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Program Objectives
 List the major macrovascular and microvascular
complications of type 2 diabetes
 Discuss key findings from clinical outcome studies that
have investigated the relationship between the control
of glucose levels, blood pressure, blood lipids, and/or
other major risk factors and the development of
macrovascular and microvascular complications
 Describe practical therapeutic approaches for
optimizing glucose control in patients with type 2
diabetes
 Describe practical therapeutic approaches in addition
to glucose management that can help to prevent the
p
of diabetes
complications

The objectives for this program are:
• List the major macrovascular and microvascular complications of type 2 diabetes
• Discuss key findings from clinical outcome studies that have investigated the
relationship between the control of glucose levels, blood pressure, blood lipids, and/or
other major risk factors and the development of macrovascular and microvascular
complications
• Describe practical therape
therapeutic
tic approaches for optimizing
optimi ing gl
glucose
cose control in patients
with type 2 diabetes
• Describe practical therapeutic approaches in addition to glucose management that can
help to prevent the complications of diabetes
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Diabetes Complications
Macrovascular
 Coronary artery disease (CAD)
 Atherosclerosis
 Myocardial infarction (MI)
 Cerebrovascular disease (stroke)
 Peripheral arterial disease (PAD), also referred
to as peripheral vascular disease

Mi
Microvascular
l
 Nephropathy
 Retinopathy
 Neuropathy

Other
 Bone density changes (osteoporosis, fractures)
 Collagen disorders (scleroderma)
 Frozen shoulder
 Impaired wound healing
 Altered clotting factors
 Periodontal disease

Figure from Diabetes Teaching Center, University of California, San Francisco. Used with permission.

Numerous complications affecting many different organ systems can develop as a
result of diabetes. These complications are usually divided into 2 major categories—
macrovascular and microvascular.
Macrovascular complications primarily affect large blood vessels and can lead to
heart disease (coronary artery disease [CAD]), cerebrovascular disease (stroke),
and peripheral arterial disease (PAD), which manifests as poor circulation in the
lower extremities. Although this condition is often referred to as “peripheral vascular
disease” (PVD), PAD is the more accurate term, since it is the arteries rather than
the veins that are primarily affected.
Microvascular complications affect smaller blood vessels and can lead to damage to
the kidneys (nephropathy), eyes (retinopathy), or nerves (neuropathy).
Less well-known complications include bone conditions (eg, osteoporosis in type 1
diabetes,, fractures in type
yp 2 diabetes),
), collagen
g disorders (eg,
( g, scleroderma),
),
impaired wound healing, altered clotting factors, and periodontal disease. Many of
these complications share cellular, metabolic, and pathophysiologic mechanisms
with macrovascular and microvascular complications.
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CDC. Data and trends. 2006–2008.
CDC. National Health Interview Survey. 2008.
US Renal Data System. USRDS 2009 Annual Report. 2009.

Data from the Centers for Disease Control and Prevention (CDC) and the National
Institute of Diabetes and Digestive and Kidney Diseases show that many persons
with diabetes have macrovascular and microvascular complications. According to
recent estimates, approximately:
• 0.2 million people have end-stage renal disease (ESRD)
• 3.6 million are visually impaired
• 8.8
8 8 million
illi are hospitalized
h
it li d for
f diabetic
di b ti neuropathy
th
• 3.5 million have CAD
• 5.9 million have cardiovascular disease (CVD)
• 0.1 million are hospitalized for diabetes-related PAD
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Impact of Diabetes-Related
M
Macrovascular
l Complications
C
li ti
 CAD and Cerebrovascular disease





Account for ~65% of deaths
Death rate from CAD elevated ~2–4 times
Risk for stroke elevated ~2–4
2 4 times
~50% of patients with CAD have undiagnosed
impaired glucose tolerance or diabetes

 PAD
 Risk factor for lower-limb amputation
 More than 60% of nontraumatic lower-limb
amp tations occur
amputations
occ r in persons with
ith diabetes
CDC. National diabetes fact sheet, 2007. 2008.
Bartnik M et al. Eur Heart J. 2004;25:1880–1890.
Taubert G et al. Am Heart J. 2003;145:285–291.

In terms of macrovascular complications:
• ~65% of deaths among people with diabetes are caused by myocardial
infarctions (MIs) or strokes
• The death rate from CAD is ~2 to 4 times higher among men with diabetes than
in those without diabetes and is even higher in women with diabetes
• The risk for stroke is also ~2 to 4 times higher in people with diabetes compared
with
ith those
th
without
ith t diabetes
di b t
• Approximately half of patients already have CAD by the time they are diagnosed
with impaired glucose tolerance or diabetes
• PAD is a risk factor for lower-limb amputation
• More than 60% of all nontraumatic lower-limb amputations occur in people with
diabetes
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Impact of Diabetes-Related
Mi
Microvascular
l Complications
C
li ti
 Diabetic nephropathy
 Leading cause of ESRD (~44% of new cases)

 Retinopathy
 Leading cause of new cases of blindness in adults

 Neuropathy
 Severe forms are major cause of lower-extremity
amputations

CDC. National diabetes fact sheet, 2007. 2008.

Data from the CDC also show the enormous impact of diabetes and its
complications on morbidity and mortality in the United States.
Diabetic nephropathy is the leading cause of ESRD, accounting for about 44% of
new cases.
Diabetic retinopathy is the leading cause of new cases of blindness in adults.
Severe forms of diabetic neuropathy are a major cause of lower-extremity
amputations.
t ti

7

Risk Factors for Complications
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CDC. Rates of risk factors for complications. 2008.

Many modifiable risk factors for diabetes-related complications have been identified.
They include overweight (defined as a body mass index [BMI] between 25.0 and
29.9 kg/m2), obesity (defined as a BMI of 30.0 kg/m2 or greater), hypertension, high
cholesterol, physical inactivity, and smoking.
Unfortunately, many people with diabetes report having these risk factors. For
example, 82.3% of people with diabetes are also overweight, 62.5% have
hypertension, 56% have high cholesterol, 49% are obese, 37.7% are inactive, and
16.1% smoke.
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Rationale for Comprehensive
Ri k M
Risk
Managementt
 Glycemic control
 Each 1% drop in A1C reduces risk for microvascular
complications by ~40%

 Blood pressure regulation
 Reduces risk for CAD and CVD by ~33%–50%
 Reduces risk for microvascular complications by
~33%

 Lipid control
 Reduces risk for CAD and CVD by
y ~20%–50%
CDC. National diabetes fact sheet, 2007. 2008.

Many practices can reduce the risk for diabetes-related complications.
Each 1% drop in A1C (eg, from 8% to 7%) reduces the risk for microvascular
complications by about 40%. Regulation of blood pressure can reduce the risks for
CAD and CVD by approximately 33% to 50% and the risk for microvascular
complications by about 33%. Lowering cholesterol levels can reduce the risk for
CAD and CVD by approximately 20% to 50%. Eating a healthy diet, engaging in
physical activity, and not smoking can further reduce the risk for complications.
Data from several observational studies suggest that weight loss can also reduce
the risk for diabetes-related complications. Definitive information about the
relationship between weight loss and macrovascular complications will eventually
be provided by the Look AHEAD Study, a prospective, randomized controlled trial
that includes more than 5000 overweight or obese individuals with type 2 diabetes.
One-year results of this long-term trial showed that the average weight loss of 8.6%
i th
in
the iintensive
t
i lif
lifestyle
t l iintervention
t
ti group was associated
i t d with
ith an iimprovementt iin
CVD risk factors.
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Rationale for Comprehensive
Ri k M
Risk
Managementt ((cont)
t)
 Nephropathy detection and treatment
 Detection and treatment of early diabetic kidney
disease by lowering blood pressure can reduce the
decline in kidney function by 30%–70%

 Retinopathy detection and treatment
 Detection and treatment of diabetic eye disease can
reduce the development of severe vision loss by
~50%–60%

 Comprehensive foot care
 Reduces amputation rates by 45%–85%
CDC. National diabetes fact sheet, 2007. 2008.

Several other prevention strategies can also significantly reduce the risk and
severity of diabetes complications.
Detecting and treating early diabetic kidney disease by lowering blood pressure can
reduce the decline in kidney function by 30% to 70%.
Detecting and treating diabetic eye disease can reduce the development of severe
vision loss by approximately 50% to 60%.
Comprehensive
C
h
i ffoott care programs, which
hi h iinclude
l d d
daily
il examinations
i ti
by
b the
th patient
ti t
or caregiver and annual examinations by a health care provider, can reduce
amputation rates by 45% to 85%.
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Albumin Excretion Abnormalities
and Outcome Studies
 Microalbuminuria and
macroalbuminuria are
often used as end points
in diabetes outcome
studies
 Microalbuminuria is a
marker for development of
nephropathy and a
marker of cardiovascular
disease risk

Definitions of Abnormalities
in Albumin Excretion

Category
Normal

Spot Collection
(μg albumin/
mg creatinine)
<30

Microalbuminuria

30–299

Macroalbuminuria

≥300

 Patients who develop
macroalbuminuria are
likely to progress to
ESRD
ADA. Diabetes Care. 2010:33(Suppl 1):S11–S61.

Because microalbuminuria and macroalbuminuria are often used as end points in
diabetes outcome studies, basic knowledge about these conditions is necessary for
understanding the findings of key outcome trials. Albumin is a common watersoluble protein found in the body. Because the albumin concentration in the urine is
a measure of renal health, it should be measured at the time of diagnosis and then
annually in persons with type 2 diabetes. The urine spot collection technique is a
convenient and accurate means of measuring albumin excretion.
As shown in the table, persons with normal kidney function have an albumin
concentration of less than 30 μg/mg creatinine, whereas the concentration ranges
from 30 to 299 μg/mg creatinine in persons with microalbuminuria and is at least
300 μg/mg creatinine in those with macroalbuminuria.
Microalbuminuria is important because it is a marker for the development of
nephropathy in patients with type 2 diabetes and because it is a well-established
marker
k off cardiovascular
di
l disease
di
risk.
i k Patients
P ti t with
ith microalbuminuria
i
lb i i who
h d
develop
l
macroalbuminuria are likely to progress to ESRD.
Achievement of near-normoglycemia through intensive diabetes management can
delay the onset of microalbuminuria and the progression from microalbuminuria to
macroalbuminuria. However, once macroalbuminuria has developed, tight glycemic
control cannot prevent the development of renal insufficiency. We will discuss
abnormalities of albumin excretion in greater detail in the section that deals with
diabetic nephropathy.
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Glomerular Filtration Rate
 The glomerular filtration rate (GFR) is considered the
best overall index of kidney function
 GFR is seldom measured directly; instead, the
estimated GFR (eGFR) is determined, usually by
measuring the creatinine concentration in serum
 The eGFR is calculated using equations that take
account of patient variables (eg, age, gender)
 A normal eGFR is a value >90 mL/min/1.73 m2 body
surface area (BSA)
 Chronic kidney disease (CKD) is defined as an eGFR
<60
60 mL/min/1.73 m2 BSA for at least 3 months
Cirillo M. J Nephrol. 2010;23:125–132.
Thomas C, Thomas L. Dtsch Arztebl Int. 2009;106:849–854.

