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OBJECTIVEdTo examine an intensive lifestyle intervention (ILI) compared with diabetes
support and education (DSE) on 4-year change in fitness and physical activity (PA), and to
examine the effect of change in fitness and PA, adjusting for potential confounders, on glycemic
control in the Look AHEAD Trial.

RESEARCH DESIGN AND METHODSdSubjects were overweight/obese adults with
type 2 diabetes mellitus (T2DM) with available fitness data at 4 years (n = 3,942).This clinical trial
randomized subjects to DSE or ILI. DSE subjects received standard care plus information related
to diet, PA, and social support three times per year. ILI subjects received weekly intervention
contact for 6 months, which was reduced over the 4-year period, and were prescribed diet and
PA. Measures included weight, fitness, PA, and HbA1c.

RESULTSdThe difference in percent fitness change between ILI and DSE at 4 years was
significant after adjustment for baseline fitness and change in weight (3.70 vs. 0.94%; P ,
0.01). At 4 years, PA increased by 348 (1,562) kcal/week in ILI vs. 105 (1,309) kcal/week in
DSE (P, 0.01). Fitness change at 4 years was inversely related to change in HbA1c after adjust-
ment for clinical site, treatment, baseline HbA1c, prescribed diabetes medication, baseline fitness,
and weight change (P , 0.01). Change in PA was not related to change in HbA1c.

CONCLUSIONSdA 4-year ILI increased fitness and PA in overweight/obese individuals with
T2DM. Change in fitness was associated with improvements in glycemic control, which provides
support for interventions to improve fitness in adults with T2DM.

Diabetes Care 36:1297–1303, 2013

Type 2 diabetes mellitus (T2DM) is an
increasing health concern in the U.S.,
and it is projected that the prevalence

of this disease could exceed 13% in adults
.20 years of age by the year 2021 (1).
This is of significant public health concern
because of the known association between
diabetes and cardiovascular disease (CVD)
(2). The LookAHEADTrial is amulticenter
clinical trial that was undertaken to exam-
ine the effect of weight loss and fitness on
CVD end points in individuals with T2DM.
The year 4 outcomes of the Look AHEAD
Trial, which were reported recently, dem-
onstrated the effects of an intensive lifestyle
intervention (ILI) comparedwith a diabetes
support and education (DSE) intervention
on weight loss and CVD risk factors, where
weight loss was significantly greater in ILI
compared with DSE (3).

An important component of the Look
AHEAD Trial was the use of objective
measures of fitness on all individuals
randomized to participate in this study.
We previously reported that fitness was
significantly increased in ILI compared
with DSE after 1 year of intervention (4),
and that fitness remained significantly
higher in ILI compared with DSE after
4 years of participation in this study (3).
These are important findings because oth-
ers (5) have reported a reduction in the
risk of CVD mortality associated with
higher levels of fitness.

The findings reported herein expand
on those cited above in which we exam-
ine 1) the 4-year change in fitness con-
trolling for baseline fitness, weight loss,
and various demographic characteristics,
2) the 4-year change in physical activity
(PA), 3) the association between change
in fitness, independent of change in
body weight and other potential con-
founders, and glycemic control, and 4)
the association between change in PA, in-
dependent of change in body weight and
other potential confounders, on glycemic
control.
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RESEARCH DESIGN AND
METHODS

Trial design
The Look AHEAD Trial is a randomized
clinical trial designed to examine the ef-
fects of an ILI compared with a DSE
intervention on the incidence of major
CVD events. Specifics of the Look AHEAD
Trial design have been published previ-
ously (6). Data were collected across 16
clinical sites.

Subjects
A detailed description of the baseline
characteristics and eligibility of subjects
in the Look AHEAD Trial has previously
been published (6). At baseline, all sub-
jects were diagnosed as having T2DM.
Data were available from 3,942 subjects
who completed the assessment of fitness
at baseline and year 4, which represents
76.6% of the subjects recruited and ran-
domized into the Look AHEAD Trial. De-
scriptive data of subjects are presented in
Table 1. Reasons for missing fitness data
at year 4 are presented in Fig. 1.

