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NEPHROPATHY
Recommendations
c
c

Optimize glucose control to reduce the risk or slow the progression of diabetic
kidney disease. A
Optimize blood pressure control to reduce the risk or slow the progression of
diabetic kidney disease. A

POSITION STATEMENT

Screening
c

At least once a year, quantitatively assess urinary albumin (e.g., urine albuminto-creatinine ratio [UACR]) and estimated glomerular ﬁltration rate (eGFR) in
patients with type 1 diabetes duration of $5 years and in all patients with type
2 diabetes. B

Treatment
c

c

c

c
c
c

An ACE inhibitor or angiotensin receptor blocker (ARB) is not recommended
for the primary prevention of diabetic kidney disease in patients with diabetes
who have normal blood pressure and normal UACR (,30 mg/g). B
Either an ACE inhibitor or ARB is suggested for the treatment of the nonpregnant patient with modestly elevated urinary albumin excretion (30–299
mg/day) C and is recommended for those with urinary albumin excretion
.300 mg/day. A
When ACE inhibitors, ARBs, or diuretics are used, monitor serum creatinine
and potassium levels for the development of increased creatinine or changes
in potassium. E
Continued monitoring of UACR in patients with albuminuria is reasonable to
assess progression of diabetic kidney disease. E
When eGFR is ,60 mL/min/1.73 m2, evaluate and manage potential complications of chronic kidney disease (CKD). E
Consider referral to a physician experienced in the care of kidney disease when
there is uncertainty about the etiology of kidney disease, difﬁcult management issues, or advanced kidney disease. B

Nutrition
c

For people with diabetic kidney disease, reducing the amount of dietary protein below the recommended daily allowance of 0.8 g/kg/day (based on ideal
body weight) is not recommended because it does not alter glycemic measures, cardiovascular risk measures, or the course of GFR decline. A

The terms “microalbuminuria” (30–299 mg/24 h) and “macroalbuminuria”
(.300 mg/24 h) will no longer be used, since albuminuria occurs on a continuum.
Albuminuria is deﬁned as UACR $30 mg/g.
Diabetic kidney disease occurs in 20–40% of patients with diabetes and is the
leading cause of end-stage renal disease (ESRD). Persistent increased albuminuria in the range of UACR 30–299 mg/g is an early indicator of diabetic kidney
disease in type 1 diabetes and a marker for development of diabetic kidney
disease in type 2 diabetes. It is a well-established marker of increased cardiovascular disease (CVD) risk (1–3). However, there is increasing evidence of spontaneous remission of UACR levels 30–299 mg/g in up to 40% of patients with type 1
diabetes. About 30–40% remain with UACR levels of 30–299 mg/g and do not

Suggested citation: American Diabetes Association.
Microvascular complications and foot care. Sec. 9.
In Standards of Medical Care in Diabetesd2015.
Diabetes Care 2015;38(Suppl. 1):S58–S66
© 2015 by the American Diabetes Association.
Readers may use this article as long as the work
is properly cited, the use is educational and not
for proﬁt, and the work is not altered.

care.diabetesjournals.org

progress to higher levels ($300 mg/g)
over 5–10 years of follow-up (4–7). Patients with persistent albuminuria are
likely to develop ESRD (8,9).
Interventions
Glycemia

A number of interventions have been
demonstrated to reduce the risk and
slow the progression of diabetic kidney disease. Intensive diabetes management with the goal of achieving
near-normoglycemia has been shown
in large prospective randomized studies to delay the onset and progression
of increased urinary albumin excretion and reduced eGFR in patients
with type 1 (9) and type 2 diabetes
(10–14).
Despite prior concerns and published
case reports, current data indicate that
the overall risk of metformin-associated
lactic acidosis is low (14). GFR may be a
more appropriate measure to assess
continued metformin use than serum
creatinine considering that the serum
creatinine level can translate into
widely varying eGFR levels depending
on age, ethnicity, and muscle mass
(15). A recent review (16) proposes
that metformin use should be reevaluated at an eGFR ,45 mL/min/1.73 m2
with a reduction in maximum dose to
1,000 mg/day and discontinued when
eGFR ,30 mL/min/1.73 m2 or in clinical situations in which there is an increased risk of lactic acidosis, such as
sepsis, hypotension, and hypoxia, or in
which there is a high risk of acute kidney injury resulting in a worsening
of GFR, such as administration of
radiocontrast dye in those with eGFR
,60 mL/min/1.73 m2.
Blood Pressure

