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ABSTRACT
Individuals diagnosed with impaired glucose tolerance
(i.e., prediabetes) are at increased risk for developing
diabetes. We proposed a clinical trial with a novel
adaptive randomization designed to examine the impact
of a home-based physical activity (PA) counseling
intervention on metabolic risk in prediabetic elders. This
manuscript details the lessons learned relative to
recruitment, study design, and implementation of a
12-month randomized controlled PA counseling trial. A
detailed discussion on how we responded to unforeseen
challenges is provided. A total of 302 older patients with
prediabetes were randomly assigned to either PA
counseling or usual care. A novel adaptive design that
reallocated counseling intensity based on self-report of
adherence to PA was initiated but revised when rates of
non-response were lower than projected. This study
presents baseline participant characteristics and
discusses unwelcome adaptations to a highly innovative
study design to increase PA and enhance glucose
metabolism when the best-laid plans went awry.
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INTRODUCTION
Type 2 diabetes is a common, chronic, and costly
disease affecting an estimated 23% of adults over the
age of 60 and is the seventh leading cause of death
in the USA [1]. The prevalence of diabetes is even
higher (~28%) among users of Department of
Veterans Affairs (VA) healthcare [2]. The annual
incidence of diabetes in veterans is ~2% per year [2]
and is the third most common diagnosis in the VA
healthcare system [2]. Two known contributors to
the increased incidence of diabetes are the increased
epidemic of obesity and low levels of physical
activity. Prediabetes, an intermediate category

between normoglycemia and diabetes, is a clinical
diagnosis characterizing those individuals who have
fasting blood glucose levels higher than normal
(>100 mg/dL) but not high enough to be classified
as diabetes (>126 mg/dL). Recent estimates by the
Department of Health and Human Services suggest
that prediabetes is becoming more common, affect-
ing nearly 79 million adults in 2010 [1].
The VA has aggressively addressed the existing

obesity and diabetes epidemics with the implemen-
tation of weight reduction programs (e.g., MOVE!
Weight Management Program for Veterans [3]),
various diabetes education programs, and perform-
ance measures aimed at attaining optimal manage-
ment of dyslipidemia, diabetes, and obesity. Despite
overwhelming evidence that physical activity can
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Implications
Practice: Provider support alongside a health
counselor may be efficacious for increasing
physical activity levels among older adult
patients. Thus, this may be a feasible practice
model to sustain.

Policy: Alternative designs to the traditional two-
armed trial comparing an intervention versus
usual care may point to more effective ways of
treating this patient population that is already
using substantial healthcare dollars. However,
implementation of these alternative designs into
clinical care should be bolstered by evidence-
based research.

Research: Sequential adaptive designs are a
promising design for behavioral trials because
they mimic clinical care. Careful attention to
objective measures of physical activity adherence
will strengthen the viability of this novel
approach to promoting behavior change.
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favorably impact all of the medical conditions
described above, staffing resources and space for
physical activity are inequitable throughout the VA;
this is especially true for the older Veteran. A study
by Littman et al. [4], reported that 59.2% of veterans
over the age of 70 do little to no activity, under-
scoring the magnitude of the sedentary problem
among our older veterans. Furthermore, the
MOVE! program is only targeted toward veterans
under the age of 70.
Physical activity promotion efforts for diabetes

control have typically been limited to group-based
programs delivered in a controlled, classroom envi-
ronment. Barriers such as travel (distance and time),
transportation, time constraints, and mobility require-
ments may limit accessibility of such programs. Given
these challenges, promoting increased physical activ-
ity via remote pathways, such as the telephone, may
provide an attractive alternative to older adults. We
developed a multicomponent physical activity coun-
seling (PAC) program that successfully increased
physical activity and improved rapid gait speed in
older veterans [5, 6]. Given the literature suggesting
improved glycemic control with moderate doses of
physical activity, we proposed to examine whether our
PAC, which promotes moderate physical activity
tailored to older adults, would provide glycemic
benefit to older overweight veterans with impaired
glucose tolerance.
The Enhancing Fitness in Older Overweight Veter-

ans with Impaired Fasting Glucose Study (Enhanced
Fitness) is a 12-month randomized controlled clinical
trial comparing a multi-component PAC program to
usual care (UC). Recognizing that lifestyle change and
chronic disease management require a dynamic
approach which includes modifying treatment proto-
cols to cope with evolving barriers and successes, the
Enhanced Fitness Study proposed a highly innovative
adaptive randomization design.
Adaptive design studies identify a priori inter-

mediate, early markers of response which indicate
whether the current treatment protocol is effective
or whether alternative treatments are needed in
order to impact a chosen outcome [7, 8]. Although
adaptive designs are becoming more common in
pharmaceutical trials, adaptive designs in behav-
ioral studies are rare and, to our knowledge, have
never been used to promote physical activity.
Carels and colleagues [9, 10] report results of two
behavioral adaptive design trials aimed at weight
loss. Individuals not meeting weight loss targets
at pre-determined points were re-assigned to
receive higher doses of counseling which resulted
in better weight loss. These studies suggest that
an adaptive approach is more likely to achieve
intermediate behavioral goals and have superior
treatment outcomes compared to a “one size fits
all” approach. The current study was designed to
examine whether adopting an adaptive design
approach to physical activity promotion would
improve diabetes-specific health outcomes.

