Ostendorf et al. Trials (2022) 23:718
https://doi.org/10.1186/513063-022-06523-2

STUDY PROTOCOL Open Access

: : : : ®
Comparison of weight loss induced by daily ==

caloric restriction versus intermittent fasting
(DRIFT) in individuals with obesity: study
protocol for a 52-week randomized clinical trial

Danielle M. Ostendorf>?"'®, Ann E. Caldwell*?", Adnin Zaman'?, Zhaoxing Pan®, Kristen Bing'?,
Liza T. Wayland'?, Seth A. Creasy*?, Daniel H. Bessesen'?, Paul MacLean? Edward L. Melanson®*° and
Victoria A. Catenacci'?

Abstract

Background: The standard of care for treating overweight and obesity is daily caloric restriction (DCR). While

this approach produces modest weight loss, adherence to DCR declines over time and weight regain is common.
Intermittent fasting (IMF) is an alternative dietary strategy for reducing energy intake (El) that involves >60% energy
restriction on 2—3 days per week, or on alternate days, with habitual intake on fed days. While numerous studies have
evaluated IMF as a weight loss strategy, there are several limitations including lack of a standard-of-care DCR con-

trol, failure to provide guideline-based behavioral support, and failure to rigorously evaluate dietary and PA adher-
ence using objective measures. To date, only three longer-term (52-week) trials have evaluated IMF as a weight loss
strategy. None of these longer-duration studies reported significant di erences between IMF and DCR in changes in
weight. However, each of these studies has limitations that prohibit drawing generalizable conclusions about the rela-
tive long-term e cacy of IMF vs. DCR for obesity treatment.

Methods: The Daily Caloric Restriction vs. Intermittent Fasting Trial (DRIFT) is a two-arm, 52-week block randomized
(1:1) clinical weight loss trial. The two intervention arms (DCR and IMF) are designed to prescribe an equivalent
average weekly energy deficit from baseline weight maintenance energy requirements. Both DCR and IMF will be
provided guideline-based behavioral support and a PA prescription. The primary outcome is change in body weight
at 52 weeks. Secondary outcomes include changes in body composition (dual-energy x-ray absorptiometry (DXA)),
metabolic parameters, total daily energy expenditure (TDEE, doubly labeled water (DLW)), El (DLW intake-balance
method, 7-day diet diaries), and patterns of physical activity (PA, activPAL device).

Discussion: Although DCR leads to modest weight loss success in the short-term, there is wide inter-individual
variability in weight loss and poor long-term weight loss maintenance. Evidence-based dietary approaches to energy
restriction that are e ective long-term are needed to provide a range of evidence-based options to individuals

Danielle M. Ostendorf and Ann E. Caldwell contributed equally to this work.

*Correspondence: danielle.ostendorf@cuanschutz.edu

! Department of Medicine, Anschutz Health and Wellness Center, University
of Colorado Anschutz Medical Campus, Aurora, CO, USA
Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.



Ostendorf et al. Trials (2022) 23:718

Page 2 of 19

seeking weight loss. The DRIFT study will evaluate the long-term e ectiveness of IMF vs. DCR on changes in objec-
tively measured weight, El, and PA, when these approaches are delivered using guideline-based behavioral support

and PA prescriptions.

Keywords: Weight loss, Calorie restriction, Intermittent fasting, Modified fast, Obesity, Randomized controlled trial
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Introduction {6a}

Restricting daily calorie intake is considered the standard
of care for treating obesity and typically produces modest
(5-10%), short-term (26 week) weight loss [1]. However,
adherence to daily caloric restriction (DCR) decreases
markedly over time [2] and many individuals regain sig-
nificant weight by one year [3-5]. It has become clear
that no single dietary approach will produce weight loss
in all individuals [5], and the best dietary approach for a
given individual is one they can adhere to over time [2,
6]. Thus, novel dietary interventions are needed to pro-
vide a range of evidence-based options to effectively treat
obesity.