The UK Prospective Diabetes Study
(UKPDS) provided strong evidence that
blood pressure control can reduce the
development of diabetic kidney disease
(17). In addition, large prospective randomized studies in patients with type 1
diabetes have shown that ACE inhibitors
have achieved lower systolic blood pressure levels (,140 mmHg) and have
provided a selective beneﬁt over other
antihypertensive drug classes in delaying the progression of increased urinary
albumin excretion and can slow the decline in GFR in patients with higher levels of albuminuria (18,19). In patients
with type 2 diabetes, hypertension,
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and normoalbuminuria, renin-angiotensin
system inhibition has been demonstrated to delay onset of elevated albuminuria (20,21). Of note, in the
latter study, there was an unexpected
higher rate of fatal cardiovascular
events with olmesartan compared
with placebo among patients with preexisting CVD.
ACE inhibitors have been shown to
reduce major CVD outcomes (i.e.,
myocardial infarction, stroke, death)
in patients with diabetes (22), thus
further supporting the use of these
agents in patients with elevated
albuminuria, a CVD risk factor. ARBs
do not have the same beneﬁcial effect
on cardiovascular outcomes or prevent the onset of elevated albuminuria
in normotensive patients with type 1
or type 2 diabetes (23). However, ARBs
have been shown to reduce the progression of albuminuria, as well as
ESRD, in patients with type 2 diabetes
(24–26). In those with diabetic kidney
disease, some evidence suggests that
ARBs are associated with a smaller increase in serum potassium levels compared with ACE inhibitors (27).
Combination Therapy

Drug combinations that block the reninangiotensin system (e.g., an ACE inhibitor plus an ARB, a mineralocorticoid
antagonist, or a direct renin inhibitor)
provide additional lowering of albuminuria (28). However, compared with
single-agent use, such combinations
have been found to provide no additional beneﬁt on CVD or diabetic kidney disease and have higher adverse
event rates (hyperkalemia or acute kidney injury) (29). Therefore, the combined use of different inhibitors of the
renin-angiotensin system should be
avoided.
Diuretics, calcium channel blockers,
and b-blockers can be used as additional
therapy to further lower blood pressure
in patients already treated with maximum doses of ACE inhibitors or ARBs
(30) or as alternate therapy in the rare
individual unable to tolerate ACE inhibitors and ARBs.
Studies in patients with varying
stages of diabetic kidney disease
have shown that the limitation of dietary protein to avoid excess intake
slows the progression of albuminuria,
GFR decline, and occurrence of ESRD

(31–34), although more recent studies
have provided conﬂicting results (35).
Dietary protein limitation, if protein
intake is high, is a consideration particularly in patients whose diabetic
kidney disease is progressing despite
optimal glucose and blood pressure
control and use of an ACE inhibitor or
ARB (34).
Assessment of Albuminuria Status and
Renal Function

Screening for increased urinary albumin excretion can be performed by
UACR in a random spot urine collection; 24-h or timed collections are
more burdensome and add little to
prediction or accuracy (36,37). Measurement of a spot urine sample for
albumin alone (whether by immunoassay or by using a sensitive dipstick test
speciﬁc for albuminuria) without simultaneously measuring urine creatinine is less expensive but susceptible to
false-negative and false-positive determinations as a result of variation in
urine concentration due to hydration
and other factors.
Abnormalities of albumin excretion
and the linkage between UACR and
24-h albumin excretion are deﬁned in
Table 9.1. Because of variability in urinary
albumin excretion, two of three specimens collected within a 3- to 6-month
period should be abnormal before
considering a patient to have developed
albuminuria. Exercise within 24 h, infection, fever, congestive heart failure,
marked hyperglycemia, and marked hypertension may elevate urinary albumin
excretion over baseline values.
Abnormal urine albumin excretion
and GFR level may be used to stage
CKD. The National Kidney Foundation
classiﬁcation (Table 9.2) is primarily
based on GFR levels and may be superseded by other systems in which staging
Table 9.1—Deﬁnitions of abnormalities
in albumin excretion
Category

Spot collection
(mg/g creatinine)

