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A bs tr ac t

Background

Weight loss is recommended for overweight or obese patients with type 2 diabetes 
on the basis of short-term studies, but long-term effects on cardiovascular disease 
remain unknown. We examined whether an intensive lifestyle intervention for 
weight loss would decrease cardiovascular morbidity and mortality among such 
patients.

Methods

In 16 study centers in the United States, we randomly assigned 5145 overweight or 
obese patients with type 2 diabetes to participate in an intensive lifestyle interven-
tion that promoted weight loss through decreased caloric intake and increased 
physical activity (intervention group) or to receive diabetes support and education 
(control group). The primary outcome was a composite of death from cardiovascu-
lar causes, nonfatal myocardial infarction, nonfatal stroke, or hospitalization for 
angina during a maximum follow-up of 13.5 years.

Results

The trial was stopped early on the basis of a futility analysis when the median fol-
low-up was 9.6 years. Weight loss was greater in the intervention group than in the 
control group throughout the study (8.6% vs. 0.7% at 1 year; 6.0% vs. 3.5% at study 
end). The intensive lifestyle intervention also produced greater reductions in gly-
cated hemoglobin and greater initial improvements in fitness and all cardiovascu-
lar risk factors, except for low-density-lipoprotein cholesterol levels. The primary 
outcome occurred in 403 patients in the intervention group and in 418 in the con-
trol group (1.83 and 1.92 events per 100 person-years, respectively; hazard ratio in 
the intervention group, 0.95; 95% confidence interval, 0.83 to 1.09; P = 0.51).

Conclusions

An intensive lifestyle intervention focusing on weight loss did not reduce the rate of 
cardiovascular events in overweight or obese adults with type 2 diabetes. (Funded 
by the National Institutes of Health and others; Look AHEAD ClinicalTrials.gov 
number, NCT00017953.)

The New England Journal of Medicine 
Downloaded from nejm.org at SAITAMA MEDICAL SCHOOL LIBRARY on July 3, 2013. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med  nejm.org2

Weight loss is recommended for 
overweight or obese patients with type 
2 diabetes.1 This recommendation is 

based on short-term studies showing numerous 
benefits of weight loss, including improvements 
in glycemic control, risk factors for cardiovascular 
disease, quality of life, and other obesity-related 
coexisting illnesses.2 However, it is unknown 
whether weight loss reduces the risk of cardio-
vascular morbidity and mortality in patients with 
type 2 diabetes. Epidemiologic studies involving 
patients with diabetes have had conflicting results, 
perhaps because of confounding from uninten-
tional weight loss.3 A meta-analysis4 of cohort stud-
ies concluded that moderate intentional weight 
loss was associated with reduced mortality among 
patients who were classified as “unhealthy,” in-
cluding those with diabetes. The Swedish Obese 
Subjects (SOS) study5 showed reduced rates of 
cardiovascular events during a mean follow-up of 
13.3 years among patients with type 2 diabetes 
who had undergone bariatric surgery. However, 
the study was not randomized, and the results 
achieved through surgery cannot be generalized 
to other methods of weight loss.

Thus, a critical question remains: Would an 
intensive lifestyle intervention designed to achieve 
weight loss through caloric restriction and in-
creased physical activity decrease cardiovascular 
morbidity and mortality among overweight or 
obese adults with type 2 diabetes? The Look 
AHEAD (Action for Health in Diabetes) research-
ers addressed this question in a multicenter, ran-
domized clinical trial.

Me thods

Study Design

The study methods have been published previ-
ously.6,7 The study was conducted at 16 clinical 
sites in the United States (for details, see the Sup-
plementary Appendix, available with the full text 
of this article at NEJM.org). It was designed and 
conducted by the authors, and all analyses were 
completed by the coordinating center. The study 
was approved by the institutional review board at 
each center. The trial was not blinded, but clinical 
assessors and end-point adjudicators were un-
aware of study-group assignments. The authors 
vouch for the accuracy and completeness of the 
data and all analyses and for the fidelity of this 
report to the trial protocol, available at NEJM.org.

The study was sponsored by the National In-
stitutes of Health, with additional support from 
other federal partners and the clinical research 
centers of several participating institutions. 
None of the corporate supporters, listed below, 
had any role in the trial design, data analysis, or 
reporting of results.