In this study, we proposed a two-stage adaptive
design in which change in physical activity in
response to our PAC intervention was assessed early
in the study. Non-responders to PAC were to be
reallocated to a more intense intervention which
consisted of PAC plus group-based cognitive behav-
ioral exercise counseling. It was hypothesized that
cognitive behavioral exercise counseling would
complement the activity counseling piece of the
intervention by improving individuals’ attitudes
toward physical activity and increasing activity
behavior. Such improvements have been demon-
strated in previous physical activity studies with
older adults [11, 12]. Alternatively, responders to
PAC were to be randomized to maintained or lower
(less costly) doses of PAC.
This manuscript details the study design, theoret-

ical framework, methods, baseline characteristics,
and unexpected barriers during implementation of
the Enhanced Fitness trial. Results of the trial will be
presented in subsequent manuscripts.

PRIMARY RESEARCH GOALS
The primary hypothesis is that a multicomponent
PAC intervention administered through a physician-
endorsed, home-based model will have a beneficial
and clinically meaningful impact on insulin metab-
olism and markers of the metabolic syndrome
superior to UC. The primary outcome is improved
insulin action as measured by fasting insulin and
glucose levels using the homeostasis model assess-
ment of insulin resistance (HOMA-IR) and hemo-
globin A1C (HbA1c) as a secondary indicator of
improved glycemic control. Other secondary out-
comes include self-reports of physical activity,
health-related quality of life, and physical function;
a physical performance battery including measures
of rapid and usual gait speed, chair stands, balance,
and 6-min walk distance; fasting lipids, weight, waist
circumference, and blood pressure.

STUDY DESIGN
Overview
Enhanced Fitness was originally designed as a four-
arm adaptive randomization trial [7] to be conducted
over a 3-year period in primary care clinics at the VA
Medical Center (VAMC) in Durham, NC, USA, and
the VA Community-Based Outpatient Clinic (CBOC)
inRaleigh, NC,USA. Briefly, adaptive randomization,
also known as sequential randomization, starts with an
initial randomization. At some predetermined point,
study participants are re-randomized based on responses
to an intermediate measure—typically either an inter-
mediate outcome or a measure of process, like
compliance. Reassessment and re-randomization can
occur more than once, hence the name sequential or
adaptive randomization.
We chose the simplest adaptive design with only

one intermediate assessment for re-randomization.
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Assessment, reassessment, and allocation to new
therapies based on health outcomes are a hallmark
of primary care. In the context of this behavioral
trial, increased physical activity was reassessed at
3 months among all study participants. Individuals
originally allocated to UC remained in UC. Among
those allocated to PAC, individuals considered
respondents, defined as completing 75% or more
of their self-identified physical activity goals, were
re-randomized to receive either a maintained (con-
tinued care) or less costly/less intensive intervention
(reduced calls). All non-respondents initially
randomized to PAC were to be offered a supple-
mental group-based cognitive behavioral exercise
counseling class that has demonstrated success in
enhancing physical activity among elders with
chronic conditions [12]. This design led to a multiple-
armed RCT with four “strategies” [13]: (1) enhanced

fitness continued care, (2) enhanced fitness reduced
calls, (3) enhanced fitness plus group-based cognitive
behavioral exercise counseling, and (4) UC (see
Fig. 1a).
The purpose of this paper is to describe a series of

lessons learned as we faced situations that forced us
to amend the study design and eligibility criteria.
Our ability to successfully navigate these challenges
was due to our ongoing investigator meetings
(weekly for core team and initially monthly for the
entire team) in which these issues were discussed,
debated, and resolved. Our first challenge arose
when we determined that the rates of non-respondents
were far lower than the projected 35%. During the first
6 months of study implementation, we noted that
among the first 50 enrolled patients completing the
3-month assessment, none of these individuals met
our criteria for non-respondents. During this time,

a

b

Fig 1 | a Four-arm RCT design. b 3-arm RCT design
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we also examined data collected on our early drop-
outs. Of six PAC participants who withdrew from
the study prior to the 3-month assessment, only
two would have been classified as non-responders.
Our study team (principal investigators, health

counselor, statistical team) remained engaged in
what would be a 6-month discussion during which
we examined why we were experiencing greater
drop-out in the PAC arm than anticipated and
how to abate that and whether our initial deter-
mination of respondent/non-respondent was occur-
ring too late in the intervention. Our investigation
into the latter point indicated that in this study,
contrary to our prior studies, there was no clear
time point at which response to the intervention
could be clearly determined across all individuals.
These scientific discussions eventually led us to
the realization that based on the numbers enrolled
to date, it was logistically impractical and statisti-
cally unfeasible to retain the fourth arm of the
trial. Thus, we were forced to alter the study
design and eliminated the Group Exercise Coun-
seling arm of the study. As such, Enhanced Fitness
became a three-armed RCT: UC, enhanced fitness
counseling continued care and enhanced fitness
counseling reduced care groups (see Fig. 1b for
modified study design). The latter two groups thus
constituted the PAC group. This amended study
design had no impact on the primary and
secondary outcomes which included comparisons
between PAC and UC, and we further note that
the initial high early drop-out in the PAC group
diminished over the course of the trial.