Intermittent fasting (IMF) is an alternative method of
reducing energy intake (EI) that is gaining attention as a
strategy for weight loss [7-12]. IMF is defined as >60%
energy restriction on 2—3 days per week, or on alternate
days [13, 14]. IMF may be an appealing strategy because
(1) individuals do not have to count and restrict calories
every day and (2) the periodic nature of fasting may miti-
gate the constant hunger associated with DCR [11]. Our
8-week pilot study comparing IMF to DCR demonstrated
IMF was safe and tolerable (with a 93% completion rate
at 8 weeks among IMF) and produced similar short-term
weight loss (IMF —8.2 kg, DCR —7.1 kg) [15]. Surpris-
ingly, after 6 months of unsupervised follow-up, fat mass
continued to decrease in IMF (—0.540.8 kg) whereas it
increased in DCR (1.240.8 kg). In addition, almost twice
as many IMF participants (55% vs. 30%) maintained a
>5-kg weight loss. Thus, IMF may be a more effective
dietary strategy for sustained weight loss as compared
to DCR; however, more longer-term (>52 weeks) studies
are needed.
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While there have been numerous recent studies that
have evaluated IMF as a weight loss strategy [16], there
are several limitations that prevent a clear understand-
ing of the extent to which IMF is a durable strategy for
obesity treatment. These limitations include (1) a lack
of a standard-of-care DCR control and (2) not meeting
the obesity treatment guidelines regarding either behav-
ioral support or physical activity (PA) recommendations
[14]. Current guidelines for obesity treatment recom-
mend a high-intensity (>14 sessions in 26 weeks), com-
prehensive behavioral weight loss intervention provided
in individual or group sessions by a trained intervention-
ist with principle components of a moderately reduced
calorie diet, increased PA, and behavioral support to
facilitate adherence for all individuals with BMI > 25 kg/
m? [17]. Furthermore, the impact of IMF on PA is largely
unexamined. Given the importance of PA for long-term
weight loss maintenance [18], the impact of IMF on PA
needs to be characterized before IMF is recommended
more broadly. Recently, there have been three trials pub-
lished that have evaluated IMF interventions >26-week
duration [19-21]. None of these three longer-duration
studies reported significant differences between IMF
and DCR in changes in weight. However, each of these
studies has limitations that prohibit drawing generaliz-
able conclusions about the relative long-term efficacy of
IMF compared to DCR for obesity treatment. These three
longer-term studies are described in detail below.

Trepanowski et al. compared the effects of DCR vs.
alternate day fasting (ADF) vs. a no-intervention control
on weight loss at 52 weeks among 100 adults with over-
weight or obesity (age 18-64, BMI 25-40 kg/m? 86%
female) [19]. The DCR protocol prescribed consuming
75% of weight maintenance requirements in weeks 0-26
and 100% of weight maintenance requirements in weeks
27-52. The ADF protocol prescribed consuming 25% of
baseline energy needs on fast days and 125% of baseline
El on alternating “feast” days during the weight loss phase
(weeks 0-26) and then 50% of baseline energy needs on
fast day and 150% of baseline energy needs on alternating
“feast” days during the weight maintenance phase (weeks
27-52). Mean weight loss was similar for participants in
DCR and ADF at week 26 (—6.8% in DCR vs. —6.8% in
ADF) and week 52 (—5.3% in DCR vs. —6.0% in ADF) rel-
ative to those in the control group. The dropout rate was
higher in the ADF group (29% in DCR, 38% in ADEF, 26%
in control), raising concerns about long-term tolerance of
ADF [19]. In addition, during the initial 13 weeks of the
study intervention, participants in DCR and ADF were
not provided any behavioral weight loss support and
were provided all meals, limiting real-world applicability.
Furthermore, participants were instructed to not change
their PA, which is not consistent with current guidelines

Page 3 of 19

for obesity treatment [17]. Finally, this study involved
only a 26-week weight loss phase, with participants in the
ADF group encouraged to eat 150% of energy require-
ments on fed days during the weight maintenance phase
(weeks 27-52), which may have contributed to the higher
attrition.

Headland et al. compared weight loss at 52 weeks in 332
adults with overweight or obesity (age 18-72, BMI > 27
kg/m?, 83% female) across three randomized groups: DCR
(4200 kJ/day for women and 5040 KJ/day for men), a 5:2
IMF protocol (prescribing 2100 kJ/day for women and
2520 kJ/day for men on 2 modified fast days per week),
or a week-on-week-off energy restriction prescription
(alternating between the DCR energy restriction lev-
els for a week followed by a week of habitual diet) [20].
There were no significant between-group differences in
weight loss (—6.6 kg in DCR, —5.0 kg in 5:2 IMF, —5.1 kg
in week-on-week-off), body composition, glucose, lipids,
or attrition at 52 weeks. However, the overall rate of attri-
tion was high (60% in DCR, 49% in 5:2 IMF, and 58% in
week-on-week-off), which limits the generalizability and
likely impacted the intent-to-treat results. In addition, the
behavioral support was minimal, with participants receiv-
ing initial advice from a dietitian, but no ongoing indi-
vidual or group-based support. Finally, while participants
were given a PA goal of 10,000 steps per day, between-
group differences in PA levels were not reported.

