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Background. Half of all patients with diabetes develop diabetic peripheral neuropathy
(DPN), a complication leading to reduced mobility and quality of life. Although there are no
proven pharmacologic approaches to reduce DPN risk or slow its progression, evidence
suggests that physical activity may improve symptoms and enhance peripheral nerve
regeneration.

Objective. The aim of the study will be to determine the impact of an intense lifestyle
intervention on neuropathy progression and quality of life in individuals with DPN.

Design. The study will be a randomized controlled trial.

Setting. The study will be conducted at 2 academic medical centers.

Participants. The participants will be 140 individuals with type 2 diabetes and mild to
moderate DPN.

Intervention. The intervention group will receive 18 months of supervised exercise
training, actigraphy-based counseling to reduce sedentary behavior, and individualized dietary
counseling. Control group participants will receive diet and activity counseling at baseline and
at 9 months.

Measurements. The primary outcomes are neuropathy progression as measured by
intraepidermal nerve fiber density in a distal thigh skin biopsy and the Norfolk Quality of
Life–Diabetic Neuropathy score. Secondary outcomes include pain, gait, balance, and mobility
measures.

Limitations. Due to the combined intervention approach, this protocol will not be able to
determine which intervention components influence outcomes. There also may be difficulty
with participant attrition during the 18-month study intervention.

Conclusions. The Activity for Diabetic Polyneuropathy (ADAPT) protocol resulted from a
collaboration between physical therapists and neurologist researchers that includes as primary
outcomes both a quality-of-life measure (NQOL-DN) and a physiologic biomarker (IENFD). It
has the potential to demonstrate that an intensive lifestyle intervention may be a sustainable,
clinically effective approach for people with DPN that improves patient outcomes and can
have an immediate impact on patient care and future clinical trials.
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Approximately 30 million Ameri-
cans have diabetes, half of whom
will develop diabetic peripheral

neuropathy (DPN).1 Diabetic peripheral
neuropathy causes reduced mobility and
quality of life due to pain, sensory loss,
impaired balance, foot ulcers, and fall-
related injury.2–4 There are no proven
pharmacologic approaches to reduce
DPN risk or slow its progression.5

Treatment for DPN primarily focuses on
symptom management and improved
glycemic control,5 although several
large studies have failed to demons-
trate an effect of intensive glycemic
control on neuropathy.6 A growing
body of evidence suggests that physical
activity is a promising therapeutic
approach that may improve symptoms
and enhance peripheral nerve regenera-
tion capacity.7–9

Sedentary behavior, defined as seated or
recumbent postures without increased
energy expenditure above the resting
level, is associated with multiple meta-
bolic risk factors, including increased
waist circumference, high lipid and cho-
lesterol levels, decreased glycemic con-
trol, and increased blood pressure.10–12

Recent small trials suggest that behav-
ioral counseling designed to reduce sed-
entary behavior can have reduce seden-
tary time in both healthy adults and
patients with diabetes.13,14

The Activity for Diabetic Polyneuropathy
(ADAPT) study proposes to combine
exercise with approaches to reduce sed-
entary behavior. The ADAPT study will
randomize people with DPN to either an
intensive lifestyle intervention with
moderate-intensity supervised exercise,
sedentary behavior counseling based on
actigraphy data, and dietary counseling
or a standard of care counseling group to
examine the impact on DPN progression
and quality of life. This single-blinded
study will randomize 140 participants
with mild to moderate DPN at 1 of 2
sites, the University of Utah and the Uni-
versity of Kansas Medical Center, and
follow them for 18 months. We hypoth-
esize that improvements in both neurop-
athy progression and quality of life will
be observed in the intensive intervention
group compared with the standard
group.

The progression of neuropathy will be
determined via skin biopsy with mea-
surement of intraepidermal nerve fiber
density (IENFD) at the distal thigh,
which is a reliable and validated direct
measure of small nociceptive fibers in
the skin.9,15 Quality of life will be
assessed via the Norfolk Quality of
Life–Diabetic Neuropathy (NQOL-DN)
scale.16 A secondary aim of the study will
be to evaluate the minimal clinically
important difference in IENFD by evalu-
ating the relationship between change in
IENFD and change in NQOL-DN scores,
as well as change in the participant-
reported measures of pain, sleep, and
general health. In addition to the primary
outcomes, multiple other secondary out-
comes will be assessed for potential
change during the intervention. These
secondary outcomes include neuropathy
signs and symptoms (including pain),
measures of physical function, sedentary
behavior patterns, and other relevant
health measures. Outcome measures will
be assessed at baseline, 9 months, and 18
months.