Study Patients

To be eligible for participation in the trial, pa-
tients were required to be 45 to 75 years of age 
and to meet all the following criteria: self-report-
ed type 2 diabetes, as verified by the use of glu-
cose-lowering medication, a physician’s report, 
or glucose levels; a body-mass index (the weight 
in kilograms divided by the square of the height 
in meters) of 25.0 or more (27.0 or greater in pa-
tients taking insulin); a glycated hemoglobin 
level of 11% or less; a systolic blood pressure of 
less than 160 mm Hg; a diastolic blood pressure 
of less than 100 mm Hg; a triglyceride level of 
less than 600 mg per deciliter (6.77 mmol per 
liter); the ability to complete a valid maximal ex-
ercise test, suggesting it was safe to exercise; and 
an established relationship with a primary care 
provider. Patients could be using any type of glu-
cose-lowering medication, but the percentage of 
those receiving insulin allowed in the trial was 
limited to less than 30%. Patients with and those 
without a history of cardiovascular disease were 
included to increase the generalizability of the re-
sults. Additional eligibility criteria are described 
elsewhere6 and in the Supplementary Appendix.

Study Interventions

Eligible patients were randomly assigned to par-
ticipate in an intensive lifestyle intervention (in-
tervention group) or to receive diabetes support 
and education (control group), with stratification 
according to clinical site. Curricula for the two 
study groups were developed centrally and have 
been described in detail previously6,8 (see the 
Supplementary Appendix).

The intensive lifestyle intervention was aimed 
at achieving and maintaining weight loss of at 
least 7% by focusing on reduced caloric intake 
and increased physical activity. The program 
included both group and individual counseling 
sessions, occurring weekly during the first 6 months, 
with decreasing frequency over the course of the 
trial. Specific intervention strategies included a 
calorie goal of 1200 to 1800 kcal per day (with <30% 
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of calories from fat and >15% from protein), the 
use of meal-replacement products, and at least 
175 minutes of moderate-intensity physical activ-
ity per week. A toolbox of strategies was available 
for patients having difficulty achieving the weight-
loss goals (see the Supplementary Appendix).

Diabetes support and education featured three 
group sessions per year focused on diet, exercise, 
and social support during years 1 through 4. In 
subsequent years, the frequency was reduced to 
one session annually.

All medication adjustments were made by the 
patient’s health care provider, with the exception 
of temporary changes in glucose-lowering medi-
cations made by study staff to reduce the risk of 
hypoglycemia in the intervention group. Patients 
and their health care providers received annual 
reports on the patients’ updated cardiovascular 
risk factors and the goals recommended by the 
American Diabetes Association.1

Study Assessments

At annual visits, certified staff members who were 
unaware of study-group assignments measured 
weight, waist circumference, and blood pressure, 
along with assessing medication use and obtain-
ing blood for analysis at a central laboratory.6 Max-
imal-exercise tests were performed in the full co-
hort before randomization. Submaximal-exercise 
tests were performed in the full cohort at years 
1 and 4 and in a subset of patients at year 2.

During annual visits and telephone calls every 
6 months, staff members who were unaware of 
study-group assignments queried patients about all 
medical events and hospitalizations. These queries 
were augmented with searches of national data-
bases for deaths. Hospital and other records were 
reviewed for potential cardiovascular events, with 
adjudication according to standard criteria by re-
viewers who were unaware of study-group as-
signments (see the Supplementary Appendix).

Study End Points

The primary end point was the first occurrence 
of a composite cardiovascular outcome. Initially, 
the composite outcome included death from cardio
vascular causes, nonfatal myocardial infarction, 
and nonfatal stroke, and the anticipated maximal 
follow-up period was 11.5 years. During the first 
2 years of the trial, the primary-event rate in the 
control group was lower than expected.9 There-
fore, hospitalization for angina was added to the 

primary outcome, and planned follow-up was ex-
tended to a maximum of 13.5 years.