Appreciating the significance of the glomerular filtration rate (GFR) is also important
for understanding some of the major complications of diabetes. The GFR is
considered the best overall index of kidney function.
Within the kidney, urine production begins at the glomeruli, those clusters of
capillaries in which plasma undergoes ultrafiltration. The GFR is the rate of
glomerular ultrafiltration, and higher GFRs are associated with better kidney
function.
The GFR is seldom measured directly because it requires invasive, expensive, and
time-consuming procedures. Instead, the estimated GFR (eGFR) is determined,
usually by measuring the creatinine concentration in serum. The eGFR is calculated
using equations that take into account patient variables, including age, gender, and
sometimes ethnicity.
A normal eGFR is a value above 90 mL/min/1.73 m2 of bodyy surface area ((BSA).
)
2
Chronic kidney disease (CKD) is defined as an eGFR below 60 mL/min/1.73 m
BSA for at least 3 months.
We will discuss the significance of eGFR values in greater detail later in this activity.
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Check Point 1
Macrovascular complications of diabetes include
__________.
a) coronary artery disease and altered clotting
factors
b) peripheral arterial disease and retinopathy
c) cerebrovascular disease and peripheral arterial
disease
d) myocardial infarction and osteoporosis

Macrovascular complications of diabetes include __________.
a) coronary artery disease and altered clotting factors
b) peripheral arterial disease and retinopathy
c) cerebrovascular disease and peripheral arterial disease
d) myocardial infarction and osteoporosis

13

Answer to Check Point 1
The correct answer is c.
Macrovascular complications of diabetes include
cerebrovascular disease and peripheral arterial
disease.
disease

The correct answer is c.
Macrovascular complications of diabetes include cerebrovascular disease and
peripheral arterial disease.
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Reduced Risk for
Complications in DCCT
Values at End of Study (Standard vs Intensive Treatment)
Mean plasma glucose: 231 vs 155 mg/dL*
Mean A1C: 9.0% vs 7.2%*
Retinopathy

Microalbuminuria Macroalbuminuria

Neuropathy

Macrovascular

Rate Reduction (%)
(Inttensive Therapy Group
p)

0
10
-10
-20
-30
-34*

-40
-60

*P < 0.05
†P = not significant

-70
-80

-41†

-44*

-50

-69*

-76*

DCCT = Diabetes Control and Complications Trial.

DCCT Research Group. N Engl J Med. 1993;329:977–986.

Several large outcome studies have demonstrated the capacity of intensive
glycemic control to reduce the frequency of diabetic complications. The Diabetes
Control and Complications Trial (DCCT) evaluated the effects of different treatment
approaches on long-term complications in persons with type 1 diabetes. A total of
1441 participants were randomized to receive intensive or standard treatment.
Patients in the intensive treatment group received insulin pump therapy or at least 3
daily insulin injections, in addition to frequent self-monitoring of blood glucose.
Patients in the standard treatment group received 1 or 2 insulin injections per day
day.
At about 6.5 years of follow-up, patients who received intensive treatment had
better glycemic control and a lower risk for complications than those who received
standard treatment. Mean plasma glucose and A1C levels in patients who received
standard treatment were 231 mg/dL and 9.0%, respectively, compared with 155
mg/dL and 7.2%, in those who received intensive treatment. These differences were
statistically significant.
Percent risk reduction in retinopathy, microalbuminuria, macroalbuminuria, and
neuropathy in patients who received intensive therapy was 76%, 34%, 44%, and
69%, respectively. These reductions were also significant compared with reductions
in the standard treatment group. The relative youth of the patient population made
detection of treatment-related differences in the rate of macrovascular disease
unlikely.
y A 41% reduction in macrovascular risk was noted,, but was not statisticallyy
significant.
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Reduced Risk for
Complications in EDIC
Microalbuminuria

Macroalbuminuria

Any macrovascular
event

Nonfatal MI, nonfatal
stroke, macrovascular
death

Risk Reduction (%
%)
(Intensive Therapy Gro
oup)

0
-20
20
-40
-42†
-60

-59*

*P < 0.001
†P = 0.02

-80

-57†

-84*
-100

EDIC = Epidemiology of Diabetes Interventions
and Complications; MI = myocardial infarction.

DCCT/EDIC Research Group. JAMA. 2003;290:2159–2167.
Nathan DM et al. N Engl J Med. 2005;353:2643–2653.

The Epidemiology of Diabetes Interventions and Complications (EDIC) study
followed patients after the DCCT for an additional 8 years to determine whether the
effects of intensive therapy could be sustained.
After DCCT ended, the difference in A1C levels between the intensive and standard
treatment groups diminished. Nevertheless, differences in outcomes between the 2
groups persisted. These differences included the risk for developing microvascular
and macrovascular complications.
The EDIC study showed a:
• 59% reduction in the risk for new cases of microalbuminuria
• 84% reduction in the risk for new cases of macroalbuminuria
• 42% reduction in the risk for any macrovascular event
• 57% reduction in the risk for nonfatal myocardial infarction (MI),
(MI) nonfatal stroke
stroke,
and death from cardiovascular disease
All of these reductions were statistically significant.
The reduction in microvascular and macrovascular events observed in patients who
initially received intensive treatment has been attributed to the metabolic memory of
tight glucose control that persists over time. Therefore, the results of the EDIC study
suggest that glycemic control can have long
long-term
term benefits at any point in the course
of diabetes.
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Risk Reduction in UKPDS
Median A1C at End of Study: 7.9% (Standard) vs 7.0% (Intensive)
Any end point

Microvascular

Retinopathy

Albuminuria

Macrovascular

Risk Reduction ((%)
(Intensive Therapy G
Group)

0

-10
-12*
-16†

-20
-21*
-25*
-30
*P < 0.05
†P = not significant
g

-34*

-40
UKPDS = United Kingdom Prospective Diabetes Study.

UKPDS Group. Lancet. 1998;352:837–853.

Unlike DCCT and the EDIC study, which evaluated the effects of intensive therapy
in people with type 1 diabetes, the United Kingdom Prospective Diabetes Study
(UKPDS) assessed the effects of intensive interventions in people with type 2
diabetes.
In UKPDS, 3867 patients with newly diagnosed diabetes were randomized to
intensive therapy with a sulfonylurea or insulin or to standard therapy with dietary
modification.
Over 10 years, participants who received intensive therapy maintained a median
A1C of 7.0%, whereas those who received standard therapy had a mean A1C of
7.9%.
Intensive therapy was associated with clinically and statistically significant
reductions in the risk for developing any diabetes-related complication (12%),
microvascular complications
p
((25%),
), retinopathy
p y ((21%),
), and albuminuria ((34%).
)
Intensive therapy was also associated with a 16% reduction in the risk for
macrovascular events, but this reduction was not statistically significant.
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Risk Reduction Associated with
A1C and
d BP L
Lowering
i in
i UKPDS
Any
complication

Deaths

MI

Microvascular

Risk Reduction
n (%)

0
‐10
10
-12

-15

‐20
-21

-14

-11

-13

-21

‐30
‐40

-37
P = 0.0001 for each reduction.
For each 1% reduction in A1C
For each 10 mm reduction in SBP

BP = blood pressure; SBP = systolic BP.

Stratton IM et al. BMJ. 2000;321:405–412.
Adler AI et al. BMJ. 2000;321:412–419.

The UKPDS showed that each 1% reduction in A1C resulted in a 21% reduction in
the incidence of any clinical complication, a 21% reduction in diabetes-related
deaths, a 14% reduction in MI, and a 37% reduction in microvascular complications,
with no threshold for any end point.
In addition to evaluating the benefits of glycemic control, the UKPDS assessed the
effects of lowering systolic blood pressure (SBP). For each 10-mm Hg reduction in
SBP, there was a 12% reduction in the incidence of any clinical complication, a 15%
reduction in deaths, an 11% reduction in MI, and a 13% reduction in microvascular
complications.
All of these reductions were highly statistically significant.

18

Long-Term Risk Reduction in
UKPDS Follow-up Study
Absolute Risk*: Sulfonylurea‐
Insulin Group

Absolute Risk*: Metformin
Group

†

Microvascular disease

Microvascular disease

PAD

PAD

Stroke

Stroke
†

MI

†

Any end point

0

20

40

60

*Number of events per 1000 years.
0.05, conventional vs intensive therapy.

†P <

†

MI

†

Any end point

0
Conventional Therapy

20

40

60

Intensive Therapy

Holman RR et al. N Engl J Med. 2008;359:1577–1589.

Patient monitoring continued after the conclusion of the UKPDS, and 10-year followup data were published in 2008. Although differences in A1C levels between the
conventional and intensive therapy groups were lost after the first year of follow-up,
the investigators continued to observe significant differences in other end points
after 10 years.
As shown in the graph on the left, compared with those who received conventional
therapy, patients who received intensive therapy with a sulfonylurea and insulin had
a significantly lower risk of experiencing any diabetes-related end point, MI, or
microvascular disease.
As shown on the right, compared with conventionally treated patients, those
receiving intensive metformin therapy had a significantly reduced risk for
experiencing any diabetes-related end point or MI.
The investigators
g
concluded that their results highlight
g g the importance
p
of g
glucose
lowering in reducing the risk for macrovascular events. These findings emphasize
the importance of achieving optimal glycemic control in patients with type 2
diabetes.
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Multifactorial Intervention
Study (Steno 2)
Primary Composite
End Poin
nt (%)

60

Standard
40

20% Absolute
Risk Reduction

20

Intensive

12

24

36
48
60
72
Follow up (months)
Follow-up

84

96

Gaede P et al. N Engl J Med. 2003;348:383–393.

The Steno 2 study also compared the effects of intensive and standard therapy on
the development of diabetes complications in patients with type 2 diabetes.
Eighty patients with type 2 diabetes and microalbuminuria were assigned to receive
standard therapy according to national guidelines. Another 80 patients received
intensive treatment, with stepwise implementation of behavior modification and
pharmacologic therapy that targeted hyperglycemia, hypertension, dyslipidemia,
and microalbuminuria, along with secondary prevention of cardiovascular disease
with aspirin.
After approximately 8 years of follow-up, intensive multifactorial intervention
reduced the risk of microvascular and cardiovascular events by about 50%.
This graph shows Kaplan-Meier estimates for the composite end point of death from
cardiovascular causes, nonfatal MI, coronary artery bypass grafting, percutaneous
coronaryy intervention,, nonfatal stroke,, amputation,
p
, or surgery
g y for PVD in the 2
groups. Intensive multifactorial intervention was associated with a 20% reduction in
the risk for cardiovascular events.
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Current Management Goals
Parameter
A1C (%)
Fasting/preprandial glucose (mg/dL)
Postprandial glucose (mg/dL)

ADA

AACE

<7

6.5

70–130

<110

<180*

<140†

Blood pressure (mm Hg)

<130/80

LDL cholesterol (mg/dL)

<100 (<70 for existing CVD)

HDL cholesterol (mg/dL)

>40 for men, >50 for women

Triglycerides (mg/dL)

<150

AACE = American Association of Clinical Endocrinologists; ADA = American Diabetes Association;
LDL = low-density lipoprotein; HDL = high-density lipoprotein
lipoprotein.
*Peak postprandial capillary plasma glucose.
†2-Hour postprandial glucose.
ADA. Diabetes Care. 2010;33(Suppl 1):S11–S61.
AACE. Endocr Pract. 2007;13(Suppl 1):4–68.

Current management goals for diabetes developed by the American Diabetes
Association (ADA) and the American Association of Clinical Endocrinologists
(AACE) aim to reduce the risk of complications by improving glycemic control,
reducing blood pressure, and treating dyslipidemia.
The glycemic goals recommended by the ADA and the AACE are based on data
from major outcome trials, including those reviewed in earlier slides. These goals
reflect the findings that sustained reductions in blood glucose levels decrease the
risk of developing microvascular and macrovascular complications. Because there
is no threshold below which the risk of complications is zero, these targets are
intended to maintain glucose levels as near to normal as possible without an
excessive risk of hypoglycemia.
Treating hypertension to reach the blood pressure target of <130/80 mm Hg has
been shown to reduce macrovascular complications as well as microvascular
complications—especially
li ti
i ll nephropathy.
h
th
Clinical evidence also suggests that attaining the recommended lipid goals
decreases the risk of primary and secondary cardiovascular events as well as
cardiovascular-related deaths.
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Glycemic Control Is
Improving in the US

Mean A1C (%)

Glycemic Control by
NHANES Wave*
8
7.8
7.6
7.4
7.2
7
6.8
6.6

*Includes patients diagnosed with
type 1 or type 2 diabetes.
NHANES = National Health and Nutrition Examination Survey.