Theoretical framework for the enhanced fitness intervention
The core components of the Enhanced Fitness inter-
vention were based upon the theoretical constructs
developed for the Activity Counseling Trial, the
Physician-Based Assessment and Counseling for Exer-
cise Program, and other successful physical activity
promotion trials [6, 14]. The primary theoretical basis
of this intervention relies heavily on Social Cognitive

Theory (SCT; [15, 16]), in which behavior influences,
and is influenced by, within-person factors and factors
in the social and physical environments. The primary
intervention strategy is designed to enhance self-
efficacy for physical activity, an important predictor
of physical activity in older adults [17]. Elements of
SCT integrated into this intervention include model-
ing, self-monitoring, goal setting, reinforcement, and
cognitive reframing. We also used the transtheoretical
model “stage of change” concept as a guide to select
appropriate intervention materials for individuals
based on their motivation and readiness to change
behavior [18].
Figure 2 depicts how the theoretical framework

for the Enhanced Fitness intervention was integrated
into each component. Although the amendment to
the design eliminating the group cognitive behav-
ioral exercise counseling for the non-responders will
not allow us to examine its impact, the overall
integration of the theoretical framework for this
study was not affected by this design change.

Study participants
The principles guiding the selection of the inclusion
and exclusion criteria for Enhanced Fitness were to
ensure the enrollment of participants who satisfy
four major criteria: (1) free of frank diabetes, but at
high risk for developing diabetes; (2) independent
mobility; (3) receiving primary care at the VA; and
(4) over 60 years of age (see Table 1 for a complete
list of eligibility criteria). Initially, our study was
limited to veterans ages 65 and over. The unexpect-
edly high number of seniors already diagnosed with
diabetes, 3,584 of 10,221 medical records screened,
required us to lower our eligibility age to 60. We
also originally intended to limit our study to BMI
<40, thinking that morbidly obese individuals
would be unable to complete the prescribed exercise
regimen. However, early on in our recruitment
efforts, we met and excluded several individuals
during their in-person enrollment appointment who
satisfied all other inclusion criteria save the BMI

Fig 2 | Theoretical framework of the Enhanced Fitness counseling intervention
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upper limit and who seemingly would benefit from
our study without ill effects. As such, we amended
the study to increase the upper BMI limit to 45. We
excluded individuals who were already engaging in
regular, vigorous physical activity and those who
had medical contraindications to unsupervised phys-
ical activity. Individuals with documented substance
abuse or psychiatric conditions (e.g., schizophrenia)
that make them less likely to respond to the
proposed intervention were also excluded. Eligibil-
ity was established through a multi-step process
involving telephone and in-person screening.

Recruitment
Recruitment of study participants began in the
spring of 2008 and concluded in March of 2010.
Initially, the medical records of veterans followed in
Primary Care, Women’s Health, or Geriatric Clinics
at Durham VAMC or Raleigh CBOC were
screened. The names of eligible patients were sent
to their primary care provider (PCP) for final
approval. In an attempt to minimize patient travel
burden, we tried to link the enrollment visit with
another scheduled medical appointment at the
hospital. Within 1 month of the patient’s scheduled
medical appointment, the patient was mailed a letter
of invitation describing the study, which included a
copy of the consent form, a return postcard to
indicate interest, and a cover letter of introduction
from the patient’s PCP. Two weeks after the recruit-
ment packet was mailed, a follow-up telephone call

was made to invite formal patient enrollment.
During that call, verbal consent was obtained.
Prospective participants were also screened for
cognitive, hearing, or visual impairments and com-
pleted an exercise history. Potentially eligible veter-
ans were given an appointment for an in-person
screening and enrollment session. After written
consent was obtained during the enrollment visit,
blood pressure, weight, height, waist circumference,
pain score, and fasting glucose level as measured by
a finger stick were recorded. If deemed eligible up
to this point, individuals were sent to the phlebot-
omy laboratory of the Durham VA for additional
blood work. They then returned to the study office
to complete a baseline survey and performance
assessment. With the exception of the study coor-
dinator and the health counselor, all research
personnel were blinded to individual group assign-
ment for the duration of the study.

Randomization
After the baseline assessment was completed,
patients were assigned to the Enhanced Fitness
Counseling group or the Usual Care group using
random allocation generated by the statistician. Re-
randomization in adaptive design studies requires
oversampling within the study; thus, allocation
between the PAC and UC arms was not 1:1. We
chose the simplest adaptive design (i.e., only one re-
randomization point), which required us to oversample
in the PAC arm so that subsequent secondary analyses

Table 1 | Enhanced fitness inclusion and exclusion criteria

Inclusion criteria

Demographics Adults 60 years of age or older
Patient status Followed in Primary Care, Women’s Health, or Geriatric Clinics at Durham VAMC or Raleigh

Outpatient Clinic (CBOC) with an assigned PCP, and have had at least one visit to the
hospital or outpatient clinic in the previous 12 months

Fasting blood
glucose

100 mg/dL≤FBG≤125 mg/dL, following an overnight fast

Glycated
hemoglobin

HbA1c<7%

BMI 25 kg/m2≤BMI≤45 kg/m2

Mobility Able to walk 30 ft without human assistance (assistive devices were acceptable)
Exclusion criteria
Diabetes Clinical history of diabetes or newly diagnosed diabetes at screening
Recent history of
CVD

Clinical history of cardiovascular disease (CVD) occurring within the past 6 months, including
unstable angina, ventricular tachycardia, COPD with two or more hospitalizations within the
past year and/or on oxygen, and stroke with moderate to severe aphasia