Three composite secondary cardiovascular out-
comes were also examined: death from cardio-
vascular causes, nonfatal myocardial infarction, 
or nonfatal stroke (the original primary outcome); 
death from any cause, myocardial infarction, 
stroke, or hospitalization for angina; and death 
from any cause, myocardial infarction, stroke, 
hospitalization for angina, coronary-artery bypass 
grafting, percutaneous coronary intervention, hos-
pitalization for heart failure, or peripheral vascular 
disease.

Statistical Analysis

We determined that an enrollment of 5000 pa-
tients would provide a power of more than 80% 
to detect a between-group difference of 18% in 
the rate of major cardiovascular events, with a 
two-sided alpha level of 0.05, a primary outcome 
rate of 2% per year in the control group, and a 
planned maximum follow-up of 13.5 years. The 
18% between-group difference was chosen on 
the basis of reductions in mortality among pa-
tients with type 2 diabetes and voluntary weight 
loss in an observational study,10 effect sizes cho-
sen for trials with similar outcomes,11 feasibility, 
and public health significance.

On September 14, 2012, on the basis of a fu-
tility analysis and recommendation from the 
data and safety monitoring board, the study’s 
primary sponsors instructed the study investiga-
tors to terminate the intervention. All data were 
censored on this date. At that time, the probabil-
ity of observing a significant positive result at 
the planned end of follow-up (i.e., a hazard ratio 
of 0.82 in the intervention group) was estimated 
to be 1%.

We used the chi-square test, Fisher’s exact test, 
the Wilcoxon rank-sum test, two-sample t-tests, 
and Poisson regression to compare the baseline 
characteristics and key safety outcomes in the 
two study groups. Physical and laboratory mea-
surements and medication use from baseline 
through 10 years were modeled with generalized 
linear regression and generalized estimating equa-
tions. The study center was included as a covariate, 
the covariance was unstructured, and linear con-
trasts were used to compare groups throughout 
follow-up. We performed analyses of primary and 
secondary outcomes using time-to-event methods 
according to the intention-to-treat principle, as 
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prespecified in the protocol. Kaplan–Meier esti-
mates were used to calculate the cumulative pro-
portion of patients who had an event. First occur-
rences of primary and secondary outcomes in the 
two groups were compared with hazard ratios 

and 95% confidence intervals. Two-sided P values 
were calculated with likelihood-ratio tests from 
Cox proportional-hazards regression, with models 
containing terms for clinical site, history of car-
diovascular disease, and study-group assignment. 
The consistency of intervention effects on the 
primary outcome among three prespecified sub-
groups (based on sex, race or ethnic group, and 
presence or absence of cardiovascular disease at 
baseline) was evaluated with the use of interac-
tion tests. Results were not adjusted for multiple 
comparisons, and a P value of less than 0.05 was 
considered to indicate statistical significance. 
All statistical analyses were conducted with the 
use of S-Plus software, version 8.0 (Insightful), 
or SAS software, version 9.1 (SAS Institute).

R esult s

Study Patients

From August 2001 through April 2004, a total of 
5145 patients were enrolled and randomly as-
signed to participate in the intensive lifestyle in-
tervention (2570) or to receive diabetes support 
and education (2575) (Fig. S1 in the Supplemen-
tary Appendix). The characteristics of the pa-
tients in the two groups were similar at baseline 
(Table 1). The average age was 58.7 years, 60% of 
the patients were women, and the mean body-
mass index was 36.0. The median duration of 
diabetes was 5 years, and 14% of patients report-
ed a history of cardiovascular disease. Additional 
baseline data have been published previously.12

When the intervention was stopped on Sep-
tember 14, 2012, the median follow-up was 9.6 
years (interquartile range, 8.9 to 10.3), and less 
than 4% of all patients randomly assigned to a 
study group had been lost to follow-up.

Weight, Waist Circumference, and Fitness

Patients in the intervention group had signifi-
cantly greater reductions in weight and waist cir-
cumference and greater improvement in fitness 
than did those in the control group (Fig. 1A, 1B, 
and 1C, and Table S1 in the Supplementary Ap-
pendix). Differences in mean weight loss were 
largest at 1 year (8.6% in the intervention group 
vs. 0.7% in the control group) but remained sig-
nificant throughout the trial. When the study 
ended, the mean weight loss from baseline was 
6.0% in the intervention group and 3.5% in the 
control group.