The ADAPT trial protocol presents a
unique opportunity to examine sustain-
able, meaningful improvement in par-
ticipant-centered outcomes with a com-
prehensive intervention. These results
could have an immediate impact on the
physical therapy treatment approach and
selection of outcomes for people with
DPN.

Method
Study Sites
The ADAPT study will be conducted at 2
academic medical centers: the University
of Utah (Salt Lake City, Utah; lead site)
and the University of Kansas Medical
Center (KUMC) (Kansas City, Kansas).

Study Design
ADAPT is a single-blinded randomized
controlled trial comparing the effect of
an 18-month intensive lifestyle interven-
tion with that of standard of care. Ran-
domization will occur using a 1:1 alloca-
tion ratio following confirmation of
eligibility and completion of all required
baseline procedures. Randomization
codes were constructed using an inter-
active Web response system created in a
Research Electronic Data Capture (RED-

Cap) project.17 Random permuted
blocks were established to ensure bal-
anced randomization over time with
stratification by study site (Kansas and
Utah), age (30–54 years and 55–70
years), and body mass index (BMI) (�30
and �30 kg/m2). The stratification cut-
offs for age and BMI reflect anticipated
median values.

Recruitment Methods
Both study sites will recruit directly from
neurology clinics, through referral at
other clinics, and through study informa-
tion disseminated to the community.
The specific recruitment strategies will
differ at each site to take advantage of
local recruitment resources, including
research participant registry programs.

Enrollment Criteria
A total of 140 participants will be
enrolled and followed for 18 months.
Participants must be between 30 and 70
years of age, have a confirmed diagnosis
of type 2 diabetes (defined by American
Diabetes Association [ADA] criteria5),
and have confirmed DPN based on the
Toronto Diabetic Neuropathy Expert
Group consensus criteria.18 Diabetic
peripheral neuropathy severity must be
moderate (Utah Early Neuropathy Scale
[UENS] score�5–18).19 Participants also
must identify a primary care physician or
provider who will be responsible for
managing changes to medication or
other medical concerns that might arise
during the study.

Exclusion criteria are: (1) any alternative
cause for peripheral neuropathy, includ-
ing abnormal serum vitamin B12 or
serum protein electrophoresis and im-
munofixation, or family history of nondi-
abetic neuropathy; (2) history of foot
ulceration or amputation; (3) contraindi-
cations for skin biopsy, such as use of
anticoagulant medications, severe lower
extremity edema, or other condition that
would limit healing; (4) any serious med-
ical condition that might shorten the life
span, prevent completion of a graded
maximal exercise test, or hinder adher-
ence to exercise; (5) obesity of sufficient
severity (BMI �45 kg/m2) to limit exer-
cise equipment use; (6) premenopausal
women who are pregnant or who plan
to become pregnant during the study
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period; (7) diagnosis of hypothyroidism
without adequate thyroid hormone sup-
plementation; and (8) unwilling or
unable to adhere to study procedures.

A standardized, graded maximal exercise
test will be performed prior to random-
ization to ensure sufficient exercise tol-
erance to safely adhere to the study inter-
vention, to obtain baseline peak volume
of oxygen update as an outcome mea-
sure for aerobic fitness, and to individu-
ally prescribe exercise intensity during
the exercise intervention. The exercise
test will use a recumbent stepper (T5XR,
NuStep Inc, Ann Arbor, Michigan) with a
metabolic cart (TrueOne 2400, Parvo-
Medics, Sandy, Utah) and integrated
electrocardiography under physician
supervision. This test has been used pre-
viously and validated in a similar
population.8,20–22

Intervention Procedures
Eligible study participants will be ran-
domized to the standard of care control
group or the intensive intervention
group using the allocation methods pre-
viously described. There will be no pro-
hibited interventions (eg, concomitant
activity, medication changes) in either
group during the study aside from enroll-
ment in another investigational clinical
trial.

