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ABSTRACT

BACKGROUND
The effects of intensive glucose control on cardiovascular events in patients with long-
standing type 2 diabetes mellitus remain uncertain.

METHODS

We randomly assigned 1791 military veterans (mean age, 60.4 years) who had a sub-
optimal response to therapy for type 2 diabetes to receive either intensive or stan-
dard glucose control. Other cardiovascular risk factors were treated uniformly. The
mean number of years since the diagnosis of diabetes was 11.5, and 40% of the pa-
tients had already had a cardiovascular event. The goal in the intensive-therapy group
was an absolute reduction of 1.5 percentage points in the glycated hemoglobin level,
as compared with the standard-therapy group. The primary outcome was the time
from randomization to the first occurrence of a major cardiovascular event, a com-
posite of myocardial infarction, stroke, death from cardiovascular causes, congestive
heart failure, surgery for vascular disease, inoperable coronary disease, and ampu-
tation for ischemic gangrene.

RESULTS

The median follow-up was 5.6 years. Median glycated hemoglobin levels were 8.4%
in the standard-therapy group and 6.9% in the intensive-therapy group. The primary
outcome occurred in 264 patients in the standard-therapy group and 235 patients
in the intensive-therapy group (hazard ratio in the intensive-therapy group, 0.88; 95%
confidence interval [CI], 0.74 to 1.05; P=0.14). There was no significant difference
between the two groups in any component of the primary outcome or in the rate of
death from any cause (hazard ratio, 1.07; 95% CI, 0.81 to 1.42; P=0.62). No differ-
ences between the two groups were observed for microvascular complications. The
rates of adverse events, predominantly hypoglycemia, were 17.6% in the standard-ther-
apy group and 24.1% in the intensive-therapy group.

CONCLUSIONS
Intensive glucose control in patients with poorly controlled type 2 diabetes had
no significant effect on the rates of major cardiovascular events, death, or micro-
vascular complications, with the exception of progression of albuminuria (P=0.01).
(ClinicalTrials.gov number, NCT00032487.)
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EVERAL TRIALS HAVE SHOWN THAT INTEN-
sive glucose control in patients with type 2
diabetes mellitus reduces the progression of
microvascular disease,»2 but the effect on macro-
vascular complications remains uncertain. In epi-
demiologic studies, the association between glu-
cose control and cardiovascular disease has not
been consistent.3® Small short-term trials have
suggested either benefit or adverse effects.”®
Two recent studies, the Action in Diabetes and
Vascular Disease: Preterax and Diamicron Modi-
fied Release Controlled Evaluation (ADVANCE)
trial (ClinicalTrials.gov number, NCT00145925)°
and the Action to Control Cardiovascular Risk in
Diabetes (ACCORD) trial (NCT00000620),° report-
ed no significant decrease in cardiovascular events
with intensive glucose control. The ACCORD trial
ended its intensive therapy early, after 3.5 years,
because of a significant increase in deaths in the
intensive-therapy group. The primary goal of the
Veterans Affairs Diabetes Trial (VADT) was to
compare the effects of intensive and standard glu-
cose control on cardiovascular events.

METHODS

STUDY DESIGN

The design of our open-label study targeting pa-
tients with poorly controlled type 2 diabetes has
been reported previously.!* Selection criteria in-
cluded an inadequate response to maximal doses
of an oral agent or insulin therapy. Exclusion cri-
teria included a glycated hemoglobin level of less
than 7.5%, the occurrence of a cardiovascular event
during the previous 6 months, advanced conges-
tive heart failure, severe angina, a life expectancy
of less than 7 years, a body-mass index (BMI, the
weight in kilograms divided by the square of the
height in meters) of more than 40, a serum crea-
tinine level of more than 1.6 mg per deciliter (141
pmol per liter), and an alanine aminotransferase
level of more than three times the upper limit of
the normal range.!*

The study was sponsored by the Veterans Af-
fairs Cooperative Studies Program. Medications
and financial support were provided by Sanofi-
Aventis, GlaxoSmithKline, Novo Nordisk, Roche,
Kos Pharmaceuticals, and Amylin. These compa-
nies had no role in the design of the study, in the
accrual or analysis of the data, or in the prepara-

tion of the manuscript. All authors vouch for the
accuracy and completeness of the data and the
analysis.