Table 1. Characteristics of the Patients at Baseline.*

Variable
Control Group

(N = 2575)
Intervention Group

(N = 2570)

Age — yr 58.9±6.9 58.6±6.8

Female sex — no. (%) 1537 (59.7) 1526 (59.4)

Race or ethnic group — no. (%)†

Black 404 (15.7) 400 (15.6)

Native American 128 (5.0) 130 (5.1)

Asian or Pacific Islander 21 (0.8) 29 (1.1)

White 1631 (63.3) 1621 (63.1)

Hispanic 340 (13.2) 340 (13.2)

Other 51 (2.0) 50 (1.9)

History of cardiovascular disease — 
no. (%)‡

348 (13.5) 366 (14.2)

Use of insulin — no. (%)§ 410 (16.5) 382 (15.4)

Current smoking — no. (%) 110 (4.3) 117 (4.6)

Median duration of diabetes (inter-
quartile range) — yr

5.0 (2.0–10) 5.0 (2.0–10)

Weight — kg 101±19 101±20

Body-mass index¶ 36.0±5.8 35.9±6.0

Waist circumference — cm 114±14 114±14

Glycated hemoglobin — % 7.3±1.2 7.2±1.1

Blood pressure — mm Hg

Systolic 129±17 128±17

Diastolic 70.4±9.6 69.9±9.5

Cholesterol — mg/dl

High-density lipoprotein 43.5±12 43.4±12

Low-density lipoprotein 112±32 112±32

Median triglycerides (interquartile 
range) — mg/dl

152 (107–218) 155 (110–221)

*	Plus–minus values are means ±SD. There was no significant difference be-
tween the two study groups in any baseline characteristic except systolic 
blood pressure (P<0.01). To convert the values for cholesterol to millimoles 
per liter, multiply by 0.02586. To convert the values for triglycerides to milli-
moles per liter, multiply by 0.01129.

†	Race was self-reported.
‡	A history of cardiovascular disease was defined as a previous myocardial 

infarction or stroke, congestive heart failure, or a previous cardiovascular 
procedure (coronary-artery bypass grafting, percutaneous coronary interven-
tion, carotid endarterectomy, angioplasty of a lower-extremity artery, or aortic-
aneurysm repair).

§	The use of insulin was measured in 2479 patients in the control group and 
2485 patients in the intervention group.

¶	The body-mass index is the weight in kilograms divided by the square of the 
height in meters.
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Risk Factors for Cardiovascular Disease

During the first year of follow-up, patients in the 
intervention group had greater improvements 
than the control group in glycated hemoglobin 
levels (Fig. 1D) and in all other measured cardio-
vascular risk factors, except for low-density lipo-
protein (LDL) cholesterol levels (Fig. S2 and Table 
S1 in the Supplementary Appendix). The between-
group difference in cardiovascular risk factors 
diminished over time, with the glycated hemo-
globin level and systolic blood pressure showing 
the most sustained differences. LDL cholesterol 
levels were lower in the control group than in the 

intervention group (mean difference, 1.6 mg per 
deciliter [0.04 mmol per liter] during 10 years of 
follow-up). The use of antihypertensive medica-
tions, statins, and insulin was lower in the inter-
vention group than in the control group (Fig. S2 
and S3 and Table S1 in the Supplementary Ap-
pendix).

Clinical Outcomes

The composite primary outcome — the first oc-
currence of death from cardiovascular causes, 
nonfatal myocardial infarction, nonfatal stroke, 
or hospitalization for angina — occurred in 403 
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Figure 1. Changes in Weight, Physical Fitness, Waist Circumference, and Glycated Hemoglobin Levels during 10 Years of Follow-up.

Shown are the changes from baseline in overweight or obese patients with type 2 diabetes who participated in an intensive lifestyle 
 intervention (intervention group) or who received diabetes support and education (control group). The reported main effect is the average 
of all between-group differences after baseline. Means were estimated with the use of generalized linear models for continuous measures. 
MET denotes metabolic equivalents; asterisks indicate P<0.05 for the between-group comparison. Data from 107 visits during year 11 
were not included in the analyses.
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patients in the intervention group and 418 in the 
control group, with no significant between-group 
difference (1.83 and 1.92 events per 100 person-
years, respectively; hazard ratio in the interven-
tion group, 0.95; 95% confidence interval, 0.83 to 
1.09; P = 0.51) (Table 2 and Fig. 2). There were 
also no significant between-group differences 
with respect to the prespecified composite sec-
ondary outcomes or any of the individual cardio-
vascular events making up the composite outcomes 
(Table 2). There were no significant interactions 
among the prespecified subgroups (Fig. 3).

