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Abstract

Background—Epidemiologic studies have shown a relationship between glycated hemoglobin 

levels and cardiovascular events in patients with type 2 diabetes. We investigated whether 

intensive therapy to target normal glycated hemoglobin levels would reduce cardiovascular events 

in patients with type 2 diabetes who had either established cardiovascular disease or additional 

cardiovascular risk factors.

Methods—In this randomized study, 10,251 patients (mean age, 62.2 years) with a median 

glycated hemoglobin level of 8.1% were assigned to receive intensive therapy (targeting a 

glycated hemoglobin level below 6.0%) or standard therapy (targeting a level from 7.0 to 7.9%). 

Of these patients, 38% were women, and 35% had had a previous cardiovascular event. The 

primary outcome was a composite of nonfatal myocardial infarction, nonfatal stroke, or death 

from cardiovascular causes. The finding higher mortality in the intensive-therapy group led to a 

discontinuation of intensive therapy after a mean of 3.5 years of follow-up.

Results—At 1 year, stable median glycated hemoglobin levels of 6.4% and 7.5% were achieved 

in the intensive-therapy group and the standard-therapy group, respectively. During follow-up, the 

primary outcome occurred in 352 patients in the intensive-therapy group, as compared with 371 in 

the standard-therapy group (hazard ratio, 0.90; 95% confidence interval [CI], 0.78 to 1.04; P = 

0.16). At the same time, 257 patients in the intensive-therapy group died, as compared with 203 

patients in the standard-therapy group (hazard ratio, 1.22; 95% CI, 1.01 to 1.46; P = 0.04). 

Hypoglycemia requiring assistance and weight gain of more than 10 kg were more frequent in the 

intensive-therapy group (P<0.001).

Conclusions—As compared with standard therapy, the use of intensive therapy to target normal 

glycated hemoglobin levels for 3.5 years increased mortality and did not significantly reduce 

major cardiovascular events. These findings identify a previously unrecognized harm of intensive 

glucose lowering in high-risk patients with type 2 diabetes. (ClinicalTrials.gov number, 

NCT00000620.)
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TYPE 2 DIABETES MELLITUS IS A METABOLIC disease that is diagnosed on the basis 

of sustained hyperglycemia. People with type 2 diabetes are at elevated risk for a number of 

serious health problems, including cardiovascular disease, premature death, blindness, 

kidney failure, amputations, fractures, frailty, depression, and cognitive decline.1 In 

prospective epidemiologic studies, the incidence of many of these outcomes is directly 

associated with the degree of hyperglycemia, as measured by the plasma glucose or the 

glycated hemoglobin level, a measure of the mean blood glucose level during the previous 2 

to 3 months. Thus, after adjustment for other risk factors, an increase of 1% in the glycated 

hemoglobin level is associated with an increase of 18% in the risk of cardiovascular events,2 

an increase of 12 to 14% in the risk of death,3,4 and an increase of 37% in the risk of 

retinopathy or renal failure.4

The graded relationship between the glycated hemoglobin level and cardiovascular events 

and death suggested that a therapeutic strategy lower glycated hemoglobin levels might 

reduce these outcomes. This hypothesis was supported by findings from some but not all 

previous clinical trials.1 However, the hypothesis was not explicitly tested in adequately 

powered, randomized trials focusing on cardiovascular outcomes. Nevertheless, data from 

basic science, epidemiologic analysis, and limited trials have been used to support guideline 

recommendations to target near-normal levels of glycated hemoglobin and glucose in 

selected patients with type 2 diabetes mellitus,5-8 despite a paucity of evidence regarding the 

risks and benefits of doing so with currently available therapies.

The Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial was specifically 

designed to determine whether a therapeutic strategy targeting normal glycated hemoglobin 

levels (i.e., below 6.0%) would reduce the rate of cardiovascular events, as compared with a 

strategy targeting glycated hemoglobin levels from 7.0 to 7.9% in middle-aged and older 

people with type 2 diabetes mellitus and either established cardiovascular disease or 

additional cardiovascular risk factors. The finding of higher mortality in the intensive-

therapy group led to a decision to terminate the intensive regimen in February 2008, 17 

months before the scheduled end of the study. We report the effects of the intensive 

intervention on mortality and the primary composite outcome of major cardiovascular events 

in all patients and in prespecified subgroups.