Protocol and consent forms were approved by
the institutional review board at each of the 20
participating sites. All patients provided written
informed consent. An independent data and safe-
ty monitoring committee whose members were
aware of study-group assignments monitored safe-
ty and efficacy.

TREATMENT PROTOCOL
Patients were randomly assigned with the use of
a permuted-block design with a block size of six
and stratified according to study site, the previ-
ous occurrence of a macrovascular event, and cur-
rent insulin use. The randomization codes were
generated by the study’s biostatistician at the Hines
Cooperative Studies Program Coordinating Cen-
ter. Study sites did not have access to the codes.
In both study groups, patients with a BMI of 27
or more were started on two oral agents, met-
formin plus rosiglitazone; those with a BMI of
less than 27 were started on glimepiride plus
rosiglitazone. Patients in the intensive-therapy
group were started on maximal doses, and those
in the standard-therapy group were started on half
the maximal doses. Before any change in oral
medications, insulin was added for patients in
the intensive-therapy group who did not achieve a
glycated hemoglobin level of less than 6% and for
those in the standard-therapy group with a level
of less than 9%. Subsequent changes in medica-
tion were determined according to protocol guide-
lines and local assessment. The guidelines allowed
for the use of any approved drug at the discretion
of the investigator. The goal for glycated hemo-
globin levels was an absolute reduction of 1.5 per-
centage points in the intensive-therapy group, as
compared with the standard-therapy group.

Other modifiable cardiovascular risk factors
were treated identically in the two study groups.
Treatment guidelines (based on recommendations
of the American Diabetes Association, which were
updated as necessary) for blood pressure and
lipid control, as well as for dietary, exercise, and
diabetes education, were provided to all patients.!?
All patients were prescribed aspirin and a hydroxy-
methylglutaryl coenzyme A reductase inhibitor
(statin) unless contraindicated.

N ENGLJ MED 360;2 NEJM.ORG JANUARY 8, 2009

The New England Journal of Medicine
Downloaded from nejm.org on December 4, 2011. For personal use only. No other uses without permission.
Copyright © 2009 Massachusetts Medical Society. All rights reserved.



GLUCOSE CONTROL AND VASCULAR COMPLICATIONS IN TYPE 2 DIABETES

PRIMARY AND SECONDARY OUTCOMES

The primary outcome was the time to the first
occurrence of any one of a composite of cardio-
vascular events, adjudicated by an end-point com-
mittee that was unaware of assignments to study
groups. The cardiovascular events were document-
ed myocardial infarction; stroke; death from car-
diovascular causes; new or worsening congestive
heart failure; surgical intervention for cardiac, cere-
brovascular, or peripheral vascular disease; inop-
erable coronary artery disease; and amputation for
ischemic gangrene.

Secondary cardiovascular outcomes included
new or worsening angina, new transient ischemic
attacks, new intermittent claudication, new crit-
ical limb ischemia, and death from any cause.
Secondary outcomes also included microvascular
complications (retinopathy, nephropathy, and neu-
ropathy). Adverse events, including hypoglycemia,
were monitored.

