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Abstract
This report provides a further analysis of the year 4 weight losses in the Look AHEAD (Action for
Health in Diabetes) study and identifies factors associated with long-term success. A total of 5145
overweight/obese men and women with type 2 diabetes were randomly assigned to an intensive
lifestyle intervention (ILI) or a usual care group, referred to as Diabetes Support and Education
(DSE). ILI participants were provided approximately weekly group or individual treatment in year
1; continued but less frequent contact was provided in years 2–4. DSE participants received three
group educational sessions in all years. As reported previously, at year 4, ILI participants lost an
average of 4.7% of initial weight, compared with 1.1% for DSE (p<0.0001). More ILI than DSE
participants lost ≥5% (46% vs 25%, p<0.0001) and ≥10% (23% vs 10%, p<0.0001) of initial
weight. Within the ILI, acheivement of both the 5% and 10% categorical weight losses at year 4
was strongly related to meeting these goals at year 1. A total of 887 participants in ILI lost ≥10%
at year 1, of whom 374 (42.2%) achieved this loss at year 4. Participants who maintained the loss,
compared with those who did not, attended more treatment sessions and reported more favorable
physical activity and food intake at year 4. These results provide critical evidence that a
comprehensive lifestyle intervention can induce clinically significant weight loss (i.e., ≥5%) in
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overweight/obese participants with type 2 diabetes and maintain this loss in more than 45% of
patients at 4 years.
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The Look AHEAD (Action for Health in Diabetes) study is examining the long-term health
consequences of intentional weight loss in overweight and obese individuals with type 2
diabetes (1). Participants in an Intensive Lifestyle Intervention (ILI) lost an average of 8.6%
of initial weight after the first year of treatment and are receiving up to 12.5 additional years
of intervention to maintain this loss (2). When completed in 2014, Look AHEAD will be the
longest, continuously implemented lifestyle intervention for weight management and the
first randomized controlled trial to examine whether weight loss, combined with increased
physical activity, reduces cardiovascular morbidity and mortality.

Prevention of weight regain has been a critical focus of the lifestyle intervention since the
second year. In the absence of follow-up care, obese individuals typically regain one-third of
their lost weight in the year following treatment (3,4), with return to baseline weight
frequently observed in 3 to 5 years (5,6). Continued patient-provider contact is associated
with improved maintenance of lost weight (7–9), as is patients’ regularly monitoring their
body weight (9,10), engaging in high levels of physical activity (10–12), and eating a low-
calorie diet (13).

As recently reported (14), at year 4, Look AHEAD was successful in producing a 4.7%
reduction in initial weight in the ILI, compared to a significantly smaller 1.1% in the usual
care group, referred to as Diabetes Support and Education (DSE). The objective of the
present report is to further describe the 4-year weight losses in the ILI and DSE groups and,
within the ILI group, to identify participants’ demographic characteristics and lifestyle
behaviors that were associated with long-term weight loss. Based on previous reports, we
predicted that the use of insulin would be associated with attenuated weight loss (15,16),
whereas male gender, greater age, and non-Hispanic white ethnicity would be associated
with a greater weight loss at year 4 (15,17,18). We also anticipated that greater weight loss
at the end of year 1 would be strongly related to participants’ achieving larger losses at year
4, including reductions ≥ 5% and ≥ 10% of initial weight (19–22). Finally, we examined
patterns of weight change from the end of the first year to the end of year 4, including in
participants who, at the end of year 1, had lost ≥ 10% of initial weight. We predicted that
successful maintenance of this 10% loss would be associated with greater attendance of
treatment sessions from years 2 to 4, as well as with higher self-reported physical activity
and lower calorie intake at year 4 (12,15,23). Predictions concerning the benefits of physical
activity were based on randomized controlled trials (11,12), while the other predictors were
identified principally from observational studies.

Methods
Participants

Participants were a total of 5145 men and women who were recruited at 16 centers across
the U.S., as described previously (2). Participation was open to persons with type 2 diabetes
who were 45 to 76 years of age and had a body mass index (BMI) ≥ 25 kg/m2 (or ≥ 27 kg/
m2 if taking insulin). All persons gave written informed consent to participate, following
guidelines of the Helsinki Declaration and each site’s institutional review board.
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All applicants completed a graded exercise test, described elsewhere (2,24), to ensure that
they could safely adhere to the physical activity program prescribed in the ILI. In addition,
they were required to pass a test of behavioral adherence which involved recording their
food intake and physical activity for two consecutive weeks (25). Candidates who did not
keep satisfactory records for at least 12 of 14 days were not eligible to participate. Those
who remained eligible received an initial session of diabetes education that included general
recommendations for adopting healthy eating and activity habits and addressed safety issues
related to hypoglycemia and foot care (2). They were then randomly assigned, with equal
probability, to the ILI and DSE conditions. Table 1 presents selected baseline characteristics
of participants in the two groups.

Treatment Conditions
Full descriptions of the DSE and ILI conditions, spanning the 13.5 years of intervention,
have been provided previously (1,25). The present description is limited to a synopsis of the
first 4 years, with particular attention to years 2–4.

DSE—During each of the first 4 years, participants in DSE were invited to attend three 1-
hour group meetings per year that discussed diet, physical activity, and social support,
respectively (1,2). These sessions provided information but not specific behavioral strategies
for adopting the diet and activity recommendations. Participants who desired more help in
losing weight were told to speak with their own primary care providers, who were permitted
to recommend whatever treatments they thought were appropriate.

ILI—In year 1, participants in this group were provided a comprehensive intervention
designed to induce an average loss ≥ 7% of initial weight. Individual participants were given
a goal of losing ≥ 10% in order to increase their likelihood of meeting the 7% study-wide
goal. The lifestyle intervention was adapted from the Diabetes Prevention Program (DPP)
(26,27) and was delivered to groups of approximately 10 to 20 persons by experienced
lifestyle counselors (i.e., interventionists). During the first 6 months, participants were
provided group sessions for the first 3 weeks of each month. The fourth week, they had an
individual meeting (20–30 minutes) with their interventionist, and group sessions were not
held this week. During months 7–12, participants continued to have a monthly individual
meeting with their interventionist but the number of group sessions was reduced from three
to two per month. Interventionists included registered dietitians, psychologists, and exercise
specialists, all of whom delivered group treatment following detailed protocols. As
described previously (25), they attended study-wide trainings to receive instruction in
intervention delivery and were certified yearly (at their home institution) based on their
demonstrated adherence to the protocol.

