR and is a risk factor for macular edema

◼ BP and dyslipidemia control have been associated with a decrease in 
retinopathy progression.  



Diabetic Kidney Disease:
Nephropathy

Kimmelsteil and Wilson 
Nodule
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Diabetic Nephropathy

◼ Diabetes is the leading single cause of ESRD

◼ Diabetic kidney disease
❑ 25-40% of T1DM
❑ 5-40% of T2DM

◼ Diabetes nephropathy is characterized by:
❑ Hypertension
❑ Proteinuria
❑ Renal damage

◼ Others:
❑ Renal Artery Stenosis
❑ Renal Papillary Necrosis
❑ Renal Tubular Acidosis

Careful with 
IV Contrast

Material
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Diabetic Nephropathy
Cornerstones

◼ Blood pressure control
❑ Sustained reduction in BP

◼ Glycemic control

Treatment Targets:
• BP under 140/90 mm Hg
• A1c under 7%
• LDL Chol under 100mg/dL

◼ In renal impairment:
❑ Secretagogues frequently induced hypoglycemia due to accumulation of the drug 

or active metabolites
◼ Glyburide
◼ Glimepiride
◼ Glipizide

❑ Metformin
◼ Contraindicated if eGFR < 30mL/min

❑ Thiazolidinedione
◼ Fluid retention → CHF
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Nephropathy screening
Recommendations

◼ 11.1a At least annually, urinary albumin (e.g., spot urinary albumin-to-
creatinine ratio) and estimated glomerular filtration rate should be assessed 
in patients with type 1 diabetes with duration of ≥5 years and in all patients 
with type 2 diabetes regardless of treatment. B

◼ 11.1b Patients with diabetes and urinary albumin ≥300 mg/g creatinine 
and/or an estimated glomerular filtration rate 30–60 mL/min/1.73 m2 should 
be monitored twice annually to guide therapy. B

ADA. Diabetes Care 2022 Jan; 45 (Suppl 1): S175

ADA Standard of Medical Care 

Exclusion diagnosis made in the absence of signs or symptoms 
of other primary causes of kidney damage
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Urinary Albumin Creatinine Ratio may Increase independently of 
kidney damage in:

◼ Exercise within 24 h

◼ Infection

◼ Fever

◼ Congestive heart failure

◼ Marked hyperglycemia

◼ Menstruation

◼ Marked hypertension

ADA. Diabetes Care 2020 Jan; 43 (Suppl 1): S135
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Comprehensive CKD Staging that Incorporates Albuminuria at all 
Stages of eGFR

◼ The degree of eGFR and  
albuminuria should 
influence medication choice
for :
❑ Blood pressure
❑ Glucose control

◼ ADA recommends 
albuminuria and eGFR 
monitored at least yearly. 
KDIGO recommends as 
specified in the table.

KDIGO: Kidney Disease: Improving Global Outcomes 
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Nephropathy Treatment
Recommendations

◼ 11.2 Optimize glucose control to reduce the risk or slow the progression of 
chronic kidney disease. A

◼ 11.3a For patients with type 2 diabetes and diabetic kidney disease, use of a 
sodium–glucose cotransporter 2 inhibitor in patients with an estimated 
glomerular filtration rate ≥25 mL/min/1.73 m2 and urinary albumin ≥300 
mg/g creatinine is recommended to reduce chronic kidney disease 
progression and cardiovascular events. A

ADA Standard of Medical Care 

ADA. Diabetes Care 2022 Jan; 45 (Suppl 1): S175
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Nephropathy Treatment
Recommendations

◼ 11.3c In patients with chronic kidney disease who are at increased risk for 
cardiovascular events or chronic kidney disease progression or are unable to 
use a sodium–glucose cotransporter 2 inhibitor, a nonsteroidal 
mineralocorticoid receptor antagonist (finerenone) is recommended to 
reduce chronic kidney disease progression and cardiovascular events A

◼ 11.3d In patients with chronic kidney disease who have ≥300 mg/g urinary 
albumin, a reduction of 30% or greater in mg/g urinary albumin is 
recommended to slow chronic kidney disease progression. B