 Marked improvement in
A1C levels occurred
between 2000 and 2002
 Possible reasons for
improvement
 Strengthened clinical
guidelines
 Improved diabetes disease
management programs
 Improved delivery of
diabetes care services in
the health system
 Enhanced public health
education
 Introduction of new
glucose-lowering drugs

Hoerger TJ et al. Diabetes Res Clin Pract. 2009;86:225–232.
Koro CE et al. Diabetes Care. 2004;27:17–20.
Hoerger TJ et al. Diabetes Care. 2008;31:81–86.

Overall glycemic control is improving in the United States. A recent analysis of
National Health and Nutrition Examination Survey (NHANES) data showed that the
mean estimated A1C for the US population with diagnosed type 1 or type 2 diabetes
improved significantly between 1988 and 2006, from about 7.7% to about 7.0%.
Most of this improvement occurred between 2000 and 2002.
Probable reasons for this recent improvement in glycemic control include
strengthened clinical guidelines, improved diabetes disease management programs,
improved delivery of diabetes care services in the health system, enhanced public
health education, and the introduction of new drugs for glycemic control.
Between 1988 and 2006 there were also significant improvements in mean SBP
and diastolic blood pressure, total cholesterol, and high-density lipoprotein (HDL)
cholesterol levels. The net result of these improvements is a projected 1-year
increase in the life expectancy of persons with newly diagnosed diabetes.
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C <7% (%)

Mean A1C (%
%)

10
9
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7

50

*

*

30

*
*

*

6
1999–2000 2001–2002 2003–2004

10
1999–2000 2001–2002 2003–2004

White non‐Hispanic
Black non‐Hispanic
Hispanic
Other

* Significantly different from NHANES 1999–2000 (P < 0.05)
Hoerger TJ et al. Diabetes Care. 2008;31:81–86.

Although overall glycemic control has improved in the United States in recent years,
this improvement has been uneven across ethnic groups.
The graphs on this slide show analyses of NHANES A1C data by ethnic group for
the 1999–2000, 2001–2002, and 2003–2004 waves. (Analyses of more recent data
by ethnicity have not yet been published.)
These graphs show that much needs to be done to improve glycemic control,
particularly among black non-Hispanic
non Hispanic and Hispanic persons. In Hispanic
participants, for example, the mean A1C rose between the beginning and the end of
the study period, from 8.1% to 8.4%, and 63% had an A1C of at least 7% at the end
of the study period.
The mean A1C dropped from 8.3% to 7.6% in black non-Hispanic persons by the
end of the study period, but this level was still well above the ADA threshold value.
participants
p
in this ethnic g
group
p had an A1C of at least 7% at the
Nearlyy half of the p
end of the period.
These differences provide evidence of persistent disparities in access to medical
care and in the quality of medical care among different ethnic groups in the United
States.
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Baseline Data and Methods:
ACCORD ADVANCE
ACCORD,
ADVANCE, VADT
Characteristic

ACCORD

ADVANCE

VADT

Patients
N

10,251

11,140

1791

Mean age (years)

62

66

60

Diabetes duration (years)

10

8

11 5
11.5

Median baseline A1C
(%)

8.1

7.2

9.4

A1C study goal (%),
intensive vs standard
therapy

<6.0 vs 7.0–7.9

≤6.5 vs “local
guidelines”

<6.0 (action if
>6.5) vs planned
separation of 1.5

Glycemic control,
intensive vs standard
therapy

Multiple drugs

Methods

Multiple drugs
Multiple drugs
gliclizide

ACCORD = Action to Control Cardiovascular Risk in Diabetes; ADVANCE = Action in Diabetes and Vascular Disease:
Preterax and Diamicron Modified Release Controlled Evaluation; VADT = Veterans Affairs Diabetes Trial.
ADA. Diabetes Care. 2010;33(Suppl 1):S11–S61.

Although landmark outcome trials have shown a relationship between intensive
glycemic control and a significant reduction in the risk for microvascular
complications, confirming a relationship between glycemic control and a significant
reduction in the risk for macrovascular complications has proven more difficult.
In the hope of clarifying the relationship between tight control and macrovascular
complications in persons with type 2 diabetes, 3 large long-term outcome trials were
launched in the past decade to compare the effects of intensive versus standard
glycemic control on cardiovascular disease outcomes in relatively high-risk patients
with established diabetes. These trials were:
• Action to Control Cardiovascular Risk in Diabetes (ACCORD)
• Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified
Release Controlled Evaluation (ADVANCE), and
• Veterans Affairs Diabetes Trial (VADT)
The complete name of the ADVANCE trial includes the European brand names of 2
products. Preterax is the name of a fixed combination of perindopril, an angiotensinconverting enzyme (ACE) inhibitor, and indapamide, a diuretic. It is licensed in
Europe for the treatment of hypertension in patients who require combination
therapy. Diamicron is a European brand name for gliclizide, a sulfonylurea.
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Primary Results: ACCORD,
ADVANCE VADT
ADVANCE,
Parameter

ACCORD

ADVANCE

VADT

Median A1C (%),
intensive vs standard
therapy

6.4 vs 7.5

6.3 vs 7.0

6.9 vs 8.5

Primary outcome

Nonfatal MI,
nonfatal stroke,,
CVD death

Microvascular +
macrovascular
(nonfatal MI,
nonfatal stroke,
CVD death)
outcomes

Nonfatal MI,
nonfatal stroke,,
CVD death,
hospitalization for
heart failure,
revascularization

HR for primary
outcome (95% CI)

0.90 (0.78–1.04)

0.9 (0.82–0.98)
Macrovascular:
0.94 (0.84–1.06)

0.88 (0.74–1.05)

HR for mortality
findings (95% CI)

1.22 (1.01–1.46)

0.93 (0.83–1.06)

1.07 (0.81–1.42)

CI = confidence interval; HR = hazard ratio.
ADA. Diabetes Care. 2010;33(Suppl 1):S11–S61.

This slide summarizes the primary results of ACCORD, ADVANCE, and VADT. In
each case, the primary outcome was a composite of fatal and nonfatal
macrovascular events. In the ADVANCE trial, microvascular events were also
included in the primary outcome.
In each of these studies, the primary results failed to show a significant reduction in
macrovascular outcomes with intensive glycemic control in the populations studied.
In both ACCORD and VADT, the risk of death was greater in patients who received
intensive glycemic therapy than in those who received standard therapy. The finding
of a 1.22 hazard ratio for mortality in the intensive therapy group led to the early
discontinuation of the glycemic control arm of ACCORD, although other arms of the
study continued.
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Meta-Analysis of ACCORD,
ADVANCE and
ADVANCE,
d VADT D
Data
t
 >27,000 patients (including ACCORD, ADVANCE, and
VADT participants) with 2370 major cardiovascular
events
 Allocation to intensive glucose control reduced the risk
of major macrovascular events by 9% (P < 0.05 vs
conventional
ti
l control),
t l) primarily
i
il due
d to
t 15% reduction
d ti iin
MI risk
 Cardiovascular outcomes were better in patients without
than in those with established macrovascular disease
 Intensive glucose control did not have a significant effect
on mortality
Interpretation of ACCORD, ADVANCE, and VADT data
is ongoing
Control Group. Diabetologia. 2009;52:2288–2298.

To gain greater insight into the relationship between intensive glycemic control and
macrovascular outcomes, the Control Group conducted a prospectively planned
meta-analysis. This analysis included more than 27,000 patients, including
participants in ACCORD, ADVANCE, and VADT. Collectively, these patients had
nearly 2400 major cardiovascular events following randomization.
The analysis showed that allocation to intensive glucose control reduced the risk of
experiencing a major macrovascular event by 9%. This significant reduction was
largely due to a 15% reduction in the risk for MI with intensive glucose control.
Cardiovascular outcomes were significantly better in intensively treated patients
without established macrovascular disease than in those with a history of
macrovascular disease.
In this analysis, intensive glucose control did not have a significant effect on
mortality.
y Instead,, the patients
p
with the highest
g
mortality
y were those randomized to
intensive therapy who were unable to get to goal.
Interpretation of the data from these large and complex outcome studies is ongoing.
Many additional primary and secondary publications will be appearing during the
next few years.
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ACCORD, ADVANCE, and VADT:
I
Implications
li ti
for
f Clinical
Cli i l Practice
P ti
 Glycemic goals should be individualized
 The general A1C goal of <7% appears reasonable for
many adults for macrovascular risk reduction
 A more stringent goal might be appropriate for
i di id l with
individuals
ith a short
h td
duration
ti off di
diabetes,
b t
llong lif
life
expectancy, and no significant CVD if this can be
achieved without significant hypoglycemia or other
adverse effects of treatment
 Less stringent goals might be appropriate for patients
with a history of severe hypoglycemia, limited life
expectancy, advanced microvascular or macrovascular
complications, or extensive comorbidities
ADA. Diabetes Care. 2010;33(Suppl 1):S11–S61.

Based on available evidence, the ADA has made several recommendations
concerning glycemic control and macrovascular risk reduction.
The overall recommendation is that glycemic goals should be individualized.
The general A1C goal of less than 7% appears reasonable for many adults.
For selected individual patients, health care providers might reasonably suggest
even lower A1C goals than the general goal of less than 7% if this can be achieved
without
ith t significant
i ifi
t hypoglycemia
h
l
i or other
th adverse
d
effects
ff t off treatment.
t t
t Such
S h
patients might include those with a short duration of diabetes, long life expectancy,
and no significant CVD.
However, a less stringent A1C goal may be appropriate for patients with a history of
severe hypoglycemia, limited life expectancy, advanced microvascular or
macrovascular complications, or extensive comorbidities. A less stringent goal may
also be appropriate for individuals with long
long-standing
standing diabetes in whom the general
goal is difficult to attain despite diabetes self-management education, appropriate
glucose monitoring, and effective doses of multiple glucose-lowering agents,
including insulin.
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Check Point 2
In major outcome studies of patients with diabetes, intensive
glycemic control __________.
a)

consistently reduced the risk for microvascular and
macrovascular complications in all populations

b)

consistently
i t tl reduced
d
d th
the risk
i k ffor microvascular
i
l complications
li ti
and reduced the risk for macrovascular complications in
many populations

c)

consistently reduced the risk for macrovascular
complications, but had a variable effect on microvascular
complications

d)

consistently reduced the risk for microvascular and
macrovascular complications, but was usually associated with
increased mortality rates

In major outcome studies of patients with diabetes, intensive glycemic control
__________.
a) consistently reduced the risk for microvascular and macrovascular
complications in all populations
b) consistently reduced the risk for microvascular complications and reduced the
risk for macrovascular complications in many populations
c)) consistently
i t tl reduced
d
d th
the risk
i k ffor macrovascular
l complications,
li ti
b
butt h
had
da
variable effect on microvascular complications
d) consistently reduced the risk for microvascular and macrovascular
complications, but was usually associated with increased mortality rates
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Answer to Check Point 2
The correct answer is b.
In major outcome studies of patients with diabetes,
intensive glycemic control consistently reduced the
risk for microvascular complications and reduced
the risk for macrovascular complications in many
populations.

The correct answer is b.
In major outcome studies of patients with diabetes, intensive glycemic control
consistently reduced the risk for microvascular complications and reduced the risk
for macrovascular complications in many populations.
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Cardiovascular Risk
Factors
 Hypertension

 Diabetes mellitus

 Obesity (BMI ≥30 kg/m2)

 GFR <60 mL/min

 Dyslipidemia

 Age (>55 years for men,
65 years ffor women))
>65

 Cigarette smoking
 Physical inactivity
 Microalbuminuria

BMI = body mass index; GFR = glomerular filtration rate.

 Family history of
premature CVD (<55
years for men, <65 years
for women)

Chobanian AV et al. JAMA. 2003;289:2560–2572.