Standard of care counseling inter-
vention. Participants in this group
will receive diet and activity counseling
at baseline and at 9 months. A 20-minute
standardized nutritional counseling ses-
sion will be provided by a registered
dietitian following ADA guidelines.5 Dur-
ing this session, the results of body com-
position, blood tests, and 3-day food
record will be reviewed, and standard
handouts will be provided.

Participants also will receive a 20-minute
standardized activity counseling session
with a physical therapist. During this ses-
sion, current activity levels will be
reviewed and information about the ADA
exercise goal will be shared (150 min-
utes of light aerobic exercise each
week).5 The Be Active Your Way: A
Guide for Adults booklet23 will be pro-
vided, with guidance and recommenda-
tions for the appropriate activity stage

for each participant. At the end of the
study (ie, after the 18-month assess-
ment), standard counseling intervention
participants will receive a personal activ-
ity tracker wristband (Vivofit, Garmin
International, Olathe, Kansas) for their
personal use and to keep after the study.

Intensive intervention. Participants
in this group will receive supervised
exercise training, actigraphy-based be-
havioral change counseling directed
toward reducing sedentary behavior, and
individualized dietary counseling. Table
1 provides an overview and timing of
each component in the intensive inter-
vention over the 18-month study period.
The study teams will have the flexibility
to customize the intervention to increase
adherence and maximize safety based on
individual participant needs.

Supervised exercise training sessions will
include aerobic exercise, resistance exer-
cise, and balance exercises. At the begin-
ning of each session, resting blood pres-
sure, heart rate, and blood glucose will
be assessed. At least once per week, a
visual foot examination will be per-
formed by the study team to ensure the
absence of developing foot ulcers or
other skin conditions.

The intensity of the aerobic exercise will
be individually prescribed based on the
results of the graded peak exercise test.
Heart rate reserve will be calculated as
the difference between peak heart rate
during the test and resting heart rate.
The aerobic exercise goal will start at 30
minutes of a heart rate representing 50%
effort using the following formula:

Heart rate at 50% effort

� (50% � heart rate reserve)

� resting heart rate

The supervised aerobic intervention
will be gradually progressed in duration
from 30 to 50 minutes and in intensity
from 50% to 70% effort over the first 7
weeks, then maintained for the remain-
der of the study.

Resistance exercise will include 3
strengthening exercises for the upper
extremities (biceps curl, triceps exten-
sion, seated row) and 3 strengthening
exercises for the lower extremities (par-
tial squats, standing abduction, and heel
raises). An estimate of 1-repetition-
maximum (1RM) for each exercise will
be determined during weeks 1, 6, and 10
and as indicated through the remainder
of the study. The resistance will be grad-
ually progressed from 2 sets of 15 repe-
titions at 40% to 50% of 1RM to 3 sets of
15 repetitions at 60% to 70% 1RM.

Tai chi exercise will be used as a warm-
up/cool-down activity during each ses-
sion to promote improved balance
responses. A poster illustrating several tai
chi movements will be provided for ref-
erence, with supervision provided by the
study team for safety and guidance about
correct form. The duration of tai chi will
be 10 minutes each session.

A customized home exercise program
will be provided starting at week 2 to
increase physical activity at home. In
general, this program will be progressed
from an initial walking program at 150
minutes per week to gradually introduce
strength and balance exercises. At week

Table 1.
Intensive Intervention Components

Months
Supervised

Exercise
Home Exercise

Program
Sedentary Behavior

Counseling
Dietary

Counseling

1–3 2�/wk: aerobic,
resistance, tai
chi

Walking 150 min/
wk; strength/balance
exercises

1�/mo (using activity
monitor data with
vibrotactile
reminders)

2�/mo

4–18 1�/wk: aerobic,
resistance, tai
chi

Walking 150 min/
wk; strength/balance
exercises; wristband
activity monitor

Every other month
(using activity
monitor data with
vibrotactile
reminders)

1�/mo
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12, when supervised exercise sessions
are decreased to one time per week, par-
ticipants will receive a personal activity
tracker wristband (Vivofit, Garmin Inter-
national) for their personal use during
the study and to keep after the study.
This tracker will be used as a motiva-
tional tool to set and monitor individual
activity goals during the remainder of the
study.