Participants’ calorie goals the first year ranged from 1200–1800 kcal/day, depending on
initial body weight. As described previously (15,25), to induce weight loss during the first 4
months, the dietary intervention included the intensive use of meal replacements (28,29)
(provided to participants free of charge) and structured meal plans (30). During months 5–
12, participants were encouraged to continue to replace one meal and one snack per day with
liquid shakes and meal bars. Participants’ activity goal was ≥ 175 minutes/week of
moderately vigorous physical activity, to be achieved by month 6, with a further increase for
participants who met this goal. The activity program relied on unsupervised (at home)
exercise which, for most participants, consisted of brisk walking (24,25). Throughout the
first year, participants were instructed to record daily their food and calorie intake, as well as
their physical activity.
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During years 2–4, the focus of treatment shifted to maintaining the weight losses and high
levels of physical activity achieved during the first year. Those who had not achieved the
recommended goals were encouraged to do so. Given the expectedly heterogeneous nature
of participants’ treatment needs in year 2 and beyond (31), lifestyle counseling was provided
primarily in individual sessions. Each month, participants had an individual, on-site meeting
(20–30 minutes) with their interventionist, with a second individual contact, by telephone or
e-mail, approximately 2 weeks later. Participants had individualized calorie goals, based on
their desire to maintain their weight, lose more (if their BMI was > 23 kg/m2), or reverse
weight gain. All participants were encouraged to replace one meal or snack per day with
liquid shakes or meal bars. They also were instructed to continue to exercise at least 175
minutes/week.

At each monthly on-site visit, participants completed (with their interventionist) a goal sheet
on which they identified their daily calorie and activity goals for the next month, and the
number of times per week they would keep food and activity records, weigh themselves, and
use meal replacements. They also indicated their desired weight change for the month and
selected other behavioral targets as appropriate. Goal sheets were completed after first
reviewing participants’ progress the previous month and using problem solving techniques
to address any difficulties encountered (32). Approximately 2 weeks after each on-site
meeting, participants were scheduled to have a 10–15 minute phone call (or e-mail
exchange) with their interventionist to review successes (or barriers) in meeting the goals
selected for the month.

In addition to the individual contacts, several forms of group intervention were offered
during years 2–4. All sites provided a monthly group session at which participants weighed-
in, reviewed any diet and activity records they had completed, and then listened to a
presentation on a new topic on lifestyle modification. Most sites provided “open” groups, in
which participants could attend whatever meetings were convenient to their schedules. Each
year sites also offered at least one Refresher Group and one National Campaign, as provided
in the DPP (27). Refresher Groups typically lasted 6 to 8 weeks and were organized around
a special weight loss and/or physical activity theme (25). National Campaigns were similar
in providing a group experience (for 10 to 20 participants) for 8 to 10 weeks. However,
campaigns challenged participants to meet a specific goal (such as losing 5 pounds or
walking 400,000 steps), for which they received a small prize (e.g., T-shirt or umbrella) if
successful. In addition, campaigns were offered during the same month at all sites, and sites
frequently competed against each other (e.g., Baltimore vs. New York). Participants were
not obligated to attend any group sessions but were strongly encouraged to, particularly if
they had not met the original study goals or had regained weight.

Interventionists were trained to tailor the behavioral intervention to participants’ cultural
differences (33). They used elements of problem solving (32), motivational interviewing
(34), self-regulation theory (9), and relapse prevention (32,35). Interventionists also could
select more intensive interventions from a toolbox, described previously (25). Options
included funds to provide specialized diet or activity instruction, as well as the use of the
weight loss medication orlistat, which was offered to individuals who failed during the first
6 months to meet the study’s weight loss goals (or subsequently regained weight). However,
orlistat was largely discontinued from the trial in 2008 based on findings that it was of
limited benefit as a rescue strategy (15).

Measures
Weight—Weight was measured on all participants at baseline and at yearly assessment
visits, using a digital scale (Tanita, model BWB-800, Willowbrook, IL), by study staff who
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were masked to participants’ treatment status. Height was measured at baseline using a
standard stadiometer.

Behavioral adherence—Three measures were used to estimate adherence to the
prescribed treatment regimen. First, attendance of all on-site individual and group treatment
sessions was recorded during each of the 4 years. After year 1, the definition of attendance
(i.e., treatment contact) was expanded to include scheduled bi-monthly phone or e-mail
contacts that participants completed, as well as participants’ attendance of Refresher Groups
and National Campaigns. Second, physical activity was measured in a subset of
approximately 1189 participants at baseline and during the assessment visits at years 1 and 4
using the Paffenbarger Activity Questionnaire (36), which provides an estimate of weekly
calorie expenditure from moderately vigorous physical activity. (All participants at each of
eight sites completed the questionnaire.) Third, a Food Frequency Questionnaire (37) was
administered on the same schedule to a subset of approximately 1322 participants to obtain
an estimate of calorie intake. (The first approximately 50% of participants at all sites
completed this survey.) The same subsets of participants completed the same questionnaire
at each assessment.

Statistical Analyses
Differences between the DSE and ILI groups in changes in weight at each of the 4 years
were analyzed using a mixed effects analysis of covariance, which included baseline weight,
clinical center, and treatment arm. An intention-to-treat analysis was conducted which
included all randomized participants, regardless of the number of treatment visits they
attended. Percentages of participants in the two groups who met different categorical weight
losses (e.g., ≥ 10% loss) at year 4 were compared using chi square tests. Examining only
participants in the ILI group, analysis of covariance (controlling for baseline weight and
center) was used to assess differences in weight loss at year 4 related to gender, age, and
race/ethnicity. We used the Bonferroni correction in this and other cases to control for
multiple comparisons. (The family-wise error term for each set of comparisons was set at p
< 0.05.) Predictors of weight loss at year 4, including weight loss the first year, were
examined using both linear and logistic regression. Differences in behavioral adherence
between participants who were and were not successful in maintaining a 10% weight loss
from year 1 to year 4 were compared using analysis of variance. All statistical analyses were
performed using SAS version 9.2 (SAS Institute, Cary, NC).