Intervention
ILI. ILI included a combination of group
and individual sessions weekly for
months 1–6. ILI participants attended
two group meetings and one individual
session per month, and one motivational
campaign to promote adherence to the
recommended weight loss behaviors,
during months 7–12. During months
13–48, ILI participants were to have in-
person monthly contact with their life-
style counselor and monthly contact by
telephone or e-mail and were offered
two refresher campaigns each year that
involved ancillary intervention classes.
The focus of the ILI was to implement
behavioral strategies that would facilitate
adoption and maintenance of eating and
PA behaviors that result in weight loss (7).
Medical care and diabetes treatment for
participants in ILI continued to be pro-
vided by their personal physicians. Tem-
porary reductions inmedicines that could
lead to hypoglycemia were permitted dur-
ing periods of intensive weight loss inter-
vention using a standardized treatment
protocol by the local study staff that in-
cluded physicians, nurses, and certified
diabetes educators.
Dietary intervention. Participants were
instructed to reduce their energy intake to
1,200–1,800 kcal/day depending on
body weight. Dietary fat intake was pre-
scribed at ,30% of total energy intake, T
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with ,10% consumed as saturated fat.
During weeks 3–20, prepackaged, com-
mercially available liquid shakes and
snack bars were provided to replace two
meals per day at no cost to participants.
After 16 weeks, the meal replacements
provided to participants were reduced to
one shake and one snack bar per day. In-
dividuals who declined the use of the
meal replacement options were provided
detailed meal plans of conventional foods
for their daily meals.
PA intervention. Participants were in-
structed initially to increase their PA to at
least 50 min/week and progressively in-
crease to at least 175 min/week by week
26 of the intervention. PA bouts of $10
min were counted toward the weekly ac-
tivity goal, with intensity prescribed as
moderate to vigorous (e.g., brisk walk-
ing). Resistance exercise was permitted
to count up to 25% of the weekly activity
goal. The PA intervention relied primarily
on home-based forms of activity.

DSE
DSE participants were invited to attend
three group sessions each year (years 1–4)
that addressed topics related to diet, PA,
and social support. However, DSE partic-
ipants did not receive information on spe-
cific behavioral strategies regarding diet
or PA that would result in weight loss or
change in fitness. As in ILI, medical care
and diabetes treatment for participants in
DSE continued to be provided by their
personal physician, with no medication
adjustments made by study sites.

Assessments
Demographic characteristics. Baseline
age, sex, ethnicity, duration of diabetes,
and history of CVD were assessed via
questionnaire.
Height, weight, BMI, and waist cir-
cumference. Height, weight, BMI, and
waist girth were assessed using standard-
ized procedures.
Cardiorespiratory fitness. A graded ex-
ercise treadmill test was scheduled to be
performed on all randomized participants
to assess cardiorespiratory fitness at base-
line, 1 year, and 4 years. Fitness was also
assessed in 25% of participants at 2 years
to confirm that the intervention was
successful at producing adequate changes
in fitness as a component of the study
stopping criteria. The protocol that was
previously described for assessing change
in fitness at year 1 was also implemented
for the year 2 and 4 assessments of
cardiorespiratory fitness (4). Fitness was
defined as the estimated metabolic equiv-
alent (MET) level based on the treadmill
workload (i.e., speed and grade) achieved
at the point of termination of the graded
exercise test. The test was terminated
when the participant reached 80% of
age-predicted maximal heart rate (for
those not taking a b-blocker) or
attained a rating of 16 on the 15-category
rating of perceived exertion (RPE) scale
(8) (for those taking a b-blocker).
Leisure-time PA (LTPA). LTPA was
assessed at baseline, year 1, and year 4
on a subsample of subjects using a ques-
tionnaire (9) that was completed as part

of a structured interview. The sample was
based on selected clinical sites including
this questionnaire as part of their assess-
ments for this study. Data collected on the
flights of stairs climbed, number of city
blocks walked, and other fitness, sport,
and recreational activities performed dur-
ing the week prior to the assessment visit
were used to compute kilocalories per
week of LTPA.
Glycemic control. Analysis of blood
chemistry was performed at the Central
Biochemistry Laboratory (Northwest
Lipid Research Laboratories, University
of Washington, Seattle, WA) using stan-
dardized laboratory procedures for
HbA1c. Blood samples were obtained
after a 12-h fast.

