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and the standard group (A1c, ⬇9%) over an average of 6.5
years. The relationship between glucose control (as reflected
by the mean on-study A1c value) and risk of complications
was log-linear and extended down to the normal A1c range
(⬍6%) with no threshold noted.
In the UK Prospective Diabetes Study (UKPDS), participants newly diagnosed with type 2 diabetes were followed up
for 10 years, and intensive control (median A1c, 7.0%) was
found to reduce the overall microvascular complication rate
by 25% compared with conventional treatment (median A1c,
7.9%). Here, too, secondary analyses showed a continuous
relationship between the risk of microvascular complications
and glycemia extending into the normal range of A1c, with no
glycemic threshold.

D

iabetes is defined by its association with hyperglycemiaspecific microvascular complications; however, it also
imparts a 2- to 4-fold risk of cardiovascular disease (CVD).
Although microvascular complications can lead to significant
morbidity and premature mortality, by far the greatest cause
of death in people with diabetes is CVD.
Results from randomized controlled trials have demonstrated conclusively that the risk of microvascular complications can be reduced by intensive glycemic control in patients
with type 11,2 and type 2 diabetes.3–5 In the Diabetes Control
and Complications Trial (DCCT), there was an ⬇60% reduction in the development or progression of diabetic retinopathy, nephropathy, and neuropathy between the intensively
treated group (goal A1c, ⬍6.05%; mean achieved A1c, ⬇7%)
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On the basis of these 2 large controlled trials, along with
smaller studies and numerous epidemiological reports, the
consistent findings related to microvascular risk reduction with
intensive glycemic control have led the American Diabetes
Association (ADA) to recommend an A1c goal of ⬍7% for
most adults with diabetes,6 recognizing that more or less
stringent goals may be appropriate for certain patients.
Whereas many epidemiological studies and meta-analyses7,8
have clearly shown a direct relationship between A1c and
CVD, the potential of intensive glycemic control to reduce
CVD events has been less clearly defined. In the DCCT, there
was a trend toward lower risk of CVD events with intensive
control (risk reduction, 41%; 95% CI, 10 to 68), but the
number of events was small. However, 9-year post-DCCT
follow-up of the cohort has shown that participants previously randomized to the intensive arm had a 42% reduction
(P⫽0.02) in CVD outcomes and a 57% reduction (P⫽0.02)
in the risk of nonfatal myocardial infarction (MI), stroke, or
CVD death compared with those previously in the standard arm.9
The UKPDS of type 2 diabetes observed a 16% reduction
in cardiovascular complications (combined fatal or nonfatal
MI and sudden death) in the intensive glycemic control arm,
although this difference was not statistically significant
(P⫽0.052), and there was no suggestion of benefit on other
CVD outcomes such as stroke. However, in an epidemiological analysis of the study cohort, a continuous association was
observed such that for every percentage point of lower
median on-study A1c (eg, 8% to 7%) there was a statistically
significant 18% reduction in CVD events, again with no
glycemic threshold.
Because of ongoing uncertainty regarding whether intensive glycemic control can reduce the increased risk of CVD in
people with type 2 diabetes, several large long-term trials
were launched in the past decade to compare the effects of
intensive and standard glycemic control on CVD outcomes in
relatively high-risk participants with established type 2 diabetes. In 2008, 2 of these trials, Action in Diabetes and
Vascular Disease–Preterax and Diamicron Modified Release
Controlled Evaluation (ADVANCE) and the Veterans Affairs
Diabetes Trial (VADT), were completed and showed no
significant reduction in cardiovascular outcomes with intensive glycemic control. A third trial, Action to Control
Cardiovascular Risk in Diabetes (ACCORD), terminated its
glycemic control study early because of the finding of
increased mortality in participants randomized to a strategy of
very intensive glycemic control with a target A1c of ⬍6%.
The findings of these 3 major trials led the ADA, with
representatives of the American Heart Association (AHA)
and the American College of Cardiology (ACC), to reexamine the recommendations for glycemic targets in patients with
diabetes, the majority of whom have type 2 diabetes.