METHODS

ELIGIBILITY AND STUDY DESIGN

The rationale and design of the trial and a description of the glycemia intervention have been 

reported previously.9,10 Briefly, the ongoing multi-center clinical study, which is sponsored 

by the National Heart, Lung, and Blood Institute (NHLBI), is being conducted in 77 clinical 

centers (aggregated within seven networks) across the United States and Canada. We 

recruited volunteers who had type 2 diabetes mellitus and a glycated hemoglobin level of 

7.5% or more and who either were between the ages of 40 and 79 years and had 

cardiovascular disease or were between the ages of 55 and 79 years and had anatomical 

evidence of significant atherosclerosis, albuminuria, left ventricular hypertrophy, or at least 

two additional risk factors for cardiovascular disease (dyslipidemia, hypertension, current 

status as a smoker, or obesity).9 Key exclusion criteria included frequent or recent serious 
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hypoglycemic events, unwillingness to do home glucose monitoring or inject insulin, a 

body-mass index (the weight in kilograms divided by the square of the height in meters) of 

more than 45, a serum creatinine level of more than 1.5 mg per deciliter (133 μmol per liter), 

or other serious illness.

All 10,251 patients were randomly assigned to receive comprehensive intensive therapy 

targeting a glycated hemoglobin level of less than 6.0% or to receive standard therapy 

targeting a level of 7.0 to 7.9%. With the use of a double two-by-two factorial design, 4733 

patients were randomly assigned to lower their blood pressure by receiving either intensive 

therapy (systolic blood-pressure target, <120 mm Hg) or standard therapy (systolic blood-

pressure target, <140 mm Hg). In addition, 5518 patients were randomly assigned to receive 

either fenofibrate or placebo while maintaining good control of low-density lipoprotein 

cholesterol with simvastatin.11 These blood-pressure and lipid trials are continuing, and 

results regarding them remain masked. The study protocol was approved by the institutional 

review board or ethics committee at each center, as well as by a review panel at the NHLBI. 

All patients provided written informed consent.

Patients received instructional materials and behavioral counseling regarding diabetes care 

and were provided with glucose-lowering medications (from a study-supervised formulary) 

and glucose-monitoring supplies. Any marketed anti-hyperglycemic therapy that was not 

provided by the formulary could also be prescribed to any patient but was not provided by 

study investigators. Therapeutic regimens were individualized at the discretion of the 

investigators and patients on the basis of study-group assignment and the response to 

therapy. Adverse effects of therapy were carefully audited both locally and centrally to 

ensure the safety of the patients.12

Patients in the intensive-therapy group attended monthly visits for the first 4 months and 

then every 2 months thereafter, with at least one interim phone call, with the aim of rapidly 

and safely reducing glycated hemoglobin levels to below 6.0%. Additional visits were 

scheduled as needed to achieve glycemic goals, as described previously.9,10 Patients in the 

standard-therapy group had glycemic-management visits every 4 months.

PRIMARY AND SECONDARY OUTCOMES

The prespecified primary outcome was the first occurrence of nonfatal myocardial infarction 

or nonfatal stroke or death from cardiovascular causes. The latter included death from 

myocardial infarction, heart failure, arrhythmia, invasive cardiovascular interventions, 

cardiovascular causes after noncardiovascular surgery, stroke, unexpected death presumed to 

be from ischemic cardiovascular disease occurring within 24 hours after the onset of 

symptoms, and death from other vascular diseases.9 Death from any cause was one of 

several prespecified secondary outcomes. Study investigators also measured the effect of the 

intervention on microvascular disease, hypoglycemia, cognition, and quality of life, 

although these outcomes are not reported here. Key outcomes were adjudicated by a central 

committee whose members were unaware of study-group assignments on the basis of 

predefined criteria.13 A central laboratory that was unaware of study-group assignments 

analyzed blood for glycated hemoglobin levels. Study investigators outside the coordinating 

center and NHLBI project office were unaware of the accumulating rates of study outcomes.
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SAFETY AND EFFICACY ANALYSES

An independent, 10-member data and safety monitoring committee that was appointed by 

the NHLBI reviewed the interim results approximately every 6 months. The committee’s 

role was to monitor the primary outcome and deaths from any cause, ensure the safety of 

patients, make recommendations to continue or alter the study design, and advise the 

NHLBI if there was clear evidence of benefit or harm. After reviewing mortality trends for 

several months (and as part of a preplanned safety analysis), on January 8, 2008, the 

committee concluded that the harm associated with the increased rate of death from any 

cause in the intensive-therapy group, as compared with that in the standard-therapy group, 

out-weighed any potential benefits and recommended that the intensive regimen be 

discontinued for safety reasons. This recommendation was accepted by the NHLBI. Patients 

were informed of this decision on February 5, 2008, and were subsequently switched to 

standard glycemic therapy. The public was informed of the decision in a press release on 

February 6, 2008. This report is based on data that were submitted to the coordinating center 

through December 10, 2007, and that were used by the data and safety monitoring 

committee to make its recommendation. Some of the adjudications of the causes of death 

were completed after that date.