MICROVASCULAR AND NEUROPATHY OUTCOMES
Patients underwent a standard annual ophthalmo-
logic examination. Stereo seven-field fundus pho-
tographs were obtained at baseline and at 5 years
by certified photographers in 17 participating hos-
pitals.*>1* The 23-point Early Treatment Diabetic
Retinopathy Study grading scale was used to de-
fine progression to new proliferative diabetic
retinopathy.*> The progression of retinopathy was
defined as a 2-point increase on the scale. New,
clinically important macular edema was defined
according to standards reported previously.'® The
glomerular filtration rate (GFR) was estimated
on the basis of serum creatinine levels.'” Severe
nephropathy was defined as a doubling of the
serum creatinine level, a creatinine level of more
than 3 mg per deciliter (265 wmol per liter), or a
GFR of less than 15 ml per minute. The progres-
sion of albuminuria was defined as an increase of
albuminuria for at least two successive yearly visits
without reversion to an improved level. New neu-
ropathy was assessed in a complete annual phys-
ical examination. Mononeuropathies were defined
as mononeuropathy, mononeuropathy multiplex,
or femoral neuropathy. Peripheral neuropathies
were defined as radiculoneuropathy, polyneurop-
athy, diabetic amyotrophy, or neuropathic ulcer.
Autonomic neuropathies were defined as symp-
tomatic orthostatic hypotension, gastroparesis,

neurogenic bladder, or diabetic diarrhea. The type
of neuropathy was defined as the first outcome
that was reached.

STATISTICAL ANALYSIS
The planned sample size of 1700 patients pro-
vided a power of 86% to detect a relative differ-
ence of 21% in the rate of the composite cardio-
vascular outcome (40.0% in the standard-therapy
group vs. 31.6% in the intensive-therapy group),
assuming no difference until the third year, 2 years
of data accrual, 5 years of follow-up, a dropout
rate of 5%, and a two-sided alpha of 0.05, ad-
justed for seven interim analyses with the use of
O’Brien-Fleming boundaries.'®* The expected
number of events was 684. The 6-year event rate
of 40% in the standard-therapy group was derived
from the results of the Veterans Affairs Diabetes
Feasibility Trial.®

Prespecified subgroups included patients who
had received insulin therapy at baseline and those
who had already had a cardiovascular event. Sub-
groups that were not prespecified (e.g., according
to age, ethnic background, and duration of dis-
ease) are not reported here. All analyses were
based on the intention-to-treat principle. Survival
analysis compared the time from randomization
to the occurrence of the first primary outcome.
Data from patients without an event were cen-
sored at the date of withdrawal from the study
or the final follow-up visit. Deaths occurring after
withdrawal from the study were included in the
analysis.

Kaplan—Meier survival curves were generated
by the product-limit method. Intergroup differ-
ences were evaluated with the use of the log-rank
test. The Cox proportional-hazards model was
used to calculate estimates of relative risk and
95% confidence intervals for the two study groups.
The heterogeneity of treatment effects in pre-
specified subgroups was assessed by including
interaction terms in Cox models. The chi-square
test was used to analyze differences in propor-
tions unless events were rare, such as progres-
sion of nephropathy and retinopathy, in which
case Fisher’s exact test was used. Data are ex-
pressed as means and standard deviations or as
medians with interquartile ranges when specified.
All reported P values are two-sided and have not
been adjusted for multiple comparisons. Because
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of the interim analyses, the critical value for
statistical significance of the primary outcome
was 0.0357.

RESULTS

PATIENTS
From December 1, 2000, to May 30, 2003, a total
of 1791 patients were enrolled in the study, with
follow-up ending on May 30, 2008 (Fig. 1). The
main reasons for exclusion were that patients
had low glycated hemoglobin levels (34% of pa-
tients), were not receiving a maximal dose of an
oral antidiabetic medication or insulin (16%), did
not want to participate (12%), or had a high se-
rum creatinine level (8%). Baseline and follow-up
data are shown in Table 1. No significant differ-
ences in risk factors at baseline or at follow-up
were seen between the two groups, except for

weight changes at follow-up. The mean age of
patients was 60.4 years, and diabetes had been
diagnosed a mean of 11.5 years earlier. The mean
BMI was 31.3. The mean glycated hemoglobin
level at baseline was 9.4%. Hypertension (wWhich
was defined as current treatment for hypertension
or a blood pressure of 140/90 mm Hg or more)
was present in 72% of patients, and 40% had
already had a cardiovascular event. A history of
microvascular complications was reported in 62%
of the patients. At baseline, 52% of the patients
were receiving insulin.