Hypertension Uncontrolled hypertension (diastolic BP>110 mmHg or systolic BP >200 mmHg)
Physical activity Patients who had been regularly and vigorously physically active for 6 months or longer, or

patients for whom physical activity would be unsafe or contraindicated
Medications Patients taking insulin or other medication used to control sugar levels (i.e. Metformin).
Impairments Hearing loss severe enough to interfere with the ability to receive telephone counseling, and

visual impairment severe enough to interfere with the ability to review written materials
Other Diagnosis of unstable mental or behavioral disorder, diagnosis of severe dementia, patients

whose physician declined approval for another reason
Other chronic
conditions

Diagnosis of chronic pain (interferes with patient’s ability to exercise) or a terminal diagnosis
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pertaining to higher or lower doses of telephone
contact would be adequately powered for comparisons
against UC. As UC is presumably comprised of
responders and non-responders, for comparative anal-
yses, groups in the PAC arm also needed to be
comprised of responders and non-responders. Thus,
optimum sample size allocations (based upon the
original four-arm study design) were calculated as 180
patients to PAC and 120 patients to UC.
Re-assignment to maintained telephone contact,

reduced telephone contact, or maintained telephone
contact + cognitive behavioral exercise counseling
in the PAC arm was to occur at 3 months post-
baseline. Following the amendment to eliminate the
supplemental group exercise counseling, only re-
randomization to maintained telephone contact or
reduced telephone contact was retained. Block
randomization ensured that PAC patients had a 50/
50 chance of being assigned to either a higher or
lower dose of contact.

Intervention delivery and materials
The Enhanced Fitness Counseling intervention
included five primary elements: (1) in-person base-
line counseling, (2) PCP endorsement at the next
clinic visit, (3) telephone counseling for 1 year, (4)
monthly automated telephone encouragement by
the patient’s PCP starting at the second month, and
(5) individualized quarterly feedback reports mailed
to the participant summarizing progress in time
spent on both walking and leg strengthening exer-
cises compared to the desired goals. Previous
research has demonstrated therapeutic benefits of
both endurance and resistance exercise among
individuals with insulin resistance [19]. Thus, con-
sistent with recommendations from the American
Diabetes Association [19], the American College of
Sports Medicine, the American Heart Association
[20], and the US Physical Activity Guidelines [21],
the long-term goals of this study were for partic-
ipants to accomplish: [1] 30 or more minutes of
lower extremity aerobic exercise, preferably walk-
ing, on five or more days of the week, and [2]
15 min of exercises to increase lower extremity
strength on three non-consecutive days each week,
which is of particular importance to maximize
mobility in older adults.

Contact schedule
The contact schedule for Enhanced Fitness Counsel-
ing ContinuedCare and Enhanced Fitness Counseling
Reduced Care is in the following text and summarized
in Table 2.
Element 1: in-person baseline counseling—All partici-
pants randomized to the Enhanced Fitness Counsel-
ing intervention received an in-person consultation
with the health counselor. A single health counselor
with over 20 years of exercise and lifestyle counsel-
ing experience performed all of the counseling. The
baseline counseling was designed to obtain an
accurate view of the patient’s functional status,
which may differ from the medical record, and
establish a realistic starting point for engaging in
physical activity. The counselor utilized a structured
protocol called “Planning the First Step” first devel-
oped for the Veterans LIFE study [5] and modified for
this study to reflect glycemic control. Individuals were
given a notebook containing handouts on the health
benefits of exercise, tips for exercising safely, and a
poster with specific exercises. They were also given
elastic bands of different resistances and a pedometer.
During this initial consultation, the participants prac-
ticed leg strengthening exercises, modeled walking
with a non-shuffling gait, and were shown how to
record physical activity.
Element 2: PCP endorsement at the next clinic visit—

The PCP was notified when a patient had enrolled
in our study. The day before a patient in the PAC
arm of our study had a routine clinic visit, we sent
the PCP a reminder to endorse physical activity
and/or participation in the Enhanced Fitness study
and document the endorsement in the patient’s
electronic file. We did not impose a standardized
method of endorsement.
Element 3: telephone counseling—The health counselor

contacted each participant three times for follow-up
counselingwithin the first 6 weeks (biweekly) and once
every 4 weeks thereafter for those randomized to the
Continued Care. Those randomized to the Reduced
Calls group received a phone call once every 8 weeks,
after the initial 6 weeks. Each phone call adhered to a
standardized protocol that reinforced continued phys-
ical activity, identified strategies for overcoming
barriers, and helped customize individually feasible
activities. The counselor also identified individual

Table 2 | Enhanced Fitness counseling intervention elements

Continued
care group

Reduced
care group

In-person counseling at baseline × ×
PCP endorsement at next clinic visit × ×
Telephone counseling three times within first 6 weeks, then every 4 weeks ×
Telephone counseling three times within first 6 weeks, every 4 weeks
until 6 months, then every 8 weeks

×

Automated-telephone PCP endorsement × ×
Quarterly tailored mailed report × ×
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motivators with a focus on creating a physical and
social environment conducive to increasing physical
activity. Finally, alternative activities and benefits of
exercise that the participant may not have previously
considered were discussed.
Element 4: automated telephone encouragement by

PCP—The literature suggests that PCPs may play a
powerful role in promoting adherence to more health-
ful behaviors [22]. Indeed results of our previous
telephone counseling studies [6] support the role of
PCPs as an important influence over patients’ motiva-
tion to adhere to behavior change recommendations.
However, most PCPs experience considerable time
constraints in their day-to-day dealings with patients. To
preserve clinician time, we use automated telephone
calls to deliver messages of encouragement to the
participants directly from their own PCP. Each partic-
ipating PCP recorded a generic message encouraging
their patient to keep up with the exercise program
created through Enhanced Fitness. These automated
calls, with participant names inserted in each greeting
by the computer, were made monthly starting at the
second month of the intervention and were a way of
providing further support and provider endorsement.