Adverse Events

Severe hypoglycemia, gallstones, fractures, ampu-
tations, and congestive heart failure were moni-
tored, as plausibly being affected by the intensive 
lifestyle intervention. Although the rate of self-
reported fractures differed significantly between 
groups (2.51 per 100 person-years in the interven-
tion group vs. 2.16 per 100 person-years in the con-
trol group, P = 0.01), there was no significant differ-
ence in the rate of adjudicated fractures (1.66 and 
1.64 per 100 person-years, respectively; P = 0.83) 
(Table S2 in the Supplementary Appendix).

Table 2. Primary and Secondary Outcomes and Other Cardiovascular Outcomes.*

Outcome
Patients  

with Event
Control 
Group

Intervention 
Group

Hazard Ratio  
(95% CI) P Value

no. no. of events (rate/100 person-yr)

Primary outcome

Death from cardiovascular causes, 
nonfatal myocardial infarc-
tion, nonfatal stroke, or 
hospitalization for angina

821 418 (1.92) 403 (1.83) 0.95 (0.83–1.09) 0.51

Secondary outcomes

Death from cardiovascular causes, 
nonfatal myocardial infarc-
tion, or nonfatal stroke

550 283 (1.25) 267 (1.17) 0.93 (0.79–1.10) 0.42

Death from any cause, nonfatal 
myocardial infarction, or 
nonfatal stroke

1025 529 (2.43) 496 (2.25) 0.93 (0.82–1.05) 0.23

Death from any cause, nonfatal myo
cardial infarction, nonfatal 
stroke, hospitalization for an-
gina, CABG, PCI, hospitaliza-
tion for heart failure, carotid 
endarterectomy, or peripheral 
vascular disease

1177 600 (2.81) 577 (2.67) 0.94 (0.84–1.05) 0.29

Other cardiovascular outcomes

Death

Any cause 376 202 (0.86) 174 (0.73) 0.85 (0.69–1.04) 0.11

Cardiovascular cause 109 57 (0.24) 52 (0.22) 0.88 (0.61–1.29) 0.52

Myocardial infarction

Fatal or nonfatal† 354 191 (0.84) 163 (0.71) 0.84 (0.68–1.04) 0.11

Fatal 16 11 (0.05) 5 (<0.02) 0.44 (0.15–1.26) 0.13

Nonfatal 342 183 (0.80) 159 (0.69) 0.86 (0.69–1.06) 0.16

Hospitalization for angina 390 196 (0.87) 194 (0.85) 0.97 (0.80–1.19) 0.79

Stroke 165 80 (0.34) 85 (0.36) 1.05 (0.77–1.42) 0.78

Heart failure 218 119 (0.51) 99 (0.42) 0.80 (0.61–1.04) 0.10

CABG 525 269 (1.21) 256 (1.14) 0.93 (0.78–1.10) 0.41

Carotid endarterectomy 54 25 (0.11) 29 (0.12) 1.10 (0.64–1.87) 0.74

*	CABG denotes coronary-artery bypass grafting, and PCI percutaneous coronary intervention.
†	Patients who had both nonfatal and fatal myocardial infarctions were counted only once.
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Discussion

In this study, we compared the effect of an inten-
sive lifestyle intervention with a control regimen 
of diabetes support and education among over-
weight or obese patients with type 2 diabetes. At 
a median follow-up of almost 10 years, there was 
no significant difference between the two groups 
in cardiovascular morbidity and mortality.