The mean baseline blood pressure was 132/76
mm Hg in the two groups. After 6 years, for pa-
tients who were still in follow-up, the mean blood
pressure was 125/69 mm Hg in the standard-
therapy group and 127/68 mm Hg in the inten-
sive-therapy group. In both groups, mean lipid
levels improved during the study, and levels of

20,027 Patients were screened

17,788 (88.8%) Were excluded
through chart review

2239 (11.2%) P
for full s

rovided consent
creening

448 (20.0%) Were excluded

1791 (80.0%) Unde

rwent randomization

899 Received standard treatment

892 Received intensive treatment

139 (15.5%) Did not complete study
67 (7.5%) Withdrew consent
3 (0.3%) Had adverse event
)
)

12 (1.3%) Had other reason
57 (6.3%) Were lost to follow-up

120 (13.5%) Did not complete study
43 (4.8%) Withdrew consent
7 (0.8%) Had adverse event
12 (1.3%) Had other reason
58 (6.5%) Were lost to follow-up

760 (84.5%) Completed study
or reached end point

772 (86.5%) Completed study
or reached end point

Figure 1. Enrollment and Outcomes.
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Table 1. Characteristics of the Patients at Baseline and Follow-up.*

Variable

Age (yr)
Sex (no.)
Male
Female
Time since diagnosis of diabetes (yr)

Patients with previous cardiovascular
event (no.)

Patients with hypertension (no.)f
Race or ethnic group (no.)i
Non-Hispanic white
Hispanic white
Black
Other
Glycated hemoglobin level (%)§
Weight (Ib)
Body-mass index
Blood pressure (mm Hg)
Systolic
Diastolic
Cholesterol (mg/dl)
Total
Low-density lipoprotein
High-density lipoprotein
Triglycerides (mg/dl)
Creatinine (mg/dl)
Tobacco smoking status (no.)
Total patients
Current
Past

Never

Baseline

Standard Therapy Intensive Therapy

(N=899) (N=3892)
60.3+9.0 60.5+9.0
873 866
26 26
11.5+7.0 11.5+8.0
368 355
650 642
572 539
136 155
147 152
44 46
9.4+2.0 9.4+2.0
214+36 214+36
31.2+4.0 31.3+3.0
132+17 131+17
76+10 76+10
185+53 182+40
108+34 107+30
36+10 36+10
223+352 201+162
1.0+0.2 1.0+0.2
897 892
145 154
505 494
247 244

P Value
0.64
0.98

0.96
0.62

0.83
0.51

0.91
0.97
0.61

0.66
0.91

0.17
0.33
0.43
0.09
0.60
0.82

Follow-up
Standard Therapy Intensive Therapy
(N=329) (N=344)
223+42 232+44
32.3+5.0 33.8+6.0
12515 127+16
69+10 68+10
153+40 150+40
80+31 80+33
41£12 40+11
159+104 151+173
1.2+0.5 1.2+0.6
32 21
NA NA
NA NA

P Value

0.01
0.01

0.27
0.20

0.25
0.98
0.63
0.47
0.54

* Plus—minus values are means +SD. The body-mass index is the weight in kilograms divided by the square of the height in meters. To con-
vert the values for weight to kilograms, multiply by 0.45. To convert the values for cholesterol to millimoles per liter, multiply by 0.02586. To
convert the values for triglycerides to millimoles per liter, multiply by 0.01129. To convert the values for creatinine to micromoles per liter,
multiply by 88.4. NA denotes not available.

§ Glycated hemoglobin levels from baseline through 78 months are detailed in Figure 2.