Retention—A total of 2419 (94.1%) ILI and 2396 (93.1%) DSE participants completed the
4-year assessment. The 330 persons who did not complete the assessment had either missed
the year 4 assessment visit (and will be re-contacted in future years), withdrawn from the
study; or died.

Results
Weight Loss in ILI and DSE Groups

At year 4, ILI participants achieved a mean (± SE) loss of 4.7 ± 0.2% of initial weight,
compared to 1.1 ± 0.2% for individuals in DSE (p < 0.0001). Weight losses were
significantly greater in the ILI than the DSE group at all four annual assessments, as shown
in Figure 1 (all p values < 0.0001). At year 4, 35% of ILI and 18% of DSE participants
achieved the study-wide goal of losing ≥ 7% of initial weight (p < 0.0001), and 23% and
10%, respectively, lost ≥ 10% (p < 0.0001). A significantly greater percentage of ILI than
DSE participants met each of the categorical weight losses shown in Figure 2, whereas
significantly more DSE than ILI participants (45% vs 26%) had gained above their baseline
weight at year 4 (all p values < 0.001).
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Use of insulin—Four-year weight losses were examined on the basis of whether
participants were taking insulin at the beginning of the study. In the ILI group, baseline
insulin users (N = 346) lost 4.3 ± 0.4% of initial weight at year 4, compared with 4.8 ± 0.2%
for non-users (N = 2005). Corresponding losses in the DSE group were 0.8 ± 0.5% (N =
345) and 1.2 ± 0.2% (N = 1958). Neither difference between groups was statistically
significant (both p values > 0.111). Weight losses, however, did vary significantly among
sub-groups of participants based upon their insulin use at baseline and year 4. In the ILI
group, participants (N = 1871) who did not take insulin at either time lost significantly (p <
0.006) more weight at year 4 than those (N = 234) who took insulin at both times (5.1 ±
0.2% and 3.9 ± 0.5%, respectively). ILI participants (N = 134) who were insulin-free at
baseline but took it at year 4 lost 0.3 ± 0.7%, which was significantly (p < 0.001) less than
the 4.9 ± 0.8% lost by participants (N = 112) who took insulin at baseline but not at year 4.
A similar pattern of results was observed in the DSE group. Participants (N = 1737) who did
not take insulin at either baseline or year 4 lost 1.6 ± 0.2% at year 4, compared with a gain
of 0.3 ± 0.5% in those (N = 271) who took insulin at both times (p < 0.001). DSE
participants who were insulin-free at baseline but not at year 4 (N = 221) gained 1.5 ± 0.5%,
compared with a loss of 4.9 ± 1.3% in those (N = 74) who took insulin at baseline but had
discontinued it at year 4.

Year 4 Weight Loss in the ILI Group
Relation to demographic variables and attendance—Table 2 presents mean weight
losses in the ILI participants across the first 4 years, according to gender, age, and race/
ethnicity. Men lost significantly more weight (i.e., 1.2%–1.3%) than women in the first 3
years but differences were not statistically significant at year 4, when men lost 5.2 ± 0.2%
and women 4.4 ± 0.2%. At all four annual assessments, the study’s oldest participants (i.e.,
65–76 yr at baseline) lost significantly more weight than individuals who were 55–64 yr,
who (during the first 2 years) lost significantly more than participants ages 45–54 yr. Losses
at year 4 for the three groups were 6.3 ± 0.3, 4.6 ± 0.2, and 3.9 ± 0.3%, respectively.
Analyses revealed a main effect of race/ethnicity on weight loss at all 4 years. However,
after Bonferroni correction, there were no significant differences at year 4 in weight loss
among non-Hispanic white, Hispanic, African-American, or American Indian/Other
participants, who lost 5.1 ± 0.2, 4.8 ± 0.5, 4.1 ± 0.4, and 3.4 ± 0.6%, respectively.
Differences in weight loss related to race/ethnicity were greatest at year 1 and declined
substantially by year 3 (see Table 2). (Weight losses according to gender and race/ethnicity
are presented in the footnote to Table 2.)

Table 3 presents treatment attendance across the 4 years, as well as year-4 energy
expenditure from physical activity (kcal/week) and daily calorie intake (kcal/day), according
to gender, age, and race/ethnicity. The study’s oldest participants (65–76 yr) consistently
had the most treatment contacts across all 4 years and reported lower daily calorie intake
than younger individuals. Men reported significantly higher weekly calorie expenditure from
physical activity and higher calorie intake than women at year 4. American Indian/Other
participants had the fewest treatment contacts, but race/ethnicity was not consistently related
to physical activity or calorie intake.

A step-wise regression analysis, which included baseline weight, gender, age, and ethnicity
accounted for only 2.49% of the variance in weight loss at year 4 (with only weight and age
contributing significantly; both p’s < 0.001). The addition of baseline insulin status did not
significantly increase the total variance explained (i.e., total increased to 2.59%). Adding the
total number of treatment contacts during the 4 years (which averaged 97.0 ± 0.7 contacts)
explained an additional 4.0% of the variance (i.e., total increased to 6.65%; p < 0.001). (The
contribution of year-4 calorie intake and energy expenditure from physical activity was not
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examined in this model because questionnaires were only administered to approximately
half of the participants. In separate models, each of these variables contributed an additional
1.72% and 1.84% of the variance, respectively, when entered after treatment contacts; both
p’s < 0.001.)

Relation to year 1 weight loss—In contrast to the preceding demographic and
attendance variables, weight loss in the first year of treatment was strongly related to weight
change at year 4, increasing the variance explained by 21.88% to a total of 28.53% (p <
0.001). Thus, the larger the participants’ weight loss the first year, the larger their loss at
year 4.

The importance of first year weight loss to success at year 4 was further examined using
logistic regression, adjusting for clinical site, baseline weight and insulin use, gender, age,
and race/ethnicity. The odds of achieving a loss ≥ 10% of initial weight at year 4 were 9.8
(95% CI: 6.99–13.74) times greater for participants who lost ≥ 10% at year 1 compared to
participants who lost < 5% at year 1 and 2.0 (95% CI: 1.41–2.96) times greater for
participants who had lost 5.0 to 9.9% at year 1 compared with those who lost < 5% at year 1.
Similar analyses revealed that the odds of achieving a loss ≥ 5% at year 4 were 9.3 (95% CI:
7.27–11.83) times greater for participants who lost ≥ 10% at 1 year and 2.4 (95% CI: 1.88–
3.04) times higher for individuals who lost 5.0–9.9%, compared to participants who lost <
5% the first year.