What Did the ACCORD, ADVANCE, and VA
Diabetes Trials Show?
The Table provides a summary of baseline characteristics,
glycemic treatment strategies and goals, concomitant risk
factor control, achieved glycemic control, and primary results
of each of the 3 studies. The ACCORD study randomized

10 251 participants with either history of a CVD event (age,
40 to 79 years) or significant CVD risk (age, 55 to 79 years
with anatomical CVD, albuminuria, left ventricular hypertrophy, or at least 2 other CVD risk factors) to a strategy of
intensive glycemic control (target A1c ⬍6.0%) or standard
glycemic control (target A1c, 7.0% to 7.9%). Investigators
used multiple glycemic medications in both arms. ACCORD
participants were on average 62 years of age and had a mean
duration of diabetes of 10 years, with 35% already treated
with insulin at baseline. From a baseline median A1c of 8.1%,
the intensive arm reached a median A1c of 6.4% within 12
months of randomization, whereas the standard group
reached a median A1c of 7.5%. Other risk factors were treated
aggressively and equally in both groups. The intensive
glycemic control group had more use of insulin in combination with multiple oral agents, significantly more weight gain,
and more episodes of severe hypoglycemia than the standard
group.
In February 2008, the glycemic control study of ACCORD
was halted (embedded blood pressure and lipid studies are
ongoing) on the recommendation of the study’s data safety
monitoring board as a result of the finding of an increased rate
of mortality in the intensive arm compared with the standard
arm (1.41% versus 1.14% per year; 257 versus 203 deaths
over a mean 3.5 years of follow-up; hazard ratio [HR], 1.22;
95% CI, 1.01 to 1.46); there was a similar increase in
cardiovascular deaths. The primary outcome of ACCORD
(MI, stroke, or cardiovascular death) was reduced in the
intensive glycemic control group because of a reduction in
nonfatal MI, although this finding was not statistically significant when the study was terminated (0.90; 95% CI, 0.78 to
1.04; P⫽0.16).
Exploratory analyses of the mortality findings of ACCORD
(evaluating variables including weight gain, use of any specific
drug or drug combination, and hypoglycemia) were unable to
identify an explanation for the excess mortality in the
intensive arm.10 In both study arms, participants with severe
hypoglycemia had higher mortality than those without severe
hypoglycemia. However, there was a complex interaction
between hypoglycemia, study arm, and mortality: among
participants with at least 1 episode of severe hypoglycemia,
mortality was higher in those in the standard treatment arm,
whereas among participants with no history of severe hypoglycemia, mortality was higher in those in the intensive
treatment arm. Other prespecified subset analyses showed
that participants with no previous CVD event and those who
had a baseline A1c ⬍8% had a statistically significant reduction in the primary CVD outcome.
The ADVANCE study randomized 11 140 participants at
sites in Europe, Australia/New Zealand, Canada, and Asia to
a strategy of intensive glycemic control (with primary therapy
being the sulfonylurea gliclizide and additional medications
as needed to achieve a target A1c of ⱕ6.5%) or to standard
therapy (in which any medication but gliclizide could be
used, with the glycemic target set according to “local guidelines”). ADVANCE participants (required to be at least 55
years of age with either known vascular disease or at least 1
other vascular risk factor) were slightly older and of a high
CVD risk similar to that in ACCORD participants. However,
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Comparison of the 3 Trials of Intensive Glycemic Control and CVD Outcomes
ACCORD

ADVANCE

VADT

Participant characteristics
n

10 251

11 140

Mean age, y

62

66

Duration of diabetes, y

10

8

Sex, male/female, %

1791
60
11.5

39/61

42/58

History of CVD, %

35

32

40

BMI, kg/m2

32

28

31

Median baseline A1C, %
On insulin at baseline, %

8.1
35

7.2
1.5

97/3

9.4
52

Protocol characteristics
A1C goals (I vs S),* %
Protocol for glycemic control (I vs S)*
Management of other risk factors

⬍6.0 vs 7.0–7.9

ⱕ6.5 vs “based on local
guidelines”

⬍6.0 (action if ⬎6.5) vs planned separation
of 1.5

Multiple drugs in both arms

Multiple drugs added to gliclizide vs
multiple drugs with no gliclizide

Multiple drugs in both arms

Embedded blood pressure and
lipid trials

Embedded blood pressure trial

Protocol for intensive treatment
in both arms

On-study characteristics
Median duration of follow-up, y
Achieved median A1C (I vs S),* %