ADA Standard of Medical Care 

ADA. Diabetes Care 2022 Jan; 45 (Suppl 1): S175

Finerenone cost is ~ $600 for 30 days1

1GoodRx accessed Sep 5, 2022.
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Nephropathy Interventions
Recommendations

◼ 11.4 Optimization of blood pressure control and reduction in blood pressure 
variability to reduce the risk or slow the progression of chronic kidney disease 
is recommended. A

◼ 11.5 Do not discontinue renin-angiotensin system blockade for minor 
increases in serum creatinine (≤30%) in the absence of volume depletion. A

◼ 11.6 For people with nondialysis-dependent stage 3 or higher chronic kidney 
disease, dietary protein intake should be a maximum of 0.8 g/kg body weight 
per day (the recommended daily allowance). A For patients on dialysis, higher 
levels of dietary protein intake should be considered, since malnutrition is a 
major problem in some dialysis patients. B

ADA Standard of Medical Care 

ADA. Diabetes Care 2022
Jan; 45 (Suppl 1): S175

Consider blood pressure targets of <130/80 mmHg, but
avoid SBP under 120 or DBP under 70 mmHg
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Protein Content in Common Foods

Food Portion Gms of Protein

Hamburger 4oz 30

Chicken Breast; Beef; Turkey; Pork; Lamb 4oz 35

Tuna 5oz 33

Egg 1 6

Milk 8oz 8

Cheese 1 slice 6

Rice; pasta ⅓ cup 3

Bread 1oz slice 3

Beans ½ cup 8

Nuts 1 oz (¼ cup) 5



50

Nephropathy Interventions
Recommendations

◼ 11.7 In nonpregnant patients with diabetes and hypertension, either an ACE 
inhibitor or an angiotensin receptor blocker is recommended for those with 
modestly elevated urinary albumin-to-creatinine ratio (30–299 mg/g 
creatinine) B and is strongly recommended for those with urinary albumin-to-
creatinine ratio ≥300 mg/g creatinine and/or estimated glomerular filtration 
rate <60 mL/min/1.73 m2. A

◼ 11.8 Periodically monitor serum creatinine and potassium levels for the 
development of increased creatinine or changes in potassium when ACE 
inhibitors, angiotensin receptor blockers, or diuretics are used. B

ADA Standard of Medical Care 

ADA. Diabetes Care 2022 Jan; 45 (Suppl 1): S175

When increases in serum creatinine are up to 30% and do not have 
associated hyperkalemia, RAS blockade should be continued.
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Nephropathy Interventions
Recommendations

◼ 11.9 An ACE inhibitor or an angiotensin receptor blocker is not recommended 
for the primary prevention of chronic kidney disease in patients with diabetes 
who have normal blood pressure, normal urinary albumin-to-creatinine ratio 
(<30 mg/g creatinine), and normal estimated glomerular filtration rate. A

◼ 11.10 Patients should be referred for evaluation by a nephrologist if they 
have an estimated glomerular filtration rate <30 mL/min/1.73 m2. A

◼ 11.11 Promptly refer to a nephrologist for uncertainty about the etiology of 
kidney disease, difficult management issues, and rapidly progressing kidney 
disease. A

Combined use of ACE inhibitors and ARBs should be avoided.

ADA Standard of Medical Care 

ADA. Diabetes Care 2022 Jan; 45 (Suppl 1): S175
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Options for End-Stage Renal Disease 

◼ Peritoneal dialysis

◼ Hemodialysis

◼ Renal transplantation

❑ Renal alone

❑ Pancreas-kidney transplantation

Consult Nephrologist
◼ Uncertain etiology of kidney disease

◼ Difficult management issues

❑ Anemia

❑ 2ry Hyperparathyroidism

❑ Albuminuria progression or lack of 
response in spite of glycemic and BP 
control.