We also sent birthday cards to all study participants
as a way to encourage participant retention.
Element 5: quarterly tailored mail report—To give

patients tangible reinforcement and motivation,
participants were mailed a customized progress
report every 3 months. The report consisted of a
letter with a greeting of encouragement as well as a
graph showing the participant’s change over time in
comparison to the long-term goals of 150 total
minutes of walking or other aerobic exercise each
week and 45 total minutes of leg strengthening
exercises per week. The message of encouragement
was tailored for the following scenarios: (a) making
regular progress, (b) improving time spent in leg
strengthening exercises but not in walking, (c)
improving time spent in walking but not in leg
strengthening exercises, (d) decreasing time spent on
one activity but not the other, (e) decreasing time in
both activities, and (f) meeting the goals.

Usual care
Participants randomized to the Usual Care group
received the regular standard of care as provided in
their usual primary, women’s health, or geriatric
clinic.

MOVE! Program
During the planning of this trial, the VA National
Center for Health Promotion and Disease Preven-
tion mandated the implementation of the MOVE!
program. Reviewers of this grant noted the evolving
implementation of MOVE! and expressed concern
as to its impact on our study procedures and
outcomes. Given the reviewers’ concern over this
element, for resubmission we chose to embrace the

MOVE! program as a soon-to-be standard of care.
At this time, it was not clear to us how the
mandated MOVE! program would be operation-
alized, so we arranged to have MOVE! consults
submitted for each of our study participants. The
Durham VA MOVE! offers a series of interactive
group lessons promoting strategies to favorably
modify lifestyle behaviors. Although consults to
MOVE! are based on patient self-referral, we did
not know that would be the case at the time this
study was implemented.

Measures
Assessments were performed at baseline and at 3
and 12 months post-randomization at the Durham
VAMC. Psychosocial measures and functional per-
formance assessments were completed by trained
study personnel.

Demographic and clinical characteristics
The following demographic and biometric charac-
teristics were collected at baseline: age, gender,
race/ethnicity, income, education level, height,
weight, blood pressure, and waist circumference.
To assess the effect of comorbid conditions on
function as well as the potential effect of the
intervention on symptom severity, we used the
Older Americans Resources & Services Comorbid-
ity and Symptom Index [23]. The index ascertains
either an affirmative or negative response to unique
medical conditions and selected symptoms. For each
affirmative answer, the effect of the disease or
symptom on function is assessed using a four-point
Likert scale ranging from “not at all” to “quite a bit.”

Fasting blood glucose, insulin, lipids
Patients were instructed to refrain from eating or
drinking anything, except for water and medica-
tions, past midnight the evening before their
appointment, resulting in an 8-h fast consistent with
ADA guidelines. All biochemical measurements,
including fasting blood glucose, HbA1c, fasting
insulin, and blood lipids, were performed in the
Durham VAMC’s central laboratory by technicians
not affiliated with the study. Fasting glucose and
insulin levels were used to calculate HOMA-IR.

Physical activity
Physical activity was assessed with a modified
version of the Community Healthy Activities Model
Program for Seniors (CHAMPS) questionnaire [24,
25]. The CHAMPS questionnaire provides several
scores for analysis. The CHAMPS questionnaire has
good construct validity and reliability and is sensi-
tive to change [25]. We have modified the
CHAMPS so that all activities are collected using
minutes of reported activity as a continuous variable
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[6] rather than pre-specified categorical variables,
enabling us to capture small changes in minutes of
physical activity. The advantages of the CHAMPS
questionnaire for this study are that it was specifi-
cally developed for older adults and has been tested
with interventions using home-based programming.
To validate self-reported physical activity, we

collected ambulatory activity recordings from a
subset of participants in each group using a Step-
Watch Activity Monitor (SAM; Cyma Corporation).
These data will be used [1] to provide preliminary
insight into the effect of our multicomponent
physical activity counseling intervention on actual
vs. self-report activity of study participants and [2] to
validate the accuracy of step counts recorded with
study pedometers. To achieve these objectives, we
directly monitored 1 week of ambulatory activity in
34 control participants and 36 intervention partic-
ipants at each measurement interval (baseline,
3 months, 12 months).

Health-related quality of life
The SF-36 [26] is a widely used measure of self-
reported general health and function that has been
validated across a variety of populations. Subscale
scores range from 0 to 100, with higher scores
indicating better function. The SF-36 and its sub-
scales are well validated and are reliable and
sensitive to change in this population [27, 28].