In addition to diabetes, numerous cardiovascular risk factors contribute to the
development of macrovascular complications. These include modifiable risk factors,
such as hypertension, obesity, dyslipidemia, smoking, physical inactivity, and
microalbuminuria. Note that microalbuminuria can be modified by the administration
of ACE inhibitors or angiotensin II receptor blockers, as well as by intensive
management of diabetes.
Hypertension, obesity, and dyslipidemia commonly coexist with diabetes. Together,
these conditions constitute the metabolic syndrome.
Nonmodifiable risk factors include diabetes itself, a GFR of <60 mL/min/173 m2
BSA, age, and family history.
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Macrovascular
Complications
 CAD
 Atherosclerosis
 Angina
 MI

 PAD
 Ischemia
 Infarction

 Cerebrovascular disease
 Transient ischemic attack
 Ischemic stroke
 Cerebral thrombosis
 Cerebral occlusion
 Hemorrhagic stroke
 Aneurysm
 Arteriovenous
malformation

Shen R et al. Type 2 Diabetes: Principles and Practice. 2nd ed. 2008.

As previously mentioned, the macrovascular complications of diabetes include CAD,
cerebrovascular disease, and PAD.
Extensive atherosclerosis is common in individuals with diabetes. In addition to
conventional risk factors such as hypertension and hypercholesterolemia,
endothelial dysfunction, increased platelet activation and aggregation, coagulation
abnormalities, and abnormal plaque composition contribute to the progression of
atherosclerosis in persons with diabetes.
The blockage of the coronary arteries that occurs with CAD can lead to the
development of the acute coronary syndrome (ACS), a constellation of clinical
symptoms caused by myocardial ischemia. The components of ACS include:
• Angina (chest pain that occurs with exertion)
• Unstable angina (chest pain that occurs at rest), and
• MI resulting from coronary thrombosis or occlusion
When vessels supplying the brain become blocked, transient ischemic attack or
stroke can occur. The 2 types of stroke are:
• Ischemic stroke, which results from cerebral thrombosis or occlusion, and
• Hemorrhagic stroke, which results from rupture of an aneurysm or arteriovenous
malformation
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CAD in Women With Diabetes
 Relative risk for diabetes-related CAD death in
women is 50% greater than in men
 Reasons
 Women with diabetes have worse risk profiles than men
with diabetes and women without diabetes
 Greater degrees of dyslipidemia, hypertension, BMI,
lack of glycemic control
 Aging is associated with loss of protective effect of
estrogen
 Men may be treated more aggressively

Huxley R et al. BMJ. 2006;332:73–78.
Juutilainen A et al. Diabetes Care. 2004;27:2898–2904.
Gouni-Berthold I et al. Diabetes Care. 2008;31:1389–1391.

Several studies have shown that women with diabetes and CAD have poorer
outcomes than men. A meta-analysis of 37 studies, which investigated fatal CAD in
persons with type 2 diabetes, found that the relative risk for CAD death was 50%
greater in diabetic women than in diabetic men. This increased risk is due in part to
a heavier risk factor burden in diabetic women than in nondiabetic women or
diabetic men.
Women with CAD and diabetes are less likely than men to have their modifiable risk
factors controlled or to receive lipid-lowering treatments, suggesting a treatment
bias in favor of men.
Furthermore, some investigators have suggested that inflammation may interact
with female sex hormones, decreasing their protective effect on body fat distribution
and insulin action. In postmenopausal women with diabetes, the loss of the
protective effect of estrogen increases the risk for CAD and fatal CAD.
In both women and men, atypical symptoms may contribute to poor outcomes. For
example, patients may complain of a sore shoulder or toothache rather than chest
pain.
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Screening for Macrovascular
Di
Disease
Ri
Risk
k
 Assess for CV risk factors at least annually






Dyslipidemia
Hypertension
Smoking
Family history of premature coronary disease
Presence of microalbuminuria or macroalbuminuria

 Stratify patients by 10-year risk and treat risk
factors accordingly
 Online risk calculators available

 Screen for PAD using ankle
ankle-brachial
brachial index (ABI)
CV = cardiovascular.

ADA. Diabetes Care. 2010;33(Suppl 1):S11–S61.
Buse JB et al. Circulation. 2007;115:114–126.

All patients with diabetes should have a cardiovascular risk assessment at least
annually. Patients should be stratified by their 10-year risk for a cardiovascular
disease event, and risk factors should be treated accordingly. Several online risk
calculators are available, including:
• Framingham risk calculator
(http://hp2010.nhlbihin.net/atpIII/calculator.asp?usertype=prof)
• Mayo Clinic heart disease risk calculator
(http://www.mayoclinic.com/health/heart-disease-risk/HB00047)
• Foundation for Informed Medical Decision Making cardiovascular risk calculator
(http://cardiacriskcalculator.org/)
Patients should be told to report any pain above the waist, as it may be a symptom
of MI.
MI
The ankle-brachial index (ABI) is used to screen for PAD. The ABI is a ratio of SBP
at the ankle and brachial artery. Screening is performed by placing the blood
pressure cuff just above the ankle and inflating to just above the patient’s SBP while
using a handheld Doppler device to detect the systolic pulse in the dorsalis pedis
and posterior tibial arteries as the cuff is deflated. Pressures are obtained in both
ankles and are divided by the brachial (arm) systolic pressure. An ABI of 0.91 to
1.30 is normal; 0.7 to 0.9 indicates mild obstruction; 0.4 to 0.7, moderate
obstruction; and less than 0.4, severe obstruction.
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Primary Prevention of
C di
Cardiovascular
l Disease
Di
 Glycemic control
 Blood pressure control (at each visit)
 Lipid control (annually and as needed)
 Lifestyle modification
 Medical nutrition therapy
 Physical activity
 Weight management
 Smoking cessation

 Antiplatelet agents (for patients at increased CV risk)
ADA. Diabetes Care. 2010;33(Suppl 1):S11–S61.
Buse JB et al. Circulation. 2007;115:114–126.

Since diabetes itself, hypertension, and dyslipidemia are all contributing factors to
macrovascular complications in persons with diabetes, each should be managed
carefully, following consensus guidelines developed by the ADA and the American
Heart Association. Maintaining glycemic control (A1C <7%), regulating blood
pressure (goal <130/80 mm Hg), and controlling lipid levels are essential for the
primary prevention of cardiovascular disease.
Lifestyle management considerations, such as medical nutrition therapy, physical
activity, weight management, and smoking cessation, are also important.
Use of antiplatelet therapy is recommended as a primary prevention strategy for
patients at increased cardiovascular risk.
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Lifestyle Changes and
Bl d Pressure
Blood
P
Modification
Reduce weight

Approximate SBP
Reduction (mm Hg)
5–20 (for each 10 kg lost)

p DASH diet
Adopt

8–14

Reduce dietary sodium

2–8

Increase physical activity

4–9

Moderate alcohol
consumption

2–4

DASH = Dietary Approaches to Stop Hypertension.

Chobanian AV et al. JAMA. 2003;289:2560–2572.

Many lifestyle changes can help to reduce SBP.
Weight reduction generally has the greatest impact on SBP. Every 10 kg of weight
loss can reduce SBP by 5 to 20 mm Hg.
The Dietary Approaches to Stop Hypertension (DASH) diet is also very effective in
lowering SBP and can provide an 8– to 14–mm Hg reduction.
Other modifications that are effective in lowering blood pressure are reducing
di t
dietary
sodium,
di
which
hi h can resultlt iin a d
decrease off 2 tto 8 mm H
Hg; iincreasing
i physical
h i l
activity, which can lower SBP by 4 to 9 mm Hg; and moderating alcohol intake,
which can reduce SBP by 2 to 4 mm Hg.
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Blood Pressure Control
Lifestyle Modifications

ADA and JNC-7 goal
<130/80 mm Hg for adults
with diabetes

Initial Drug Choices

Without Compelling
Indications

Stage 1 hypertension
140–159/90–99 mm Hg
Thiazide-type diuretics for most
May consider ACEI, ARB, βblocker, CCB, or combination
ACEI = angiotensin-converting
enzyme inhibitor; ARB =
angiotensin receptor blocker;
CCB,, calcium channel blocker;;
JNC-7 = Seventh Report of the
Joint National Committee on
Prevention, Detection, Evaluation,
and Treatment of High Blood
Pressure.

When BP >20/10 mm Hg above
goal, consider initiating with
2 drugs

Stage 2 hypertension
160/100 mm Hg
2-Drug Combo for Most

With Compelling
Indications

Drugs for the
Compelling Indications
Other Antihypertensives

Usually thiazide-type diuretic and
ACEI, ARB, β-blocker, or CCB

Diuretics, ACEI, ARB, βblocker, CCB as needed

Goal BP Not Reached
Optimize Dose/Add Drugs to Reach Goal BP,
Consultation with Hypertension Specialist
Adapted from Chobanian et al. JAMA. 2003;289:2560–2572.

The ADA and Seventh Report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure (JNC-7) both recommend a blood
pressure less than 130/80 mm Hg for people with diabetes. This target is lower than that for
people without diabetes (<140/90 mm Hg), because a more aggressive approach to
reducing cardiovascular and renal morbidity and mortality is needed in persons with
diabetes.
JNC-7 guidelines also recommend that treatment and prevention of high blood pressure
begin with lifestyle modifications, such as weight reduction, adoption of the DASH diet, and
increased physical activity.
Combination treatment with 2 or more antihypertensive drugs from different classes is often
needed to achieve blood pressure goals. Specific drugs are recommended for patients with
compelling indications. Individuals with compelling indications are patients with hypertension
who are at high risk for cardiovascular events as a direct consequence of hypertension or
b
because
off comorbid
bid conditions
diti
such
h as di
diabetes
b t and
d CAD
CAD.
Consultation with a cardiologist with expertise in the management of hypertension is
recommended for patients who do not attain their blood pressure goals after optimal
dosages and a trial of additional drugs.
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Compelling Indications for
Bl d Pressure
Blood
P
Control
C t l
Recommended Drugs
Compelling
Indication

Diuretic

βBlocker

ACEI

ARB









Heart failure





High CAD risk







Diabetes













Post-MI
Post
MI

Chronic kidney
disease
Recurrent stroke
prevention



CCB

AA








AA = aldosterone antagonist.

Adapted from Chobanian et al. JAMA. 2003;289:2560–2572.

The JNC-7 recommendations for specific antihypertensive drug use according to
compelling indication are based on data from outcome studies. The compelling
indication is managed in conjunction with blood pressure regulation. All drug classes
except aldosterone antagonists (eg, spironolactone) are recommended for the
management of hypertension in persons with diabetes.
The ADA recommends that drug therapy for patients with diabetes and hypertension
include either an ACE inhibitor or an angiotensin receptor blocker (ARB). If one
class is not tolerated, the other should be substituted.
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No Support for More Intensive
BP Reduction
R d ti
in
i ACCORD
SBP goal <120 mm Hg

SBP goal <140 mm Hg

Events (%
%/Year)

2.5
2
15
1.5
1
0.5

*

*

0
Primary Nonfatal Any stroke Nonfatal Any-cause CV death
outcome†
MI
stroke
death
*P < 0.05, intensive vs standard treatment; †Composite of nonfatal MI, nonfatal stroke, or CV death.

In light of these findings, the current ADA BP goal of <130/80 mm Hg
remains in force.
ACCORD Study Group. N Engl J Med. 2010;362:1575–1585.

One of the substudies of the ACCORD trial investigated whether intensive therapy
to reach a target SBP less than 120 mm Hg was associated with a significantly
lower risk for cardiovascular events than standard therapy to reach a target SBP
less than 140 mm Hg.
After 1 year, mean SBP was 119.3 mm Hg in the intensive therapy group and 133.5
mm Hg in the standard therapy group. The incidence of any stroke and nonfatal
stroke was significantly lower in the intensive therapy group than in the standard
therapy group. Otherwise, the incidence of cardiovascular outcomes was similar in
the 2 groups.
The incidence of serious adverse events attributed to antihypertensive treatment
was significantly higher in the intensive therapy group (3.3%) than in the standard
therapy group (1.3%).
The investigators noted that the event rate observed in the standard therapy group
was almost 50% lower than the expected rate, and speculated that this may have
been due to frequent use of statins in the trial and exclusion of very high-risk
patients from this substudy. The investigators concluded that their findings do not
support the use of intensive therapy to reach a target SBP less than 120 mm Hg in
patients with type 2 diabetes. In light of these findings, the current ADA blood
pressure goal of less than 130/80 mm Hg remains in force.
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ADA Lipid Management
Guidelines
Parameter

Goal (mg/dL)

LDL cholesterol (no overt CVD)

<100

LDL cholesterol (overt CVD)

<70

HDL cholesterol
Triglycerides

>40 (men); >50 (women)
<150

 Measure fasting lipid profile at least annually in most patients
 Initiate lifestyle modification to improve lipid profile
 Add statin therapy to lifestyle therapy for patients with overt
CVD and for those without overt CVD who are >40 years old
and have ≥1 other CVD risk factor
lower risk patients with LDL
 Consider adding statin therapy for lower-risk
cholesterol >100 mg/dL and/or multiple CVD risk factors
ADA. Diabetes Care. 2010;33(Suppl 1):S11–S61.