Initial counseling to reduce sedentary
behavior will be based on 7-day actigra-
phy data. Each participant will wear a
small inclinometer (activPAL VT, PAL
Technologies Ltd, Glasgow, United King-
dom) taped to the skin of the anterior
thigh to monitor activity. A report on
daily activity and sedentary behavior pat-
terns will be reviewed during the coun-
seling sessions using an interview guide
(Appendix) developed through a review
of literature24–26 and beta tested with
several older adults. The intent of the
counseling sessions is to integrate infor-
mation about quantity and timing of sed-
entary activity with individual contextual
determinants of sedentary behavior.

After the initial counseling session, par-
ticipants will wear the activity monitor
with an additional feature that is not part
of the initial data collection period, a
vibrotactile reminder that will activate
after a set period (eg, 20 minutes) of
sustained seated or lying time, to prompt
them to stand or walk. These vibrotactile
reminders will be worn for 7 days once
each month or every other month
(Tab. 1); data from each of these 7-day
periods will be reviewed with partici-
pants during subsequent counseling ses-
sions to develop goals to encourage addi-
tional reduced sedentary behavior.

Individualized dietary counseling ses-
sions with a registered dietitian will be
provided twice each month for the first
12 weeks and monthly thereafter. The
objectives of these sessions are to recom-
mend dietary changes based on the per-
sonalized diet analysis; encourage daily
food tracking; and work toward goals of
improved blood glucose, improved body
composition, and nutritional support
for physical activity through a well-
balanced, healthy diet.

Outcome Measures
Study team members at each study site
who are performing clinical examina-
tions and assessing primary outcomes
will be blinded to treatment group and
baseline data. Only nonblinded study
personnel have access to the REDCap
data system, where the group assign-
ment is determined as described previ-
ously. Prior to each return visit, partici-
pants will be reminded about the
importance of blinding the assessors to
group assignment. Unblinding may
occur in case of medical emergency after
discussion with the medical monitor.

A schedule of study events, with a com-
prehensive list of outcome measures, is
provided in Table 2. Several steps have
been taken by the study team to promote
consistency of data collection, including
the development of an extensive assess-
ment protocol guide shared by the 2 sites
with identical forms and instructions for
all tests and practice and competency
assessment training of assessors at both
sites.

The ADAPT study has 2 co-primary out-
come measures. Intraepidermal nerve
fiber density at the distal thigh will be
used to objectively assess neuropathy
severity, and the NQOL-DN scale will be
used to evaluate the effect of treatment
on quality of life. Intraepidermal nerve
fiber density via skin biopsy is a direct
measure of small nociceptive fibers
in the skin, which are preferentially
affected by early DPN.27 Although these
small unmyelinated axons may be partic-
ularly vulnerable to pathology, they also
have greater regenerative capacity than
large myelinated axons.28,29 Commonly
used clinical scales and surrogate mea-
sures (eg, nerve conduction studies) pri-
marily assess large axons and do not
change appreciably in early DPN.30 Our
previous studies9,31–33 have indicated
that IENFD is reliable and responsive to
change with lifestyle interventions in
people with diabetes.

A 3-mm punch skin biopsy will be per-
formed at the distal lateral thigh, 10 cm
proximal to the superior margin of the
patella. Tissue will be fixed, processed,
and stained with protein gene product
9.5, and IENFD will be determined at the

University of Utah Cutaneous Nerve Lab-
oratory using established methods and
criteria for counting fibers.15

The NQOL-DN scale16 is the other co-
primary outcome measure. The NQOL-
DN was developed specifically for peo-
ple with DPN, and this participant report
measure contains small- and large-fiber
subscores that are individually respon-
sive to symptomatic pharmacologic
treatment. Participants will be asked to
complete this questionnaire during the
assessment sessions.16

Data Analysis
Data management. Study data will
be collected and managed using REDCap
electronic data capture tools hosted at
the University of Utah.17 REDCap is a
secure, Web-based application designed
to support data capture for research stud-
ies. The REDCap system provides an
interface for validated data entry, audit
trails for tracking data manipulation
and export procedures, and automated
export procedures for data downloads
for statistical analysis.

Sample size calculations. The pre-
liminary analyses of longitudinal IENFD
measurements among participants with
DPN in our previous studies (unpub-
lished data) indicated a mean IENFD
slope of –0.98 per year, with an adjusted
standard deviation of 1.03 per year after
controlling for baseline IENFD. Using
these estimates, 112 participants will
provide 80% power with a 2-sided � of
.05 to detect a 50% reduction in the
mean change in the IENFD over 18
months. Allowing for a 20% attrition rate
at 18 months, 140 participants will be
randomized.