Normal

,30

Increased urinary
albumin excretion*

$30

*Historically, ratios between 30 and 299
mg/g have been called “microalbuminuria”
and those .300 mg/g have been called
“macroalbuminuria” (or clinical
albuminuria).
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includes other variables such as urinary
albumin excretion (38). Studies have
found decreased GFR without increased
urine albumin excretion in a substantial
percentage of adults with type 2 diabetes (39). Substantial evidence shows
that in patients with type 1 diabetes
and persistent UACR 30–299 mg/g,
screening with albumin excretion rate
alone would miss .20% of progressive
disease (7). Serum creatinine with eGFR
should therefore be assessed at least
annually in all adults with diabetes, regardless of the degree of urine albumin
excretion.
Serum creatinine should be used to
estimate GFR and to stage the level
of CKD, if present. eGFR is commonly
coreported by laboratories or can be
estimated using formulae such as the
Modiﬁcation of Diet in Renal Disease
(MDRD) study equation (40) or the
Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation. The
latter is the current preferred GFR estimating equation. GFR calculators are
available at http://www.nkdep.nih
.gov.
The need for annual quantitative assessment of albumin excretion after
diagnosis of albuminuria and institution of ACE inhibitor or ARB therapy
and blood pressure control is a subject
of debate. Continued surveillance can
assess both response to therapy and
disease progression and may aid in assessing adherence to ACE inhibitor or
ARB therapy. Some suggest that reducing UACR to normal (,30 mg/g) or
near normal may improve CKD and
CVD prognosis, but this approach has
not been formally evaluated in prospective trials, and evidence demonstrates spontaneous remission of
albuminuria in up to 40% of type 1 diabetic patients.
Conversely, patients with increasing
albumin levels, declining GFR, increasing blood pressure, retinopathy, macrovascular disease, elevated lipids and/or
uric acid concentrations, or a family history of CKD are more likely to experience a progression of diabetic
kidney disease (7).
Complications of kidney disease correlate with level of kidney function.
When the eGFR is ,60 mL/min/1.73 m2,
screening for complications of CKD
is indicated (Table 9.3). Early vaccination against hepatitis B virus is

Table 9.2—Stages of CKD
Stage

GFR (mL/min/1.73 m2)

Description

$90

1

Kidney damage* with normal or increased GFR

2

Kidney damage* with mildly decreased GFR

60–89

3

Moderately decreased GFR

30–59

4

Severely decreased GFR

5

Kidney failure

15–29
,15 or dialysis

*Kidney damage is deﬁned as abnormalities on pathological, urine, blood, or imaging tests.
Adapted from Levey et al. (37).

indicated in patients likely to progress
to ESRD.

treatment of blood pressure and blood
glucose, and the potential need for renal
transplant.

Referral to Nephrologist

Consider referral to a physician experienced in the care of kidney disease
when there is uncertainty about the
etiology of kidney disease (heavy proteinuria, active urine sediment, absence
of retinopathy, rapid decline in GFR).
Other triggers for referral may include
difﬁcult management issues (anemia,
secondary hyperparathyroidism, metabolic bone disease, resistant hypertension, or electrolyte disturbance) or
advanced kidney disease. The threshold
for referral may vary depending on
the frequency with which a provider
encounters diabetic patients with signiﬁcant kidney disease. Consultation
with a nephrologist when stage 4 CKD
develops has been found to reduce cost,
improve quality of care, and delay dialysis (41). However, other specialists and
providers should not delay educating
their patients about the progressive nature of diabetic kidney disease, the kidney preservation beneﬁts of proactive

RETINOPATHY
Recommendations
c

c

Optimize glycemic control to reduce the risk or slow the progression of retinopathy. A
Optimize blood pressure control
to reduce the risk or slow the progression of retinopathy. A

Screening
c

c

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
Patients with type 2 diabetes
should have an initial dilated and
comprehensive eye examination
by an ophthalmologist or optometrist shortly after the diagnosis of
diabetes. B

Table 9.3—Management of CKD in diabetes (7)
GFR (mL/min/1.73 m2)

Recommended management

All patients

Yearly measurement of creatinine, urinary albumin excretion, potassium

45–60

Referral to a nephrologist if possibility for nondiabetic kidney
disease exists (duration of type 1 diabetes ,10 years, persistent
albuminuria, abnormal ﬁndings on renal ultrasound, resistant
hypertension, rapid fall in GFR, or active urinary sediment on
ultrasound)
Consider the need for dose adjustment of medications
Monitor eGFR every 6 months
Monitor electrolytes, bicarbonate, hemoglobin, calcium,
phosphorus, parathyroid hormone at least yearly
Assure vitamin D sufﬁciency
Consider bone density testing
Referral for dietary counseling