STATISTICAL ANALYSIS

The study was designed to have a power of 89% to detect a 15% reduction in the rate of the 

primary outcome for patients in the intensive-therapy group, as compared with the standard-

therapy group, assuming a two-sided alpha level of 0.05, a primary-outcome rate of 2.9% 

per year in the standard-therapy group, and a planned average follow-up of approximately 

5.6 years. The original number of patients and power determinations for each study group 

were made under the assumption that the blood-pressure and lipid interventions would 

produce the effect sizes for which they were designed.9

All statistical analyses were conducted at the coordinating center with the use of S-Plus 

software, version 8.0 (Insightful) or SAS software, version 9.1 (SAS Institute). Baseline 

characteristics were compared in the two study groups with the use of chi-square tests and 

two-sample t-tests. At each assessment visit, glycated hemoglobin levels were summarized 

with the use of medians and interquartile ranges. Exposure to glucose-lowering drugs was 

summarized according to study group as the number of patients who received a prescription 

for a medication and the total person-years of prescriptions. The incidence of key safety 

outcomes — including severe hypoglycemia, heart failure, motor vehicle accidents in which 

the patient was the driver, fluid retention, elevated aminotransferase levels, and weight gain 

— were compared with the use of Fisher’s exact test.

Analyses of primary and secondary outcomes were performed with the use of time-to-event 

methods according to the intention-to-treat principle, and occurrences of these outcomes in 

the two study groups were compared with the use of hazard ratios and 95% confidence 

intervals. Two-sided P values were obtained from likelihood-ratio tests from Cox 

proportional-hazards regression analyses. Our inspection of plots of survival estimates 

versus follow-up time indicated that the assumption of proportional hazards for the glycemia 

intervention appeared to be valid. The Cox models contained a term representing study-
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group assignments plus terms accounting for the following prespecified stratifying variables: 

assignment to either the blood-pressure trial or the lipid trial, assignment to the intensive 

blood-pressure intervention in the blood-pressure trial, assignment to receive fibrate in the 

lipid trial, the seven clinical-center networks, and the presence or absence of a previous 

cardiovascular event. An analysis of how sensitive the results were to inclusion of these 

variables as stratifying factors rather than as covariates in the Cox model was also 

performed. Event rates are expressed as the percentage of events per follow-up year, taking 

into account censoring of follow-up data. Kaplan–Meier estimates were used to obtain the 

proportion of patients who had an event during follow-up.

We assessed the consistency of the effect of study-group assignment on total mortality and 

the primary outcome among prespecified subgroups using statistical tests of interaction 

between the treatment effect and the subgroup within the Cox model. We report all nominal 

P values, un-adjusted for the multiplicity associated with the various tests performed for this 

study or monitoring of the primary and mortality end points by the data and safety 

monitoring committee. Since we conducted 15 statistical tests of hypotheses related to 

secondary end points and subgroups, there was a 54% chance (i.e., 1 – [1 – 0.05]15) that at 

least one of these tests would be statistically significant at an alpha level of 0.05, assuming 

independence between tests.

Post hoc exploratory analyses to identify factors associated with higher mortality in the 

intensive-therapy group examined baseline characteristics, hypoglycemic events, risk factors 

for hypoglycemic events, single medications prescribed, combinations of medications 

prescribed, cointerventions, changes in weight, achieved blood pressure, achieved glycated 

hemoglobin levels, and occurrence of a cardiovascular event during follow-up. Detailed 

analyses of these and other potential causal factors or mechanisms will be reported 

separately.

RESULTS

PATIENTS

A total of 10,251 men and women with a mean (±SD) age of 62.2±6.8 years and a median 

glycated hemoglobin level of 8.1% (interquartile range, 7.6 to 8.9) were randomly assigned 

to either the intensive-therapy group or the standard-therapy group (see the figure in the 

Supplementary Appendix, available with the full text of this article at www.nejm.org). 

Approximately 38% of the entire cohort of patients were women. Recruitment occurred in 

two phases: 1174 patients were recruited during a 20-week period from January to June 

2001, and 9077 patients were recruited from February 2003 to October 2005.14 Key baseline 

characteristics were similar in the two study groups (Table 1). The mean duration of follow-

up at the time the data and safety monitoring committee recommended the discontinuation 

of the intensive regimen was 3.5 years (median, 3.4).