Assuming a 14-point standard deviation
for the change in the NQOL-DN total
score based on previous research,34,35

112 participants will provide at least 80%
power with a 2-sided � of .05 to detect a
difference in the mean change of the
total score of 7.5 points between the
treatment groups. This power calcu-
lation is conservative, as adjustment for
the baseline NQOL-DN total score in the
statistical analysis can be expected to
lead to a smaller detectable effect.
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Table 2.
Activity for Diabetic Polyneuropathy (ADAPT) Study Schedule of Eventsa

Procedure Screen Baseline

3 mo 9 mo

18 mo, Early
Termination, or

Withdrawal

Intervention

Informed consent X

Inclusion/exclusion criteria X

Medical history X

General and neurologic examination X

Vital signs X X X X X

Weight, height, body mass index, waist circumference X X X X

Concomitant medications X X X X

Adverse event review X X X X X

Utah Early Neuropathy Scale X X X X

Nerve conduction studies Xb X

Distal leg (ankle) skin biopsy Xc

Primary outcome measures

Distal thigh skin biopsy (IENFD) X X X

Norfolk Quality of Life–Diabetic Neuropathy scale X X X X

Secondary outcome measures

Glycated hemoglobin X X X

Fasting lipids, glucose, insulin levels X X X

Metabolic/inflammatory markers X X X

Neuropathy severity

Pain visual analog scale X X X X

Brief Pain Inventory for diabetic
peripheral neuropathy57

X X X X

Sudomotor function (Sudoscan,
Impeto Medical, Paris, France)

X X X

Physical function activity

Aerobic fitness (V̇o2peak) X X

Gait speed and variability
(GAITRite, CIR Systems Inc,
Franklin, NJ)

X X X

Six-Minute Walk Test58 X X X

Timed “Up & Go” Test59 X X X

Mini-BESTest balance
evaluation60

X X X

Grip strength X X X

Heel raise X X X

Sedentary behavior (actigraphy) X X X

Beck Depression Inventory X X X X

Medical Outcome Study Sleep scale X X X X

SF-36 X X X X

3-d food diary X X X

Dual-energy x-ray absorptiometry X X X

a IENFD�intraepidermal nerve fiber density, V̇o2peak�peak oxygen consumption, SF-36�36-Item Short-Form Health Survey.
b Nerve conduction studies will be performed if not done within last year at screening institution.
c Ankle skin biopsy only be performed if nerve conduction studies are normal and skin biopsy not performed within the last year.
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Statistical analysis. Longitudinal
mixed-effects models will be applied to
continuous variables (eg, IENFD) to com-
pare mean change from baseline to 9-
and 18-month assessments between
intervention and control groups.36 Uni-
variate descriptive summaries will be
provided as a preliminary analysis, and
transformations will be sought for vari-
ables failing to meet distributional
assumptions prior to subsequent analy-
ses. An unstructured covariance matrix
will account for serial correlations in out-
come measurements within partici-
pants.37 The model will constrain base-
line means of the outcome to be equal in
the treatment groups. Adjustment for the
baseline level accounts for regression to
the mean, thus increasing statistical
power for estimating treatment effects.
Linear contrasts will be constructed to
estimate: (1) the mean difference in each
outcome between the treatment groups
at month 18, (2) the mean difference in
each outcome between the treatment
groups at month 9, and (3) the difference
in the estimated treatment effects
between months 9 and 18, and (4) the
effect of the treatment on mean slope
from baseline through month 18. The
first comparison will be the primary
assessment of treatment effect. The sec-
ond comparison will evaluate early treat-
ment effect, The third comparison will

evaluate the persistence of the early
effect to 18 months. The last comparison
will provide an overall assessment of the
treatment effect incorporating both
follow-up visits.

Intraepidermal nerve fiber density will
be a co-primary outcome and the pri-
mary physiologic measure for evaluating
efficacy. The global NQOL-DN will be
the other co-primary outcome. Because
these 2 outcomes address fundamentally
distinct questions, the statistical hypoth-
esis tests will be performed on a
comparison-wise basis using a 2-sided �
of .05 without adjustment for multiple
comparisons.38 Secondary analyses also
will be performed on a comparison-wise
basis, but study-wise type 1 error will be
estimated using bootstrap resampling,39

and interpretation of results will account
for both comparison-wise and study-wise
type 1 error rates.