Maintenance of ≥ 10% Weight Loss from Years 1–4
Figure 3A presents the 887 ILI participants who lost ≥ 10% of initial weight in the first year
and shows the number of these participants who achieved a loss of this size at year 4 (N =
374) or, alternatively, maintained losses of 5.0 to 9.9% (N = 251), 0 to 4.9% (N = 174), or
gained above their baseline weight (N = 88). As shown, fully 42% of this subsample
achieved a loss ≥ 10% at year 4, and a total of 70.5% maintained a loss ≥ 5%. Figures 3B
and 3C present the weight change trajectories for participants who at the end of the first year
lost 5.0–9.9% (N = 702) or < 5% (N = 729). (Supplementary Figure 1, available on line,
presents the results for the 370 participants who lost ≥ 15% of initial weight at year 1, of
whom 107 had a loss of this size at year 4. These 370 individuals represent a subset of the
877 who lost ≥ 10% of initial weight.)

Differences in treatment attendance from years 2–4, as well as self-reported physical activity
and calorie intake at year 4, were examined for participants who successfully maintained a
10% loss from the end of year 1 to the end of year 4, as compared to those who lost ≥ 10%
the first year but did not maintain the full loss at year 4 (see Figure 3A). As shown in Figure
4A, the 10% maintainers had significantly more treatment contacts during years 2–4 than
did participants who maintained a loss of only 0–4.9% or who gained above their baseline
weight. The mean number of contacts was 26.1 ± 0.4, 20.8 ± 0.5, and 19.9 ± 0.8,
respectively, with 24.8 ± 0.5 for those who maintained a loss of 5.0–9.9%. Figure 4B
similarly shows (in the subset of participants who completed the Paffenbarger Questionnaire
at year 4) that the 10% maintainers reported expending significantly more calories in weekly
physical activity at year 4 than did participants in the three subgroups who did not maintain
a 10% loss. The weight loss maintainers also reported eating significantly fewer calories at
year 4 than did participants who had gained above their baseline weight (as determined in
the subset that completed the Food Frequency Questionnaire) (see Figure 4C).

Among the 729 participants who lost < 5% of initial weight at year 1, the 55 individuals who
eventually achieved a loss ≥ 10% at year 4 had significantly more treatment contacts from
years 2–4 (20.4 ± 1.0) than did those who gained above their baseline weight or maintained
a loss < 5% (all p values < 0.0027). Participants shown in Figure 3B, who lost 5.0–9.9% at
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year 1, but achieved a 10% loss at year 4, reported a daily calorie intake (1330.6 ± 60.7 kcal/
d) that was significantly lower than that reported by the three other groups, which had
smaller weight losses at year 4 (all p values < 0.0002).

Discussion
Participants in the Intensive Lifestyle Intervention achieved a 4.7% reduction in initial
weight at year 4. This loss is among the largest reported at this length of follow-up for
individuals in a randomized controlled trial who were treated by a lifestyle intervention. The
results are consistent with those from the DPP (17,26) and demonstrate that, with long-term
participant support, weight loss achieved with a behavioral intervention is not invariably
followed by a return to baseline weight (38–40). Nearly 25% of the ILI participants achieved
a loss ≥ 10% of initial weight at year 4. Fully 46% had a loss ≥ 5%, an amount widely
agreed to produce clinically significant improvements in cardiovascular disease (CVD) risk
factors (41,42). ILI participants were significantly more successful than their DSE
counterparts in reaching all of the categorical weight losses examined and in achieving
improvements in glycemic control and several markers of CVD risk, as reported by Wing et
al (14). Additional follow-up, through 2014, will reveal whether the improvements
described here are sufficient to significantly reduce incident cardiovascular morbidity and
mortality.

The ILI was effective in achieving weight loss at year 4 across a highly diverse sample of
participants, demonstrating the potential clinical significance of the intervention. Men lost
significantly more weight than women during the first 3 years but not at year 4. Regardless
of the statistical findings, differences in weight loss between men and women were not
clinically meaningful (0.8%–1.3%) at any time. Consistent with prior findings (43), the
study’s oldest participants lost significantly more weight than their younger counterparts at
all 4 years. Older individuals attended significantly more treatment sessions the first year
and had significantly more treatment contacts in years 2 to 4 than did younger individuals.
Greater treatment participation, as well as a lower self-reported daily calorie intake, likely
contributed to the oldest participants’ larger weight loss at year 4. The oldest participants’
superior behavioral adherence could be attributable to their simply having more time to
devote to the lifestyle intervention but could reflect other factors, including differences
among age groups in motivation to improve health.

Non-Hispanic white participants lost significantly more weight than participants from the
three other racial/ethnic subgroups at the end of the first and second years, as observed in
previous studies (17,18). At years 3 and 4, however, there were no statistically significant
differences among the four sub-groups, after adjustment for multiple comparisons. The
relative equivalence in outcomes in these later years was attributable to smaller weight
regain in African-American, Hispanic, and American-Indian participants than in non-
Hispanic whites. A similar convergence in long-term weight loss among racial/ethnic
subgroups was reported in the DPP (43) and in the Trials of Hypertension Prevention
(TOHP) (44). In the present study, the mean loss in African-American women of 4.4 ± 0.5%
at year 4 was approximately double that reported in other long-term trials (17,18). This loss
may reflect interventionists’ efforts to tailor treatment to participants’ potential cultural
differences (33) but also may be attributable to the study’s strong behavioral protocol that
recommended, among other components, recording food and calorie intake and using meal
replacements, the latter of which has been shown to improve the induction of weight loss
(28). Results of the step-wise regression analysis, which revealed that gender, age, and race/
ethnicity accounted for only 2.5% of the variance in weight loss at year 4, again suggest the
effectiveness of the lifestyle intervention across a diverse sample of participants.
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Losing a large amount of weight the first year was by far the strongest determinant of
achieving a large loss at year 4. The step-wise regression analysis revealed that weight loss
at 1 year accounted for an additional 22% of the variance in year-4 weight loss, beyond the
6.5% attributable to demographic characteristics and treatment attendance. Additional
analyses showed that the odds of achieving a loss ≥ 10% at year 4 were 10.4 times greater in
persons who had lost ≥ 10% at 1 year as compared to individuals who had lost < 5% at 1
year. In this latter group, only 7.1% of participants eventually achieved a 10% loss, the
individual goal prescribed for participants. Losing 10% of initial weight the first year
similarly improved the odds of having a loss ≥ 5% at year 4. The present results extend in a
far larger sample – and over a longer period of follow-up – findings from several studies that
suggest the importance of large initial weight loss for maintaining a clinically significant
long-term reduction (19–22,43). Further study, however, as will be provided by Look
AHEAD, is needed of the long-term health consequences of initially losing a large amount
of weight and then potentially regaining some or all of it. Are there, for example, different
health consequences of losing 10% of initial weight in the first year and regaining half this
amount at follow-up, as compared with losing only 5% the first year but maintaining this
full loss at follow-up?