❑ Metabolic bone disease

❑ Resistant hypertension

◼ eGFR less than 30 mL/min
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Selection of Glucose-Lowering Medications for Patients With 
Chronic Kidney Disease

◼ Metformin
❑ Half dose if eGFR 30-45mL/min
❑ Do NOT initiate, but can continue if eGFR 30-45mL/min
❑ Contraindicated if eGFR less than 30mL/min

◼ SGLT2 inhibitors
❑ Recommended for all patients CKD Stage 3 or higher, regardless of glycemic control.
❑ Not demonstrated benefit if eGFR less than 25mL/min

◼ GLP-1 RAs
❑ Suggested for cardiovascular risk reduction
❑ An alternative to patients unable to use SGLT2 inhibitor.  

◼ Finerenone
❑ Demonstrated a significant reduction in diabetic kidney disease progression and cardiovascular 

events in patients with advanced diabetic kidney disease

ADA. Diabetes Care 2022 Jan; 45 (Suppl 1): S175
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Selection of Antihypertensive Medications for Patients With 
Chronic Kidney Disease

◼ ACE inhibitors or ARBs are the preferred first-line agent for blood pressure 
treatment among patients with diabetes, hypertension, eGFR <60 
mL/min/1.73 m2, and UACR ≥30 mg/g Cr.

◼ Absent kidney disease, ACE inhibitors or ARBs are useful to control blood 
pressure but have not proven superior to alternative classes of 
antihypertensive therapy, including thiazide-like diuretics and 
dihydropyridine calcium channel blockers.

◼ ACE inhibitors or ARBs are not recommended for patients without 
hypertension to prevent the development of CKD.

ADA. Diabetes Care 2022 Jan; 45 (Suppl 1): S175
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Nephropathy Recommendations

Remember that anti-inflammatory drugs (NSAIDs) and 
cyclooxygenase-2 (COX2) inhibitors should be avoided, if 

possible, because their use is associated with inadequate BP 
control, often as a result of reduced efficacy of 

antihypertensive drug therapy. 



Neuropathy
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Diabetic Neuropathies

◼ Heterogeneous group of disorders with a wide range of clinical manifestations

◼ Among the most common long-term complications of diabetes
❑ 5-100% prevalence

◼ It is the most common form of neuropathy in developed countries

◼ Diabetic neuropathy is a diagnosis of exclusion. Need to exclude:
❑ Alcohol
❑ Medications (chemotherapies)
❑ Malignancies
❑ HIV

◼ Responsible for 50-75% of the nontraumatic amputations

◼ Increase the likelihood of falling
❑ 15 times than of the unaffected population

Remember to exclude Vit B12 
deficiency, especially if using 

metformin
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Diabetic Neuropathies

◼ “…the presence of symptoms and/or signs of peripheral nerve dysfunction in 
people with diabetes after the exclusion of other causes.”

◼ Absence of symptoms cannot be equated with absence of neuropathy, 
because asymptomatic neuropathy is common (up to 50%).

◼ A minimum of two abnormalities (from symptoms, signs, nerve conduction 
abnormalities, quantitative sensory tests, or quantitative autonomic tests) is 
recommended.

◼ Electrophysiological testing or referral to a neurologist is rarely needed, 
except in situations where the clinical features are atypical, or the diagnosis is 
unclear.
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Polyneuropathies

 DTRs
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Chronic Complications
Neuropathy

◼ Distal symmetric polyneuropathy (DSPN) (most common)

❑ “Stocking-glove" sensory loss 

◼ Autonomic neuropathies
◼ Erectile dysfunction
◼ Postural (orthostatic) hypotension
◼ Urinary incontinence/retention
◼ Gastroparesis
◼ Nocturnal diarrhea
◼ Hypoglycemia unawareness

◼ Polyradiculopathies
◼ Thoracic and lumbar nerve root disease

❑ Brachial Plexus
❑ Lumbosacral Plexus

◼ Resting tachycardia
◼ Diarrhea or constipation
◼ Fecal incontinence
◼ Neurogenic bladder
◼ Sudomotor dysfunction
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Chronic Complications
Neuropathy  (Cont’d)

◼ Focal syndromes
◼ Mononeuropathies

❑ Primarily in the older population
❑ Acute with self-limited course over 6-8 weeks
❑ Associated with pain
❑ Vascular obstruction