Physical performance
Gait speed was derived from an 8-ft walk test. This
task was repeated to produce two trials of usual and
fast walking speed with the fastest value for each
task recorded for scoring purposes. Other tests of
physical performance included three tests of stand-
ing balance and five chair stands, as described by
Guralnik and colleagues [29], which, combined with
usual gait speed, are used to calculate the score for
the Short Physical Performance Battery. Scoring
ranges from 0 to 12, with a higher score indicating
better physical performance. Grip strength was
measured with the selection of the best of three
trials of preferred hand grip using a hand-held
dynamometer. The 6-min walk test was used as an
indicator of cardiorespiratory capacity. The 6-min
walk test was performed in a secluded hallway, and
the distance covered by each participant is measured
and recorded. Each participant was tested individu-
ally and was supervised by trained research staff
blinded to intervention status.

Social cognitive measures
We utilized four brief measures based on social
cognitive theory that address [1] self-efficacy for
walking [30, 2] self-efficacy for strengthening exer-
cises, [3] motivation for physical activity [6], and [4]
satisfaction with physical function.

MOVE! participation
To control for participation in the MOVE! program,
we tracked participation in the MOVE! activities for
all study participants. We note that participation in
MOVE! activities is highly variable because patients
must themselves call the MOVE! office to schedule
an orientation session and each subsequent group
counseling session. However, tracking MOVE!
utilization among our patient group will provide us
an opportunity to look at how MOVE! is utilized
and its impact on health behavior and health
outcomes.

Data analysis
The primary hypothesis of this trial was to evaluate
the mean difference between PAC and UC groups
on changes from baseline in insulin action-(HOMA).
As noted previously, the adaptive design analysis
required oversampling within the PAC group so that
we would be appropriately powered to answer
primary aims contrasting PAC overall to UC as well
as secondary aims contrasting maintained dose PAC
to UC and lower does PAC to UC. Fortunately, our
revision to the adaptive design did not affect our
ability to make these comparisons although it did
result in disparate sample sizes within the compar-
ison groups.

Sample size and power
The Enhanced Fitness Study targeted the recruit-
ment and follow-up of 300 participants (PAC=180,
UC=120). Prior studies of exercise [31] observed a
standardized difference [32] of 0.56 on fasting
insulin. If a similar effect was observed in this
sample, controlling for two contrasts, we would
project a power of 98.6%, assuming an overall type
I error rate of 0.05 (two-tailed) for the primary
contrast (PAC vs. UC). This design is 80% powered
to detect a standardized difference of 0.39. These
estimates include allowance for a 12.5% loss to
follow-up over 12 months and a single primary
outcome, HOMA. Changes to the protocol did not
affect the power estimates for our primary and
secondary aims.

RESULTS
We recruited participants until we reached our
targeted sample size (N=302). As indicated in
Fig. 3, patients were recruited from an initial
medical record screening of 10,221 age-eligible
veterans. Of these, 1,778 met the initial study
criteria. The most common reasons for exclusion
during the review of medical records was that the
patient did not have impaired glucose tolerance
(n=1,960) or the patient was not free from frank
diabetes (n=3,584). Fifteen additional potential
participants were deemed ineligible by their PCP,
leaving 1,763 to be contacted for enrollment.
Telephone contact for enrollment was attempted
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for 1,398 individuals who indicated interest in the
study or did not return an “opt out” postcard.
Potential participants were subjected to further
screening during this telephone contact. Of those
that remained eligible, 561 patients agreed to
report for an initial enrollment visit. A total of
496 participants completed further evaluations of
eligibility (e.g., fingerstick for fasting glucose,
laboratory blood draw, BMI). A subset of 194
individuals was deemed ineligible after consent-

ing to participate in the study, resulting in 302
participants randomized.
For this baseline article, we examined means and

frequencies of the various outcomes without atten-
tion to randomization. Data are presented in Table 3.
On average, study participants were 67 years old,
White, and obese (mean BMI=31.2 kg/m2, mean
waist circumference=104.1 cm). All but ten were
male, which reflects the relative paucity of female
veterans in this particular age group. Fifty-two

Fig 3 | CONSORT of patients through screening, recruitment, and randomization
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percent reported some college or more advanced
education, while ~10% did not graduate from high
school. The participants self-reported an average of
four comorbid conditions, with hypertension (72%),
arthritis (52%), and heart conditions (34%) being the
most prevalent. They also reported an average of
two symptoms, with shortness of breath with
exertion (53%) and pain (59%) being the most

prevalent. In general, this sample had normal blood
pressure and cholesterol levels, likely indicative of
successful medication management.
The fasting blood glucose, fasting insulin, HbA1c,

and HOMA values confirm that this is a sample of
older adults with prediabetes. The physical perform-
ance scores indicate average physical functioning.
The average usual and rapid walking speeds were

Table 3 | Summary of baseline participant characteristics for the total sample and the sample stratified by age. Data presented
as mean (SD) or percent

Total sample (N=302)