Statistical analysis
Analyses were performed using SAS ver-
sion 9.2 (SAS Institute, Cary, NC) with
the type I error rate fixed at 0.05. Among
participants who had fitness data mea-
sured at the year 4 visit, we compared the
two treatment groups (ILI and DSE) on
the distributions of selected baseline char-
acteristics using the generalized linear
model implemented in PROC GLM. De-
fining completers as those with year 4
fitness measures and incompleters as
those with missing data, we examined
the differences in baseline characteristics
between completers and incompleters,
both overall and within each treatment
group. Bivariate associations between
percent change in fitness at year 4 and
baseline characteristics, including age,

Figure 1dFlowchart of participant randomization and completion of fitness testing.
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sex, race/ethnicity, insulin use, diabetes
medication use, HbA1c, smoking status,
metabolic syndrome, BMI, and waist cir-
cumference, were evaluated using either
two-sample Student t test, ANOVA, or
Spearman rank correlation test based on
the distributions of baseline variables.
A mixed-effects model with three time
points, baseline to years 1, 2, and 4, was
fit to model percent change in fitness as
the outcome variable. Independent vari-
ables included treatment group, time, and
group-by-time interaction. Covariates ad-
justed were baseline characteristics that
demonstrated significant bivariate associ-
ations. Weight change over time was in-
cluded in the model as a time-varying
covariate. Unstructured dependence
structure was specified. Differences be-
tween least-squared means for ILI and
DSE at years 1, 2, and 4 were obtained
from the mixed-effects model. Because
clinic site was the randomization stratifi-
cation factor, it was adjusted in the
mixed-effects model.

We fit separate linear regressionmod-
els to examine the relationships between
year 4 percent fitness change and changes
in weight as well as glycemic control, both
overall and stratified by treatment group.
Year 4 percent fitness change was exam-
ined both as a continuous variable and
as a categorical variable defined as.10%
decline, 0–10% decline, .0–10% im-
provement, and .10% improvement.
For the model with change in weight
from baseline to year 4 as the outcome,
we adjusted for baseline weight and fit-
ness along with prescribed diabetes med-
ication use. For the model with year 4
change in HbA1c as the outcome, covari-
ates included baseline HbA1c and fitness,
weight change from baseline to year 4,
and prescribed diabetes medication use.
Least-squared means for the various per-
cent fitness change categories were ob-
tained from these regression models and
presented using bar plots. Because clinic
site was the randomization stratification
factor, it was adjusted in linear regression
models.

Mediation analyses were conducted
by fitting a series of three regression
models according to the procedures in-
troduced by Baron and Kenny (10).
Model 1 regressed the outcome (change
in HbA1c) against treatment group to eval-
uate the total effect of treatment on the
outcome. Model 2 regressed each poten-
tial mediator (changes in weight and fit-
ness) against treatment group. Model 3
regressed the outcome against treatment

and potential mediators. Significance of
the indirect effects was assessed using
bootstrap methods (11) with 10,000 rep-
licates. If the 95%CI for the indirect effect
excluded 0, then there was significant in-
direct effect. Contrast between two medi-
ators was calculated along with its 95%
CI to assess relative importance of the
mediators.

RESULTSdThere were 5,145 partici-
pants randomized (DSE = 2,575; ILI =
2,570) to participate in Look AHEAD.
However, fitness data were available at
4 years on 3,942 of the randomized
participants (76.6% of the randomized
subjects). The baseline demographic char-
acteristics of these 3,942 study partici-
pants are provided in Table 1. When
compared with participants who did not
provide fitness data at 4 years, at baseline,
those who did provide fitness data were
significantly younger, had a lower weight,
BMI, and waist circumference, had lower
HbA1c, reported a shorter duration of di-
abetes, and had a higher level of fitness.
Reasons for missing fitness data at year 4
are presented in Fig. 1, with 554 and 649
participants missing data in ILI and DSE,
respectively. The number of participants
in the DSE group missing fitness is signif-
icantly higher than in the ILI group (P =
0.002).