The two therapeutic strategies rapidly achieved different glycated hemoglobin levels (Fig. 

1). Within 4 months after randomization, the median glycated hemoglobin level had fallen 

from 8.1% at baseline to 6.7% (interquartile range, 6.2 to 7.2) in the intensive-therapy group 

and to 7.5% (interquartile range, 7.0 to 8.2) in the standard-therapy group. Stable median 
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levels of 6.4% (interquartile range, 6.1 to 7.0) and 7.5% (interquartile range, 7.0 to 8.1), 

respectively, were achieved in the two groups at 1 year and were maintained throughout the 

follow-up period.

The lower glycated hemoglobin levels in the intensive-therapy group were associated with a 

greater exposure to drugs from every class (Table 2). There were also more frequent changes 

in the dose or the number of drugs used. The glucose-lowering regimen was modified by 

adding or removing a drug or by increasing or decreasing the dose of an oral agent or insulin 

(by ≥10% of the previous dose) a mean number of 4.4 times per year in the intensive-

therapy group and 2.0 times per year in the standard-therapy group.

As compared with the standard-therapy group, the intensive-therapy group had significantly 

higher rates of hypoglycemia, weight gain, and fluid retention (Table 3). The annualized rate 

of hypoglycemic episodes requiring medical assistance was 3.1% in the intensive-therapy 

group and 1.0% in the standard-therapy group, and the mean weight gain at 3 years was 3.5 

kg and 0.4 kg in the two groups, respectively. One death in each group was classified as 

probably related to hypoglycemia, according to the adjudicated analysis of causes of death. 

Patients in the two groups had similar exposure to cardiovascular protective interventions 

and had similar changes in non-glycemic characteristics associated with cardiovascular 

events (Table 3). Significantly fewer patients in the intensive-therapy group received an 

angiotensin-converting–enzyme inhibitor than in the standard-therapy group (69.7% vs. 

71.9%, P = 0.02). However, blood-pressure levels were slightly lower in the intensive-

therapy group.

During the intervention period, the primary composite outcome of nonfatal myocardial 

infarction, nonfatal stroke, or death from cardiovascular causes occurred in 723 patients, and 

there were 460 deaths from any cause. In the data reviewed by the data and safety 

monitoring committee, vital status was ascertained in 97.8% of patients within the previous 

12 months; 50 patients (0.5%, including 26 patients in the intensive-therapy group and 24 in 

the standard-therapy group) were lost to follow-up, and 162 patients (1.6%, including 84 in 

the intensive-therapy group and 78 in the standard-therapy group) withdrew consent. The 

mean follow-up time for patients who either withdrew consent or were lost to follow-up was 

1.2 years in the intensive-therapy group and 1.0 year in the standard-therapy group (P = 

0.22). There were fewer occurrences of the composite primary outcome in the intensive-

therapy group, with rates of the primary outcome beginning to separate in the two study 

groups after 3 years (Table 4 and Fig. 2A). This trend was not significant, with rates of 6.9% 

in the intensive-therapy group and 7.2% in the standard-therapy group (hazard ratio, 0.90; 

95% confidence interval [CI], 0.78 to 1.04; P = 0.16). In the intensive-therapy group, the 

rate of nonfatal myocardial infarction was lower than in the standard-therapy group (3.6% 

vs. 4.6%; hazard ratio, 0.76; 95% CI, 0.62 to 0.92; P = 0.004), and the rate of death from 

cardiovascular causes was higher (2.6% vs. 1.8%; hazard ratio, 1.35; 95% CI, 1.04 to 1.76; P 

= 0.02); there was no significant difference in the rate of nonfatal stroke (1.3% vs. 1.2%; 

hazard ratio, 1.06; 95% CI, 0.75 to 1.50; P = 0.74).

The rate of death from any cause was higher in the intensive-therapy group than in the 

standard-therapy group (5.0% vs. 4.0%; hazard ratio, 1.22; 95% CI, 1.01 to 1.46; P = 0.04). 
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In sensitivity analyses of the Cox model for death from any cause that included variables as 

stratifying factors rather than as covariates, the estimated hazard ratio for mortality in the 

intensive-therapy group, as compared with that in the standard-therapy group, was stable to 

the second decimal place. Rates of death in the two study groups began to separate after 1 

year, and the differences persisted throughout the follow-up period (Fig. 2B). The effect on 

mortality was consistent within the subgroups with no evidence of heterogeneity (Fig. 3) and 

persisted in models adjusting for differences in the receipt of medications for blood pressure 

and lipids.