Lipid parameters recommended by the ADA are low-density lipoprotein (LDL)
cholesterol less than 100 mg/dL for persons without overt CVD and less than 70
mg/dL for individuals with overt CVD. HDL-cholesterol goals are greater than 40
mg/dL for men and greater than 50 mg/dL for women. The triglyceride goal is less
than 150 mg/dL.
Most patients should have their fasting lipid profile evaluated at least annually.
Patients with low-risk lipid profiles can have repeat assessments every 2 years.
To improve the lipid profile, lifestyle modification should be recommended for all
patients with diabetes. Goals of lifestyle modification should include the reduction of
saturated fat, trans fat, and cholesterol intake; increase of n-3 fatty acids, viscous
fiber, and plant stanols/sterols; weight loss (if indicated); and increased physical
activity.
Statin therapy
py should be added to lifestyle
y therapy,
py, regardless
g
of baseline lipid
p
levels, for patients with overt CVD and for those without overt CVD who are over the
age of 40 years and have 1 or more other CVD risk factors. For lower-risk patients,
statin therapy should be considered in addition to lifestyle therapy if LDL cholesterol
remains above 100 mg/dL or if multiple CVD risk factors are present. If drug-treated
patients do not reach LDL targets on maximal-tolerated statin therapy, a reduction in
LDL cholesterol of approximately 30% to 40% from baseline is an alternative
therapeutic goal
goal.
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No Support for Combination
Li id Therapy
Lipid
Th
in
i ACCORD
Fenofibrate

Placebo

Event Rate per Y
Year

6
5
4
3
2
1
0
Primary
outcome*

Primary
Major coronary
outcome plus† disease event

Nonfatal MI

Any cause
Any-cause
death

CV death

*Major fatal or nonfatal CV event. †Primary outcome plus revascularization or hospitalization for
congestive heart failure (CHF).
ACCORD Study Group. N Engl J Med. 2010;362:1563–1574.

A substudy of the ACCORD trial investigated whether combination therapy with a
statin plus a fibrate, compared with statin monotherapy, would reduce the risk for
CVD in patients with type 2 diabetes who were at high risk for CVD. Patients treated
with open-label simvastatin were randomized to receive either masked fenofibrate
or placebo. The primary outcome was the first occurrence of nonfatal MI, nonfatal
stroke, or death from a cardiovascular cause. Secondary outcomes included a
composite of the primary outcome plus revascularization or hospitalization for
congestive heart failure,
failure a major coronary disease event,
event nonfatal MI,
MI death from
any cause, or death from a cardiovascular cause.
After a mean follow-up period of 4.7 years, there were no significant differences
between the 2 study groups for the primary outcome or any secondary outcome.
Subgroup analysis indicated that men benefited from fenofibrate therapy, whereas
women did not. Patients who had both a triglyceride level in the highest third and an
HDL-cholesterol
HDL
cholesterol level in the lowest third appeared to benefit from fenofibrate,
whereas other fenofibrate patients did not.
The investigators concluded that the findings of this study do not support the use of
combination fibrate–statin therapy, rather than statin therapy alone, to reduce
cardiovascular risk in the majority of patients with type 2 diabetes who are at high
risk for cardiovascular disease.
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ADA Recommendations
f A
for
Antiplatelet
ti l t l t Therapy
Th
 Consider low-dose aspirin therapy (75–162 mg/day) as
a primary prevention strategy in patients whose 10year CV risk is >10%
 Aspirin should not be recommended for CVD
prevention for adults with diabetes at low CVD risk, as
th potential
the
t ti l adverse
d
effects
ff t from
f
bleeding
bl di offset
ff t the
th
potential benefits
 Low-dose aspirin therapy might be considered for
persons with diabetes at intermediate CVD risk
 Aspirin therapy should be used as a secondary
prevention strategy in patients with a history of CVD
 Clopidogrel (75 mg/day) should be used for patients
with CVD and documented aspirin allergy
Pignone M et al. Diabetes Care. 2010;33:1395–1402.
ADA. Diabetes Care. 2010:33(Suppl 1):S11–S61.

According to the ADA, low-dose aspirin therapy (75–162 mg/day) should be
considered as a primary prevention strategy in patients whose 10-year
cardiovascular risk exceeds 10%. This includes most men older than 50 years of
age or women older than 60 years of age who have at least 1 additional major risk
factor, including family history of CVD, hypertension, smoking, dyslipidemia, or
albuminuria.
Aspirin should not be recommended for CVD prevention for adults with diabetes at
low CVD risk, because the potential adverse effects from bleeding offset the
potential benefits.
Low-dose aspirin use for prevention might be considered for persons with diabetes
at intermediate CVD risk until further research is available.
Aspirin
sp
ttherapy
e apy ((75–162
5 6 mg/day)
g/day) sshould
ou d be used as a seco
secondary
da y p
prevention
e e to
strategy in patients with diabetes with a history of CVD.
Clopidogrel (75 mg/day) should be used for patients with CVD and documented
aspirin allergy.
Use of combination therapy with aspirin (75–162 mg/day) and clopidogrel (75
mg/day) is reasonable for up to 1 year after an acute coronary event.
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Check Point 3
Current ADA guidelines include the recommendation
for __________.
a) A1C ≤7%
b) blood pressure <120/80 mm Hg
c) HDL cholesterol <50 mg/dL in women
d) triglycerides <150 mg/dL

Current ADA guidelines include the recommendation for __________.
a) A1C ≤7%
b) blood pressure <120/80 mm Hg
c) HDL cholesterol <50 mg/dL in women
d) triglycerides <150 mg/dL
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Answer to Check Point 3
The correct answer is d.
Current ADA guidelines include the recommendation
for triglycerides <150 mg/dL.

The correct answer is d.
Current ADA guidelines include the recommendation for triglycerides <150 mg/dL.
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Diabetic Nephropathy
Incidence (%) of ESRD by Primary Diagnosis, 2007
19.2

2.4

44.0

6.8

Diabetes
Hypertension
Glomerulonephritis
Cystic kidney disease
Other

27 6
27.6

US Renal Data System. USRDS 2009 Annual Data Report. 2009.

Diabetic nephropathy occurs in 20% to 40% of patients with diabetes.
According to the US Renal Data System (USRDS), more than 527,000 US residents
were treated for ESRD in 2007. These included 111,000 patients who began ESRD
therapy in that year. Diabetes was the cause of nearly half of the new cases of
ESRD.
At the end of 2007, nearly 24,000 patients with diabetes were on the wait list for
kidney and kidney/pancreas transplants.
Estimated direct medical costs in 2007 for diabetes-related ESRD were $15.5
billion.
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Stages of Nephropathy
Stage

Description

GFR*

Action

1

Functional changes (hypertrophy,
hyperfiltration)

≥90

Diagnose, treat comorbid
conditions, reduce CVD risk

2

Structural changes (renal lesions,
clinically silent)

60–89

Estimate progression by
comparing serial eGFR
levels

3

Incipient nephropathy
(microalbuminuria, generally
asymptomatic)

30–59

Treat complications (eg,
anemia, malnutrition,
metabolic bone disease)

4

Overt nephropathy (proteinuria,
nephrotic syndrome,
hypertension)

15–29

Prepare for kidney
replacement therapy

5

Renal failure or ESRD (fluid
retention, CHF, uremia)

<15 or
dialysis

Replacement (if uremia
present)

eGFR = estimated glomerular filtration rate;
GFR = glomerular filtration rate.
*Calculated as mL/min/1.73 m2 BSA.

Radbill B et al. Mayo Clin Proc. 2008;83:1373–1381.

Diabetic nephropathy has 5 stages:
• Stage 1 is characterized by hyperfiltration and renal hypertrophy. Changes are usually
seen when diabetes is diagnosed. Increased hyperfiltration is a consequence of
hyperglycemia.
• During Stage 2, structural changes occur. These include glomerular basement
membrane thickening, mesangial expansion (expansion of phagocytic cells of the
mesangium), and diffuse intercapillary glomerulosclerosis (a degenerative process
resulting in scarring of the renal glomeruli)
glomeruli). The disease remains clinically silent at this
stage.
• During Stage 3, also referred to as incipient diabetic nephropathy, microscopic amounts
of albumin (microalbuminuria) inadvertently slip through sclerosed glomerular
membranes, signifying a progressive deterioration in kidney filtration. Metabolic wastes
start accumulating in the blood, since unaffected nephrons can no longer compensate
and responsiveness to diuretic therapy decreases. Blood pressure may be normal or
slightly elevated. This stage usually develops after 7 to 15 years of diabetes.
• Stage 4, also referred to as overt or clinical diabetic nephropathy, is characterized by
detection of significantly large amounts of protein in the urine (macroalbuminuria).
Notable amounts of metabolic waste, particularly urea and creatinine, begin to
accumulate. Patients generally do not become symptomatic until this stage, when
oliguria, edema, and hypertension can develop.
• With
Without,
t and
d sometimes
ti
iin spite
it of,
f aggressive
i ttreatment,
t
t d
deteriorating
t i ti vasculature
l t
results in Stage 5, renal failure or ESRD.
The ADA recommends that serum creatinine be measured at least annually in all adults
with diabetes. As discussed earlier in this activity, the serum creatinine level is used to
calculate the eGFR and stage the level of CKD, if present.
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Screening for Diabetic
N h
Nephropathy
th
Assessment

Timing

Value

Blood pressure

At each office visit

Goal: <130/80 mm Hg

Urine albumin excretion
(measurement of
albumin-to-creatinine
albumin
to creatinine
ratio in random spot
collection)

Type 2: annually,
beginning at diagnosis
Type 1: annually,
annually
beginning 5 years after
diagnosis

Normal: <30 μg
albumin/mg creatinine
Microalbuminuria: 30
30–
299 μg albumin/mg
creatinine
Macroalbuminuria: ≥300
μg albumin/mg
creatinine

Serum creatinine (to
determine eGFR)

Annually in all adults,
regardless of degree
of urine albumin
excretion

Normal: 0.5 to 1.4
mg/dL

ADA. Diabetes Care. 2010:33(Suppl 1):S11–S61.

Risk factors for diabetic nephropathy include duration of diabetes and hypertension.
Screening for nephropathy should include:
• Evaluation of blood pressure at every office visit, with a blood pressure goal less
than 130/80 mm Hg
• Screening for abnormalities in albumin excretion, usually by measuring the
albumin-to-creatinine ratio in a random spot collection. This screening should be
performed
f
d annually,
ll b
beginning
i i att di
diagnosis,
i ffor people
l with
ith ttype 2 di
diabetes
b t and
d
annually, beginning 5 years after diagnosis, for people with type 1 diabetes. The
reason for this difference in timing is that the onset of type 1 diabetes is usually
clear cut, whereas people may have type 2 diabetes for many years prior to
diagnosis.
• Regardless of the degree of urine albumin excretion, serum creatinine should be
measured annually in all adults to calculate the eGFR
eGFR. As discussed earlier
earlier, the
eGFR is used to estimate the stage of diabetic nephropathy.
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Treatment of Diabetic
Nephropathy
Population*

Treatment

Benefit

Drug therapy
T2DM, hypertension,
microalbuminuria

ACEI, ARB

T2DM, hypertension,
macroalbuminuria,
renal insufficiency

ARB

T1DM, hypertension,
any albuminuria

ACEI

Delay progression to
macroalbuminuria
Delay progression of
nephropathy

Protein intake reduction
Earlier stages of CKD

Intake of 0.8–1.0 g ·
kg · body wt–1 · day–1

Later stages of CKD

Intake of 0.8 g · kg ·
body wt–11 · day–11

May improve urine
albumin excretion rate
and GFR

T1DM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitus.
*Nonpregnant patients only.
ADA. Diabetes Care. 2010:33(Suppl 1):S11–S61.