- Hypertension was defined as current treatment for hypertension or a blood pressure of 140/90 mm Hg or more.
: Race or ethnic group was self-reported by the patients.

low-density lipoprotein cholesterol decreased to
80 mg per deciliter (2.1 mmol per liter). Levels
of high-density lipoprotein (HDL) cholesterol in-
creased to 41 mg per deciliter (1.1 mmol per liter)
in the standard-therapy group and to 40 mg per
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deciliter (1.0 mmol per liter) in the intensive-
therapy group. Levels of triglycerides decreased to
159 mg per deciliter (1.79 mmol per liter) in the
standard-therapy group and to 151 mg per deci-
liter (1.70 mmol per liter) in the intensive-therapy
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group. The use of antiplatelet drugs increased to
91% and 94% of patients in the two groups, re-
spectively, and statin use increased to 83% and
86% of patients, respectively.’® Weight and BMI
were significantly greater (by 9 Ib [4 kg] and 1.5,
respectively; P=0.01) in the intensive-therapy group
after treatment.

At 3 months, median glycated hemoglobin
levels had decreased in both groups and had
stabilized at 6 months, with a level of 8.4% in the
standard-therapy group and 6.9% in the intensive-
therapy group. This result achieved the prespeci-
fied goal of an absolute between-group difference
of 1.5 percentage points (Fig. 2). No significant
benefit in the time to the first occurrence of a
cardiovascular event was observed in the inten-
sive-therapy group (hazard ratio, 0.88; 95% confi-
dence interval [CI], 0.74 to 1.05; P=0.14) (Fig. 3A).
Both groups had fewer events than predicted. The
predicted event rate was 40.0% in the standard-
therapy group and 31.6% in the intensive-therapy
group, a relative reduction of 21.0%. The ob-
served event rate was 33.5% in the standard-
therapy group and 29.5% in the intensive-therapy
group, a relative reduction of 11.9%. There was
no evidence that the effect of treatment varied
according to either insulin status at baseline or

the previous occurrence of a cardiovascular event
(P=0.37 and P=0.92, respectively).

There were no significant differences in indi-
vidual components of the primary and secondary
outcomes (Appendix 1 and Appendix 2, respec-
tively, in the Supplementary Appendix, available
with the full text of this article at NEJM.org).
There was no significant difference in the time to
death from cardiovascular causes (P=0.26) (Fig.
3B). No significant differences in the rate of deaths
from cardiovascular causes were seen in the two
groups. (The causes of 33 deaths from cardiovas-
cular causes in the standard-therapy group and
40 deaths in the intensive-therapy group are listed
in Appendix 3 in the Supplementary Appendix.) In
the intensive-therapy group, the number of sud-
den deaths (11 deaths) was nearly three times the
number in the standard-therapy group (4 deaths,
P=0.08).

There were 95 deaths from any cause in the
standard-therapy group and 102 in the intensive-
therapy group (hazard ratio, 1.07; 95% CI, 0.81 to
1.42; P=0.62) (Fig. 3C). Major causes of death
from noncardiovascular causes are listed in Ap-
pendix 4 in the Supplementary Appendix. No
significant differences were seen in any category.
The most common adverse event was hypoglyce-

10.5+
10.0
9.5+
9.0
8.5+
8.0
7.5+
7.0+
6.5+
6.0
5.54
5.0
4.5
4.0+
0.0 T T T T T

Glycated Hemoglobin (%)

Standard therapy

Intensive therapy

No. at Risk
Standard therapy 899 811 812 759 760 727
Intensive therapy 892 801 805 763 754 729

T T T T T T T 1
36 42 48 54 60 66 72 78

Months

727 707 688 667 644 472 329 225
706 692 668 661 639 489 340 223

The vertical bars represent interquartile ranges.

Figure 2. Changes in Median Glycated Hemoglobin Levels from Baseline through 78 Months.
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Figure 3. Kaplan—Meier Curves for the Time until the
First Occurrence of a Primary or Secondary Outcome.