Demographics
Age (year) 67.4 (6.2)
Gender (male) 96.70%
Race (white) 70.20%
Education (some college or more) 52.60%
Biometrics
Number of comorbidities 4.1 (2.4)
Self-reported symptoms (no.) 2.2 (1.6)
BMI (kg/m2) 31.2 (3.6)
Waist circumference (cm) 104.1 (8.8)
Blood pressure
Systolic (mmHg) 126.0 (15.6)
Diastolic (mmHg) 72.5 (7.7)
Primary outcomes
Fasting blood glucose (mg/dL) 110.5 (7.0)
Fasting insulin (μU/ml) 11.1 (7.9)
HOMA-IR 3.0 (2.2)
Secondary outcomes
Hemoglobin A1c (%) 5.9 (0.4)
HDL (mg/dL) 38.9 (12.0)
LDL (mg/dL) 108.9 (31.0)
Total cholesterol (mg/dL) 174.3 (35.1)
Triglycerides (mg/dL) 137.0 (103.8)
Physical performance
Usual gait speed (m/s) 1.2 (0.3)
Rapid gait speed (m/s) 1.9 (0.4)
Short physical performance battery (range 0–12) (higher score = higher function) 10.8 (1.7)
Grip strength (kg) 35.5 (8.0)
Six-minute walk test (yards) 544.4 (126.4)
SF-36: general health (% very good or excellent) 38.70%
SF-36: physical function (0–100) 72.4 (23.5)
SF-36: pain (0–100) 63.0 (25.8)
SF-36: vitality (0–100) 58.4 (20.7)
SF-36: role-physical function (0–100) 63.2 (39.4)
SF-36: role-emotional function (0–100) 77.4 (36.7)
SF-36: social function (0–100) 81.8 (24.2)
SF-36: mental health (0–100) 79.4 (19.7)
Physical activity
CHAMPS: moderate endurance exercises (min/week) 41.0 (90.5)
CHAMPS: strengthening exercises (min/week) 28.6 (82.1)
Psychosocial outcomes
Self-efficacy: Walking for 30 min (range 0–100) (higher score = greater efficacy) 69.9 (31.3)
Self-efficacy: strengthening exercises (range 0–100) (higher score = greater efficacy) 66.1 (31.3)
Motivation: walking for 30 min (% very much or completely) 72.80%
Motivation: leg strengthening exercises for 15 min (% very much or completely) 62.70%
Satisfaction with physical function (range 1–7) (higher score = greater satisfaction) 4.8 (1.7)
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1.2 and 1.9 m/s, respectively, and the average total
score on the SPPB was 10.8. Although only 38.7% of
the sample rated their general health as very good or
excellent, both self-reported physical function and
satisfaction with physical function were high. From
the SF-36, self-reported pain, vitality, emotional and
social function, and mental health were all moderate
to high, indicative of better functioning. The dis-
tance walked during the 6-min walk test is commen-
surate with the 20th percentile of age- and gender-
matched national norms [33], which is suggestive of
low cardiorespiratory fitness levels. As expected,
given the eligibility criteria of our study, physical
activity levels were relatively low, with participants
averaging 41 min/week of moderate-intensity aero-
bic activities and 29 min/week of leg strengthening
activities. Study participants reported being highly
efficacious and highly motivated to participate in
regular, sustained endurance and strengthening
activities.

DISCUSSION
The Enhanced Fitness Study, as originally con-
ceived, was designed to be one of only a few
behavioral studies [9, 10, 34, 35] to employ an
adaptive randomization design within the context of
a lifestyle intervention. Carels and colleagues have
employed a similar design for behavioral trials for
weight loss. As this paper details, we experienced a
number of unanticipated issues which affected the
design and implementation of this study. We discuss
these here, along with a brief summary of lessons
learned, in hopes that other investigators might
benefit from our experiences.
First and foremost was our mandated change in

design. We had proposed a highly innovative,
cutting edge adaptive design which we believed
was highly reflective of primary care practice, e.g.,
offering a treatment, in this case physical activity
counseling, and then adding or reducing treatment
based on responses or non-responses to the treat-
ment, i.e., physical activity. We had carefully created
a measurable indicator of adherence to physical
activity (self-report achievement of 75% of PA
counseling goals) that, based on our previous
research [36], we hoped would guide projections of
respondent or non-respondent in the current trial.
To our surprise, the non-response rate to physical
activity in this study was extremely low, with no
PAC participants being classified as non-responders,
and we realized that we would simply be unable to
implement group-based counseling for non-respond-
ents. Although we were forced to amend the
number of arms in this trial, we were still able to
retain the most innovative aspect of this trial—the
adaptive design, albeit with three arms—and did not
need to compromise on the proposed primary and
secondary aims.
Another lesson learned for individuals directing

behavioral interventions would be to not rely on

self-report of behaviors for critical aspects of
study design. Here, we classified respondents
and non-respondents based upon self-report
achievement of 75% of their self-selected physical
activity goals. We had proposed to collect accel-
erometry data on a sub-set of study participants
as a validation of self-report but in fact we
probably should have instituted accelerometry
on the full sample, minimally until the critical
3-month reassessment. The difficulty of identify-
ing early on those individuals who have not
taken up a behavioral intervention and providing
adjunct resources to improve the efficacy remains
a challenge. Future studies which explore the
feasibility and utility of adaptive design trials in
the context of physical activity will inform public
health efforts to provide person-centered care to
improve health behaviors and associated clinical
outcomes.
Along with consideration on how the decision

rule for re-assignment is operationalized and meas-
ured, it is also important to examine the impact of
individual characteristics on study implementation.
For example, upon entry into this study, the
participants indicated that they were highly moti-
vated to participate in physical activity and were
confident in their ability to do so over the course of
the study. It is conceivable that these individual
characteristics also contributed to the paucity of
non-respondents by self-report observed in this
study, though we recognize that there is a difference
between claiming to be motivated to change a
behavior and actually changing the behavior.
A second lesson, which is probably more general-