The present study provided an exceptional opportunity to prospectively examine the
maintenance of weight loss in 887 participants who lost ≥ 10% of initial weight in the first
year and were followed through year 4. As shown in Figure 3A, 42.2% (N = 374) of this
subgroup maintained a loss ≥ 10% at year 4, and an additional 28.3% (N = 251) kept off 5.0
to 9.9%. We believe that the successful maintenance of weight loss in ILI participants was
attributable to their being provided twice-monthly counseling contacts with their lifestyle
interventionist to facilitate continued adherence to the study’s diet and activity goals.
Several randomized trials have demonstrated the benefit of such long-term participant-
provider contact (7–9). In the 887 participants who lost ≥ 10% at 1 year, those who
maintained this loss at year 4 completed significantly more treatment contacts per year in
years 2–4 than did individuals who regained to their baseline weight (N = 88) or who
maintained a loss of only 0 to 4.9% (N = 174). Similarly, the 10% maintainers reported
significantly greater physical activity at year 4 than did participants in the three other weight
categories. They also reported a significantly lower calorie intake at year 4 than participants
who regained all of their lost weight. Thus, at year 4, successful maintainers in Look
AHEAD appeared to have taken greater advantage of the treatment sessions provided and
displayed eating and activity behaviors similar to those of individuals in the National Weight
Control Registry (who have lost at least 30 lb and kept off the weight for at least 1 year)
(23).

Look AHEAD’s study design prevents us from definitively determining the contribution to
long-term weight loss of the lifestyle intervention’s different treatment components --
including the prescription of meal replacements and high levels of physical activity, use of a
treatment toolbox, and the provision of Refresher Groups and National Campaigns. A
separate report will examine the weight losses associated with several of the Refresher
Groups and National Campaigns. We also were unable to fully evaluate the effects of taking
insulin on weight loss, in either the ILI or DSE groups. Persons in both groups who took
insulin at baseline and year 4 lost significantly less weight than those who were free of
insulin at both times. However, differences in weight loss between insulin users and non-
users were not clinically meaningful and should mitigate concerns that insulin users cannot
lose weight. Persons who initiated insulin after the study began generally had suboptimal
weight loss, but insulin may have been introduced because of lack of weight loss and
suboptimal glycemic control.
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Despite the lifestyle intervention’s strengths in producing a weight loss of 4.7% at year 4
and in facilitating the maintenance of weight loss in a substantial subset of participants, the
intervention clearly had some limitations. Perhaps foremost among them was the inability to
induce a loss of 5% of initial weight in the first year in 729 participants, as shown in Figure
3C. Only 21.8% of participants (N = 159) in this subset achieved a weight loss of this size at
year 4. This finding underscores the need for further research on behavioral and other
methods to induce weight loss in persons with documented treatment-resistant obesity,
similar to research on individuals with treatment-resistant depression in which additional
therapies are introduced if the first intervention is not successful (45). While
pharmacotherapy and bariatric surgery are options for some individuals (46), they are not
medically appropriate for (or acceptable to) many overweight and obese patients. Additional
options are needed (47).

Look AHEAD’s treatment protocols for the first 4 years of intervention are now available to
practitioners (and researchers) and could help them improve weight management in their
own overweight/obese patients. Efforts, however, undoubtedly will be needed to translate
Look AHEAD’s intensive and costly program of lifestyle modification (delivered by
experienced interventionists in academic medical centers) for use with patients treated in
primary care practice and community settings. DPP investigators have already begun to
address this efficacy-to-effectiveness translation. Ackermann et al tested a modified version
of the first-year DPP protocol, which used group rather than individual counseling sessions
and was delivered at YMCA sites by staff health counselors (48). Intervention participants
lost 6 kg in the first 6 months and maintained the loss at 1 year. The cost of the intervention
was reduced to approximately $300 per participant, approximately one-fifth of the expense
for the first year of treatment in the DPP study (49). McTigue et al similarly reported a 1-
year weight loss of 4.8 kg, achieved with an Internet-delivered version of the DPP, although
this was an uncontrolled trial (50). If, as expected, the Look AHEAD lifestyle intervention is
found to reduce cardiovascular morbidity and mortality, substantial effort will need to be
devoted to identifying cost-effective methods of delivering the intervention to the millions
of individuals who would benefit from it.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Look AHEAD Research Group at Year 4

Clinical Sites
The Johns Hopkins Medical Institutions

Frederick L. Brancati, MD, MHS1; Lee Swartz2; Lawrence Cheskin, MD3; Jeanne M.
Clark, MD, MPH3; Kerry Stewart, EdD3; Richard Rubin, PhD3; Jean Arceci, RN; Suzanne
Bau; Jeanne Charleston, RN; Danielle Diggins; Mia Johnson; Joyce Lambert; Kathy
Michalski, RD; Daron Niggetts; Chanchai Sapun

Pennington Biomedical Research Center
George A. Bray, MD1; Kristi Rau2; Allison Strate, RN2; Frank L. Greenway, MD3; Donna
H. Ryan, MD3; Donald Williamson, PhD3; Brandi Armand, LPN; Jennifer Arceneaux; Amy
Bachand, MA; Michelle Begnaud, LDN, RD, CDE; Betsy Berhard; Elizabeth Caderette;
Barbara Cerniauskas, LDN, RD, CDE; David Creel, MA; Diane Crow; Crystal Duncan;
Helen Guay, LDN, LPC, RD; Carolyn Johnson, Lisa Jones; Nancy Kora; Kelly LaFleur;
Kim Landry; Missy Lingle; Jennifer Perault; Cindy Puckett; Mandy Shipp, RD; Marisa
Smith; Elizabeth Tucker