◼ Mononeuropathy multiplex

◼ Entrapments
◼ Start slowly, progress, and persist without intervention
◼ Median, ulnar, radial, femoral, lateral cutaneous of the thigh, peroneal and 

medial and lateral plantar nerves
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Diabetic Autonomic Neuropathy

◼ Cardiac (CAN)
❑ Postural (orthostatic) hypotension

◼ Dizziness, syncope

❑ Resting tachycardia

◼ Gastrointestinal
❑ Esophageal dysmotility
❑ Gastroparesis

◼ Erratic glucose control

❑ Constipation
❑ Diarrhea

◼ Nocturnal alternating with constipation

❑ Fecal incontinence

◼ Sexual dysfunction
❑ Erectile dysfunction
❑ Retrograde ejaculation
❑ Vaginal dryness

◼ Bladder dysfunction
❑ Urinary retention, incontinence

◼ Sudomotor Dysfunction
❑ Anhidrosis, heat intolerance, dry 

skin, hyperhidrosis

◼ Hypoglycemia unawareness
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Diabetic Autonomic Neuropathy

◼ Cardiac (CAN)
❑ Postural (orthostatic) hypotension

◼ Dizziness, syncope

❑ Resting tachycardia

◼ Gastrointestinal
❑ Esophageal dysmotility
❑ Gastroparesis

◼ Erratic glucose control

❑ Constipation
❑ Diarrhea

◼ Nocturnal alternating with constipation

❑ Fecal incontinence

◼ Sexual dysfunction
❑ Erectile dysfunction
❑ Retrograde ejaculation
❑ Vaginal dryness

◼ Bladder dysfunction
❑ Urinary retention, incontinence

◼ Sudomotor Dysfunction
❑ Anhidrosis, heat intolerance, dry 

skin, hyperhidrosis

◼ Hypoglycemia unawareness

In the presence of gastroparesis try to wean off:
• Opioids
• Anticholinergics
• Tricyclic antidepressants
• GLP-1 RA, pramlintide
• Dipeptidyl peptidase 4 inhibitors
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Neuropathy Screening
Recommendations

◼ 12.15 All patients should be assessed for diabetic peripheral neuropathy
starting at diagnosis of type 2 diabetes and 5 years after the diagnosis of 
type 1 diabetes and at least annually thereafter. B

◼ 12.16 Assessment for distal symmetric polyneuropathy should include a 
careful history and assessment of either temperature or pinprick sensation 
(small fiber function) and vibration sensation using a 128-Hz tuning fork (for 
large-fiber function). All patients should have annual 10-g monofilament 
testing to identify feet at risk for ulceration and amputation. B

◼ 12.17 Symptoms and signs of autonomic neuropathy should be assessed in 
patients with microvascular complications. E

ADA. Diabetes Care 2022 Jan; 45 (Suppl 1): S185

ADA Standard of Medical Care 



65

Neuropathy Treatment
Recommendations

◼ 12.18 Optimize glucose control to prevent or delay the development of 
neuropathy in patients with type 1 diabetes A and to slow the progression of 
neuropathy in patients with type 2 diabetes. B

◼ 12.19 Assess and treat patients to reduce pain related to diabetic peripheral 
neuropathy B and symptoms of autonomic neuropathy and to improve 
quality of life. E

◼ 12.20 Pregabalin, duloxetine, or gabapentin are recommended as initial 
pharmacologic treatments for neuropathic pain in diabetes. A

Education

ADA. Diabetes Care 2022 Jan; 45 (Suppl 1): S185

ADA Standard of Medical Care 

Gabapentin is NON FDA approved for diabetes neuropathy

◼ Tricyclics Antidep.
◼ Gabapentin
◼ Venlafaxine

◼ Carbamazepine
◼ Topical capsaicin

Non-FDA Approved agents used:
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Neuropathy Treatment

The use of any opioids for management of chronic neuropathic 
pain carries the risk of addiction and should be avoided.