3.5 (Terminated early)
6.4 vs 7.5

5
6.3 vs 7.0

5.6
6.9 vs 8.5

On insulin at study end (I vs S),* %

77 vs 55 *

40 vs 24

89 vs 74

On TZD at study end (I vs S),* %

91 vs 58 *

17 vs 11

53 vs 42

On statin at study end (I vs S),* %

88 vs 88 *

46 vs 48

85 vs 83

On aspirin at study end (I vs S),* %

76 vs 76 *

57 vs 55

88 vs 86

Smokers at study end, %

10

8

8

Mean blood pressure at study
end, mm Hg
Intensive glycemic control arm

126/67

136/74

127/68

Standard glycemic control arm

127/68

138/74

125/69

Weight changes, kg
Intensive glycemic control arm

3.5

⫺0.1

⫹7.8

Standard glycemic control arm

0.4

⫺1.0

⫹3.4

Intensive glycemic control arm

16.2

2.7

21.2

Standard glycemic control arm

5.1

1.5

9.9

Severe hypoglycemia (participants
with ⱖ1 episodes during study), %

Outcomes
Definition of primary outcome

Nonfatal MI, nonfatal stroke,
CVD death

Microvascular plus 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)

BMI indicates body mass index; I, intensive glycemic control; S, standard glycemic control; TZD, thiazolidinedione.
*Medication rates for ACCORD are for any use during the study.

they had an average duration of diabetes that was 2 years
shorter, lower baseline A1c (median, 7.2%), and almost no use
of insulin at enrollment. The median A1c levels achieved in
the intensive and standard arms were 6.3% and 7.0%,
respectively, and maximal separation between the arms took
several years to achieve. Use of other drugs that favorably
affect CVD risk (aspirin, statins, ACE inhibitors) was lower
in ADVANCE than in ACCORD or VADT.
The primary outcome of ADVANCE was a combination of
microvascular events (nephropathy and retinopathy) and major adverse cardiovascular events (MI, stroke, and cardiovascular death). Intensive glycemic control significantly reduced

the primary end point (HR, 0.90; 95% CI, 0.82 to 0.98;
P⫽0.01), although this was due to a significant reduction in
the microvascular outcome (0.86; 95% CI, 0.77 to 0.97;
P⫽0.01), primarily development of macroalbuminuria, with
no significant reduction in the macrovascular outcome (0.94;
95% CI, 0.84 to 1.06; P⫽0.32). There was no increase in
overall or cardiovascular mortality in the intensive compared
with the standard glycemic control arms.11
VADT randomized 1791 participants with type 2 diabetes
uncontrolled on insulin or maximal-dose oral agents (median
entry A1c, 9.4%) to a strategy of intensive glycemic control
(goal A1c, ⬍6.0%) or standard glycemic control, with a
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planned A1c separation of at least 1.5%. Medication treatment
algorithms were used to achieve the specified glycemic goals,
with a goal of using similar medications in both groups.
Median A1c levels of 6.9% and 8.5% were achieved in the
intensive and standard arms, respectively, within the first year
of the study. Other CVD risk factors were treated aggressively and equally in both groups, with the trial achieving
excellent blood pressure control, high levels of aspirin and
statin use, and a high degree of smoking cessation.12
The primary outcome of VADT was a composite of CVD
events (MI, stroke, cardiovascular death, revascularization,
hospitalization for heart failure, and amputation for ischemia). During a median 5.6-year follow-up period, the cumulative incidence of the primary outcome was not significantly
lower in the intensive arm (HR, 0.88; 95% CI, 0.74 to 1.05;
P⫽0.12). There were more CVD deaths in the intensive arm
than in the standard arm (38 versus 29; sudden deaths, 11
versus 4), but the difference was not statistically significant.
Post hoc subgroup analyses suggested that duration of diabetes interacted with randomization such that participants with
duration of diabetes less than ⬇12 years appeared to have a
CVD benefit of intensive glycemic control, whereas those
with longer duration of disease before study entry had a
neutral or even adverse effect of intensive glycemic control.
Other exploratory analyses suggested that severe hypoglycemia within the past 90 days was a strong predictor of the
primary outcome and of CVD mortality, with an association
of severe hypoglycemia with all-cause mortality apparent
only for participants in the standard arm. An embedded
ancillary study within the main VADT showed that baseline
coronary or aortic calcium scores predicted future CVD
events and that intensive glycemic control significantly reduced the primary CVD end point in those with low baseline
coronary artery calcium scores but not in those with high
baseline scores.