The University of Alabama at Birmingham
Cora E. Lewis, MD, MSPH1; Sheikilya Thomas MPH2; Monika Safford, MD3; Vicki
DiLillo, PhD; Charlotte Bragg, MS, RD, LD; Amy Dobelstein; Stacey Gilbert, MPH;

1Principal Investigator
2Program Coordinator
3Co-Investigator
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Stephen Glasser, MD3; Sara Hannum, MA; Anne Hubbell, MS; Jennifer Jones, MA;
DeLavallade Lee; Ruth Luketic, MA, MBA, MPH; L. Christie Oden; Janet Raines, MS;
Cathy Roche, RN, BSN; Janet Truman; Nita Webb, MA; Casey Azuero, MPH; Jane King,
MLT; Andre Morgan

Harvard Center—Massachusetts General Hospital. David M. Nathan, MD1; Enrico
Cagliero, MD3; Kathryn Hayward, MD3; Heather Turgeon, RN, BS, CDE2; Linda
Delahanty, MS, RD3; Ellen Anderson, MS, RD3; Laurie Bissett, MS, RD; Valerie Goldman,
MS, RD; Virginia Harlan, MSW; Theresa Michel, DPT, DSc, CCS; Mary Larkin, RN;
Christine Stevens, RN; Kylee Miller, BA; Jimmy Chen, BA; Karen Blumenthal, BA; Gail
Winning, BA; Rita Tsay, RD; Helen Cyr, RD; Maria Pinto

Joslin Diabetes Center: Edward S. Horton, MD1; Sharon D. Jackson, MS, RD, CDE2;
Osama Hamdy, MD, PhD3; A. Enrique Caballero, MD3; Sarah Bain, BS; Elizabeth Bovaird,
BSN, RN; Barbara Fargnoli, MS, RD; Jeanne Spellman, BS, RD; Ann Goebel-Fabbri, PhD;
Lori Lambert, MS, RD; Sarah Ledbury, MEd, RD; Maureen Malloy, BS; Kerry Ovalle, MS,
RCEP, CDE

Beth Israel Deaconess Medical Center: George Blackburn, MD, PhD1; Christos Mantzoros,
MD, DSc3; Ann McNamara, RN; Kristina Spellman, RD

University of Colorado Health Sciences Center
James O. Hill, PhD1; Marsha Miller, MS, RD2; Brent Van Dorsten, PhD3; Judith
Regensteiner, PhD3; Ligia Coelho, BS; Paulette Cohrs, RN, BSN; Susan Green; April
Hamilton, BS, CCRC; Jere Hamilton, BA; Eugene Leshchinskiy; Lindsey Munkwitz, BS;
Loretta Rome, TRS; Terra Worley, BA; Kirstie Craul, RD, CDE; Sheila Smith, BS

Baylor College of Medicine
John P. Foreyt, PhD1; Rebecca S. Reeves, DrPH, RD2; Henry Pownall, PhD3; Ashok
Balasubramanyam, MBBS3; Peter Jones, MD3; Michele Burrington, RD, RN; Chu-Huang
Chen, MD, PhD; Allyson Clark Gardner, MS, RD; Molly Gee, MEd, RD; Sharon Griggs;
Michelle Hamilton; Veronica Holley; Jayne Joseph, RD; Julieta Palencia, RN; Jennifer
Schmidt; Carolyn White

The University of Tennessee Health Science Center—University of Tennessee
East. Karen C. Johnson, MD, MPH1; Carolyn Gresham, RN2; Stephanie Connelly, MD,
MPH3; Amy Brewer, RD, MS; Mace Coday, PhD; Lisa Jones, RN; Lynne Lichtermann,
RN, BSN; Shirley Vosburg, RD, MPH; and J. Lee Taylor, MEd, MBA

University of Tennessee Downtown. Abbas E. Kitabchi, PhD, MD1; Ebenezer Nyenwe,
MD3; Helen Lambeth, RN, BSN2; Amy Brewer, MS, RD, LDN; Debra Clark, LPN; Andrea
Crisler, MT; Debra Force, MS, RD, LDN; Donna Green, RN; Robert Kores, PhD

University of Minnesota
Robert W. Jeffery, PhD1; Carolyn Thorson, CCRP2; John P. Bantle, MD3; J. Bruce
Redmon, MD3; Richard S. Crow, MD3; Scott Crow, MD3; Susan K Raatz, PhD, RD3;
Kerrin Brelje, MPH, RD; Carolyne Campbell; Jeanne Carls, MEd; Tara Carmean-Mihm,
BA; Julia Devonish, MS; Emily Finch, MA; Anna Fox, MA; Elizabeth Hoelscher, MPH,
RD, CHES; La Donna James; Vicki A. Maddy, BS, RD; Therese Ockenden, RN; Birgitta I.
Rice, MS, RPh, CHES; Tricia Skarphol, BS; Ann D. Tucker, BA; Mary Susan Voeller, BA;
Cara Walcheck, BS, RD
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St. Luke’s Roosevelt Hospital Center
Xavier Pi-Sunyer, MD1; Jennifer Patricio, MS2; Stanley Heshka, PhD3; Carmen Pal, MD3;
Lynn Allen, MD; Lolline Chong, BS, RD; Marci Gluck, PhD; Diane Hirsch, RNC, MS,
CDE; Mary Anne Holowaty, MS, CN; Michelle Horowitz, MS, RD; Nancy Rau, MS, RD,
CDE; Dori Brill Steinberg, BS

University of Pennsylvania
Thomas A. Wadden, PhD 1; Barbara J Maschak-Carey, MSN, CDE 2; Robert I. Berkowitz,
MD 3; Seth Braunstein, MD, PhD 3; Gary Foster, PhD 3; Henry Glick, PhD 3; Shiriki
Kumanyika, PhD, RD, MPH 3; Stanley S. Schwartz, MD 3; Michael Allen, RN; Yuliis Bell;
Johanna Brock; Susan Brozena, MD; Ray Carvajal, MA; Helen Chomentowski; Canice
Crerand, PhD; Renee Davenport; Andrea Diamond, MS, RD; Anthony Fabricatore, PhD;
Lee Goldberg, MD; Louise Hesson, MSN, CRNP; Thomas Hudak, MS; Nayyar Iqbal, MD;
LaShanda Jones-Corneille, PhD; Andrew Kao, MD; Robert Kuehnel, PhD; Patricia
Lipschutz, MSN; Monica Mullen, RD, MPH