Panel A shows the time until the first occurrence of

a major cardiovascular event (the primary outcome),
which was a composite of myocardial infarction, stroke,
death from cardiovascular causes, congestive heart fail-
ure, surgery for vascular disease, inoperable coronary
disease, and amputation for ischemic gangrene, in the
standard-therapy group and the intensive-therapy group,
with a hazard ratio in the intensive-therapy group of
0.88 (95% confidence interval [Cl], 0.74 to 1.05). Panel B
shows the time until death from a cardiovascular cause
(a component of the primary outcome), with a hazard
ratio of 1.32 (95% Cl, 0.81 to 2.14). Panel C shows the
time until death from any cause (a secondary outcome),
with a hazard ratio of 1.07 (95% Cl, 0.81 to 1.42).

mia, with significantly more episodes in the inten-
sive-therapy group than in the standard-therapy
group in every category (P<0.001) (Table 2). Other
events meeting the criteria of severe adverse events
are listed in Appendix 4 in the Supplementary
Appendix. More patients in the intensive-therapy
group had at least one serious adverse event
(24.1%) than in the standard-therapy group (17.6%,
P=0.05). Dyspnea was the most common speci-
fied serious adverse event and was more frequent
in the intensive-therapy group (P=0.000).

MICROVASCULAR RESULTS
There were no significant differences between the
two study groups in the number of new eye pro-
cedures (Table 3). The cumulative rates of events
in all patients, including those who had under-
gone eye procedures at baseline, did not differ
significantly. Fundus photographs showed no sig-
nificant differences in progression to proliferative
diabetic retinopathy (P=0.27) or in progression
to clinically important macular edema (P=0.31).
There was a nonsignificant trend toward a bene-
ficial effect in the intensive-therapy group with
respect to diabetic retinopathy, with an increased
incidence of at least two steps in severity in the
standard-therapy group (P=0.07). The between-
group difference in new onset of retinopathy was
not significant (P=0.27).

The GFR declined to 76 ml per minute by year
6 (P<0.001) with no difference between the two
study groups (P=0.30). Severe renal changes were
unaffected by treatment (P=0.35). Any worsening
of albumin excretion was greater in the standard-
therapy group (P=0.01); progression to macroal-
buminuria was also significant (P=0.04).
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There was a nonsignificant increase in auto-
nomic neuropathy in the intensive-therapy group
(P=0.07). No other significant changes in neu-
ropathy were seen.
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Table 2. Hypoglycemic Episodes.*
Standard Intensive
Therapy Therapy
Variable (N=899) (N=892)
no./100 patient-yr
Episodes with impaired consciousness 3 9
Episodes with complete loss of consciousness 1 3
Nocturnal episodes 44 152
Total episodes
With symptoms 383 1333
Without symptoms 49 233
Relieved by food or sugar intake 421 1516
Measurement of blood glucose during episode 348 1392
With documented blood glucose <50 mg/d| 52 203
(2.8 mmol/liter)

* P<0.001 for all differences between the two groups.

136

DISCUSSION

The major cause of death and complications in
patients with type 2 diabetes is cardiovascular dis-
ease. More than 60% of all patients with type 2
diabetes die of cardiovascular disease, and an
even greater percentage have serious complica-
tions. The prevalence of vascular disease, hyper-
tension, dyslipidemia, and other abnormalities is
very high, and the consequences of these abnor-
malities are burdensome to patients, their fami-
lies, and society.2°

Interventions such as lifestyle changes, control
of blood pressure and lipids, and antiplatelet
therapy can reduce the development, progression,
and complications associated with type 2 diabe-
tes.2* Glucose control may reduce microvascular
complications, but not cardiovascular complica-
tions. Even with microvascular complications,
blood-pressure control has a greater effect than
glucose control.2? In patients with advanced type
2 diabetes, the unanswered question is whether
glucose control independently reduces cardiovas-
cular complications.