What Are Potential Explanations for the
Increased CVD Deaths With Intensive
Glycemic Control in ACCORD?
Numerous post hoc analyses have been unable to prove or
disprove causes; in fact, the design of the study renders such
“proof” elusive. Randomization to the intensive arm was
associated with or led to many downstream effects such as
higher rates of severe hypoglycemia; more frequent use of
insulin, thiazolidinediones, other drugs, and drug combinations; and greater weight gain. Such factors may be associated
statistically with the higher mortality rate in the intensive arm
but may not be causative. It is biologically plausible that
severe hypoglycemia could increase the risk of cardiovascular death in participants with high underlying CVD risk. This
might be further confounded by the development of hypoglycemia unawareness, particularly in patients with coexisting
cardiovascular autonomic neuropathy (a strong risk factor for
sudden death). Death resulting from a hypoglycemic event
may be mistakenly ascribed to coronary artery disease,
because there may not have been a blood glucose measurement and because there are no anatomic features of hypoglycemia detected postmortem. Other plausible mechanisms for
the increase in mortality in ACCORD include weight gain,

unmeasured drug effects or interactions, or the “intensity” of
the ACCORD intervention (use of multiple oral glucoselowering drugs along with multiple doses of insulin, frequent
therapy adjustments to push A1c and self-monitored blood
glucose to very low targets, and an intense effort to rapidly
reduce A1c by ⬇2% in participants entering the trial with
advanced diabetes and multiple comorbidities).
Because the ADVANCE trial did not show any increase in
mortality in the intensive glycemic control arm, examining
the differences between ADVANCE and ACCORD supports
additional hypotheses. ADVANCE participants on average
appeared to have earlier or less advanced diabetes, with
shorter duration by 2 to 3 years and lower A1c at entry despite
very little use of insulin at baseline. A1c was also lowered,
even more gradually, in the ADVANCE trial, and there was
no significant weight gain with intensive glycemic therapy.
Although severe hypoglycemia was defined somewhat differently in the 3 trials, it appears that this occurred in ⬍3% of
intensively treated ADVANCE participants for the entire
study duration (median, 5 years) compared with ⬇16% of
intensively treated subjects in ACCORD and 21% in VADT.
It is likely that the increase in mortality in ACCORD was
related to the overall treatment strategies for intensifying
glycemic control in the study population—not the achieved
A1c per se. The ADVANCE study achieved a median A1c in its
intensive arm similar to that in the ACCORD study, with no
increased mortality hazard. Thus, the ACCORD mortality
findings do not imply that patients with type 2 diabetes who
can easily achieve or maintain low A1c levels with lifestyle
modifications with or without pharmacotherapy are at risk
and need to “raise” their A1c.