Change in body weight
When data for only those subjects who
completed the fitness test at year 4 were
examined, there was a significant differ-
ence in weight change for ILI (24.9%
[95% CI 25.5 to 24.5%]) compared
with DSE (–1.2% [21.5 to 20.8%]).
A similar pattern of weight change differ-
ences was also observed among subjects
in the subsample assessed for LTPA (ILI =
24.8% [25.3 to 24.4%]; DSE = 21.3%
[21.8 to 20.9%]).

Change in LTPA
Based on the subsample of subjects for
whom LTPA data were available, the
change in LTPA from baseline to year 1
was significantly greater in ILI (871.6
kcal/week [95% CI 775.6–967.6 kcal/
week]; n = 1,120) compared with DSE
(107.7 kcal/week [33.7–181.7]; n =
1,104) (P , 0.0001). However, there
was a decrease in LTPA from year 1 to 4
in ILI to 348.3 (1,562.2) kcal/week (n =
1,078), whereas DSE remained relatively
unchanged at 104.5 (1,308.7) kcal/week
(n = 1,068). Despite this 535-kcal de-
crease in LTPA from year 1 to 4 in ILI,

the difference in LTPA at year 4 compared
with baseline remained significantly
greater for ILI compared with DSE (P ,
0.0001).

Change in fitness
The difference in percent fitness change
between ILI and DSE observed at year 4
was significant after adjustment for base-
line fitness (5.40 vs. 20.83%; P ,
0.0001), change in weight (3.62 vs.
1.03%; P = 0.001), or both baseline fit-
ness and change in weight (3.70 vs.
0.94%; P , 0.001). There was no effect
of the test termination criterion (80% of
age-predicted maximal heart rate vs.
RPE = 16) on the pattern of these findings.

Bivariate analyses, adjusted for base-
line fitness, were performed to determine
the influence of baseline characteristics
on change in fitness at the year 4 assess-
ment. These analyses showed that the
following baseline characteristics were
associated with significantly greater im-
provements in fitness at year 4: lower
BMI, younger age, male sex, race self-
identified as white, not taking diabetes
medication, not taking insulin, lower
HbA1c, not having metabolic syndrome,
and no prior history of CVD. These pa-
rameters, along with important interac-
tion effects, were examined using
multivariate analysis to further determine
factors that contributed to the change in
fitness observed at years 1, 2, and 4 in this
study. These multivariate analyses
showed that percent change in fitness
was greater in ILI versus DSE by 6.6%
(95% CI 5.2–8.0%), 5.80% (3.2–8.4%),
and 1.9% (0.5–3.3%) at years 1, 2, and 4,
respectively (P , 0.0001).

Weight change and fitness change
at year 4
Subjects were categorized by the magni-
tude of fitness change from baseline to
year 4 (.10% decline [DSE, n = 735; ILI,
n = 556], 0–10% decline [DSE, n = 514;
ILI, n = 547], .0–10% improvement
[DSE, n = 164; ILI, n = 200], and .10%
improvement [DSE, n = 500; ILI, n =
702]) to examine if change in weight
was associated with change in fitness
from baseline to 4 years. After controlling
for baseline weight, baseline fitness, clin-
ical site, and treatment, there was an in-
verse relationship observed between
change in weight and fitness (P ,
0.0001) (Fig. 2). These associations be-
tween change in weight and fitness re-
mained statistically significant when
data were analyzed separately for DSE
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and ILI (P , 0.001). Data were also ana-
lyzed with both weight and fitness change
considered as continuous variables. Re-
sults of these analyses showed that a
greater increase in fitness was associated
with a greater weight loss with DSE and
ILI combined (b = 20.10035, SE =
0.00492, P , 0.0001) and when exam-
ined separately for DSE (b = 20.09563,
SE = 0.00785, P , 0.0001) and ILI (b =
20.10389, SE = 0.00624, P , 0.0001).