In the treatment of nonpregnant patients with micro- or macroalbuminuria, either
ACE inhibitors or ARBs should be used.
• In patients with type 2 diabetes, hypertension, and microalbuminuria, both ACE
inhibitors and ARBs have been shown to delay the progression to
macroalbuminuria.
• In patients with type 2 diabetes, hypertension, macroalbuminuria, and renal
insufficiency (serum creatinine >1.5
1.5 mg/dL), ARBs have been shown to delay
the progression of nephropathy.
• In patients with type 1 diabetes, hypertension, and any degree of albuminuria,
ACE inhibitors have been shown to delay the progression of nephropathy.
In patients with CKD, reduction of protein intake to the levels shown in the table
may improve measures of renal function, including the urine albumin excretion rate
and the GFR
GFR, and is therefore recommended
recommended.
When ACE inhibitors or ARBs are used, serum creatinine levels should be
monitored for the development of acute kidney disease and potassium levels should
be monitored for the development of hyperkalemia.
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Management of ESRD
 Timing of renal replacement therapy
 Planning should begin when serum creatinine level reaches
3 mg/dL (or sooner)
 Therapy usually begins when serum creatinine is >6 mg/dL
or creatinine clearance is <20 mL/min; should begin before
development of severe uremic symptoms
 Treatment options depend on patient characteristics and
preferences and include no treatment, hemodialysis,
peritoneal dialysis, kidney transplantation, and kidney–
pancreas transplantation
 Maintenance of glycemic control during dialysis is
challenging, and best carried out with insulin therapy
 Rates of mortality and morbidity, particularly due to CVD and
infections, are high in persons with ESRD
 All-cause mortality rates 6.7–8.5 times higher for dialysis
patients than for their counterparts in the general population
Childs BP, Ernst K. Complete Nurse’s Guide to Diabetes Care. 2nd ed. 2009:146–163.
Friedman EA. Therapy for Diabetes Mellitus and Related Disorders. 5th ed. 2009:501–515.
US Renal Data System. USRDS 2009 Annual Data Report. 2009.

USRDS data show that many patients and their families do not plan for ESRD
treatment until they are severely symptomatic. Ideally, patients should have their
initial contact with a nephrologist when their serum creatinine level reaches 2 mg/dL
and should begin active planning when this level reaches 3 mg/dL. Initiation of renal
replacement therapy typically begins when serum creatinine exceeds 6 mg/dL or
creatinine clearance is less than 20 mL/min. The most important consideration,
however, is that treatment begin before development of severe uremic symptoms,
such as uremic pericarditis
pericarditis, treatment-refractory hypertension
hypertension, or disabling lethargy
lethargy,
nausea, or vomiting.
Treatment options depend on the patient’s overall condition and preference, and
include no treatment, hemodialysis, peritoneal dialysis, kidney transplantation, and
kidney–pancreas transplantation. Maintenance of glycemic control in patients who
are receiving dialysis is challenging, and is best achieved with insulin therapy.
Rates
R
t off mortality
t lit and
d morbidity,
bidit particularly
ti l l due
d to
t CVD and
d infections,
i f ti
are high
hi h in
i
patients with ESRD. All-cause mortality rates are 6.7 to 8.5 times higher for dialysis
patients than for their counterparts in the general population.
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Diabetic Retinopathy
 Diabetic retinopathy is a
highly specific vascular
complication of diabetes

Normal eye

 During their first 2 decades
with diabetes, nearly all
persons with type 1
diabetes and >60% with
type 2 diabetes will develop
Eye affected by
retinopathy
diabetic retinopathy
 Vision loss can be
Dot hemorrhage
prevented or minimized with
Flame hemorrhage
regular ophthalmologic
assessments and
Neovascularization
appropriate treatment
Hard exudates

Fong DS et al. Diabetes Care. 2004;27:S84–S87.
Figures from ADA. Used with permission.

Diabetic retinopathy is a highly specific vascular complication of type 1 and type 2
diabetes. During their first 2 decades with diabetes, nearly all persons with type 1
diabetes and more than 60% with type 2 diabetes will develop retinopathy. As
mentioned earlier, diabetic retinopathy is the leading cause of blindness among
adults aged 20 to 70 years of age, although not all forms of retinopathy lead to
blindness.
As shown on the lower right of the slide, frequent findings in eyes affected by
diabetic retinopathy are dot hemorrhages, flame hemorrhages, neovascularization,
and hard exudates.
Prompt identification of retinopathy is essential, because vision loss can be
prevented or minimized with regular ophthalmic assessments and appropriate
treatment.
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Clinical Features of
Di b ti Retinopathy
Diabetic
R ti
th
Progression*

Clinical Features

Mild NPDR

Increased vascular permeability, microaneurysms,
intraretinal hemorrhages

Moderate NPDR

Venous caliber changes,
g
intraretinal microvascular
abnormalities, intraretinal hemorrhages

Severe NPDR

Retinal ischemia, intraretinal microvascular
abnormalities, extensive hemorrhage, and
microaneurysms

PDR

Ischemia-induced neovascularization, vitreous
hemorrhage, retinal traction, tears, and detachment

NPDR = nonproliferative diabetic retinopathy; PDR = proliferative diabetic retinopathy.
*Diabetic macular edema (DME) can develop during any stage of retinopathy.
Phelps RA. Complete Nurse’s Guide to Diabetes Care. 2nd ed. 2009:136–145.
Ciulla TS et al. Diabetes Care. 2003;26:2653–2664.

The rate of progression of diabetic retinopathy varies among patients. However,
unless diabetic retinopathy is treated, it generally progresses through 4 stages, from
mild nonproliferative diabetic retinopathy (NPDR) to proliferative diabetic retinopathy
(PDR). Diabetic macular edema (DME), a contributor to blindness, can develop at
any stage of retinopathy. Clinically significant macular edema occurs when edema
threatens the center of vision or is within 500 μm of the central fovea of the retina.
Mild NPDR is characterized by increased vascular permeability, microaneurysms,
and intraretinal hemorrhages. Moderate NPDR is identified by venous caliber
changes, intraretinal microvascular abnormalities (IRMAs), and intraretinal
hemorrhages. Severe NPDR is characterized by retinal ischemia, IRMAs, extensive
hemorrhage, and microaneurysms.
PDR occurs when new blood vessels form as a result of retinal ischemia. This
usually occurs at the optic disk. The new vessels are very weak and tend to break,
causing
i vitreous
it
h
hemorrhage.
h
Th
The new vessels
l can also
l cause retinal
ti l ttraction,
ti
tears, and detachment.
In addition to diabetic retinopathy, people with diabetes may also experience
cataracts, glaucoma, dry eye, and iritis.
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Patients With Pro
ogression (%)

Retinopathy Progression
att 4 Y
Years iin ACCORD
12

P = 0.003
10.4

P = 0.006
10.2

P = 0.29
10.4

10
8

8.8
7.3

6.5

6
4
2
0
Glycemia

Dyslipidemia

Intensive therapy

Blood Pressure

Standard therapy
ACCORD Study Group. N Engl J Med. 2010;363:233–244.

Earlier we described the ACCORD outcomes trial and its blood pressure control
substudy. Another ACCORD substudy, The ACCORD Eye Study, investigated
whether intensive glycemic control, combination therapy for dyslipidemia, and
intensive blood pressure control would limit the progression of diabetic retinopathy
in individuals with type 2 diabetes. A total of 2856 patients were enrolled in this
substudy.
This slide shows the proportion of participants who experienced retinopathy
progression at the 4-year follow-up. Compared with those who received standard
glucose-lowering therapy to maintain their A1C level in the range of 7.0% to 7.9%,
participants who received intensive therapy with the intent of keeping their A1C level
below 6% had a significantly lower progression rate. Similarly, participants whose
dyslipidemia regimen included fenofibrate as well as simvastatin had a significantly
lower progression rate than those who received simvastatin alone.
However, th
H
the progression
i rate
t off participants
ti i
t who
h received
i d iintensive
t
i bl
blood
d pressure
control to maintain their SBP below 120 mm Hg was not significantly different from
that of participants who received standard blood pressure control to keep their SBP
below 140 mm Hg.
The ACCORD Eye Study confirms the importance of controlling blood glucose and
lipid levels to prevent the complications of diabetes.
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Screening for Diabetic
Retinopathy
 Dilated and comprehensive examinations should be performed by
an ophthalmologist or optometrist who is knowledgeable and
experienced in diagnosing diabetic retinopathy and is familiar with
its management
 If necessary, follow-up examinations can be done with retinal
photographs (with or without dilation of pupil) and read by experts
Population

Recommendation About Timing

Initial examination
Adults and children >10 years
old with type 1 diabetes

Within 5 years after onset

Patients with type 2 diabetes

Shortly after diagnosis

p examination
Follow-up
All patients

Annually in most cases
ADA. Diabetes Care. 2010;33(Suppl 1):S11–S61.

Initial screening for diabetic retinopathy should consist of a dilated and
comprehensive eye examination performed by an ophthalmologist or optometrist
who is knowledgeable and experienced in diagnosing this disorder and is skilled in
its management. In areas where qualified eye care professionals are not available,
initial and follow-up examinations can be done with retinal (fundus) photographs
(with or without dilation of the pupil) that are read by a qualified eye specialist.
Since 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 examination
within 5 years after the onset of diabetes. Because patients with type 2 diabetes
have generally had years of undiagnosed diabetes, they should have an initial
examination soon after diagnosis.
Follow-up examinations for patients with type 1 and type 2 diabetes should
generally be repeated annually. Less frequent exams (every 2—3 years) may be
considered
id d ffollowing
ll i one or more normall eye exams. E
Exams are required
i d more
frequently if retinopathy is progressing.
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Procedures Used to Treat
Di b ti Retinopathy
Diabetic
R ti
th
 Laser photocoagulation therapy is indicated to reduce the risk of
vision loss in patients with high-risk PDR, clinically significant
DME, and in some cases of severe NPDR
 Other procedures may also be used
Procedure

Description

Panretinal laser
photocoagulation

Laser is used to place hundreds of microburns in peripheral
retina, reducing new blood vessel growth. Existing neovascular
growth dries up. Procedure decreases peripheral vision, but
preserves central vision.

Focal laser
photocoagulation

Limited area of microburns is placed in the area of leakage
around the macula, usually drying up clinically significant DME

Vitrectomy

Vitreous material is removed to treat hemorrhage

ADA. Diabetes Care. 2010;33(Suppl 1):S11–S61.
Phelps RH. Complete Nurse’s Guide to Diabetes Care. 2nd ed. 2009;136–145.