30–44

Monitor eGFR every 3 months
Monitor electrolytes, bicarbonate, calcium, phosphorus, parathyroid
hormone, hemoglobin, albumin, weight every 3–6 months
Consider the need for dose adjustment of medications

,30

Referral to a nephrologist
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c

c

c

If there is no evidence of retinopathy
for one or more eye exams, then exams every 2 years may be considered. If diabetic retinopathy is
present, subsequent examinations
for patients with type 1 and type 2
diabetes should be repeated annually
by an ophthalmologist or optometrist. If retinopathy is progressing or
sight-threatening, then examinations
will be required more frequently. B
High-quality fundus photographs
can detect most clinically signiﬁcant diabetic retinopathy. Interpretation of the images should
be performed by a trained eye
care provider. While retinal photography may serve as a screening
tool for retinopathy, it is not a substitute for a comprehensive eye
exam, which should be performed
at least initially and at intervals
thereafter as recommended by
an eye care professional. E
Women with preexisting diabetes
who are planning pregnancy or
who have become pregnant
should have a comprehensive eye
examination and be counseled on
the risk of development and/or
progression of diabetic retinopathy. Eye examination should occur
in the ﬁrst trimester with close
follow-up throughout pregnancy
and for 1 year postpartum. B

Treatment
c

c

c

c

Promptly refer patients with any
level of macular edema, severe
nonproliferative diabetic retinopathy (NPDR), or any proliferative
diabetic retinopathy (PDR) to an
ophthalmologist who is knowledgeable and experienced in the
management and treatment of diabetic retinopathy. A
Laser photocoagulation therapy is
indicated to reduce the risk of vision
loss in patients with high-risk PDR,
clinically signiﬁcant macular edema,
and, in some cases, severe NPDR. A
Antivascular endothelial growth
factor (VEGF) therapy is indicated
for diabetic macular edema. A
The presence of retinopathy is
not a contraindication to aspirin
therapy for cardioprotection, as
aspirin does not increase the risk
of retinal hemorrhage. A
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Diabetic retinopathy is a highly speciﬁc
vascular complication of both type 1
and type 2 diabetes, with prevalence
strongly related to the duration of diabetes. Diabetic retinopathy is the most
frequent cause of new cases of blindness among adults aged 20–74 years.
Glaucoma, cataracts, and other disorders of the eye occur earlier and more
frequently in people with diabetes.
In addition to diabetes duration, factors that increase the risk of, or are associated with, retinopathy include
chronic hyperglycemia (42), nephropathy (43), and hypertension (44). Intensive diabetes management with the
goal of achieving near-normoglycemia
has been shown in large prospective
randomized studies to prevent and/or
delay the onset and progression of diabetic retinopathy (11,45). Lowering
blood pressure has been shown to decrease retinopathy progression, although tight targets (systolic ,120
mmHg) do not impart additional beneﬁt
(45). Several case series and a controlled prospective study suggest that
pregnancy in type 1 diabetic patients
may aggravate retinopathy (46,47). Laser photocoagulation surgery can minimize this risk (47).
Screening

The preventive effects of therapy and
the fact that patients with PDR or macular edema may be asymptomatic provide strong support for a screening
program to detect diabetic retinopathy.
Because retinopathy is estimated to
take at least 5 years to develop after
the onset of hyperglycemia, patients
with type 1 diabetes should have an initial dilated and comprehensive eye examination within 5 years after the
diabetes diagnosis (48). Patients with
type 2 diabetes who may have had years
of undiagnosed diabetes and have a signiﬁcant risk of prevalent diabetic retinopathy at the time of diagnosis
should have an initial dilated and comprehensive eye examination shortly after diagnosis. Examinations should be
performed by an ophthalmologist or optometrist who is knowledgeable and
experienced in diagnosing diabetic retinopathy. Subsequent examinations for
type 1 and type 2 diabetic patients are
generally repeated annually. Exams every 2 years may be cost-effective after
one or more normal eye exams, and

in a population with well-controlled
type 2 diabetes, there was essentially
no risk of development of signiﬁcant retinopathy with a 3-year interval after a
normal examination (49). Examinations
will be required more frequently if retinopathy is progressing.
Retinal photography, with remote
reading by experts, has great potential
in areas where qualiﬁed eye care professionals are not readily available (50). It
also may enhance efﬁciency and reduce
costs when the expertise of ophthalmologists can be used for more complex
examinations and for therapy (51). Inperson exams are still necessary when
the photos are unacceptable and for
follow-up if abnormalities are detected.
Photos are not a substitute for a comprehensive eye exam, which should be
performed at least initially and at intervals thereafter as recommended by an
eye care professional. Results of eye examinations should be documented and
transmitted to the referring health care
professional.
Treatment