University of Pittsburgh
John M. Jakicic, PhD1, David E. Kelley, MD1; Jacqueline Wesche-Thobaben, RN, BSN,
CDE2; Lewis H. Kuller, MD, DrPH3; Andrea Kriska, PhD3; Amy D. Otto, PhD, RD, LDN3,
Lin Ewing, PhD, RN3, Mary Korytkowski, MD3, Daniel Edmundowicz, MD3; Monica E.
Yamamoto, DrPH, RD, FADA 3; Rebecca Danchenko, BS; Barbara Elnyczky; David O.
Garcia, MS; George A. Grove, MS; Patricia H. Harper, MS, RD, LDN; Susan Harrier, BS;
Nicole L. Helbling, MS, RN; Diane Ives, MPH; Juliet Mancino, MS, RD, CDE, LDN; Anne
Mathews, PhD, RD, LDN; Tracey Y. Murray, BS; Joan R. Ritchea; Susan Urda, BS, CTR;
Donna L. Wolf, PhD

The Miriam Hospital/Brown Medical School
Rena R. Wing, PhD1; Renee Bright, MS2; Vincent Pera, MD3; John Jakicic, PhD3; Deborah
Tate, PhD3; Amy Gorin, PhD3; Kara Gallagher, PhD3; Amy Bach, PhD; Barbara Bancroft,
RN, MS; Anna Bertorelli, MBA, RD; Richard Carey, BS; Tatum Charron, BS; Heather
Chenot, MS; Kimberley Chula-Maguire, MS; Pamela Coward, MS, RD; Lisa Cronkite, BS;
Julie Currin, MD; Maureen Daly, RN; Caitlin Egan, MS; Erica Ferguson, BS, RD; Linda
Foss, MPH; Jennifer Gauvin, BS; Don Kieffer, PhD; Lauren Lessard, BS; Deborah Maier,
MS; JP Massaro, BS; Tammy Monk, MS; Rob Nicholson, PhD; Erin Patterson, BS; Suzanne
Phelan, PhD; Hollie Raynor, PhD, RD; Douglas Raynor, PhD; Natalie Robinson, MS, RD;
Deborah Robles; Jane Tavares, BS

The University of Texas Health Science Center at San Antonio
Steven M. Haffner, MD1; Maria G. Montez, RN, MSHP, CDE2; Carlos Lorenzo, MD3;
Charles F. Coleman, MS, RD; Domingo Granado, RN; Kathy Hathaway, MS, RD; Juan
Carlos Isaac, RC, BSN; Nora Ramirez, RN, BSN; Ronda Saenz, MS, RD

VA Puget Sound Health Care System/University of Washington
Steven Kahn MB, ChB1; Brenda Montgomery, RN, MS, CDE2; Robert Knopp, MD3;
Edward Lipkin, MD3; Dace Trence, MD3; Terry Barrett, BS; Joli Bartell, BA; Diane
Greenberg, PhD; Anne Murillo, BS; Betty Ann Richmond, MEd; Jolanta Socha, BS; April
Thomas, MPH, RD; Alan Wesley, BA
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Southwestern American Indian Center, Phoenix, Arizona and Shiprock, New Mexico
William C. Knowler, MD, DrPH1; Paula Bolin, RN, MC2; Tina Killean, BS2; Cathy Manus,
LPN3; Jonathan Krakoff, MD3; Jeffrey M. Curtis, MD, MPH3; Justin Glass, MD3; Sara
Michaels, MD3; Peter H. Bennett, MB, FRCP3; Tina Morgan3; Shandiin Begay, MPH; Paul
Bloomquist, MD; Teddy Costa, BS; Bernadita Fallis RN, RHIT, CCS; Jeanette Hermes, MS,
RD; Diane F. Hollowbreast; Ruby Johnson; Maria Meacham, BSN, RN, CDE; Julie Nelson,
RD; Carol Percy, RN; Patricia Poorthunder; Sandra Sangster; Nancy Scurlock, MSN, ANP-
C, CDE; Leigh A. Shovestull, RD, CDE; Janelia Smiley; Katie Toledo, MS, LPC; Christina
Tomchee, BA; Darryl Tonemah, PhD