The potential for bias due to attrition will
be addressed through the mixed-effects
modeling approach. This approach will
mitigate the effects of attrition after the
9-month visit by incorporating data from
baseline and 9 months for participants
who subsequently drop out when esti-
mating treatment effects at 18 months.
Multiple imputation will be used to fur-

ther limit the effects of missing outcome
scores.40 The imputation model will
incorporate outcome measurements at
the 3-month visit to reduce the potential
for bias resulting from attrition after 3
months.

Mediation analyses will be performed
using the conceptual model presented in
the Figure. This analysis will explore the
extent to which the intervention affects
quality of life directly via a general health
effect, independent of IENFD or medi-
ated by IENFD.

Data monitoring. An independent
safety monitor (Jennifer Majersik, MD,
University of Utah) will review all signif-
icant adverse events (see below for
details) or concerns about data inaccu-
racy on an ongoing basis with quarterly
reports. The study will be modified or
stopped if it is determined by the safety
monitor in consultation with the Univer-
sity of Utah Institutional Review Board
(IRB) and investigators that the outlined
research plan is unsafe for participants.

Adverse events. Adverse events that
are unexpected, related to study pro-
cedures, and place participants at
increased risk of harm will be reported to
the University of Utah IRB as soon as
possible, but in all cases within 10 work-
ing days. An adverse event is considered
unexpected if it is not a known risk of
the study procedures and is not consis-
tent with the expected natural progres-
sion of any underlying disease or condi-
tion of the participant. The Common
Terminology Criteria for Adverse Events
(version 4.0, 2010)41 will be used to
report the grade or severity of each
adverse event. All grade 1 to 2 adverse
events (mild or moderate) will be
reported to the local site principal inves-
tigator; grade 3 to 5 adverse events will
be reported to the primary principal
investigator (J.R.S.) and the safety moni-
tor at the University of Utah. Serious
adverse events that are unexpected and
possibly related to the study must be
reported within 24 hours to the Univer-
sity of Utah IRB. Serious adverse events
are defined as death, life-threatening
events, hospital admission, permanent
disability, or congenital anomaly.

Figure.
Conceptual model for the mediation analysis. This analysis will explore the extent to which
the intervention affects quality of life directly via a general health effect (1) or via intermediary
variables such as pain, sensory loss, fall risk, and mobility. The treatment effects can either
occur independent of intraepidermal nerve fiber density (IENFD) effects (2) or be “mediated”
by IENFD (3). Lastly, it is possible that a portion of the treatment benefit could be mediated
purely by IENFD without influence of the other intermediate variables (4). DPN�diabetic
peripheral neuropathy.

ADAPT Study Design and Protocol

6 f Physical Therapy Volume 96 Number X Month 2016



Ethics and Dissemination
Regulatory oversight for this study is pro-
vided by the University of Utah IRB. A
reliance agreement was established for
this study between the 2 institutions for
consistency in the informed consent doc-
ument and compliance with federal reg-
ulations. The reliance agreement estab-
lished the University of Utah IRB as the
authority for reviewing the study,
approving consent forms, and reviewing
protocol amendments. The KUMC IRB
completed a facilitated review, with the
decision to accept and rely on the
approval issued by the University of Utah
IRB.

The informed consent process will be
initiated when potential participants
meet with the primary investigators or
other IRB-approved study personnel. At
the meeting, the protocol will be
described in detail, and the informed
consent form will be reviewed in detail.
Potential participants will be offered the
opportunity to ask questions or take
additional time to review. Once the con-
sent statement has been signed, the par-
ticipant will be enrolled, and screening
assessments may proceed. Each partici-
pant in the ADAPT study will be asked to
contribute DNA and serum plasma to a
biobank as an optional item on the con-
sent form. Access to these samples and
guidelines for future study will be gov-
erned under the individual IRB agree-
ments at the participating institutions.

Information about potential and enrolled
participants will be kept confidential
through secure storage of signed consent
forms and printed study forms, storage of
electronic data in the REDCap database,
and encrypting data electronically trans-
ferred between the 2 study sites.