Lastly, Carter et al. compared weight loss among 137
adults with type 2 diabetes mellitus and overweight or
obesity (age > 18, BMI > 27 kg/m?, 56% female), rand-
omized to either a DCR protocol (1200-1500 kcal/day)
or a 5:2 IMF protocol (2100 kJ/day for women and 2500
kJ/day for men on 2 non-consecutive days/week) for 52
weeks. Participants received individualized behavioral
support sessions with a dietician biweekly for the first
3 months and every 2-3 months for the remaining 9
months, with no guidance to increase PA. Attrition was
similar across groups (29%) and mean weight change
at 52 weeks (—5.0 kg in DCR, —6.8 kg in IMF) and 24
months (—3.9 kg in DCR, —3.9 kg in IMF) was similar
between groups [21, 22]. However, this weight loss inter-
vention did not meet the obesity treatment guidelines
regarding either behavioral support or PA recommenda-
tions. Furthermore, adults with type 2 diabetes mellitus
typically have a more difficult time losing weight as com-
pared to adults without diabetes [23], which limits the
generalizability of results.

Thus, additional, longer-term randomized tri-
als are needed to evaluate the effectiveness of IMF as
compared to DCR on changes in weight, EI, and PA,
when these approaches are delivered using guideline-
based behavioral support and PA prescriptions. Provi-
sion of a comprehensive behavioral support program
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will likely enhance adherence to IMF and result in
greater weight loss and improvement in metabolic
outcomes in IMF than observed in prior studies. The
Daily Caloric Restriction vs. Intermittent Fasting Trial
(DRIFT) was designed to compare weight loss gener-
ated by IMF vs. DCR in adults with overweight or obe-
sity enrolled in a 52-week comprehensive behavioral
weight loss intervention. This study will provide trans-
latable clinical data on the effectiveness of a novel die-
tary weight loss intervention (IMF) as compared to the
current standard of care (DCR) over 52 weeks. In addi-
tion, this study will use rigorous, objective methods to
measure EI and PA, so that adherence to the dietary
and PA prescriptions can be compared between IMF
and DCR.

Objectives {7}

The aims of DRIFT are to (1) compare changes in body
weight (primary outcome), body composition, and meta-
bolic parameters induced by IMF and DCR; (2) evaluate
the impact of IMF vs. DCR on EI and dietary adherence;
and (3) evaluate the impact of IMF vs. DCR on energy
expenditure (EE) and patterns of PA. Informed by our
prior IMF pilot study that suggested that IMF may be
better for long-term weight loss maintenance vs. DCR
[15], our a priori hypotheses are that IMF will generate
greater weight loss (primary outcome), greater decreases
in fat mass, improved maintenance of lean mass, and
greater improvements in metabolic parameters (fasting
lipids, insulin sensitivity, blood pressure) at 52 weeks.
While these hypotheses are contrary to recently published
data from long-term studies, these data were not avail-
able at the time the study was designed. We also will use
the National Institutes of Health (NIH) Accumulating
Data to Optimally Predict obesity Treatment (ADOPT)
framework to evaluate selected biologic, behavioral, envi-
ronmental, and psychosocial predictors of weight loss
response [24—28].

Trial design {8}

DRIFT is designed as a two-arm randomized controlled
trial. Eligible participants will be randomized into one of
two study arms: IMF or DCR. This study was powered
as a superiority trial. However, if superiority cannot be
established, power was also performed for non-inferior-
ity, a priori (see item 14). There are no planned interim
analyses. Outcome measures will take place at baseline
and weeks, 13, 26, 39, and 52. Selected follow-up meas-
ures obtained 26 weeks after completion of the 52-week
intervention (i.e., week 78) were added via a protocol
amendment after study start. This is not a primary study
outcome timepoint, but rather a 26-week post-primary
outcome follow-up.
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Methods: participants, interventions,

and outcomes

Study setting {9}

Healthy men and women with overweight or obesity will
be recruited from the region around Denver, Colorado.
All participants will be recruited and studied at a single
site, the University of Colorado Anschutz Medical Cam-
pus (CU-AMC).