Evidence based  medicine of cannabis for the treatment for 
peripheral neuropathy is limited.  Therefore, it should only be 

considered after careful consideration.
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Cannabis for Neuropathy in Patients with Diabetes
◼ Wallace MS, Marcotte TD, Umlauf A, Gouaux B, Atkinson JH. Efficacy of Inhaled 

Cannabis on Painful Diabetic Neuropathy. J Pain. 2015;16(7):616-627. 

◼ Wallace MS, Marcotte TD, Atkinson JH, Padovano HT, Bonn-Miller M. A Secondary 
Analysis from a Randomized Trial on the Effect of Plasma Tetrahydrocannabinol 
Levels on Pain Reduction in Painful Diabetic Peripheral Neuropathy. J Pain. 2020 
Nov-Dec;21(11-12):1175-1186.

◼ Selvarajah D, Gandhi R, Emery CJ, Tesfaye S. Randomized placebo-controlled 
double-blind clinical trial of cannabis-based medicinal product (Sativex) in painful 
diabetic neuropathy: depression is a major confounding factor. Diabetes Care. 
2010;33(1):128-130. 

◼ Xu DH, Cullen BD, Tang M, Fang Y. The Effectiveness of Topical Cannabidiol Oil in 
Symptomatic Relief of Peripheral Neuropathy of the Lower Extremities. Curr Pharm 
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Diabetic Foot
Where the rubber hits the road…

◼ Foot ulcers and amputation, as a consequences of diabetic neuropathy 
and/or peripheral arterial disease (PAD), are common and represent major 
causes of morbidity and mortality in people with diabetes.

◼ Accelerated lower-extremity arterial disease (PAD) in conjunction with 
neuropathy resulting in loss of protective sensation.

◼ Diabetes mellitus accounts for 50% of all nontraumatic amputations in the 
united States.

Early recognition and treatment of patients with diabetes and feet at 
risk for ulcers and amputations can delay or prevent adverse outcomes.
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The Diabetic Foot

◼ Of all the late complications of diabetes, foot problems are probably the 
most preventable.

◼ The development of foot ulceration mostly results from the way we care for 
our patients or the way patients care for themselves.

Neuropathic Foot

Compromised Vasculature

Deformity and unperceived trauma

Skin breakdown

Implementation of foot screening and education programs
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Diabetic Foot Ulcer

◼ Neuropathy

❑ Sensory deficit
◼ Glove-and-stocking distribution

❑ Motor dysfunction
◼ Loss of small muscle in the feet

❑ Autonomic neuropathy
◼ Reduced seating, dry skin, and development of cracks and fissures.

◼ Peripheral Arterial Disease (PAD)

❑ Rarely causes ulceration in isolation

❑ Ulcer and infection demand additional blood flow beyond the circulatory capacity
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Amputations

◼ Diabetes is the most common cause of 
nontraumatic lower limb amputations in the 
United States.

◼ Amputation rates are 15 times grater than 
those without diabetes.

◼ Over 80% of amputations are preceded by 
foot ulcers

◼ The lifetime risk for development of a foot 
ulcer in diabetic patient is estimated to be as 
high as 25%
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Prevention of Fool Ulceration and Amputation

◼ Diabetic foot ulceration is largely preventable.

◼ Strategies for early identification of patients at potential risk for ulceration 
are required.

◼ Widespread educational programs
◼ Have the patient remove shoes and socks and look at the feet for risk factors 

such as presence of callus, deformity, muscle wasting, and dry skin, all of 
which are clearly visible on clinical inspection. 

◼ Assess pressure perception using a 10-g monofilament

◼ Absence of the ability to perceive pressure from a 10-g monofilament, 
inability to perceive a vibrating 128-Hz tuning fork over the hallux, and 
absent ankle reflexes all have been shown to be predictors of foot 
ulceration.
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Diabetic Foot

◼ The routine prescription of therapeutic footwear is not generally 
recommended. However, patients should be provided adequate information 
to aid in selection of appropriate footwear.
❑ Broad and square toe box
❑ Laces with 3 or 4 eyes per side
❑ Padded tongue
❑ Quality lightweight materials
❑ Size to accommodate a cushioned insole

◼ People with bony deformities (e.g., hammertoes, prominent metatarsal 
heads, bunions) may need extra wide or deep shoes.