For the primary outcome, there was some evidence of heterogeneity among prespecified 

subgroups, which suggested that patients in the intensive-therapy group who had not had a 

cardiovascular event before randomization (P for interaction = 0.04) or whose baseline 

glycated hemoglobin level was 8.0% or less (P for interaction = 0.03) may have had fewer 

fatal or nonfatal cardiovascular events than did patients in the standard-therapy group (Fig. 

3). Preliminary nonprespecified exploratory analyses of episodes of severe hypoglycemia 

after randomization and differences in the use of drugs (including rosiglita-zone), weight 

change, and other factors did not identify an explanation for the mortality finding.

DISCUSSION

We conducted this study because previous clinical trials had not established the effects of 

intensive glucose lowering on cardiovascular events or mortality in patients with type 2 

diabetes mellitus. For example, in the United Kingdom Prospective Diabetes Study,15 an 

intensive glucose-lowering regimen significantly reduced a composite outcome of seven 

diabetes-related events, as compared with conventional therapy. However, the effects on 

cardiovascular events and mortality were not significant. Conversely, in the Veterans Affairs 

Diabetes Feasibility Trial,16 intensive glucose lowering was associated with a nonsignificant 

increase in cardiovascular events and no difference in mortality, and in the University Group 

Diabetes Program,17,18 the group that received a sulfonylurea (tolbutamide) had higher 

mortality.

Our findings indicate that a comprehensive, customized, therapeutic strategy targeting 

glycated hemoglobin levels below 6.0% increased the rate of death from any cause after a 

mean of 3.5 years, as compared with a strategy targeting levels of 7.0 to 7.9% in patients 

with a median glycated hemoglobin level of 8.1% and either previous cardiovascular events 

or multiple cardiovascular risk factors. Patients in both groups had lower mortality than 

reported in epidemiologic studies of similar patients.19,20 However, as compared with the 

standard-therapy group, the intensive-therapy group had a relative increase in mortality of 

22% and an absolute increase of 1.0% during this follow-up period, with similar differences 

in death from cardiovascular causes. This increase in mortality is equivalent to one extra 

death for every 95 patients who were treated for 3.5 years.

This study was not designed to test the components of the intervention strategy. Analyses 

that we have performed to date have not identified and clear explanation for this higher 

mortality. In the intensive-therapy group, a median glycated hemoglobin level of 6.4% was 

rapidly achieved and maintained by a combination of behavioral and pharmacologic 
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approaches. The standard-therapy group had fewer study visits and used fewer drugs and 

drug combinations. Thus, the higher rate of death in the intensive-therapy group may be 

related to factors associated with the various strategies. These factors include but are not 

limited to differences in the achieved glycated hemoglobin level of 6.4% in the intensive-

therapy group, as compared with 7.5% in the standard-therapy group; in the magnitude of 

the reduction in glycated hemoglobin levels in the two study groups; in the speed of the 

reduction in glycated hemoglobin levels, with reductions of approximately 1.4% in the 

intensive-therapy group and 0.6% in the standard-therapy group within the first 4 months 

after randomization; in changes in drug regimens and in the rate of hypoglycemia; in 

adverse effects due to an undetected interaction of the various drug classes used at high 

doses; or in some combination of these or many other possibilities, perhaps in combination 

with the clinical characteristics of the patients in the study.

Differences in mortality emerged 1 year to 2 years after randomization. It is notable that 

after about 3 years, a nonsignificant decrease in the rate of the primary outcome emerged in 

the intensive-therapy group (Fig. 2A), due to significantly fewer nonfatal myocardial 

infarctions, despite more deaths from cardiovascular causes and a similar number of strokes 

(Table 4). These patterns with respect to mortality and the primary outcome suggest that if 

there is any benefit associated with intensive glucose lowering, it may take several years to 

emerge, during which time there is an increased risk of death. This intriguing possibility can 

be answered only by further research.