Why Did None of the Trials Show a
Significant Benefit of Intensive Glycemic
Control on CVD in Type 2 Diabetes—in
Contrast to Many Epidemiological Studies
and the DCCT Follow-Up Study?
Although randomized controlled trials often confirm hypotheses grounded in observational evidence or physiological
studies of surrogate end points, this is certainly not the first
time that such trials have failed to do so. The results of
ACCORD, ADVANCE, and VADT highlight the critical
need for randomized controlled trials with meaningful clinical outcomes such as in these trials, to help answer major
clinical questions.
In the 3 glucose-lowering trials, other CVD risk factors
were treated to a moderate or high degree, and likely as a
result of this, all had lower rates of CVD in the standard arm
than originally predicted. The evidence for CVD prevention
by statin therapy, blood pressure treatment, aspirin therapy in
high-risk participants, and other interventions is robust. In
type 2 diabetes, in which other CVD risk factors are highly
prevalent, the additive benefits of intensive glycemic control
might be difficult to demonstrate except in even larger or
longer trials. It is likely that a real benefit of glucose lowering
on CVD in type 2 diabetes, even if it could be proven, is
modest compared with and incremental to treatment of other
CVD risk factors.
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Additionally, the 3 trials compared treatments to A1c levels
in the “flatter” part of the observational glycemia–CVD risk
curves (median A1c, 6.4% to 6.9% in the intensive arms
compared with 7.0% to 8.4% in the standard arms). Their
results should not be extrapolated to imply that there would
be no cardiovascular benefit of glucose lowering from very
poor control (eg, A1c ⬎9%) to good control (eg, A1c ⬍7%).
All 3 trials were carried out in participants with established
diabetes (mean duration, 8 to 11 years) and either known CVD
or multiple risk factors, suggesting the presence of established
atherosclerosis. Subset analyses of the 3 trials suggested a
significant benefit of intensive glycemic control on CVD in
participants with shorter duration of diabetes, lower A1c at entry,
and/or absence of known CVD. The finding of the DCCT
follow-up study, that intensive glycemic control initiated in
relatively young participants free of CVD risk factors was
associated with a 57% reduction in major CVD outcomes,
supports the above hypothesis. Of note, the benefit on CVD in
the DCCT–Epidemiology of Diabetes Interventions and Complications (EDIC) required 9 years of follow-up beyond the end
of the DCCT to become statistically significant.
A recent report13 of 10 years of follow-up of the UKPDS
cohort describes, for the participants originally randomized to
intensive glycemic control compared with those randomized to
conventional glycemic control, long-term reductions in MI (15%
with sulfonylurea or insulin as initial pharmacotherapy and 33%
with metformin as initial pharmacotherapy; both statistically
significant) and in all-cause mortality (13% and 27%, respectively; both statistically significant). These findings support the
hypothesis that glycemic control early in the course of type 2
diabetes may have CVD benefit. As is the case with microvascular complications, it may be that glycemic control plays a
greater role before macrovascular disease is well developed and
a minimal or no role when it is advanced.
People with type 1 diabetes, in whom insulin resistance does
not predominate, tend to have lower rates of coexisting obesity,
hypertension, and dyslipidemia than those with type 2 diabetes,
and yet are also at high lifetime risk of CVD.14 It is possible that
CVD is more strongly glycemia mediated in type 1 diabetes and
that intervening on glycemia would ameliorate CVD to a greater
extent in type 1 than in type 2 diabetes.
Finally, the inability of ACCORD, ADVANCE, and
VADT to demonstrate a significant reduction in CVD with
intensive glycemic control could also suggest that current
strategies for treating hyperglycemia in patients with more
advanced type 2 diabetes may have counterbalancing consequences for CVD (such as hypoglycemia, weight gain, or
other metabolic changes). Results of long-term CVD outcome
trials using specific antihyperglycemic drugs, intensive lifestyle therapy (such as the Action for Health in Diabetes [Look
AHEAD] study), bariatric surgery, or other emerging therapies may shed light on this issue.

What Are the Implications of These Findings
for Clinical Care?
The benefits of intensive glycemic control on microvascular
and neuropathic complications are well established for both
type 1 and type 2 diabetes. The ADVANCE trial has added to
that evidence base by demonstrating a significant reduction in
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the risk of new or worsening albuminuria when median A1c
was lowered to 6.3% compared with standard glycemic
control achieving an A1c of 7.0%. The lack of significant
reduction in CVD events with intensive glycemic control in
ACCORD, ADVANCE, and VADT should not lead clinicians to abandon the general target of an A1c ⬍7.0% and
thereby discount the benefit of good control on serious and
debilitating microvascular complications.
The ADA’s Standards of Medical Care in Diabetes6 and
the AHA and ADA’s scientific statement on prevention15
advocate controlling nonglycemic risk factors (through blood
pressure control, lipid lowering with statin therapy, aspirin
therapy, and lifestyle modifications) as the primary strategies
for reducing the burden of CVD in people with diabetes. The
lower-than-predicted CVD rates in ACCORD, ADVANCE,
and VADT, as well as the recent long-term follow-up of the
Steno-2 multiple risk factor intervention,16 provide strong
confirmation of the concept that comprehensive care for
diabetes involves treatment of all vascular risk factors—not
just hyperglycemia.
The evidence for a cardiovascular benefit of intensive glycemic control remains strongest for those with type 1 diabetes.
However, subset analyses of ACCORD, ADVANCE, and
VADT suggest the hypothesis that patients with shorter
duration of type 2 diabetes and without established atherosclerosis might reap cardiovascular benefit from intensive
glycemic control. Conversely, it is possible that potential
risks of intensive glycemic control may outweigh its benefits
in other patients such as those with a very long duration of
diabetes, known history of severe hypoglycemia, advanced
atherosclerosis, and advanced age/frailty. Certainly, providers
should be vigilant in preventing severe hypoglycemia in
patients with advanced disease and should not aggressively
attempt to achieve near-normal A1c levels in patients in whom
such a target cannot be achieved reasonably easily and safely.
The evidence obtained from ACCORD, ADVANCE, and
VADT does not suggest the need for major changes in
glycemic control targets but, rather, additional clarification of
the language that has consistently stressed individualization:
●