Eligibility criteria {10}

Participants will be included in this trial if they are age
18-60 years, have a body mass index (BMI) of 27-46 kg/
m?, self-report <150 min/week of voluntary exercise at
moderate intensity or greater, and <60 min/day of total
habitual PA (i.e., work and/or transportation related) at
moderate intensity or greater over the past 13 weeks,
and if they live or work within 30 min of CU-AMC. Par-
ticipants will be excluded if they have (1) plans to relo-
cate within the next 52 weeks; (2) plans for extended
travel (>2-week continuous travel) within the next 52
weeks; (3) elevated diastolic (>100 mm/Hg) or systolic
(>160 mm/Hg) blood pressure; (4) elevated resting
heart rate (>100 beats/minute); (5) history of diabetes
or fasting glucose >126 mg/dL or glycated hemoglobin
A1C >6.5%); (6) elevated triglycerides (>400 mg/dL);
(7) elevated low-density lipoprotein (LDL) cholesterol
(>200 mg/dL); (8) untreated thyroid disorder or thy-
roid stimulating hormone (TSH) level out of the nor-
mal reference range; (9) hematocrit, white blood cell
count, or platelet count significantly outside the normal
reference range; (10) cardiovascular disease, peripheral
vascular disease, cerebrovascular disease, significant
cardiac arrhythmias, or cardiac valve disease; (11) can-
cer (within the last 5 years, except skin cancer or other
cancers considered cured with excellent prognosis);
(12) HIV infection; (13) significant renal, musculoskel-
etal, neurologic, or hematologic disease; (14) significant
gastrointestinal disorders (chronic malabsorptive con-
ditions, peptic ulcer disease, Crohn’s disease, ulcerative
colitis, chronic diarrhea, or active gallbladder disease);
(15) significant pulmonary disorders (chronic obstruc-
tive pulmonary disease , interstitial lung disease, cystic
fibrosis, or uncontrolled asthma); (16) regular use of an
anti-obesity medication within the last 26 weeks; (17)
regular use of prescription or over-the-counter medica-
tions known to significantly impact appetite, weight, or
energy metabolism within the last 26 weeks (e.g., appe-
tite suppressants, lithium, stimulants, anti-psychotics,
tricyclic antidepressants); (18) regular use of systemic
steroids (other than oral contraceptive pills) within the
last 26 weeks; (19) previous obesity treatment with sur-
gery or weight loss device, except (a) liposuction and/or
abdominoplasty if performed >1 year before screening,
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(b) laparoscopic banding if the band has been removed
>1 year before screening, (c) intragastric balloon if the
balloon has been removed >1 year before screening, (d)
duodenal-jejunal bypass sleeve, if the sleeve has been
removed >1 year before screening, or (e) AspireAssist
or other endoscopically placed weight loss device if the
device has been removed >1 year before screening; (20)
current alcohol or substance abuse; (21) current or past
(within last 26 weeks) nicotine use; (22) history of clini-
cally diagnosed eating disorders (including anorexia
nervosa, bulimia, or binge eating disorder); (23) current
severe depression or history of severe depression within
the previous year based on DSM-IV-TR criteria for
major depressive episode; (24) history of other signifi-
cant psychiatric illness (e.g., psychosis, schizophrenia,
mania, bipolar disorder) which would interfere with the
ability to adhere to dietary or exercise interventions;
(25) current participation in or plans to participate in
any other formal weight loss or PA programs or clinical
trials; (26) currently following an intermittent fasting
weight loss diet plan; (27) self-reported weight loss >5
kg in past 13 weeks for any reason except post-partum
weight loss; (28) self-reported weight loss of >50 lbs. in
past 3 years for any reason except post-partum weight
loss; (29) urinary incontinence or retention to a degree
that would interfere with planned doubly labeled water
(DLW) measures; or (30) prescription medication(s)
that must be taken with food that would preclude the
ability to adhere to the IMF intervention. Females will
also be excluded if they are currently pregnant or lac-
tating, were pregnant within the past 26 weeks, are
planning to become pregnant in the next 52 weeks, or
are sexually active and not using contraception.