The strengths of our study include the random assignment of patients to study groups and 

follow-up of a large number of high-risk patients according to a common protocol, a high 

rate of follow-up, achievement and maintenance of an absolute difference in glycated 

hemoglobin levels of 1.1% for 3.5 years, implementation within clinics that routinely treat 

patients in the community, adjudication of outcomes by a committee unaware of study-

group assignment, a factorial design in which blood-pressure and lipid interventions 

continue to be tested, and safety auditing by an independent committee. However, our study 

did not address the risks and benefits of various approaches to lowering glycated 

hemoglobin levels (including what rate of glucose lowering is optimal), the prevention of 

increased glycated hemoglobin levels in patients with type 2 diabetes mellitus who have 

glycated hemoglobin levels below 7.5%, the prevention of diabetes altogether, and the 

lowering of glycated hemoglobin levels in people who do not have cardio-vascular disease 

or additional cardiovascular risk factors. Indeed, the suggestion of a greater benefit in the 

primary outcome for patients with a lower glycated hemoglobin level or those without 

cardiovascular disease raises the possibility that certain subgroups of patients may benefit 

from intensive glucose lowering. However, our study was not designed to test these 

possibilities. Finally, glucose-lowering strategies were adjusted for each patient in an open 

fashion on the basis of their study-group assignment, their subsequent glycemic response to 

a drug or drug combination, and the development of clinical symptoms, such as 

hypoglycemia. This linkage of the study-group assignment to post-randomization exposures 

means that analyses to discern which aspects of the therapeutic strategy contributed to the 

observed outcomes were unlikely to clearly identify or exclude a cause. Thus, 

nonprespecified analyses of possible causes of the higher mortality in the intensive-therapy 

group can be only exploratory and require prospective testing.
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Follow-up of the patients after they were switched from intensive therapy to standard 

therapy may provide crucial information regarding the long-term rates of death and 

cardiovascular events after a 3.5-year period of intensive therapy. Other trials investigating 

the long-term outcome of intensive glucose lowering21-25 will report the effect of a variety 

of therapeutic approaches on mortality and cardiovascular events in patients with type 2 

diabetes mellitus and a range of clinical characteristics. Regardless of the results of these 

other trials, our study has identified a previously unrecognized harm of intensive glucose 

lowering in high-risk patients with type 2 diabetes mellitus and high glycated hemoglobin 

levels. This harm may be due either to the approach used for rapidly lowering glycated 

hemoglobin levels or to the levels that were achieved. Our findings highlight the importance 

of conducting trials with sufficient statistical power to assess commonly used approaches on 

clinically relevant outcomes.

Supplementary Material
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Figure 1. Median Glycated Hemoglobin Levels at Each Study Visit
I bars denote interquartile ranges.
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Figure 2. Kaplan–Meier Curves for the Primary Outcome and Death from Any Cause
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Figure 3. Hazard Ratios for the Primary Outcome and Death from Any Cause in Prespecified 
Subgroups
Data regarding glycated hemoglobin levels at baseline are presented for 10,288 patients 

because a baseline level was not available for 23 patients. Horizontal bars represent the 95% 

confidence interval, and vertical dashed lines indicate the overall hazard ratio. The size of 

each square is proportional to the number of patients.
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Table 1

Characteristics of the Patients at Baseline.*

Variable Intensive Therapy (N = 5128) Standard Therapy (N = 5123)

Age (yr) 62.2±6.8 62.2±6.8

Female sex (%) 38.7 38.4

Median duration of diabetes (yr) 10 10

Previous cardiovascular event (%) 35.6 34.8

Previous congestive heart failure (%) 4.9 4.8

Race or ethnic group (%)†

 White 64.4 64.5

 Black 19.7 18.9

 Hispanic 7.0 7.4

Education (%)

 Less than high school 15.7 14.0

 High-school graduate 26.1 26.7

 Some college 32.7 32.9

 College degree or higher 25.5 26.4

Cigarette-smoking status (%)

 Current 14.3 13.7

 Former 44.4 44.0

 Never 41.3 42.3

Weight (kg) 93.5±18.7 93.6±18.7

Body-mass index 32.2±5.5 32.2±5.5

Waist circumference (cm) 106.8±14.3 106.8±13.8

Blood pressure (mm Hg)

 Systolic 136.2±17.0 136.5±17.2

 Diastolic 74.8±10.6 75.0±10.7

Medications (%)

 Insulin 34.1 35.7

 Metformin 59.7 60.0

 Any sulfonylurea 50.8 49.4

 Any thiazolidinedione 19.5 19.2

 Any antihypertensive agent 84.9 86.0

 Angiotensin-converting–enzyme inhibitor 53.0 53.0

 Aspirin 54.8 54.1

 Beta-blocker 28.7 29.9

 Any thiazide diuretic 26.5 26.4

 Statin 61.7 62.4

Glycated hemoglobin (%)
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Variable Intensive Therapy (N = 5128) Standard Therapy (N = 5123)