●

Microvascular disease: lowering A1c to below or approximately 7% has been shown to reduce microvascular and
neuropathic complications of type 1 and type 2 diabetes.
Therefore, the A1c goal for nonpregnant adults in general is
⬍7%. ADA, A-level recommendation; ACC/AHA, Class I
recommendation (Level of Evidence: A).*
Macrovascular disease: in type 1 and type 2 diabetes,
randomized controlled trials of intensive versus standard
glycemic control have not shown a significant reduction in
CVD outcomes during the randomized portion of the trials.
However, long-term follow-up of the DCCT and UKPDS
cohorts suggests that treatment to A1c targets below or near
7% in the years soon after the diagnosis of diabetes is
associated with long-term reduction in risk of macrovascular disease. Until more evidence becomes available, the
general goal of ⬍7% appears reasonable. ADA, B-level
*See Appendix for description of ACC/AHA Evidence Grading Schema.
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recommendation; ACC/AHA, Class IIb recommendation
(Level of Evidence: A).1*
For some patients, individualized glycemic targets other than
the above general goal may be appropriate:
●

●

Subgroup analyses of clinical trials such as the DCCT
and UKPDS and the microvascular evidence from the
ADVANCE trial suggest a small but incremental benefit
in microvascular outcomes with A1c values closer to normal. Therefore, for selected individual patients, providers
might reasonably suggest even lower A1c goals than the
general goal of ⬍7% if it can be achieved without
significant hypoglycemia or other adverse effects of treatment. Such patients might include those with short duration
of diabetes, long life expectancy, and no significant cardiovascular disease. ADA, B-level recommendation; ACC/
AHA, Class IIa recommendation (Level of Evidence: C).*
Conversely, less stringent A1c goals than the general goal of
⬍7% may be appropriate for patients with a history of severe
hypoglycemia, limited life expectancy, advanced microvascular or macrovascular complications, or extensive comorbid
conditions or those with long-standing diabetes in whom
the general goal is difficult to attain despite diabetes selfmanagement education, appropriate glucose monitoring, and
effective doses of multiple glucose-lowering agents, including
insulin. ADA, C-level recommendation; ACC/AHA, Class IIa
recommendation (Level of Evidence: C).*

For primary and secondary CVD risk reduction in patients
with diabetes, providers should continue to follow the
evidence-based recommendations for blood pressure treatment, including lipid lowering with statins, aspirin prophylaxis,
smoking cessation, and healthy lifestyle behaviors delineated in
the ADA Standards of Medical Care in Diabetes6 and the
AHA/ADA guidelines for primary CVD prevention.15

Appendix. Description of ACC/AHA Evidence
Grading Schema.
The recommendations in this statement were originally developed by the American Diabetes Association using ADA’s
evidence grading schema. The American College of Cardiology Foundation and the American Heart Association applied
the ACC/AHA practice guideline evidence-grading schema
as defined below to these recommendations for the convenience of their readership. Some but not all of these recommendations—though approved by the ACCF and AHA in this
scientific statement—are incorporated into the formal ACC/
AHA guidelines to date. Future updates of ACC/AHA guidelines may include these recommendations as deemed appropriate by the relevant ACC/AHA writing committees.
ACC/AHA Classification of Recommendations
Class I: Conditions for which there is evidence for and/or
general agreement that a given procedure or treatment is
beneficial, useful, and effective.
*See Appendix for description of ACC/AHA Evidence Grading Schema.