Our findings showed that overweight or obese 
adults with type 2 diabetes can lose weight and 
maintain modest weight loss during a 10-year 
period. Multicomponent lifestyle interventions 
in clinical trial settings typically achieve an ini-
tial weight loss of 7 to 10%,13,14 with maximal 
weight loss at 1 year, followed by gradual re-
gain.13-15 However, few studies have provided an 
ongoing intervention for an extended period.16 
In our trial, the initial mean weight loss in the 
intervention group was 8.6%. This was followed 
by weight regain through year 5 and then a sub-
sequent gradual decrease in weight, resulting in 
an average weight loss of 6.0% at the end of the 
trial. The control group had a gradual but con-
sistent weight loss throughout the study, resulting 
in an average weight loss of 3.5% at the end of the 
trial. The intervention group also had greater 
improvements in fitness, particularly at 1 year.

We have considered several possible explana-
tions for the lack of a significant difference in 
the rates of cardiovascular events between groups. 
One possibility is that the study lacked sufficient 
power. However, we do not believe that this ex-
plains the negative result; the 95% confidence in-
terval for the primary outcome excluded the benefit 
of 18% or more targeted in the trial’s design. An-
other possibility is that a sustained weight loss of 
more than that achieved in the intervention group 
may be required to reduce the risk of cardiovas-
cular disease. In this regard, it is noteworthy 
that the differential weight loss between the two 
trial groups averaged 4% over the course of the 
study but only 2.5% at the end. However, our trial 
was planned to test the effects of an intensive 
lifestyle intervention, and the weight loss achieved 
in the intervention group is representative of the 
best that has been achieved with current lifestyle 
approaches. Third, the provision of educational 
sessions and the increased use of statins in the 
control group, as compared with the intervention 
group, may have lessened the difference between 
the two groups. In addition, the intensification 

of medical management of cardiovascular risk 
factors17 in routine medical care in the two study 
groups may have made the relative benefit of the 
intensive lifestyle intervention more difficult to 
demonstrate. The intervention may also have had 
different effects in different subgroups. Although 
none of the interactions with subgroups were 
significant, our data suggest that the event rate for 
the primary outcome was nonsignificantly lower 
in the intervention group than in the control 
group among patients with no history of cardio-
vascular disease at baseline but that it was non-
significantly higher in the intervention group 
than in the control group among those with 
cardiovascular disease at baseline.

There are several limitations to these findings. 
We used a specific lifestyle intervention that fo-
cused on achieving weight loss through caloric 
restriction and increased physical activity. It is un-
clear whether an intervention focused on changes 
in dietary composition (e.g., the Mediterranean 
diet18) might have different outcomes. In addition, 
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we recruited patients with type 2 diabetes who 
were motivated to lose weight through lifestyle 
intervention and who could successfully complete 
a maximal-fitness test at baseline. Thus, the re-
sults cannot be generalized to all patients with 
type 2 diabetes.

The finding that the intensive lifestyle inter-
vention, as compared with diabetes support and 
education, did not reduce the risk of cardiovas-
cular morbidity and mortality must be considered 
in the context of other positive effects observed 
with this intervention. Patients in the intervention 
group had clinically meaningful improvements 
in glycated hemoglobin levels, which were great-
est during the first year but were at least partly 
sustained throughout follow-up. This positive ef-
fect may explain why patients in the intervention 
group were less likely to be treated with insulin 
during this period. Furthermore, we recently 
reported that patients in the intervention group 
were more likely to have a partial remission of 
diabetes during the first 4 years of the trial than 
were those in the control group.19 Other benefits 
that were identified during the early years of the 
trial included reductions in urinary incontinence,20

sleep apnea,21 and depression22 and improvements 
in quality of life,23 physical functioning,24 and 
mobility.25 Intensive lifestyle intervention has 

also been shown to prevent or delay the develop-
ment of type 2 diabetes in other studies.15,26

In conclusion, our study showed that an in-
tensive lifestyle intervention did not reduce the risk 
of cardiovascular morbidity or mortality, as com-
pared with a control program of diabetes support 
and education, among overweight or obese patients 
with type 2 diabetes.
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Figure 3. Primary Outcome in Prespecified Subgroups.

Shown are hazard ratios for three prespecified subgroups — defined according to the presence or absence of cardiovascular disease at 
baseline, sex, and race or ethnic group — in the intervention group and the control group. The dashed vertical line indicates the overall 
hazard ratio (0.95), and the solid vertical line indicates no effect (hazard ratio, 1.00).
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