Population surveys, cross-sectional studies,
and short-term intervention trials have produced
mixed results in attempts to answer this ques-
tion.>® The United Kingdom Prospective Diabe-
tes Study (UKPDS) showed a nonsignificant trend
toward improvement in the rate of myocardial
infarction (P=0.052) in patients with newly diag-
nosed disease, but the trial was complicated by
less-than-strict blood-pressure and lipid control,

according to current standards.>?? Nevertheless,
the trend was accepted by many observers as evi-
dence of the importance of glucose control for
macrovascular complications.

The Diabetes Control and Complications Trial
(DCCT) did not show a significant reduction in
cardiovascular events with intensive control in
young patients with type 1 diabetes,? but a follow-
up study, the Epidemiology of Diabetes Interven-
tions and Complications (EDIC) trial, showed a
delayed benefit.2*> Ten years after both groups
reached similar glycated hemoglobin levels, the
patients in the previous intensive-therapy group
had significantly fewer cardiovascular events than
those in the standard-therapy group.

Similar results were seen in the 10-year follow-
up of the UKPDS.2# One year after the end of the
trial, no significant difference in glycated hemo-
globin levels was present. Despite this finding,
in the original intensive-therapy group, there was
a reduction in the risk of microvascular compli-
cations (15%, P=0.01), of any diabetes-related
outcome (9%, P=0.04), of myocardial infarction
(15%, P=0.01), and of death from any cause (13%,
P=0.007). This delayed effect may have been as-
sociated with the cumulative effects of hypergly-
cemia.

Our study, along with the ADVANCE and
ACCORD studies, examined different populations
with different approaches and came to similar
conclusions. Intensive glucose control did not re-
duce cardiovascular events in patients with pre-
viously diagnosed type 2 diabetes. The ACCORD
study was terminated at 3.5 years because of in-
creased mortality in the intensive-therapy group.
The ADVANCE study showed a reduction in the
progression of albuminuria, but there were no
changes in the rates of severe nephropathy, retin-
opathy, or cardiovascular events.

The mean age of patients in the ACCORD
study was 02 years, and the duration of diabetes
was 10 years, with 35% of patients receiving in-
sulin at baseline. The mean age in our study was
60 years, with 52% of patients receiving insulin
and the remainder receiving a maximal dose of
an oral agent; diabetes had been diagnosed a
mean of 11.5 years earlier. The ADVANCE study
had an older population (mean, 66 years) with a
shorter disease duration of 8 years and 1.5% of
patients receiving insulin at baseline.

In the three studies, baseline glycated hemo-
globin levels were 7.2% in the ADVANCE study,
8.1% in the ACCORD study, and 9.4% in our study.
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Table 3. Microvascular Outcomes.*

Outcome

Ophthalmologic disorder
Cataract surgery
Any
New
Photocoagulation
Any
New
Vitrectomy
Any
New
Retinopathy:
Progression to proliferative disease
Progression to clinically significant macular edema
Increase of 2 steps in severity of disease
New onset
Nephropathy
Serum creatinine
Doubling of level
>3 mg/dl (265 pmol/liter)
Glomerular filtration rate <15 ml/min
Change in albumin level
From normal to microalbuminuria
From normal to macroalbuminuria
From microalbuminuria to macroalbuminuria
From normal to microalbuminuria or macroalbuminuria
From normal to microalbuminuria to macroalbuminuria
Any increase in albuminuria
New neuropathy
Any
Mononeuropathy
Peripheral

Autonomic

Standard Therapy Intensive Therapy
(N=899) (N=892) P Valuej
no. /total no. (%)