Financial and other competing interests
will be managed via existing conflict of
interest reporting and management sys-
tems at each participating institution.
Any reported conflict will be addressed
and resolved following established
procedures.

The full protocol will be made available
to investigators or members of the public
upon request. The final trial data set will
be available to the investigators at each

participating institution. Once the data
have been analyzed and the primary
results published, the full data set will be
made available to other investigators
with a specific research question upon
formal request in compliance with the
agreed-on NIH data-sharing plan. The
results of the ADAPT study will be made
publicly available on ClinicalTrials.gov
and disseminated to participants via an
end-of-study newsletter.

Discussion
It is well known that lifestyle modifica-
tion has substantial metabolic benefit for
people with type 2 diabetes. The ADAPT
study will address questions about bene-
fits of an intensive exercise, sedentary
behavior counseling, and dietary coun-
seling specifically for people with DPN.
Our preliminary data indicate that
DPN may be more responsive than other
diabetic complications to metabolic
improvements due to the regenerative
capacity of small unmyelinated ax-
ons.8,9,33 These preliminary results and
the design of the ADAPT trial build on a
growing literature that addresses the
benefits and feasibility of exercise and
behavioral strategies to reduce sedentary
behavior.

Exercise has consistently demonstrated
benefits to metabolism and health out-
comes in people with diabetes.42–44 Iron-
ically, patients with DPN have histori-
cally been cautioned to limit their
activity to non–weight-bearing exercise
out of concern for the risk of foot ulcers,
infection, or neurogenic arthropathy
(Charcot joint).45 However, recent evi-
dence suggests that a walking program
does not increase the ulcer risk,5,46 and
greater improvements in endurance and
activity level were found following
weight-bearing exercise compared with
non–weight-bearing exercise in people
with DPN.47 Emerging research has
shown promising effects of exercise on
functional neuropathy outcomes, includ-
ing balance and fall risk,48–50 cutaneous
reinnervation,8,9 and decreased pain
and fatigue.22,51 These results have led to
a paradigm shift in the use of physical
activity to improve symptoms and
decrease neuropathy complications.
However, self-administered exercise pro-
grams may not be effective in this popu-

lation,52 and even supervised exercise is
associated with frequent adverse events
requiring ongoing modification of the
exercise program.22

Reduction of sedentary behavior is an
alternative approach. Diabetic periph-
eral neuropathy in older adults is
strongly associated with decreased
activity level.53 Sedentary behavior is
associated with multiple metabolic risk
factors, including increased waist cir-
cumference, high lipid and cholesterol
levels, decreased glycemic control, and
increased blood pressure.10–12 During
prolonged sitting time, postural muscles
are inactive, leading to reduced glucose
uptake and unbalanced regulation of
lipoprotein lipase, which is a key enzyme
in lipid metabolism.54,55 Studies of inter-
ventions that target sedentary behavior
have primarily focused on healthy
adults.24–26 However, 2 recent stud-
ies13,14 have investigated the effect of
reducing sedentary time in people with
diabetes. These small randomized trials
demonstrated significant improvements
in insulin sensitivity through the use of
short-duration, light activity to reduce
sustained sedentary time.

An intervention to reduce sedentary
behavior is an attractive complement to
exercise-based therapies because of min-
imal physiological stress or pain, reduced
risk of adverse events, and potentially
greater sustainability. A recent meta-
analysis of interventions to reduce sed-
entary time reported promising results
with multicomponent “lifestyle interven-
tions” directed at physical activity or
sedentary behavior with a dietary/
nutrition component.24 Other recom-
mendations from the literature include
the use of objective measures to capture
sedentary behavior, addressing sedentary
behavior in home and daily environ-
ments and situations, and the applica-
tion of behavioral modification theories
and motivational interviewing with
participants.24–26

The ADAPT protocol was designed by a
collaborative, interprofessional team
of physical therapist and neurologist
researchers at 2 institutions. This study is
of particular interest to physical thera-
pists due these specific innovations:
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1. Emphasis on reducing sedentary
behavior. The inclusion of actigraphy-
based counseling and motivational
interviews is a promising approach
to address adherence issues com-
monly encountered in exercise inter-
vention studies (for example, see
Praet et al56).