Glycemic control and fitness change
at year 4
Data were analyzed to examine if change
in glycemic control, measured by HbA1c,
was influenced by fitness improvement,

with fitness change categorized as de-
scribed above. When adjusted for clinical
site, treatment, baseline HbA1c, diabetes
medication use, baseline fitness, and
weight change, the inverse relationship
between change in HbA1c and fitness
was significant both overall (P ,
0.0001) and for both DSE (P , 0.0001)
and ILI (P , 0.001) (Fig. 3). Post hoc
analysis showed that there was a signifi-
cant difference for change in HbA1c be-
tween subjects grouped as having a
.10% increase in fitness and both subject
groups as having a .10% decline in fit-
ness (P, 0.0001) and a 0–10% decline in
fitness (P, 0.0001) at 4 years, with these
comparisons remaining significant when

data were analyzed separately for DSE
and ILI. Post hoc analysis also showed
that there was a significant difference
for change in HbA1c between subjects
grouped as having a .0–10% improve-
ment in fitness and subjects grouped as
having a .10% decline in fitness (P =
0.007), with this comparison not signifi-
cant when analyzed separately for DSE
and ILI.When change infitnesswas treated
as a continuous variable and with adjust-
ment for selected covariates, there was a
significant inverse association between
HbA1c and change in fitness at 4 years
(b = 20.00431, SE = 0.00048, P ,
0.0001), and this was consistent when an-
alyzed separately for DSE (b = 20.0286,
SE = 0.00130, P = 0.03) and ILI (b =
20.00295, SE = 0.00106, P , 0.0001).

Mediation analysis was also con-
ducted to examine the effect that change
in weight and change in fitness had
on change in HbA1c. Results showed
that both change in weight (indirect ef-
fect = 20.0779 [95% CI 20.1026 to
20.0554]) and change in fitness
(20.0264 [20.0401 to 20.0156]) were
significant mediators of the change in
HbA1c. However, the effect of the change
in HbA1c mediated by change in weight
was significantly greater than the effect
mediated by fitness (difference between
indirect effects = 0.0515 [95% CI 0.0230–
0.0813]).

LTPA and change in weight and
glycemic control
With LTPA treated as a continuous vari-
able, there was a significant association (P =
0.02) between change in LTPA and change
in weight after adjustment for baseline
LTPA, clinic, treatment, clinic*treatment,
and baseline weight. This association re-
mained significant when data were ana-
lyzed separately for ILI (P = 0.02) but not
for DSE. With change in LTPA treated as a
continuous variable and with adjustment
for selected covariates, there was no signif-
icant association observed between HbA1c

and LTPA.

CONCLUSIONSdAs previously re-
ported, ILI was effective at increasing
fitness in overweight/obese individuals
with T2DM after a 4-year intervention
(3). Additional data presented here show
that ILI was more effective than DSE at
increasing fitness even after adjustment
for baseline fitness and change in weight.
We also report that change in fitness
was associated with improvements in
glycemic control, after controlling for

Figure 2dChange in weight by percent change in fitness adjusted for baseline weight, baseline
fitness, clinical site, and treatment assignment.

Figure 3dChange in HbA1c by percent change in fitness adjusted for clinical site, treatment,
baseline HbA1c, prescribed diabetes medication use, baseline fitness, and weight change.
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both change in weight and the use of di-
abetes medications. An interesting find-
ing is that this association was present
for both ILI and DSE interventions, with
the reduction in HbA1c observed with an
increase in fitness of .10% being signif-
icantly greater than the change in HbA1c

observed with a decline in fitness (see Fig.
3). Moreover, fitness was a significant me-
diator of the change in glycemic control in
this population of individuals with
T2DM. These findings have significant
clinical implications and provide support
for interventions to improve fitness in
adults with T2DM. This may support
the need for healthcare providers to en-
courage behavior changes that result in
improved fitness in overweight and obese
individuals with T2DM regardless of
whether they are able to lose or sustain
significant weight loss.

The ILI in the Look AHEAD Trial
focused on both improving fitness and
reducing weight, and the results of the
analyses presented suggest that interven-
tions for individuals with T2DM should
focus on both of these outcomes. For
example, the results of our mediation
analysis showed that both weight loss
and fitness change mediated the effect on
change in HbA1c. However, it is impor-
tant to recognize that the effect of weight
loss on change in HbA1c was significantly
greater than the effect of change in fit-
ness, but this does not minimize the im-
portant contribution of fitness in
improving glycemic control. Rather these
results suggest that fitness can have an
important effect on glycemic control,
and fitness appears to enhance the effect
that weight loss has on improving glyce-
mic control.