Who will take informed consent? {26a}

Volunteers will be initially assessed for eligibility via a
preliminary online screening questionnaire or telephone
interview. Potential participants will be asked general eli-
gibility questions regarding age, height, weight, and medi-
cal history and receive a brief explanation of the purpose
of the study and study expectations, including partici-
pant responsibilities and potential risks related to study
participation. Interested individuals will be scheduled
for a consent and screening visit to determine eligibil-
ity. Study coordinators will review the consent form with
participants in a private setting. After providing written
informed consent, potential participants will undergo a
detailed health history and physical examination with the
study physician. Body weight and height will be measured
to confirm the self-reported BMI. Resting blood pressure
and heart rate will be measured, and a resting 12-lead elec-
trocardiogram will be obtained. A fasting venous blood
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sample will be drawn for measurement of a complete
blood count, comprehensive metabolic panel, lipid profile,
hemoglobin Alc, and TSH. A urine pregnancy test will be
performed in women. Laboratory values available within
the past 52 weeks may be substituted for these screening
labs at the discretion of the study physician (except for the
urine pregnancy test). Participants will also complete the
Physical Activity Readiness Questionnaire [29] to assist in
screening for exclusionary medical conditions. In addition,
participants will complete the Beck Depression Inven-
tory [30] to screen for depression (scores >18 will require
further assessment by the study MD to determine if it is
appropriate for the subject to participate in the study), the
Eating Attitudes Test [31] (scores >20 will require further
assessment by the Study MD to determine if it is appro-
priate for the subject to participate in the study), and the
Questionnaire on Eating and Weight Patterns (QEWP-5)
[32, 33] to screen for eating disorders (scores that indi-
cate possible diagnosis of a binge eating disorder and/
or bulimia nervosa will require further assessment by the
Study MD to determine if it is appropriate for the subject
to participate in the study). Prior to randomization, all
eligible participants will undergo a test fast day to ensure
they understand the requirements of the IMF interven-
tion. Participants will be asked to limit EI to 500 kcal/day
(women) or 600 kcal/day (men) throughout the test fast
day until awakening the following day and rate the diffi-
culty of completing the fast. Study staff will discuss the test
fast experience with participants and confirm their will-
ingness to be randomized to the study.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}

During informed consent, participants will be provided
an opportunity to consent for additional, optional ancil-
lary studies and storage of data and biological specimens
(including blood and stool) to be used in future research,
including genetic research.

Interventions

Explanation for the choice of comparators {6b}

We chose to compare IMF to DCR as DCR is the current
standard-of-care dietary weight loss intervention. The
targeted weekly energy deficit and diet macronutrient
content (55% carbohydrates, 15% protein, 30% fat) will be
equivalent in the IMF and DCR groups, permitting us to
compare the specific effect of the dietary intake pattern
on outcomes of interest. Both groups will receive a guide-
line-based PA prescription [34] and a comprehensive,
group-based behavioral weight loss intervention consist-
ent with current guidelines for obesity treatment [17].
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Intervention description {11a}

Intermittent fasting (IMF) group

Participants in this group will be instructed to limit EI
to 20% of estimated individual daily weight maintenance
energy requirements on three non-consecutive days per
week. Weight maintenance energy requirements will be
calculated as resting energy expenditure (REE) meas-
ured by indirect calorimetry multiplied by an activity
factor of 1.5 [35]. On fed days, IMF participants will eat
ad libitum, but will be encouraged to make healthy food
and portion choices. This 80% energy restriction on three
fast days per week translates to a targeted weekly energy
deficit of ~34%. Participants will be guided to target diet
macronutrient content of 55% carbohydrates, 15% pro-
tein, and 30% fat. Sample fast day menus and individu-
alized fast day calorie goals will be provided to assist in
achieving EI targets. On fast days, participants will be
encouraged to consume their calories in their dinner
meal. However, they will be allowed to consume their fast
day calories at other times of the day if they have diffi-
culty with the recommendation to consume all calories
at dinner. A previous study using a similar IMF protocol
[36] found that altering times of caloric intake during the
modified fast day (i.e., consuming calories at lunch, din-
ner, or throughout the day) did not impact weight loss or
compliance. Participants in this group will be instructed
in calorie counting and food logging but will be asked to
count calories and log food intake only on fast days.