One of the main motivations for screening
for diabetic retinopathy is the longestablished efﬁcacy of laser photocoagulation surgery in preventing visual loss.
Two large trials, the Diabetic Retinopathy Study (DRS) in patients with PDR and
the Early Treatment Diabetic Retinopathy
Study (ETDRS) in patients with macular
edema, provide the strongest support
for the therapeutic beneﬁts of photocoagulation surgery. The DRS (52) showed
that panretinal photocoagulation surgery
reduced the risk of severe vision loss from
PDR from 15.9% in untreated eyes to
6.4% in treated eyes, with the greatest
risk-beneﬁt ratio in those with baseline
disease (disc neovascularization or vitreous hemorrhage).
The ETDRS (53) established the beneﬁt of focal laser photocoagulation surgery in eyes with macular edema,
particularly those with clinically significant macular edema, with reduction of
doubling of the visual angle (e.g., 20/50
to 20/100) from 20% in untreated eyes
to 8% in treated eyes. The ETDRS also
veriﬁed the beneﬁts of panretinal photocoagulation for high-risk PDR and in
older-onset patients with severe NPDR
or less-than-high-risk PDR.
Laser photocoagulation surgery in
both trials was beneﬁcial in reducing
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the risk of further visual loss, but generally not beneﬁcial in reversing already
diminished acuity. Recombinant monoclonal neutralizing antibody to VEGF improves vision and reduces the need for
laser photocoagulation in patients with
macular edema (54). Other emerging
therapies for retinopathy include sustained intravitreal delivery of ﬂuocinolone (55) and the possibility of
prevention with fenoﬁbrate (56,57).
NEUROPATHY
Recommendations
c

c

c

c

All patients should be screened for
diabetic peripheral neuropathy
(DPN) starting at diagnosis of
type 2 diabetes and 5 years after
the diagnosis of type 1 diabetes
and at least annually thereafter,
using simple clinical tests, such
as a 10-g monoﬁlament. B
Screening for signs and symptoms
(e.g., orthostasis, resting tachycardia) of cardiovascular autonomic
neuropathy (CAN) should be considered with more advanced disease. E
Tight glycemic control is the only
strategy convincingly shown to
prevent or delay the development
of DPN and CAN in patients with
type 1 diabetes A and to slow the
progression of neuropathy in some
patients with type 2 diabetes. B
Assess and treat patients to reduce pain related to DPN B and
symptoms of autonomic neuropathy and to improve quality of life. E

The diabetic neuropathies are heterogeneous with diverse clinical manifestations.
They may be focal or diffuse. The most
prevalent neuropathies are DPN and autonomic neuropathy. Although DPN is a diagnosis of exclusion, complex investigations
or referral for neurology consultation to exclude other conditions is rarely needed.
The early recognition and appropriate
management of neuropathy in the patient with diabetes is important for a
number of reasons:
1. Nondiabetic neuropathies may be
present in patients with diabetes
and may be treatable.
2. A number of treatment options exist
for symptomatic diabetic neuropathy.
3. Up to 50% of DPN may be asymptomatic, and patients are at risk for insensate injury to their feet.

4. Autonomic neuropathy, particularly
CAN, is an independent risk factor
for cardiovascular mortality (58,59).
Speciﬁc treatment for the underlying
nerve damage, other than improved glycemic control, is currently not available.
Glycemic control was shown to effectively prevent DPN and CAN in type 1
diabetes (60,61) and may modestly
slow progression in type 2 diabetes
(13) but does not reverse neuronal
loss. Therapeutic strategies (pharmacological and nonpharmacological) for the
relief of speciﬁc symptoms related to
painful DPN or autonomic neuropathy
are recommended because they can potentially reduce pain (62) and improve
quality of life.
Diagnosis
Diabetic Peripheral Neuropathy