University of Southern California
Anne Peters, MD1; Valerie Ruelas, MSW, LCSW2; Siran Ghazarian Sengardi, MD2;
Kathryn (Mandy) Graves Hillstrom, EdD, RD, CDE; Kati Konersman, MA, RD, CDE; Sara
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Figure 1.
Mean (± SE) percent reduction in initial weight in the Diabetes Support and Education
(DSE) and Intensive Lifestyle Intervention (ILI) groups over 4 years. Differences between
groups were significantly different (p < 0.0001) at all 4 years. Mean weight losses for DSE
participants at each of the 4 years were 0.8 ± 0.1, 1.1 ± 0.1, 1.2 ± 0.2, and 1.3 ±0.2 kg,
respectively. Corresponding values for ILI were 8.7 ± 0.2, 6.5 ± 0.2, 5.3 ± 0.2, and 4.9 ± 0.2
kg, respectively.
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Figure 2.
Percentage of participants in the Diabetes Support and Education (DSE) and Intensive
Lifestyle Intervention (ILI) groups who at year 4 met different categorical weight losses
(e.g., > 0%, ≥ 5%, ≥ 10%, etc.). The weight loss and regain categories are cumulative. For
example, the 74% of ILI participants who lost > 0% of initial weight includes the 46% who
lost ≥ 5%. The 26% of ILI participants who gained ≥ 0% above their baseline weight
includes the 8% who gained ≥ 5%. A significantly greater percentage of ILI than DSE
participants met each of the categorical weight losses shown (all p’s < 0.0001), whereas a
significantly smaller percentage met the weight regain categories (both p’s < 0.001)
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Figure 3.
A. Weight loss trajectories over 4 years in the 887 participants in the Intensive Lifestyle
Intervention (ILI) who, at year 1, lost ≥ 10% of initial weight. The figure shows the number
of participants who, at year 4, maintained a loss of 10% or more of initial weight (N = 374),
of 5.0–9.9% (N = 251), or of 0–4.9% (N = 174) or who gained above their baseline weight
(N = 88). The percentages shown in parentheses are based on the sample size for the
subgroup. Thus, the 374 of 887 participants who maintained a 10% loss at year 4 comprised
42.2% of this subgroup of participants.
B. Weight loss trajectories over 4 years in the 702 ILI participants who, at year 1, lost 5.0–
9.9% of initial weight. The four categories of weight change that these participants achieved
at year 4 are presented in the same manner as in Figure 3A.
C. Weight loss trajectories over 4 years in the 729 ILI participants who, at year 1, lost < 5%
of initial weight. The four categories of weight change that these participants achieved at
year 4 are presented in the same manner as in Figures 3A and 3B.
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Figure 4.
A. Mean number of total treatment contacts per year (for years 2–4) in ILI participants who
had lost ≥ 10% at 1 year. Participants are shown based upon their weight change category at
year 4: lost ≥ 10% of initial weight (N = 374), 5.0–9.9% (N = 251), or 0–4.9% (N = 174) or
gained above baseline weight (N = 88). Participants who maintained a 10% loss had
significantly more contacts per year than those who maintained a loss of 0–4.9% or gained
above baseline.
B. Self-reported weekly calorie expenditure from physical activity in year 4 for ILI
participants who had lost ≥ 10% at year 1 and were in the subset of participants who
completed the Paffenbarger Activity Questionnaire at year 4. Participants are shown based
upon their weight change category at year 4: lost ≥ 10% of initial weight (N =186), 5.0–
9.9% (N = 120), or 0–4.9% (N = 79) or gained above baseline weight (N = 45). Participants
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who had a 10% loss reported significantly greater energy expenditure from physical activity
than participants in the three other weight categories.
C. Self-reported daily calorie intake in year 4 for the ILI participants who had lost ≥ 10% at
1 year and were in the subset of 502 ILI participants who completed the Food Frequency
Questionnaire at year 4. Participants are shown based upon their weight change category at
year 4: lost ≥ 10% of initial weight (N = 209), 5.0–9.9% (N = 140), or 0–4.9% (N = 103) or
gained above baseline weight (N = 50). Participants who had a 10% loss at year 4 reported a
significantly lower calorie intake than those who gained above their baseline.
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Table 1

Baseline characteristics of participants in the ILI and DSE groups.

Characteristic ILI
N = 2570

DSE
N = 2575

p value

Sex (no. of subjects)

 Female 1526 (59.3) 1537 (59.6)
0.85

 Male 1044 (40.7) 1038 (40.4)

Ethnicity

 African American 399 (15.5) 404 (15.7)

0.28

 American Indian/Alaskan Native 130 (5.1) 128 (5.0)

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

 Hispanic/Latino 339 (13.2) 338 (13.2)

 Non-Hispanic White 1618 (63.1) 1628 (63.3)

 Other/multiple ethnicity 48 (1.9) 50 (1.9)

Use of insulin 381 (14.8) 408 (15.8) 0.31

Age (yr) 58.6 ± 6.8 58.9 ± 6.9 0.12

Body mass index, (kg/m2)

 Females 36.3 ± 6.2 36.6 ± 6.0 0.15

 Males 35.3 ± 5.7 35.1 ± 5.2 0.41

Weight (kg)

 Females 94.8 ± 17.9 95.4 ± 17.3 0.34

 Males 108.9 ± 19.0 109.0 ± 18.0 0.94

Note: Values shown are means ± SDs or frequency counts (with percentages). ILI= Intensive Lifestyle Intervention; DSE= Diabetes Support and
Education
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Table 2

Mean (± SE) weight losses in the ILI participants at years 1 to 4 according to gender, age, race/ethnicity for
ILI.

Year 1 Year 2 Year 3 Year 4

Entire Sample −8.6 ± 0.1 −6.4 ± 0.2 −5.1 ± 0.2 −4.7 ± 0.2

Gender

 Male −9.3 ± 0.2a −7.1 ± 0.2a −5.9 ± 0.2a −5.2 ± 0.2a

 Female −8.1 ± 0.2b −5.9 ± 0.2b −4.6 ± 0.2b −4.4 ± 0.2a

Age

 45–54 yr −7.9 ± 0.3a −5.3 ± 0.3a −4.3 ± 0.3a −3.9 ± 0.3a

 55–64 yr −8.6 ± 0.2b −6.4 ± 0.2b −4.9 ± 0.2a −4.6 ± 0.2a

 65–74 yr −9.4 ± 0.3c −7.6 ± 0.3c −6.7 ± 0.3b −6.3 ± 0.3b

Ethnicity

 Non-Hispanic White −9.6 ± 0.2a −7.0 ± 0.2a −5.5 ± 0.2a −5.1 ± 0.2a

 Hispanic −8.0 ± 0.4b −6.0 ± 0.4a,b −5.0 ± 0.5a −4.8 ± 0.5a

 African American −6.8 ± 0.3c −5.6 ± 0.3b,c −4.5 ± 0.4a −4.1 ± 0.4a

 American Indian/Other −5.4 ± 0.4d −4.1 ± 0.5c −3.9 ± 0.5a −3.4 ± 0.6a

Note: ILI= Intensive Lifestyle Intervention. Within columns and demographic groupings, values with different superscripts (i.e., a, b, c, etc.) differ
significantly from each other (p < 0.05). For example, at year 1, men lost significantly more weight than women (“a” vs “b”). At year 4, there were
no significant differences between men and women, as shown by the shared superscript “a.” At year 2, the “a” superscript for Non-Hispanic Whites
indicates that they lost significantly more weight than participants who were African American and American Indian/Other, each of whom had “c”
superscripts. By contrast, Hispanic Americans did not differ significantly from African Americans, as shown by their shared superscript “b.” All
analyses are adjusted for clinical site and baseline weight. Each family of comparisons was conducted using the Bonferroni correction.

At year 4, non-Hispanic white men and women lost (mean ± SE) 5.3 ± 0.3 and 4.6 ± 0.3% of initial weight, respectively, whereas Hispanic men
and women lost 4.0 ± 0.8 and 5.5 ± 0.6%, respectively. African-American men and women lost 2.8 ± 0.7 and 4.4 ± 0.5%, respectively. Comparable
values for American Indian/Other participants were 4.2 ± 0.9 and 3.5 ± 0.7%, respectively.
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