izable to all clinical researchers, pertains to patient
recruitment. We had made realistic recruitment
projections for this study using data gleaned from
medical record reviews relative to the number of
patients in our catchment area with a diagnosis of
prediabetes. We did not, however, anticipate the
rapidly escalating prevalence of diabetes in our
population (65+ years) which affected the total
number of pre-diabetics available for the proposed
study. As a result, we had to widen our net for
available patients by recruiting patients from
CBOCs serviced by our VA medical center and
reducing the study age by 5 years (to 60+ years of
age). At the same time, we recognized early on that
our exclusion of morbidly obese individuals (BMI≥
40) due to reservations that they would be ill-
equipped to handle the rigors of this activity
program was unfounded. As such, we amended
our protocol to extend the upper limit of BMI to 45
and thus were able to include individuals who
had great potential to benefit from this lifestyle
intervention.
As noted in the Consort diagram (Figure 3;

Appendix), 50% of those initially deemed eligible
to participate self-selected out of the study; the
overwhelming majority of whom simply stated that
they were “not interested.” Further consideration of
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this refusal rate by the study personnel and principal
investigators led us to question the risk awareness
among these at-risk patients. NHANES data from
2005 to 006 showed that only 7% of adults with
prediabetes (determined during the medical exam
portion of this survey) were ever told that they had
the condition by their healthcare provider [37].
These numbers, combined with our own, may
reflect a need to educate both our patients at risk
for diabetes and our healthcare providers on the
signs and symptoms of prediabetes and associated
health risks if left untreated.
We also were successful in meeting our study

sample because we rigorously tracked, on a weekly
basis, the number of patients eligible, enrolled, and
randomized against projected weekly estimates. If
we fell below projected randomization estimates, we
immediately over-enrolled in successive weeks until
we met our projected estimate guidelines. Failure to
recruit sufficient numbers of study participants is
one of the biggest challenges faced by clinical
trialists. We have developed a weekly tracking
system that alerts us when recruitment efforts lag
and we make a concerted effort to over-recruit and
compensate for such deficits until we are once again
on par with our estimates. This system is largely
responsible for our success in meeting patient
accrual goals within projected timelines.
A third lesson pertains to the realities of conduct-

ing a behavioral trial within a clinical setting.
Although the clinical environment offers many
advantages in the way of recruitment and access to
patient data (particularly relevant in the VHA with
the electronic medical records), it also poses some
logistical and programmatic challenges. Most nota-
bly in this study was the system-wide rollout of the
MOVE! weight management program by the VA
National Center for Health Promotion and Disease
Prevention. As the MOVE! program was still in its
early stages at the point we were beginning this
study, it was unclear how MOVE! would be
implemented in the care setting (e.g., relevant
patient groups, behaviors to be addressed etc.). As
such, we adopted a broad view of its implementa-
tion and integrated referrals to MOVE! for all
participants into our study design. Although this
referral muddies the organic nature of both the PAC
and UC arms, the study team decided that the only
way to retain the “controlled” element of this trial was
to standardize access to MOVE! across groups. We
also recognized that this was an important opportunity
to capture additional information, including how
many participants actually enrolled in MOVE! and
the extent of their involvement (i.e., number of classes
attended). This information could later be used to
examine the impact of MOVE! participation on study
outcomes. Thus, what was once viewed as an obstacle
quickly became a study strength.
Despite these challenges, we were able to com-

plete enrollment for this study without altering the
primary research questions. The baseline character-

istics of this study sample indicate that this is an
at-risk group that could benefit from a health
promotion intervention. Guidelines for physical
activity and exercise in diabetes were published in
2002 and summarized by Sigal and colleagues [19]
in a recent review. They concluded that at least
150 min of moderate-intensity physical activity per
week is recommended for glycemic control. The
insufficient levels of physical activity (mean of
40 min/week spent in endurance activities, 29 min/
week in leg strengthening activities) and low phys-
ical fitness observed in our sample underscore the
importance of interventions to improve metabolic,
behavioral, and functional outcomes among predia-
betics. That this sample demonstrated average
physical functioning and reported moderate/high
confidence in their ability to meet the current
national physical activity guidelines is promising
for these individuals are not only physically capable
of exercise but are also confident in their ability to
do so on a regular basis; suggesting that this may be
a critical juncture for interventions to attenuate the
functional and behavioral declines associated with
the progression of this disease.
In closing, unanticipated problems are a reality of

research. Indeed unforeseen obstacles may be more
the rule than the exception in behavioral work,
where the focal point is the very heterogeneous state
of human behavior. Clearly, thorough consideration
of recruitment strategies, mode of intervention,
measurement tools, implementation strategies, and
data analysis strategies are a critical element of any
behavioral trial. However, things do not always go
as planned, and as such it is imperative to have
regular investigator meetings during the planning
and implementation of the study. It is also important
to consider the composition of the research team
when looking ahead to troubleshooting unantici-
pated issues while the study is in the field. The
ability to navigate the inevitable unforeseen circum-
stances that accompany research is essential to
retaining the scientific integrity of a behavioral trial
that is underway. Although just a snapshot of lessons
learned, our experiences here underscore the impor-
tance of flexibility, where feasible and scientifically
consistent with the overall study aims, in both study
design and implementation to keep a study moving
forward.
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