According to the ADA, patients with any level of DME, severe NPDR, or any PDR
should be referred to an ophthalmologist who is knowledgeable and experienced in
the management and treatment of diabetic retinopathy.
Several procedures are used to treat diabetic retinopathy and DME. Laser
photocoagulation therapy is generally considered the “gold standard” treatment for
patients with advanced retinopathy. This intervention is indicated to reduce the risk
of vision loss in patients with high-risk PDR, clinically significant DME, and in some
cases of severe NPDR.
In the Diabetic Retinopathy Study, panretinal laser photocoagulation reduced the
risk of severe vision loss from PDR, from 15.9% in untreated eyes to 6.4% in
treated eyes. The benefit was greatest in patients with high-risk characteristics,
especially disc neovascularization or vitreous hemorrhage. The Early Treatment
Diabetic Retinopathy Study established the benefit of focal laser photocoagulation in
eyes with
ith DME.
DME It also
l confirmed
fi
d th
the b
benefits
fit off panretinal
ti l laser
l
photocoagulation
h t
l ti
for high-risk PDR.
Vitrectomy may be performed in eyes affected by PDR when fragile new blood
vessels break and bleed into the vitreous material. Once the damaged vitreous
material is removed, clear aqueous fluid can fill the eye.
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Off-Label and Investigational Drug
Th
Therapy
ffor Di
Diabetic
b ti Retinopathy
R ti
th
 No drug therapy is specifically approved for the treatment of
diabetic retinopathy or DME, but some drugs are used off label
 Other agents are currently under investigation
Class of Drug

Description

Intravitreal corticosteroids
(triamcinolone)

May be successful in patients who have not
responded to laser photocoagulation therapy

Intravitreal anti-VEGF agents
(pegaptamib, ranibizumab)

May reduce neovascularization in PDR and
decrease vascular permeability in DME

PPAR-α agonist (fenofibrate)

Indicated for dyslipidemia, but may also reduce
retinopathy progression

ARB (candesartan)

Indicated for hypertension, but may also reduce
retinopathy progression

PPAR = peroxisome proliferator-activated receptor; VEGF = vascular endothelial growth factor.
Simó R, Hernández C. Diabetes Care. 2009;32:1556–1562.

Currently, no drug therapy is specifically approved by the US Food and Drug Administration
(FDA) for the treatment of diabetic retinopathy or DME, but some drugs are used off label
and other agents are under active investigation for these indications.
Intravitreal injection of a corticosteroid, such as triamcinolone, has been successfully used
in the eyes of patients with persistent DME and loss of vision following the failure of laser
photocoagulation therapy. However, reinjections are commonly needed, and patients may
experience infection, glaucoma, and cataract formation.
Intravitreal injection of the anti–vascular endothelial growth factor agents pegaptamib and
ranibizumab is approved for the treatment of neovascular (wet) age-related macular
degeneration, and these agents are currently under investigation for the treatment of DME.
Fenofibrate is a peroxisome proliferator-activated receptor-α agonist that is indicated for the
treatment of hypertriglyceridemia and mixed dyslipidemia. However, it has also been shown
q
y of laser treatment for DME and PDR and to reduce the p
progression
g
to reduce the frequency
of existing retinopathy.
The ARBs, which are primarily used for the treatment of hypertension, have been shown to
delay the progression of nephropathy in patients with type 2 diabetes. However, the
blockade of the renin-angiotensin system (RAS) that follows treatment with an ARB may
also reduce the progression of diabetic retinopathy, since the RAS is expressed in the eye
and RAS activation appears to play an important role in the development of diabetic
retinopathy.
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Diabetic Neuropathies
 Can be focal or diffuse, with diverse clinical
manifestations
 Generalized symmetric polyneuropathies
 Acute sensory
 Chronic sensorimotor distal symmetric
polyneuropathy (DPN)*
 Diabetic autonomic neuropathy (DAN)*

 Focal and multifocal neuropathies






Cranial
Truncal
Focal limb
Proximal motor (amyotrophy)
Coexisting chronic inflammatory
demyelinating polyneuropathy (CIDP)
(C
)

*Most common presentations of diabetic neuropathy.
Boulton AJ et al. Diabetes Care. 2005;28:956–962.

Diabetic neuropathies are heterogeneous, affecting different parts of the nervous
system and have diverse clinical manifestations.
Diabetic neuropathy is classified in many different ways. The classification on this
slide is the one used by the ADA. As indicated by the bold text, the most common
presentations are chronic sensorimotor distal symmetric neuropathy (DPN), which
often involves the feet, and diabetic autonomic neuropathy (DAN), which can
involve any system in the body.
DPN is very common, and at least 20% of adults with diabetes have 1 or more
manifestations of DPN. Risk factors include marked hyperglycemia, dyslipidemia,
elevated blood pressure, long diabetes duration, and greater height.
Reported prevalence rates for DAN range from 1.6% to 90%, depending on the
tests used, the populations examined, and the type and stage of diabetes. Risk
factors include long
g diabetes duration,, older age,
g , and long-term
g
poor g
p
glycemic
y
control.
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Screening for Diabetic
N
Neuropathies:
thi
Timing
Ti i
 All patients should be screened for DPN at diagnosis
and at least annually thereafter using simple clinical
tests
 Electrophysiologic testing is rarely needed, except when
the clinical features are atypical

 Screening for signs and symptoms of CV autonomic
neuropathy, an important subcomponent of DAN,
should be instituted upon diagnosis of type 2 diabetes
and 5 years after diagnosis of type 1 diabetes
 Special testing is rarely needed and may not affect
a age e t o
or outco
outcomes
es
management
DAN = diabetic autonomic neuropathy.
ADA. Diabetes Care. 2010:33(Suppl 1):S11–S61.

According to the ADA, all patients should be screened for DPN at diagnosis and at
least annually thereafter. Screening for signs and symptoms of cardiovascular
autonomic neuropathy, an important subcomponent of DAN, should be instituted
upon diagnosis of type 2 diabetes and 5 years after diagnosis of type 1 diabetes.
Early recognition and appropriate management of neuropathy in patients with
diabetes is important for many reasons:
• Nondiabetic neuropathies may be present in patients with diabetes and may be
treatable
• Many treatment options exist for symptomatic diabetic neuropathy
• Up to 50% of cases of DPN are asymptomatic, and patients are at risk of
insensate injury to their feet
• Autonomic neuropathy may involve every system in the body
• Cardiovascular autonomic neuropathy causes substantial morbidity and
mortality
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Screening for Diabetic
N
Neuropathies:
thi
Procedure
P
d
 DPN
 Pinprick sensation
 Vibration perception (using a 128-Hz tuning fork)
 10-g monofilament pressure sensation at distal plantar
aspect of both great toes and metatarsal joints
 Assessment
A
t off ankle
kl reflexes
fl
 DAN
 Ask patient about symptoms and signs during history and
physical examination
 Resting tachycardia, exercise intolerance, orthostatic
hypotension
 Gastroparesis, constipation
 Erectile dysfunction
y
 Sudomotor dysfunction

ADA. Diabetes Care. 2010:33(Suppl 1):S11–S61.

Patients should be screened annually for DPN using tests such as pinprick
sensation, vibration perception (using a 128-Hz tuning fork), 10-g monofilament
pressure sensation at the distal plantar aspect of both great toes and metatarsal
joints, and assessment of ankle reflexes. Combinations of tests have more than
87% sensitivity in detecting DPN. Loss of 10-g monofilament perception and
reduced vibration perception predict the development of foot ulcers.
The signs and symptoms of DAN should be elicited carefully during the history and
physical examination. Major clinical manifestations include resting tachycardia,
exercise intolerance, orthostatic hypotension, gastroparesis, constipation, erectile
dysfunction, sudomotor dysfunction, impaired neurovascular function, “brittle
diabetes,” and hypoglycemic autonomic failure.
Cardiovascular autonomic neuropathy, a risk factor for CVD, is the most clinically
important form of DAN. Patients should be checked for resting tachycardia (heart
rate
t >100 bpm)
b ) and
d orthostasis
th t i (fall
(f ll in
i SBP >20 mm Hg
H upon standing,
t di
without
ith t
appropriate heart rate response). Patients should also be asked about symptoms
that might indicate the presence of disturbances in autonomic nervous system
function involving the skin, pupils, or gastrointestinal and genitourinary systems.
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Management of DPN
 Aim for stable and optimal glycemic control
 Prescribe pharmacologic treatment for patients with painful symptoms
Class of Drug

Examples

Oral agents
Tricyclics

Amitriptyline, nortriptyline, imipramine

Anticonvulsants

Gabapentin, carbamazepine, pregabalin*

5-Hydroxytryptamine and
norepinephrine uptake
inhibitor

Duloxetine*

Prescription medical food

Folate + vitamin B6 + vitamin B12 (Metanx®)†

Topical agent
Substance P inhibitor

p
cream
Capsaicin

*US Food and Drug Administration (FDA) indication for treatment of painful diabetic neuropathy.
†FDA indication for the dietary management of endothelial dysfunction in patients with DAN.
ADA. Diabetes Care. 2010:33(Suppl 1):S11–S61.

Specific treatment for underlying nerve damage in patients with diabetic neuropathy
is not currently available. The first step in the management of patients with DPN is
to aim for stable and optimal glycemic control. Although evidence from controlled
clinical trials is lacking, several observational studies have suggested that
neuropathic symptoms diminish when glycemic control improves and extreme blood
glucose fluctuations are avoided.
Patients with painful DPN may benefit from pharmacologic treatment of their
symptoms. Both pregabalin, an anticonvulsant, and duloxetine, a 5hydroxytryptamine and norepinephrine uptake inhibitor, are approved by the FDA for
the treatment of painful diabetic neuropathy. Other anticonvulsants and tricyclic
drugs may also be beneficial.
Metanx®, which includes the active forms of folate, vitamin B6, and vitamin B12, is a
prescription medical food indicated for the dietary management of endothelial
function in patients with DPN. This agent increases nitric oxide synthesis, increasing
blood flow to the peripheral nerves. Metanx® differs from other available treatments
in that it promotes repair and regeneration of the myelin sheath rather than merely
treating the pain associated with DPN.
Capsaicin cream, a substance P inhibitor that is applied to the skin, is often effective
in relieving symptoms.
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Comprehensive Foot
E
Examination
i ti
 Dermatologic inspection
 Skin status: color, thickness, dryness, cracking
 Sweating
 Infection (including fungal infection between toes)
 Calluses, blistering, ulceration
 Musculoskeletal inspection
 Deformity
D f
it (eg,
(
claw
l
ttoes, Ch
Charcott jjoint)
i t)
 Muscle wasting
 Neurologic assessment – focus on loss of protective
sensation
 10-g monofilament
 One of the following: vibration (using a 128-Hz tuning fork),
pinprick sensation, ankle reflexes, or vibration perception
threshold (VPT)
 Vascular assessment for peripheral artery disease (PAD)
 Foot pulses
 ABI, if indicated
Boulton AJ et al. Diabetes Care. 2008;31:1679–1685.
ADA. Diabetes Care. 2010;33(Suppl 1):S11–S61.

At least annually, all adults with diabetes should have a comprehensive foot
examination 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.
The neurologic assessment should focus on the identification of loss of protective
sensation (LOPS).
Vascular assessment should include inspection and assessment of pedal pulses to
screen for PAD. The ABI should be determined for patients with symptoms of PAD.
Determination of the ABI is also advisable for patients over age 50 years and for
younger patients who have other PAD risk factors, including smoking, hypertension,
hyperlipidemia, or a duration of diabetes more than 10 years.
Patients with diabetes and high-risk foot conditions should be educated regarding
their risk factors and appropriate management. They should understand the
implications of LOPS, the importance of daily foot monitoring, proper care of the foot
including nail and skin care, and the selection of appropriate footwear.
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Cardiovascular
A t
Autonomic
i N
Neuropathy
th
 Clinical features
 Most clinically important form of DAN because it is
potentially life threatening
 Resting tachycardia
 Exercise intolerance
 Orthostatic hypotension
 Disturbances in thermoregulation

 Management
 Exercise intolerance: graded supervised exercise,
treatment with ACEI or beta blocker
 Orthostatic hypotension: slow posture changes, elevation
of head of bed, increased plasma volume, treatment with
clonidine mitodrine,
clonidine,
mitodrine or octreotide

Boulton AJ et al. Diabetes Care. 2005;28:956–962.