Class II: Conditions for which there is conflicting evidence
and/or a divergence of opinion about the usefulness/
efficacy of a procedure or treatment.
Class IIa: Weight of evidence/opinion is in favor of
usefulness/efficacy.
Class IIb: Usefulness/efficacy is less well established by
evidence/opinion.
Class III: Conditions for which there is evidence and/or
general agreement that a procedure/treatment is not useful/
effective and in some cases may be harmful.
ACC/AHA Level of Evidence
●
●
●

Level of Evidence A: Data derived from multiple randomized clinical trials or meta-analyses.
Level of Evidence B: Data derived from a single randomized trial or nonrandomized studies.
Level of Evidence C: Only consensus opinion of experts,
case studies, or standard-of-care.

Acknowledgments
The authors have disclosed the following financial dualities of
interest. (*Fees of $10 000 per year or more.) Additionally, participation in the ACCORD, ADVANCE, or VADT is acknowledged.
Dr Skyler has received research support from Bayhill Therapeutics, Osiris Therapeutics Inc, and Pfizer Pharmaceuticals Inc; is a
board member of and holds stock in Amylin Pharmaceuticals* and
DexCom Corp*; is on the speakers’ bureau for Novo Nordisk* and
sanofi-aventis; is an advisor for and holds stock in AtheroGenics Inc,
Ideal Life, MannKind Corp, and Medingo Ltd; and is an advisor for
Bayer Diabetes Care, Bristol-Myers Squibb, CPEX Pharmaceuticals,
CV Therapeutics, Daiichi Sankyo, Eli Lilly & Co, Halozyme
Therapeutics, Novartis, Novo Nordisk*, Nutrition 21*, Patton Medical Devices, Pfizer Pharmaceuticals Inc, sanofi-aventis, Tandem
Diabetes Care, Tolerx, Transition Therapeutics, Valeritas LLC, and
Veroscience LLC.
Dr Bergenstal participates in clinical research or has served on a
scientific advisory board for Amylin, Merck, Pfizer, ResMed,
Valeritas, Eli Lilly, Novo Nordisk, sanofi-aventis, MannKind, Intuity, Roche, LifeScan, Abbott, Bayer, and Medtronic. Dr Bergenstal
receives no personal compensation for these activities; all contracts
are through the nonprofit Park Nicollet Institute. Dr Bergenstal holds
stock in Merck through a family inheritance and is an officer within
the American Diabetes Association.
Dr Bonow is a consultant to Edwards Lifesciences.
The University of North Carolina has contracts for research or
consulting by Dr Buse (no funds to Dr Buse) with Amylin Pharmaceuticals, BD Research Laboratories, Bristol-Myers Squibb, Eli Lilly & Co,
GlaxoSmithKline, Hoffman LaRoche, Johnson & Johnson Products
LLC, Lifescan Inc, Medtronic (MiniMed), Merck & Co, Novartis, Novo
Nordisk, Pfizer, and sanofi-aventis. Dr Buse is an ACCORD investigator and vice chairman of the ACCORD Executive Committee.
Dr Deedwania reports no financial dualities.
Dr Gale reports no financial dualities.
Dr Howard is a consultant for Merck and the Egg Nutrition
Council; has received research support by donation of drugs from
Pfizer, Merck, and Schering-Plough; is a speaker for ScheringPlough; and is a member of the Data Safety Monitoring Committee
for VADT.
Dr Kirkman reports no financial dualities and was a VADT
investigator until March 2007.
Dr Kosiborod has served on the advisory board of sanofi-aventis.
Dr Reaven has received research funding from Takeda and
Amylin, has received speaker fees from Merck and Takeda, and is a
VADT investigator and principal investigator of an ancillary study to
VADT.
Dr Sherwin is the data safety monitoring board chair for
MannKind* and Novartis* and has served on advisory boards for

Skyler et al

Glycemic Control and Preventing Cardiovascular Events

Amylin, Medtronic, Eli Lilly, Merck*, AstraZeneca, Pfizer,
Boehringer Ingelheim, DiObex, Metabolex, and Insulet.