Whether the improvements in fit-
ness, and the association with glycemic
control, will ultimately reduce the inci-
dence of CVD-related events, the primary
outcome of the Look AHEAD Trial, re-
mains unknown. Higher levels of fitness
have been shown to be associated with
delayed onset of CVD events in patients
with T2DM (5), and fitness has been
shown to have an independent effect of
CVD morbidity and mortality (5,12–14).
Within the Look AHEAD Trial for partic-
ipants providing fitness data at year 4,
35.0% (n = 702) of participants in ILI
achieved a 10% or greater increase in fit-
ness at year 4, compared with 26.1% (n =
500) of participants in DSE. Moreover,
44.9% (n = 902) and 34.7% (n = 664)
improved their fitness at year 4 compared
with baseline in ILI and DSE, respectively.

The contribution of fitness to improving
glycemic control, and the finding that
ILI resulted in greater improvements in
fitness compared with DSE, may be
of particular importance in the Look
AHEAD Trial, where the primary re-
search question is to compare CVD out-
comes in response to ILI compared with
DSE.

The importance of PA in long-term
weight loss within the context of a com-
prehensive lifestyle behavior intervention
has previously been demonstrated (15–
19). The results from this current investi-
gation support the association between
LTPA and weight loss after a period of 4
years. However, we were unable to show
an association between self-reported
LTPA and improved glycemic control.
This is in contrast to what other studies
have previously reported. For example,
the Italian Diabetes and Exercise Study
showed a significant reduction in HbA1c

(20.30 [95% CI 20.49 to 20.10) in re-
sponse to 12 months of exercise, com-
pared with control (20), with the
exercise intervention including twice-a-
week supervised sessions. In contrast,
the Look AHEAD Trial included primarily
PA that was home based, and PA was self-
reported in a subsample of subjects
using a questionnaire. Moreover, despite
an ongoing ILI intervention across 4 years,
there was a considerable decline in LTPA
in ILI from year 1 to 4. These factors may
have contributed to the lack of a signifi-
cant association between LTPA and
HbA1c after 4 years in the Look AHEAD
Trial.

The Look AHEAD Trial is one of the
longest prospective randomized clinical
trials to implement a lifestyle interven-
tion targeting weight loss and improve-
ment in fitness in overweight and obese
adults with T2DM. However, this study
is not without limitations that may have
impacted the results presented. Fitness
measures were obtained from 76.6% of
the randomized sample, and there are
differences in baseline demographic
characteristics between subjects provid-
ing and not providing fitness data. More-
over, the number of participants in DSE
missing fitness measures is significantly
higher than in ILI (P = 0.002). This pat-
tern of findings may affect the generaliz-
ability of the results observed. Moreover,
although fitness was measured objec-
tively, we did implement a submaximal
graded exercise test that was terminated
at a predetermined heart rate or RPE
rather than a maximal exercise test.

This may have influenced the precise as-
sessment of fitness in this study. LTPA
was also assessed on a subsample of sub-
jects using a questionnaire, which may
have influenced the accuracy of this
measurement.

In summary, during the first 4 years
of Look AHEAD, the ILI intervention
produced greater weight loss, higher lev-
els of PA, and improved fitness when
compared with the DSE group. This has
added importance for patients with
T2DM. These results demonstrated an
association between change in fitness
and improvements in glycemic control,
expressed as HbA1c, even after controlling
for weight loss in both ILI and DSE. These
findings highlight the importance of pro-
moting interventions that will result in
improved fitness, and the potential blunt-
ing of age-related declines in fitness in
people with T2DM. This may be of par-
ticular importance within the primary
care setting, which is similar to the inter-
vention of the DSE group in this study.
Despiteminimal change in bodyweight in
response to the DSE intervention, im-
proved fitness was significantly related
to improved glycemic control. This find-
ing supports the need for primary care
interventions to promote PA that results
in significant improvements in fitness in
patients with T2DM. The influence of
these findings on long-term clinical out-
comes awaits further examination within
the Look AHEAD Trial.
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