139/772 (18.0) 144/769 (18.7) 0.71
73/719 (10.2) 83/718 (11.6) 0.39
121772 (15.7) 119/769 (15.5) 0.91
66/746 (8.8) 50/719 (7.0) 0.18
34/772 (4.4) 36/769 (4.7) 0.79
24/804 (3.0) 26/785 (3.3) 0.71
16/399 (4.0) 23/406 (5.7) 0.27
17/361 (4.7) 12/371 (3.2) 0.31
88/399 (22.1) 69/406 (17.0) 0.07
66/135 (48.9) 54/128 (42.2) 0.27
78/884 (8.8) 78/882 (8.8) 0.99
16/884 (1.8) 18/882 (2.0) 0.72
11/884 (1.2) 7/882 (0.8) 0.35
61/463 (13.2) 437442 (9.7) 0.12
7/463 (1.5) 1/442 (0.2) 0.07
29/240 (12.1) 19/251 (7.6) 0.10
68/463 (14.7) 44/442 (10.0) 0.03
36/703 (5.1) 20/693 (2.9) 0.04
97/703 (13.8) 63/693 (9.1) 0.01
218/498 (43.8) 202/464 (43.5) 0.94
20/498 (4.0) 22/464 (4.7) 0.58
199/498 (40.0) 178/464 (38.4) 0.61
26/498 (5.2) 38/464 (8.2) 0.07

* All microvascular outcomes were new events except for eye procedures. The denominators are the numbers of patients

in each category who underwent evaluation at baseline.
7 P values have not been adjusted for multiple comparisons.

i The 23-point Early Treatment Diabetic Retinopathy Study grading scale was used to define progression.

After intensive therapy, glycated hemoglobin
levels were 6.4% in the ACCORD and ADVANCE
studies and 6.9% in our study; after standard
therapy, the values were 7.5%, 7.0%, and 8.4%,
respectively. None of these studies showed a de-
crease in cardiovascular events. The rates of hypo-
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glycemia and weight gain were greater in the
intensive-therapy group in all three trials.

In our study, we followed a population of vet-
erans for up to 7.5 years (median, 5.6 years).
Cardiovascular risk factors were controlled, and
the between-group difference in glycated hemo-
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globin levels was maintained.2>2° Microvascular
complications were minimally affected by inten-
sive glucose control. No significant differences
in retinopathy, major nephropathy, or neuropa-
thy were seen. A significant reduction (P=0.01)
in any worsening of albumin excretion was ob-
served in the intensive-therapy group; progression
to macroalbuminuria was also significant
(P=0.04). Overall, the benefit of decreasing the
glycated hemoglobin level from 8.4% to 6.9%
appeared to be minimal, except in the progres-
sion of albuminuria.

Our study had several limitations. Since we
were studying veterans, the patients were pre-
dominantly men, and extrapolation of our find-
ings to women must be done with caution.
Changes in therapeutic agents have occurred since
the design of our protocol. The protocol specified
that any approved drug could be used, but the
availability of new agents was limited. The study
was designed to limit the effect of differences in
agents used, but it remains possible that newer
agents might have different effects. Since studies
with intensive control of risk factors were not
available at the time of the protocol develop-
ment, the study may have been underpowered.
This concern is lessened by the very similar re-
sults in the ACCORD and ADVANCE studies.?1°

Such factors as levels of HDL cholesterol,
weight gain, systolic blood pressure, and pharma-
cologic agents could play a role in the observed
lack of benefit of intensive glucose control and
need to be examined in detail. Another possibil-
ity is a delayed benefit of intensive control, as
seen at the 10-year follow-up in the DCCT-EDIC
and UKPDS studies.

Nevertheless, the results of this and other

studies do not indicate that intensive glucose
control in this population decreased the rate of
cardiovascular events. In addition, it appears that
intensive glucose control had minimal effects on
hard microvascular complications (severe renal
changes, decreased GFR, laser treatment, cata-
ract extraction, vitrectomy, and new neuropathy)
during a period of 5 to 6 years. Intensive glyce-
mic control earlier in the disease course may
produce benefit, especially if severe hypoglyce-
mia is avoided. For now, appropriate manage-
ment of hypertension, dyslipidemia, and other
cardiovascular risk factors appears to be the
most effective approach to preventing cardiovas-
cular morbidity and mortality.
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