References
1. Reichard P, Nilsson B-Y, Rosenqvist U. The effect of long-term intensified insulin treatment on the development of microvascular complications of diabetes mellitus. N Engl J Med. 1993;329:304 –309.
2. The Diabetes Control and Complications Trial Research Group. The
effect of intensive treatment of diabetes on the development and progression of long-term complications in insulin-dependent diabetes
mellitus. N Engl J Med. 1993;329:977–986.
3. Ohkubo Y, Kishikawa H, Araki E, Miyata T, Isami S, Motoyoshi S,
Kojima Y, Furuyoshi N, Shichiri M. Intensive insulin therapy prevents
the progression of diabetic microvascular complications in Japanese
patients with non-insulin-dependent diabetes mellitus: a randomized prospective 6-year study. Diabetes Res Clin Pract. 1995;28:103–117.
4. The UK Prospective Diabetes Study (UKPDS) Group. Effect of intensive
blood-glucose control with metformin on complications in overweight
patients with type 2 diabetes (UKPDS 34). Lancet. 1998;352:854–865.
5. The UK Prospective Diabetes Study (UKPDS) Group. Intensive bloodglucose control with sulphonylureas or insulin compared with conventional treatment and risk of complications in patients with type 2 diabetes
(UKPDS 33). Lancet. 1998;352:837– 853.
6. American Diabetes Association. Standards of medical care in diabetes:
2008. Diabetes Care. 2008;31(suppl1):S12–S54.
7. Selvin E, Marinopoulos S, Berkenblit G, Rami T, Brancati FL, Powe NR,
Golden SH. Meta-analysis: glycosylated hemoglobin and cardiovascular
disease in diabetes mellitus. Ann Intern Med. 2004;141:421– 431.
8. Stettler C, Allemann S, Jüni P, Cull CA, Holman RR, Egger M,
Krähenbühl S, Diem P. Glycemic control and macrovascular disease in
types 1 and 2 diabetes mellitus: meta-analysis of randomized trials. Am
Heart J. 2006;152:27–38.
9. Nathan DM, Cleary PA, Backlund JY, Genuth SM, Lachin JM, Orchard
TJ, Raskin P, Zinman B, for the Diabetes Control and Complications

10.

11.

12.

13.

14.
15.

16.

357

Trial/Epidemiology of Diabetes Interventions and Complications
(DCCT/EDIC) Study Research Group. Intensive diabetes treatment and
cardiovascular disease in patients with type 1 diabetes. N Engl J Med.
2005;353:2643–2653.
Action to Control Cardiovascular Risk in Diabetes Study Group, Gerstein
HC, Miller ME, Byington RP, Goff DC Jr, Bigger JT, Buse JB, Cushman
WC, Genuth S, Ismail-Beigi F, Grimm RH Jr, Probstfield JL, SimonsMorton DG, Friedewald WT. Effects of intensive glucose lowering in
type 2 diabetes. N Engl J Med. 2008;358:2545–2559.
ADVANCE Collaborative Group, Patel A, MacMahon S, Chalmers J,
Neal B, Billot L, Woodward M, Marre M, Cooper M, Glasziou P,
Grobbee D, Hamet P, Harrap S, Heller S, Liu L, Mancia G, Mogensen
CE, Pan C, Poulter N, Rodgers A, Williams B, Bompoint S, de Galan BE,
Joshi R, Travert F. Intensive blood glucose control and vascular outcomes
in patients with type 2 diabetes. N Engl J Med. 2008;358:2560 –2572.
Duckworth W, Abraira C, Moritz T, Reda D, Emannele N, Reaven PD, Zieve
FJ, Marks J, Davis SN, Hayward R, Warren SR, Goldman S, McCarren M,
Vikek ME, Henderson WG, Huang GD. Intensive glucose control and complications in American veterans with type 2 diabetes. N Engl J Med. In press.
Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HAW. 10-year
follow-up of intensive glucose control in type 2 diabetes. N Engl J Med.
2008;359:1577–1589.
Orchard TJ, Costacou T, Kretowski A, Nesto RW. Type 1 diabetes and
coronary artery disease. Diabetes Care. 2006;29:2528 –2538.
Buse JB, Ginsberg HN, Bakris GL, Clark NG, Costa F, Eckel R, Fonseca
V, Gerstein HC, Grundy S, Nesto RW, Pignone MP, Plutzky J, Porte D,
Redberg R, Stitzel KF, Stone NJ, for the American Heart Association and
American Diabetes Association. Primary prevention of cardiovascular
diseases in people with diabetes mellitus: a scientific statement from the
American Heart Association and the American Diabetes Association.
Circulation. 2007;115:114 –126.
Gaede P, Lund-Andersen H, Parving H-H, Pedersen O. Effect of a
multifactorial intervention on mortality in type 2 diabetes. N Engl J Med.
2008;358:580 –591.