2. Co-primary outcomes that include a
patient-reported quality-of-life mea-
sure (NQOL-DN) and a biomarker
(IENFD). Most clinical trials of people
with DPN use nerve conduction stud-
ies or clinical examination scales as
primary outcome measures, but these
measures are unresponsive to change
in early DPN, and their clinical signif-
icance has not been established.30 A
secondary benefit of this study will be
the establishment of the minimal clin-
ically important difference in IENFD
by evaluating the relationship
between change in IENFD and change
in the NQOL-DN scores and change in
the participant-reported measures of
pain, sleep, and general health.

Based on preliminary results of our
study team at both sites, we anticipate
that participants in the intensive inter-
vention group will experience signifi-
cant increases in fitness, endurance, and
activity level, resulting in weight loss and
improvement in lipids and glycated
hemoglobin. We expect that the rate of
decline of IENFD at the distal thigh will
be reduced by half over 18 months and
that the NQOL-DN will improve signifi-
cantly by 9 months and remain signifi-
cantly improved for the duration of the
study. A positive outcome of this study
would support development of a multi-
center effectiveness trial to explore the
practical clinical utility of this type of
intervention for DPN.

There are several weaknesses of our
study design and potential study prob-
lems. Because the intensive intervention
includes several distinct elements (exer-
cise, sedentary behavior, dietary counsel-
ing), we will not know which of these
components have the greatest influence
on the outcomes. No information about
dose effect of the intervention or sustain-
ability of the intervention outside the
18-month period will be gained from the

study. As with any long-term interven-
tion study, we anticipate challenges with
recruitment and attrition. We developed
a strong recruitment plan, budgeted for
funds to compensate participants after
completing assessment and intervention
sessions, and accounted for 20% attrition
when calculating our sample size. Study
recruitment and retention will be moni-
tored closely throughout the study, and
adjustments will be made as needed.

The ADAPT trial has the potential to
demonstrate that an intensive lifestyle
intervention approach may be a sustain-
able, clinically effective approach for
people with DPN that meaningfully
improves patient outcomes and could
immediately affect patient care and
future clinical trials.
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Appendix.
Interview Guide

Participant Name:

Participant ID:

Date:

Goal of Interview:

● Obtain participant contact preferences

● Determine participant’s main reasoning/motivation for participating

● Assess participant’s readiness to change

● Educate participant about benefits of reducing sedentary behavior and increasing light to moderate physical activity

● Obtain baseline understanding of participant’s ecological situation

Questions:

1. How do you prefer to be contacted? We will contact you with study updates and if an appointment is missed.

a. Telephone

b. Email

c. Text

2. What were your top 3 considerations when you decided to participate in this study?

3. What do you hope to achieve from participation?

4. Readiness to change (adapted from American Council on Exercise Readiness to Change questionnaire):

a. Have you tried to achieve these goals before?

b. Do you feel that there are risks/dangers associated with not achieving these goals?

c. This study has many components that might seem challenging. Are you committed to maintaining participation?

d. Do your family and friends support your participation in this study and the goals you would like to achieve?

e. Are you prepared to be patient with yourself if you encounter obstacles, barriers, and/or setbacks?

(Continued)
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Appendix.
Continued

5. Sedentary behavior (SB)/physical activity (PA) education:

a. The aim of the Activity for Diabetic Polyneuropathy (ADAPT) study is to both decrease sedentary behavior and increase
physical activity. What does this mean to you?

b. Guide participant through discussion regarding:

i. Implications of decreasing SB while simultaneously increasing PA

ii. Risks of SB

iii. Risks of too little PA

iv. Benefits of behavior modifications encouraged by study

6. Ecologic situation

a. Could you describe a typical weekday for you?

i. Wake up:

ii. Breakfast:

iii. Commute to work:

iv. Work:

v. Morning break:

vi. Lunchtime:

vii. Afternoon break:

viii. Commute home:

ix. Once home:

x. Dinner:

xi. Before bed:

xii. To bed:

b. When do you feel you are the most active?

i. What helps you achieve this activity?

c. When do you feel you are the least active?

i. What are the common reasons/obstacles for this inactivity?

d. What are activities that you enjoy and/or feel that you can easily incorporate into your day?

e. What are some ways that you can remind yourself to sit less and move more throughout the day?

i. Guide participant through environmental cuing
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