We chose a modified IMF paradigm rather than a
zero-calorie IMF paradigm (i.e., zero-calorie intake on
fast days) for several reasons. First, our review of the
scientific and lay literature revealed that the strategy
largely endorsed is a modified IMF protocol (rather
than a zero-calorie IMF protocol); thus, we felt a modi-
fied IMF protocol was the most clinically relevant
paradigm to study. Second, in a prior study of a zero-
calorie IMF intervention, the level of self-reported
hunger remained high throughout the study [37]. In
contrast, in studies using a modified IMF approach,
hunger decreased [38, 39] or remained unchanged [40,
41] compared to pre-intervention levels, suggesting
that long-term compliance may be better with a modi-
fied IMF protocol. Third, a cross-over study among n
= 10 adults with overweight or obesity examined food
intake 2 days after varying degrees of energy restric-
tion: (1) isoenergetic intake, (2) partial 75% energy
restriction (i.e., modified fast day), and (3) 100% energy
restriction (i.e., zero-calorie fast day) [42]. Results
suggested that a modified fast day produces a similar
energy deficit as a zero-calorie fast day over a 3-day
period because there is less compensatory increase
in EI on the post-fast day with the modified fast [42].
Lastly, we administered a brief online survey to 82
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adults with overweight or obesity, who had recently
completed a behavioral weight loss interventional trial
with similar inclusion and exclusion criteria at our CU-
AMC Anschutz Health and Wellness Center; 78% of
respondents indicated that they would be more likely
to adhere to a modified IMF protocol as compared to
a zero-calorie IMF protocol in the context of a 52-week
behavioral weight loss program.

Daily caloric restriction (DCR) group

Participants in this group will be given a calorie goal
designed to produce a 34% energy deficit from base-
line estimated individual weight maintenance energy
requirements for the duration of the 52-week interven-
tion. As in the IMF group, weight maintenance energy
requirements will be determined as (measured REE x
activity factor of 1.5) [35]. Participants will be guided
to target diet macronutrient content of 55% carbohy-
drates, 15% protein, and 30% fat.

PA prescription

Participants in both groups will also receive a recom-
mendation to gradually increase moderate intensity PA to
300 min/week over the initial 26 weeks and to maintain
this level of PA for the duration of the study (see Table 1
for ramp-up). This target is consistent with current PA
guidelines for weight management [34, 43]. Participants
will be instructed in how to use a relative intensity scale
[34] to achieve the target of moderate intensity.

Strategies to improve adherence to interventions {11c}
Group-based behavioral support

To improve adherence to the interventions, both groups
will receive a 52-week group-based behavioral weight
loss program with equivalent contact and support (see

Table 1 Description of timeline for PA ramp-up

Study Week Days/week Session Total
duration duration
(min/day) (min/week)
0 Establish fitness center membership, orientation
3 20 60
3 25 75
34 3 30 90
5-6 3 35 105
7-8 3 40 120
9-10 3 45 135
11-12 3 50 150
13-14 3 60 180
15-20 4 60 240
21-52 5 60 300

PA Physical activity



Ostendorf et al. Trials (2022) 23:718

Page 7 of 19

Table 2 Weekly behavioral support topics covered in group-based sessions by randomized group

Study week? General behavioral support topic
DCR IMF
0 Introduction to DCR program Introduction to IMF program
1 Getting started with DCR Getting started with IMF
2 Portion control Portion control
3 Food cues and meal planning Food cues and meal planning
4 Food labels and macronutrient content Food labels and macronutrient content
5 Wishes vs. reality/self-evaluation 1 Wishes vs. reality/self-evaluation 1
6 Moving those muscles Moving those muscles
7 Stress management Stress management
8 Exercise motivation, part 1 Exercise motivation, part 1
9 Dining out Dining out
10 All about fats All about fats
11 Mindful eating Mindful eating
12 Environment Environment
13 Exercise motivation, part 2 Exercise motivation, part 2
14 Recipe modifications Recipe modifications
16 Exercise motivation, part 3 Exercise motivation, part 3
18 Cooking demo Cooking demo
20 Motivation and self-evaluation 2 Motivation and self-evaluation 2
22 Special occasions/holidays Special occasions/holidays
24 Volumetrics and fiber Volumetrics and fiber
26 Guest speaker - licensed behavioral psychologist Guest speaker - licensed behavioral psychologist
28 Boundaries Boundaries
30 Breaking old habits and creating new ones Breaking old habits and creating new ones
32 Behavior change identity Behavior change identity
34 The energy gap The energy gap
36 Situational and emotional eating Situational and emotional eating
38 Lapse/relapse/collapse Lapse/relapse/collapse
40 Fueling for exercise Fueling for exercise
42 Weight plateaus Weight plateaus
44 Self-talk Self-talk
46 National Weight Control Registry National Weight Control Registry
48 Micronutrients/supplements Micronutrients/supplements
50 MythBusters MythBusters
52 The future: ensuring you maintain your weight loss The future: ensuring you maintain your weight loss