 Mean 8.3±1.1 8.3±1.1

 Median 8.1 8.1

Fasting serum glucose (mg/dl) 174.9±56.0 175.7±56.5

Cholesterol (mg/dl)

 Total 183.3±42.1 183.3±41.6

 Low-density lipoprotein 104.9±34.0 104.9±33.8

 High-density lipoprotein

  Women 47.2±13.0 46.9±12.2

  Men 38.4±9.5 38.8±9.8

Median triglyceride (mg/dl) 156 154

Potassium (mg/dl) 4.5±0.4 4.5±0.7

Serum creatinine (mg/dl) 0.9±0.2 0.9±0.2

*
Plus–minus values are means ±SD. There were no significant differences between the two study groups at baseline. The body-mass index is the 

weight in kilograms divided by the square of the height in meters. To convert the values for glucose to millimoles per liter, multiply by 0.05551. 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 potassium to millimoles per liter, multiply by 0.2558. To convert the values for creatinine to 
micromoles per liter, multiply by 88.4.

†
Race was self-reported, and patients could check multiple categories.
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Table 2

Prescribed Glucose-Lowering Drugs.*

Drug Class and Name Intensive Therapy (N = 5128) Standard Therapy (N = 5123)

no. of patients (%) person-years no. of patients (%) person-years

Single class

Metformin 4856 (94.7) 14,444 4452 (86.9) 12,693

Secretagogue† 4443 (86.6) 12,021 3779 (73.8) 10,059

  Glimepiride 4010 (78.2) 9,142 3465 (67.6) 8,955

  Repaglinide 2574 (50.2) 4,447 908 (17.7) 1,293

Thiazolidinedione‡ 4702 (91.7) 12,844 2986 (58.3) 6,719

  Rosiglitazone 4677 (91.2) 12,639 2946 (57.5) 6,563

α-Glucosidase inhibitor§ 1191 (23.2) 941 263 (5.1) 200

Incretin¶ 911 (17.8) 566 251 (4.9) 175

  Exenatide 622 (12.1) 415 204 (4.0) 155

Any insulin 3965 (77.3) 11,902 2837 (55.4) 7,842

Any bolus insulin 2834 (55.3) 6,806 1794 (35.0) 4,336

Combination of classes

No. of classes without insulin

  1 or 2 2798 (54.6) 2,011 3224 (62.9) 6,612

  3 3030 (59.1) 3,681 1681 (32.8) 2,545

  4 or 5 539 (10.5) 332 109 (2.1) 67

No. of classes with insulin

  0 916 (17.9) 829 892 (17.4) 1,495

  1 or 2 3311 (64.6) 6,603 2375 (46.4) 5,284

  3 2668 (52.0) 4,126 834 (16.3) 1,027

  4 or 5 526 (10.3) 344 64 (1.2) 36

*
Metformin, glimepiride, repaglinide, rosiglitazone, acarbose, and exenatide were provided by a study-supervised formulary. Patients could receive 

more than one medication or combination of medications and may therefore be counted in more than one category. All individual medications that 
are listed were prescribed to at least 10% of patients in either group.

†
Patients received glimepiride, glyburide, gliclazide, repaglinide, or nateglinide.

‡
Patients received rosiglitazone or pioglitazone.
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§
All the patients in this category received acarbose except one who received miglitol.

¶
Patients received exenatide or sitagliptin.
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Table 3
Adverse Events, Clinical Measures, Tobacco Use, and Use of Nonglycemic Medication 

after Randomization.*

Variable
Intensive Therapy

(N = 5128)
Standard Therapy

(N = 5123) P Value†

Adverse events

Hypoglycemia — no. (%)

  Requiring medical assistance 538 (10.5) 179 (3.5) <0.001

  Requiring any assistance 830 (16.2) 261 (5.1) <0.001

Fatal or nonfatal heart failure — no. (%) 152 (3.0) 124(2.4) 0.10

Motor vehicle accident in which patient was driver —
   no./total no. (%) 9/5033 (0.2) 14/5036 (0.3) 0.40

Any nonhypoglycemic serious adverse event — no. (%) 113 (2.2) 82 (1.6) 0.03

Fluid retention — no./total no. (%)‡ 3541/5053 (70.1) 3378/5054 (66.8) <0.001

Clinical measures

Weight gain >10 kg since baseline — no./total no. (%) 1399/5036 (27.8) 713/5042 (14.1) <0.001