Patients with diabetes should be
screened annually for DPN symptoms
using simple clinical tests. Symptoms
vary according to the class of sensory
ﬁbers involved. The most common
symptoms are induced by the involvement of small ﬁbers and include pain,
dysesthesias (unpleasant abnormal sensations of burning and tingling), and
numbness. Clinical tests include assessment of pinprick sensation, vibration
threshold using a 128-Hz tuning fork,
light touch perception using a 10-g
monoﬁlament, and ankle reﬂexes. Assessment should follow the typical
DPN pattern, starting distally (the dorsal
aspect of the hallux) on both sides and
move proximally until threshold is detected. Several clinical instruments
that combine more than one test have
.87% sensitivity in detecting DPN
(63–65). Electrophysiological testing or
referral to a neurologist is rarely needed,
except in situations where the clinical
features are atypical or the diagnosis is
unclear.
In patients with severe or atypical neuropathy, causes other than diabetes
should always be considered, such as neurotoxic medications, heavy metal poisoning, alcohol abuse, vitamin B12 deﬁciency
(66), renal disease, chronic inﬂammatory
demyelinating neuropathy, inherited neuropathies, and vasculitis (67).

examination. Major clinical manifestations of diabetic autonomic neuropathy
include resting tachycardia, exercise
intolerance, orthostatic hypotension,
gastroparesis, constipation, erectile dysfunction, sudomotor dysfunction, impaired neurovascular function, and,
potentially, autonomic failure in response
to hypoglycemia.
Cardiovascular Autonomic Neuropathy

CAN is the most studied and clinically
important form of diabetic autonomic
neuropathy because of its association
with mortality independent of other
cardiovascular risk factors (58,68). In
early stages, CAN may be completely
asymptomatic and detected by changes
in heart rate variability with deep
breathing and abnormal cardiovascular
reﬂex tests (R-R interval response to
deep breathing, standing, and Valsalva
maneuver tests). Advanced disease may
be indicated by resting tachycardia
(.100 bpm) and orthostasis (a fall in
systolic blood pressure .20 mmHg or
diastolic blood pressure of at least 10
mmHg upon standing without an appropriate heart rate response). The standard cardiovascular reﬂex tests (deep
breathing, standing, and Valsalva
maneuver) are noninvasive, easy to
perform, reliable, and reproducible, especially the deep breathing test, and
have prognostic value (69). Although
some societies have developed guidelines for screening for CAN, the beneﬁts
of sophisticated testing beyond risk
stratiﬁcation are not clear (69).
Gastrointestinal Neuropathies

Gastrointestinal neuropathies (e.g.,
esophageal enteropathy, gastroparesis,
constipation, diarrhea, fecal incontinence) may involve any section of the
gastrointestinal tract. Gastroparesis
should be suspected in individuals with
erratic glucose control or with upper gastrointestinal symptoms without another
identiﬁed cause. Evaluation of solidphase gastric emptying using doubleisotope scintigraphy may be done if
symptoms are suggestive, but test results often correlate poorly with symptoms. Constipation is the most common
lower-gastrointestinal symptom but can
alternate with episodes of diarrhea.

Diabetic Autonomic Neuropathy

Genitourinary Tract Disturbances

The symptoms and signs of autonomic
dysfunction should be elicited carefully during the history and physical

Diabetic autonomic neuropathy is also
associated with genitourinary tract disturbances. In men, diabetic autonomic
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neuropathy may cause erectile dysfunction and/or retrograde ejaculation. Evaluation of bladder dysfunction should be
performed for individuals with diabetes
who have recurrent urinary tract infections, pyelonephritis, incontinence, or a
palpable bladder.
Treatment
Glycemic Control

Tight glycemic control, implemented
early in the course of diabetes, has
been shown to effectively prevent or delay the development of DPN and CAN in
patients with type 1 diabetes (70–73).
While the evidence is not as strong for
type 2 diabetes, some studies have
demonstrated a modest slowing of progression (74,75) without reversal of
neuronal loss. Several observational
studies further suggest that neuropathic
symptoms improve not only with optimization of glycemic control but also
with the avoidance of extreme blood
glucose ﬂuctuations.
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Autonomic Neuropathy

FOOT CARE

An intensive multifactorial cardiovascular risk intervention targeting glucose,
blood pressure, lipids, smoking, and
other lifestyle factors has been shown
to reduce the progression and development of CAN among patients with type 2
diabetes (79). For those with signiﬁcant
CAN, referral to a cardiologist may be
indicated.