DCR daily caloric restriction, IMF intermittent fasting

2 Note: These are the general sessions targeted; however, the actual timing of when these sessions will be taught may change based on holiday schedule and class

cancelations due to weather

Table 2 for a list of weekly behavioral support topics).
The programs will fulfill all recommendations for behav-
ioral interventions for treatment of obesity outlined in
current guidelines [17]. Randomized groups will meet
separately. Curriculum for DCR will be based on the Col-
orado Weigh behavioral weight loss program which was
developed at CU-AMC in 2000 and uses a skills-based
approach and cognitive behavioral strategies for life-
style modification with a dietary focus on DCR [44, 45].
Curriculum for IMF will also be based on the Colorado

Weigh behavioral weight loss program and features
similar weekly curriculum themes as used in DCR but
adapted by the study PI (VC) with input from a registered
dietitian (KB) and a behavioral psychologist (AC) to focus
on behavioral support specific to IMF. Group meetings
will be taught by a registered dietitian with experience in
leading group-based behavioral weight loss interventions.
Groups will meet weekly during weeks 0—13 and every 2
weeks during weeks 14-52. Weight will be obtained at
each group meeting. Group sessions will last ~60 min
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and the curriculum will be delivered using a mix of large
group discussion, small breakout discussions, visual
demonstrations, and written exercises. Participants in the
IMF group will be instructed in specific strategies to sup-
port IMF including strategies to deal with hunger on fast
days, distraction techniques, and choosing a balanced
diet/appropriate portions on fed days. Participants in
the DCR group will be instructed in specific strategies to
support DCR with a focus on daily calorie counting and
food logging. Topics covered in both groups during the
first 26 weeks include realistic weight loss goal setting,
self-monitoring strategies, mindful eating, stress man-
agement, cognitive restructuring, improving personal
food environments and social networks, and strategies to
overcome barriers to healthy eating and increasing PA.
Later in the curriculum (weeks 27-52), topics will focus
on strategies for weight loss maintenance and include
impact of weight loss on EE and propensity for weight
regain, relapse prevention, and identifying motivation for
long-term dietary and PA changes. Participants will also
be provided two 10-15 min 1:1 phone calls with their
group leader during the initial 26 weeks of the interven-
tion for individualized dietary goal setting using a stand-
ardized protocol.

Behavioral support for PA will be provided within the
weight loss program and will include discussion of health
and weight benefits of PA, weekly PA goals to gradually
achieve the target of 300 min/week moderate intensity
PA, strategies to overcome barriers to PA, and strategies
to improve exercise self-efficacy including exercise goal
setting. Participants will also be provided a 20-30-min
1:1 in-person PA support session and a 10-15-min 1:1
follow-up telephone call with an exercise specialist dur-
ing the initial 26 weeks of the intervention for individual-
ized PA goal setting using a standardized protocol. IMF
participants will be guided in strategies to adjust exercise
duration on fast days (if needed) and still meet weekly
PA targets. Participants will be provided access to the
CU-AMC Anschutz Health and Wellness Center Fitness
Center for the duration of the intervention.

Procedures for monitoring adherence

Adherence to the prescribed dietary interventions for both
randomized groups (DCR, IMF) will be monitored via (1)
7-day diet diaries, (2) monthly dietary adherence surveys,
and (3) the DLW intake-balance method.

Criteria for discontinuing or modifying allocated
interventions {11b}

Participants will not be withdrawn for non-adher-
ence in this intent-to-treat study. Participants in both
groups will be encouraged to adhere to the dietary
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prescriptions without modification for the initial 2
weeks as a prior study suggests individuals with obesity
become habituated to IMF after ~2 weeks [38]. After
the initial 2 weeks, a standardized dietary modification
will be offered if a participant (1) expresses a desire to
withdraw due to intolerance of study diet and/or (2)
experiences adverse effects related to the study diet (i.e.,
insomnia, impaired concentration, headaches, irritabil-
ity) that impair ability to function. DCR participants
will be allowed to raise their calorie goal to target an
energy deficit of 20% from weight maintenance require-
ments. IMF participants will be allowed to reduce fast-
ing to 2 days per week (i.e., reduce targeted weekly
energy deficit to ~20%). Participants will be allowed to
continue these strategies for 2 weeks and will then be
asked to re-try the original dietary prescription. If they
are still unable to tolerate the original dietary prescrip-
tion after a second attempt, they will be allowed to
continue at the modified levels for the study duration.
Percentage of participants in each group requiring sus-
tained intervention modification will be recorded. The
allocated interventions will not be modified other than
as described above. However, participants may discon-
tinue the intervention and/or choose to withdraw from
the study at any time.