ADA. Diabetes Care 2020 Jan; 43 (Suppl 1): S135
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Management of Diabetic Foot Ulcers

◼ For diabetic ulcers to heal:

❑ Arterial blood flow must be adequate

❑ Infection must be treated appropriately
◼ Topical applications are usually unhelpful
◼ Most common organisms are staphylococci or streptococci
◼ Wounds without evidence of soft tissue or bone infection do not require 

antibiotic therapy

❑ Pressure must be removed from the wound and the immediate 
surrounding area.
◼ Debridement

The most common cause of non-healing of neuropathic foot ulcers 
is the failure to remove pressure from the wound and immediate 

surrounding area.
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Charcot’s Neuroarthropathy

◼ Severe peripheral neuropathy 
and autonomic dysfunction 
with increased blood flow to 
the foot; the peripheral 
circulation is usually intact.

◼ Diabetic patient with Charcot arthropathy characterized by collapse of the 
arch of the midfoot, which is replaced by a bony prominence (arrow). 
Several factors contribute to this painless condition, including small muscle 
wasting, decreased sensation, and maldistribution of weight bearing. 
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Foot Care Recommendations

◼ 12.21 Perform a comprehensive foot evaluation at least annually to 
identify risk factors for ulcers and amputations. B

◼ 12.22 Patients with evidence of sensory loss or prior ulceration or 
amputation should have their feet inspected at every visit. B

◼ 12.23 Obtain a prior history of ulceration, amputation, Charcot foot, 
angioplasty or vascular surgery, cigarette smoking, retinopathy, and 
renal disease and assess current symptoms of neuropathy (pain, 
burning, numbness) and vascular disease (leg fatigue, claudication). B

ADA. Diabetes Care 2022 Jan; 45 (Suppl 1): S185

ADA Standard of Medical Care 
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Foot Care

◼ 12.25 Patients with symptoms of claudication or decreased or absent 
pedal pulses should be referred for ankle-brachial index and for further 
vascular assessment as appropriate. C

◼ 12.26 A multidisciplinary approach is recommended for individuals with 
foot ulcers and high-risk feet (e.g., dialysis patients and those with Charcot 
foot or prior ulcers or amputation). B

◼ 12.27 Refer patients who smoke or who have histories of prior lower-
extremity complications, loss of protective sensation, structural 
abnormalities, or peripheral arterial disease to foot care specialists for 
ongoing preventive care and lifelong surveillance. C

ADA. Diabetes Care 2022 Jan; 45 (Suppl 1): S185

ADA Standard of Medical Care 
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Foot Care

◼ 12.28 Provide general preventive foot self-care education to all patients with 
diabetes. B

◼ 12.29 The use of specialized therapeutic footwear is recommended for high-
risk patients with diabetes, including those with severe neuropathy, foot 
deformities, ulcers, callous formation, poor peripheral circulation, or history 
of amputation. B

ADA. Diabetes Care 2022 Jan; 45 (Suppl 1): S185

ADA Standard of Medical Care 
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Feet Examination



82

Dental

◼ Periodontal disease
❑ 75% of patients with diabetes have periodontal disease

❑ Adversely affects diabetes outcomes, although evidence for treatment 
benefits remains controversial

❑ Associated with acute ischemic heart disease

◼ Emphasize:
❑ Dental brushing

❑ Dental flossing

❑ Visiting dental healthcare provider two times a year
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Summary

◼ Importance of early recognition of the chronic complications of diabetes.

◼ Advantages of glycemic control in microvascular and neuropathic 
complications.  Less clear for macrovascular.

◼ Theories for the chronic complications of Diabetes.

◼ Common presentations of chronic complications and the ADA 
recommendations related to:
❑ Retinopathy

❑ Nephropathy

❑ Neuropathy

❑ ASCVD, Hypertension, Dyslipidemia

❑ Diabetic Foot

❑ Pre-Pregnancy Counseling
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