Cardiovascular autonomic dysfunction is the most studied and clinically important
form of DAN because of its potentially life-threatening consequences. Clinical
features include resting tachycardia (defined as heart rate >100 bpm), exercise
intolerance, and orthostatic hypotension (defined as a fall in SBP >20 mm Hg upon
standing, without appropriate heart rate response). Additional features are
difficulties with thermoregulation and disturbances involving the skin, pupils,
gastrointestinal system, and genitourinary systems.
Exercise intolerance can be managed with graded supervised exercise and
administration of an ACE inhibitor or beta blocker.
Patients with orthostatic hypotension benefit from slow changes in position,
elevating the head of their bed, measures that increase plasma volume, and
treatment with pharmacologic agents such as clonidine, mitodrine, and octreotide.
Patients with thermoregulation
g
p
problems should be advised to avoid exercise in
extreme heat and cold and to be vigilant about adequate hydration.
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Gastrointestinal
Autonomic Neuropathy
Manifestation

Clinical Features

Management

Esophageal
dysfunction

Difficulty in
swallowing, heartburn

Administration of
metoclopramide

Gastroparesis

Anorexia, nausea,
vomiting,
iti
early
l satiety
ti t

Small, frequent meals;
administration
d i i t ti off
metoclopramide or
domperidone

Diabetic enteropathy

Diarrhea, constipation, Administration of
fecal incontinence
antibiotics, antiemetic,
stool softener, or
dietary supplements

Boulton AJ et al. Diabetes Care. 2005;28:956–962.
Vinik AI et al. Therapy for Diabetes Mellitus and Related Disorders. 5th ed. 2009:532–
557.

Gastrointestinal neuropathy can affect the esophagus, stomach, and intestines,
causing symptoms that vary with the area of the digestive tract that is affected.
Esophageal autonomic complications include altered peristalsis and impaired
sphincter control, which could cause difficulty in swallowing and heartburn. The
dopamine antagonist metoclopramide may provide some relief.
Gastroparesis can cause anorexia, nausea, vomiting, early satiety, and postprandial
fullness. It is treated by encouraging the patient to eat smaller, more frequent meals
to prevent nausea. A dietitian should be consulted when designing a meal plan for a
patient with gastroparesis. Dopamine antagonists such as metoclopramide and
domperidone can be used before meals to improve gastric emptying. Patients with
gastroparesis and impaired absorption should be monitored for hypoglycemia.
Widespread neuropathy of the intestines can cause enteropathy, which can lead to
p
, diarrhea,, and even fecal incontinence. Because diarrhea can have
constipation,
various causes, including bacterial overgrowth, poor intestinal motility, and celiac
disease, the cause should be determined before treatment is initiated. Loperamide
may be administered to treat intestinal motility disorders, and antibiotics can be
used to correct bacterial overgrowth. Stool softeners and increased dietary fiber can
be given to treat constipation.
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Genitourinary Autonomic
N
Neuropathy
th
Manifestation
Bladder
dysfunction

Clinical Features
Urinary retention, frequency,
urgency, nocturia,
incontinence

Management
Scheduled voiding,
administration of α-adrenergic
blocker, intermittent
catheterization, surgery (in
severe cases)

Sexual dysfunction Erectile dysfunction,
in men
problems with excitement or
ejaculation, pain

Administration of
phosphodiesterase type 5
inhibitor or prostaglandin E1;
use of vacuum assistance
device or penile implant

Dyspareunia in
women

Use of vaginal lubricant

Pain during intercourse,
vaginal dryness

Boulton AJ et al. Diabetes Care. 2005;28:956–962.
Frimodt-Møller C. Therapy for Diabetes Mellitus and Related Disorders. 5th ed. 2009:558–562.
Snow KJ. Therapy for Diabetes Mellitus and Related Disorders. 5th ed. 2009:563–571.

Genitourinary autonomic neuropathy can lead to bladder dysfunction, erectile
dysfunction, and other types of sexual dysfunction in men, and dyspareunia in
women. Genitourinary neuropathy should be suspected in patients with recurrent
urinary tract infections, pyelonephritis, urinary incontinence, a palpable bladder, or in
men with erectile dysfunction.
Clinical features of bladder dysfunction may include urinary retention, urinary
frequency or urgency, nocturia, or incontinence. Urinary retention, which results
from viscerosensory denervation of the bladder, occurs in 40% to 50% of patients
with type 1 diabetes and in about 25% of patients with type 2 diabetes. Urinary
retention can be extremely challenging to treat, and may require surgery in severe
cases.
Erectile dysfunction is a common manifestation of genitourinary autonomic
neuropathy in men. It can be managed by administration of phosphodiesterase type
5 iinhibitors
hibit
or prostaglandin
t l di E1 iinjections
j ti
or suppositories,
it i
or b
by th
the use off a
vacuum assistance device or penile implant. Vaginal dryness is a common
manifestation of genitourinary neuropathy in women, and can be managed by using
a vaginal lubricant.
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Other Autonomic
N
Neuropathies
thi
Manifestation

Clinical Features

Management

Sudomotor
(sweating)
dysfunction

Anhidrosis (no sweating), heat
intolerance, dry skin hyperhidrosis
(excessive sweating)

Use of emollients and skin
lubricants; administration
of scopolamine,
glycopyrrolate, botulinum
toxin or a vasodilator
toxin,

Pupillomotor
dysfunction

Blurred vision, impaired adaption to
ambient light, impaired visceral
sensation, heart rate variability

Care when driving at night;
alertness for unusual
presentations of MI

Boulton AJ et al. Diabetes Care. 2005;28:956–962.

Diabetic autonomic neuropathy may also manifest as sudomotor or pupillomotor
dysfunction.
Patients with sudomotor dysfunction exhibit sweat-related abnormalities, ranging
from anhidrosis (no sweating) to hyperhidrosis (excessive sweating). Depending on
the patient’s symptoms, management may include the use of emollients and skin
lubricants to relieve dry skin; administration of scopolamine, glycopyrrolate, or
botulinum toxin to reduce sweating; or vasodilators to improve heat tolerance.
Symptoms of pupillomotor dysfunction include blurred vision, impaired adaptation to
ambient light, impaired visceral sensation, and heart rate variability. Patients should
be especially careful when driving at night. Patients and health care professionals
should be alert for unusual presentations of MI when pupillomotor dysfunction is
present.
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Focal and Multifocal
N
Neuropathies
thi
Type

Characteristics

Focal limb or truncal

Sudden onset; usually involves ulnar, median, peroneal, or
medial plantar nerve entrapment; may also involve
demyelination or axonal degeneration

Cranial neuropathies

Extremely rare; often resolve spontaneously within months

Proximal motor
(amyotrophy)

Usually occurs in older adults with type 2 diabetes; involves
severe neuropathic pain, unilateral or bilateral muscle
weakness, and atrophy of proximal thigh muscles; spinal
stenosis must be ruled out

Coexisting chronic
Marked by severe motor deficits and progressive
inflammatory
polyneuropathy despite optimal glycemic control
demyelinating
polyneuropathy (CIDP)

Boulton AJ et al. Diabetes Care. 2005;28:956–962.

Focal limb or truncal neuropathies have a sudden onset and usually involve the
ulnar, median, peroneal, or medial plantar nerves. Most of these neuropathies result
from nerve entrapment, but they can also be caused by demyelination or axonal
degeneration. Cranial neuropathies are extremely rare (only 0.05% of cases) and
usually involve cranial nerves III, IV, VI, or VII. They appear to be infarct related and
usually resolve spontaneously within a few months.
Patients who develop severe neuropathic pain with unilateral or bilateral muscle
weakness and atrophy of proximal thigh muscles should be evaluated for proximal
motor neuropathy. Spinal stenosis must be ruled out, since the symptoms are often
similar.
Coexisting chronic inflammatory demyelinating polyneuropathy (CIDP) is
characterized by progressive, severe symmetric or asymmetric motor deficits and
progressive sensory neuropathy even when glycemic control is optimal. Patients
with
ith CIDP h
have an unusually
ll hi
high
h llevell off protein
t i iin th
the cerebrospinal
b
i l flfluid.
id
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Management of Focal and
Multifocal Neuropathies
 Decompress nerve entrapments
 Rest, splinting, use of diuretics to reduce edema,
administration of nonsteroidal anti-inflammatory drugs,
injection of steroids and local anesthetics
 Surgical
S i l release
l
if conservative
ti measures are iineffective
ff ti

 Treat neuropathic pain with tricyclics, anticonvulsants,
or duloxetine
 Treat CIDP by administering a course of intravenous
immunoglobulin therapy
 Alternative treatments are plasmapheresis or
immunosuppressive therapy (steroid or azathioprine)
Boulton AJ et al. Diabetes Care. 2005;28:956–962.
Vinik A, Nakave A. Therapy for Diabetes Mellitus and Related Disorders. 5th ed. 2009:522–531.

Management of focal and multifocal neuropathies depends on the cause of the
neuropathy and the severity of symptoms.
Some nerve entrapments can be managed conservatively with rest, splinting, use of
diuretics to reduce edema, administration of nonsteroidal anti-inflammatory drugs,
and injection of steroids and local anesthetics. Entrapments that do not respond to
conservative management require surgery.
Neuropathic pain should be managed with tricyclics, anticonvulsants, or duloxetine.
CIDP is usually treated by administering a course of intravenous immunoglobulin
therapy. Alternative treatments are plasmapheresis or immunosuppressive therapy
with a corticosteroid or azathioprine.
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Check Point 4
Screening for microvascular complications is often
recommended near the time of diagnosis in patients
with type 2 diabetes and 5 years after diagnosis in
patients with type 1 diabetes because __________.
a) patients with type 2 diabetes generally have a higher
incidence of microvascular complications
b) patients with type 1 diabetes usually have less
severe microvascular complications
c) microvascular complications typically develop more
gradually in patients with type 1 diabetes
d) patients with type 2 diabetes have generally had
diabetes for many years before their diagnosis

Screening for microvascular complications is often recommended near the time of
diagnosis in patients with type 2 diabetes and 5 years after diagnosis in patients
with type 1 diabetes because __________.
a) patients with type 2 diabetes generally have a higher incidence of
microvascular complications
b) patients with type 1 diabetes usually have less severe microvascular
complications
c) microvascular complications typically develop more gradually in patients with
type 1 diabetes
d) patients with type 2 diabetes have generally had diabetes for many years
before their diagnosis
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Answer to Check Point 4
The correct answer is d.
Screening for microvascular complications is often
recommended near the time of diagnosis in patients
with type 2 diabetes and 5 years after diagnosis in
patients with type 1 diabetes because patients with
type 2 diabetes have generally had diabetes for
many years before their diagnosis.

The correct answer is d.
Screening for microvascular complications is often recommended near the time of
diagnosis in patients with type 2 diabetes and 5 years after diagnosis in patients
with type 1 diabetes because patients with type 2 diabetes have generally had
diabetes for many years before their diagnosis.
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Summary
 Macrovascular complications of diabetes include coronary
artery disease, cerebrovascular disease, and peripheral
vascular disease. Microvascular complications include
nephropathy, retinopathy, and neuropathy
 Outcome studies have shown that control of glucose levels,
blood pressure, and lipid levels reduces the incidence of
microvascular and macrovascular complications
 Patients with type 2 diabetes can optimize their glucose
control by following the recommendations in consensus
guidelines (such as those developed by the ADA) related to
lifestyle modification, use of glucose-lowering medications,
and medical screening and care
 Patients with type 2 diabetes can reduce their risk for
complications by adhering to recommendations in consensus
guidelines related to blood pressure regulation, control of
lipid levels,
levels and the management of other factors associated
with macrovascular and microvascular complications

• Macrovascular complications of diabetes include coronary artery disease,
cerebrovascular disease, and peripheral vascular disease. Microvascular
complications include nephropathy, retinopathy, and neuropathy
• Outcome studies have shown that control of glucose levels, blood pressure, and
lipid levels reduces the incidence of microvascular and macrovascular
complications
• Patients with type 2 diabetes can optimize their glucose control by following the
recommendations in consensus guidelines (such as those developed by the ADA)
related to lifestyle modification, use of glucose-lowering medications, and medical
screening and care
• Patients with type 2 diabetes can reduce their risk for complications by adhering to
recommendations in consensus guidelines related to blood pressure regulation
regulation,
control of lipid levels, and the management of other factors associated with
macrovascular and microvascular complications
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