Alanine aminotransferase >3 times ULN — no./total no. (%)§ 51/5065 (1.0) 77/5061 (1.5) 0.02

Low-density lipoprotein cholesterol — mg/dl¶ 90.8±33.5 90.6±34.0 0.74

Blood pressure — mm Hg¶

  Systolic 126.4±16.7 127.4±17.2 0.002

  Diastolic 66.9±10.5 67.7±10.6 <0.001

Cigarette-smoking status — no. (%) ∥ 0.54

  Current (previous 30 days) 505 (9.8) 508 (9.9)

  Former 2524 (49.2) 2467 (48.2)

  Never 2093 (40.9) 2143 (41.8)

  Missing data 6 (0.1) 5 (0.1)

Use of nonglycemic medication — no./total no. (%)

  Antihypertensive 4664/5127 (91.0) 4714/5123 (92.0) 0.06

  Angiotensin-converting–enzyme inhibitor 3512/5038 (69.7) 3621/5037 (71.9) 0.02

  Aspirin 3736/4950 (75.5) 3753/4970 (75.5) 0.98

  Beta-blocker 2395/5038 (47.5) 2450/5037 (48.6) 0.27
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Variable
Intensive Therapy

(N = 5128)
Standard Therapy

(N = 5123) P Value†

  Statin 4432/5039 (88.0) 4425/5054 (87.6) 0.54

*
Plus–minus values are means ±SD. Data within categories are not mutually exclusive. Percentages may not total 100 because of rounding. ULN 

denotes upper limit of the normal range.

†
P values were calculated with the use of Fisher’s exact test or a two-sample t-test.

‡
Of the patients with fluid retention, 89% had pretibial edema or ankle swelling, 30% had shortness of breath, 12% had congestive heart failure or 

pulmonary edema, and 24% had nocturia.

§
The ULN for alanine aminotransferase was 65 U per liter for men and 50 U per liter for women.

¶
Data were obtained from last available measurement at the 12-month visit or later.

∥
Smoking status was reported at the last annual visit.
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Table 4

Primary and Secondary Outcomes.*

Outcome Intensive Therapy (N = 5128) Standard Therapy (N = 5123)
Hazard Ratio

(95% CI) P Value

no. of patients (%) % per yr no. of patients (%) % per yr

Primary outcome 352 (6.9) 2.11 371 (7.2) 2.29 0.90 (0.78–1.04) 0.16

Secondary outcome

 Death

  Any cause 257 (5.0) 1.41 203 (4.0) 1.14 1.22 (1.01–1.46) 0.04

  Cardiovascular causes 135 (2.6) 0.79 94 (1.8) 0.56 1.35 (1.04–1.76) 0.02

 Nonfatal myocardial infarction 186 (3.6) 1.11 235 (4.6) 1.45 0.76 (0.62–0.92) 0.004

 Nonfatal stroke 67 (1.3) 0.39 61 (1.2) 0.37 1.06 (0.75–1.50) 0.74

 Fatal or nonfatal congestive heart
   failure 152 (3.0) 0.90 124 (2.4) 0.75 1.18 (0.93–1.49) 0.17

Causes of death

 Any 257 (5.0) 1.41 203 (4.0) 1.14 1.22 (1.01–1.46) 0.04

 Unexpected or presumed cardio-
   vascular disease† 86 (1.7) 67 (1.3)

 Fatal myocardial infarction† 19 (0.4) 13 (0.3)

 Fatal congestive heart failure† 23 (0.4) 16 (0.3)

 Fatal procedure†

  For cardiovascular disease 10 (0.2) 3 (0.1)

  For noncardiovascular disease 1 (<0.1) 3 (0.1)

 Fatal arrhythmia† 4 (0.1) 10 (0.2)

 Fatal stroke† 9 (0.2) 11 (0.2)

 Other cardiovascular disease† 8 (0.2) 10 (0.2)

 Cancer 65 (1.3) 63 (1.2)

 Condition other than cancer or
   cardiovascular disease‡ 50 (1.0) 35 (0.7)

 Undetermined 7 (0.1) 11 (0.2)

*
The primary outcome was the first occurrence of nonfatal myocardial infarction or nonfatal stroke or death from cardiovascular causes. Data 

within categories are not mutually exclusive, and patients who were classified as having more than one possible cause of death are listed in the 
relevant categories. Hazard ratios are for the intensive-therapy group as compared with the standard-therapy group.

†
This condition was a component of the outcome of fatal cardiovascular disease.

‡
Additional details are provided in the Supplementary Appendix.
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