Recommendations
c

c

Orthostatic Hypotension

Treatment of orthostatic hypotension is
challenging. The therapeutic goal is to
minimize postural symptoms rather
than to restore normotension. Most patients require the use of both pharmacological and nonpharmacological
measures (e.g., avoiding medications
that aggravate hypotension, using compressive garments over the legs and abdomen). Midodrine is the only drug
approved by the U.S. Food and Drug
Administration for the treatment of
orthostatic hypotension.

Diabetic Peripheral Neuropathy

Gastroparesis Symptoms

DPN symptoms, and especially neuropathic pain, can be severe, have sudden
onset, and are associated with lower
quality of life, limited mobility, depression, and social dysfunction (76). There
is limited clinical evidence regarding the
most effective treatments for individual
patients given the wide range of available medications (77,78). Several drugs
have been approved speciﬁcally for relief of DPN pain in the U.S. (pregabalin,
duloxetine, and tapentadol), but none
affords complete relief, even when
used in combination. Venlafaxine, amitriptyline, gabapentin, valproate, and
other opioids (morphine sulfate, tramadol, oxycodone controlled release) may
be effective and may be considered for
treatment of painful DPN. Head-tohead treatment comparisons and studies that include quality-of-life outcomes
are rare, so treatment decisions must
consider each patient’s presentation
and comorbidities and often follow a
trial-and-error approach. Given the
range of partially effective treatment
options, a tailored and stepwise pharmacological strategy with careful attention to relative symptom improvement,
medication adherence, and medication
side effects is recommended to achieve
pain reduction and improve quality of
life (62).

Gastroparesis symptoms may improve
with dietary changes and prokinetic agents
such as erythromycin. Recently, the European Medicines Agency (www.ema.europa
.eu/docs/en_GB/document_library/
Press_release/2013/07/WC500146614.pdf)
decided that risks of extrapyramidal symptoms with metoclopramide outweigh beneﬁts. In Europe, metoclopramide use is
now restricted to a maximum of 5 days
and is no longer indicated for the longterm treatment of gastroparesis. Although
the U.S. Food and Drug Administration’s
decision is pending, it is suggested that
metoclopramide be reserved for only the
most severe cases that are unresponsive
to other therapies. Side effects should be
closely monitored.
Erectile Dysfunction

Treatments for erectile dysfunction may
include phosphodiesterase type 5 inhibitors, intracorporeal or intraurethral prostaglandins, vacuum devices, or penile
prostheses. Interventions for other manifestations of autonomic neuropathy are
described in the American Diabetes Association (ADA) statement on neuropathy
(78). As with DPN treatments, these interventions do not change the underlying
pathology and natural history of the disease process but may have a positive impact on the quality of life of the patient.

c

c

c

c

c

For all patients with diabetes, perform an annual comprehensive
foot examination to identify risk
factors predictive of ulcers and
amputations. The foot examination should include inspection
and assessment of foot pulses. B
Patients with insensate feet, foot
deformities, and ulcers should
have their feet examined at every
visit. E
Provide general foot self-care
education to all patients with diabetes. B
A multidisciplinary approach is
recommended for individuals
with foot ulcers and high-risk feet
(e.g., dialysis patients and those
with Charcot foot, prior ulcers, or
amputation). B
Refer patients who smoke or who
have a loss of protective sensation
(LOPS), structural abnormalities,
or a history of prior lowerextremity complications to foot
care specialists for ongoing preventive care and lifelong surveillance. C
Initial screening for peripheral
arterial disease (PAD) should
include a history for claudication
and an assessment of the pedal
pulses. C
Refer patients with signiﬁcant
claudication or a positive anklebrachial index (ABI) for further
vascular assessment and consider
exercise, medications, and surgical
options. C

Amputation and foot ulceration, which
are consequences of diabetic neuropathy and/or PAD, are common and represent major causes of morbidity and
disability in people with diabetes. Loss
of 10-g monoﬁlament perception and
reduced vibration perception predict
foot ulcers (78). Early recognition and
management of risk factors can prevent
or delay adverse outcomes.
The risk of ulcers or amputations is
increased in people who have the following risk factors:
○
○
○
○

Previous amputation
Past foot ulcer history
Peripheral neuropathy
Foot deformities
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○
○
○

○
○

Peripheral vascular disease
Visual impairment
Diabetic nephropathy (especially patients on dialysis)
Poor glycemic control
Cigarette smoking

Clinicians are encouraged to review
ADA screening recommendations for
further details and practical descriptions
of how to perform components of the
comprehensive foot examination (80).
Examination

All adults with diabetes should
undergo a comprehensive foot examination at least annually to identify
high-risk conditions. Clinicians should
ask about history of previous foot ulceration or amputation, neuropathic or peripheral vascular symptoms, impaired
vision, tobacco use, and foot care practices. A general inspection of skin integrity and musculoskeletal deformities
should be done in a well-lit room. Vascular assessment would include inspection and assessment of pedal pulses.
The neurological exam recommended
is designed to identify LOPS rather than
early neuropathy. The clinical examination
to identify LOPS is simple and requires no
expensive equipment. Five simple clinical
tests (use of a 10-g monoﬁlament, vibration testing using a 128-Hz tuning fork,
tests of pinprick sensation, ankle reﬂex assessment, and testing vibration perception threshold with a biothesiometer),
each with evidence from well-conducted
prospective clinical cohort studies, are
considered useful in the diagnosis of
LOPS in the diabetic foot. Any of the ﬁve
tests listed above could be used by clinicians to identify LOPS, although ideally
two of these should be regularly performed during the screening examd
normally the 10-g monoﬁlament and one
other test. One or more abnormal tests
would suggest LOPS, while at least two
normal tests (and no abnormal test) would
rule out LOPS. The last test listed, vibration
assessment using a biothesiometer or similar instrument, is widely used in the U.S.;
however, identiﬁcation of the patient with
LOPS can easily be carried out without this
or other expensive equipment.
Screening

Initial screening for PAD should
include a history for claudication and
an assessment of the pedal pulses.

A diagnostic ABI should be considered
in patients with PAD. Due to the high
estimated prevalence of PAD in patients
with diabetes and the fact that many
patients with PAD are asymptomatic,
an ADA consensus report on PAD (81)
suggested that a screening ABI be performed in patients over 50 years of age
and be considered in patients under 50
years of age who have other PAD risk
factors (e.g., smoking, hypertension, hyperlipidemia, or duration of diabetes
.10 years). Refer patients with signiﬁcant symptoms or a positive ABI for further vascular assessment and consider
exercise, medications, and surgical
options (81).
Patient Education

Patients with diabetes and high-risk foot
conditions should be educated about
their risk factors and appropriate management. Patients at risk should understand the implications of LOPS; the
importance of foot monitoring on a daily
basis; the proper care of the foot, including nail and skin care; and the selection
of appropriate footwear. Patients with
LOPS should be educated on ways to
substitute other sensory modalities
(hand palpation, visual inspection) for
surveillance of early foot problems. Patients’ understanding of these issues
and their physical ability to conduct
proper foot surveillance and care should
be assessed. Patients with visual difﬁculties, physical constraints preventing
movement, or cognitive problems that
impair their ability to assess the condition of the foot and to institute appropriate responses will need other people,
such as family members, to assist in
their care.
Treatment

People with neuropathy or evidence of
increased plantar pressure (e.g., erythema, warmth, callus, or measured
pressure) may be adequately managed
with well-ﬁtted walking shoes or athletic
shoes that cushion the feet and redistribute pressure. Calluses can be debrided with a scalpel by a foot care
specialist or other health professional
with experience and training in foot
care. People with bony deformities (e.g.,
hammertoes, prominent metatarsal
heads, bunions) may need extra wide
or deep shoes. People with extreme
bony deformities (e.g., Charcot foot)
who cannot be accommodated with

commercial therapeutic footwear may
need custom-molded shoes.
Most diabetic foot infections are polymicrobial, with aerobic gram-positive
cocci (GPC). Staphylococci are the most
common causative organisms. Wounds
without evidence of soft-tissue or bone
infection do not require antibiotic therapy. Empiric antibiotic therapy can be
narrowly targeted at GPC in many
acutely infected patients, but those at
risk for infection with antibiotic-resistant
organisms or with chronic, previously
treated, or severe infections require
broader-spectrum regimens and should
be referred to specialized care centers
(82). Foot ulcers and wound care may
require care by a podiatrist, orthopedic
or vascular surgeon, or rehabilitation
specialist experienced in the management of individuals with diabetes.
Guidelines for treatment of diabetic
foot ulcers have recently been updated
(82).
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