Relevant concomitant care permitted or prohibited

during the trial {11d}

Participants will not be permitted to (1) engage in any
other formal weight loss or exercise programs or clini-
cal trials during the intervention, (2) use prescription
or over-the-counter anti-obesity medications or supple-
ments, and/or (3) undergo obesity treatment with bari-
atric surgery or endoscopic weight loss device placement.

Provisions for post-trial care {30}

Participants will not be provided any compensation if
they experience harm or injury from participating in the
study. Participants will continue to have access to the
printed behavioral weight loss program materials that
will be provided during the intervention after completion
of study participation.

Outcomes {12}

Participants will be asked to complete assessment vis-
its at baseline and weeks 13, 26, 39, and 52 during the
intervention as well as a follow-up assessment 26 weeks
after completion of the 52-week study intervention (i.e.,
at week 78). See Table 3 for assessments by study time-
point. Body weight, measured in the clinic, is the primary
study outcome. Among participants allocated to IMF,
outcomes will be measured after a fed day.
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Table 3 Schedule of enroliment, interventions, and assessments for the DRIFT study participants

STUDY PERIOD

Enrollment | Allocation Post-allocation Close- | Follow
out -up
TIMEPOINT* -t Baseline t t, t; ty ts
(Weeks ~20 to -5) (Weeks -4 to 0) (Week 13) | (Week26) | (Week39) | (Weeks2) | (Week78) |
ENROLLMENT:
Eligibility screen ** X
Informed consent X
Screening Questionnaires X
Test Fast X
Allocation X
INTERVENTIONS:
Intermittent Fasting (IMF) ¢ ¢
Daily Caloric Restriction (DCR) * -
ASSESSMENTS:
Body Weight * X X X X X X X
Body Composition X X X X
Waist Circumference X X X X
Outcome Labs X X X X
Blood Pressure X X X
Stored blood and stool ' samples X X X X
Cardiorespiratory Fitness X X X X
Quality of Life X X X X X
Mood State X X X X X
Binge Eating Behaviors X X X X X
Sleep X X X X X
Objectively Measured EI X X X X
Self-Reported EI and Macronutrient X X X X X
Intake
Dietary Adherence, Effort, and Self-
Efficacy w X X X X X
REE X X X X
TDEE, PAEE, PAL X X X X
D.evic, ed MVPA, Sed y X X X X
Time
Psychosocial Constructs '’ X X X X X
Behavioral Constructs """ X X X X X
Environmental Constructs 7" X X X X X

El energy intake, REE resting energy expenditure, TDEE total daily energy expenditure, PAEE physical activity energy expenditure, PAL physical activity level, MVPA
moderate-to-vigorous physical activity

*All measures, post-allocation, will occur £2 weeks from when the measure is due

**Screening measures include blood draw (complete blood count (CBC)), comprehensive metabolic panel (CMP), lipid profile, thyroid stimulating hormone (TSH), and
hemoglobin A1C, electrocardiogram, height in centimeters (stadiometer), and physical exam and medical history

# Outcome weights will be taken in the morning, after an overnight fast, with the participant wearing a hospital gown. In the IMF group, weight will be taken in the
morning following a fed day. Weight will also be measured weekly during weeks 0-26 and every other week during weeks 27-52 at the group-based behavioral
weight loss sessions

# These measures will be collected monthly

T Outcome labs include glucose, insulin, triglycerides (TG), free fatty acids (FFA), beta-hydroxybutyrate (BHB), and cortisol. These will be measured at baseline after
both a fed (i.e., 12-h fast) and fast day (i.e., 36-h fast, with exception of 25% El). A lipid panel, insulin, glucose, hemoglobin A1C, leptin, ghrelin, peptide YY, highly
sensitive C-reactive protein (hs-CRP), and brain-derived neurotrophic factor (BDNF) will be performed at baseline and weeks 26 and 52

* Stored blood and stool samples will be collected at baseline and weeks 13, 26, 52, and 78 in subjects who consented to sample storage
* See Table 4 for a detailed list of each construct for psychosocial, behavioral, and environmental factors
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Anthropometric measures

Body weight will be measured using a digital scale in the
CU-AMC Anschutz Health and Wellness Center clinic
accurate to £0.1 kg at baseline and at weeks 13, 26, 39,
52, and 78 in the AM, after an overnight fast. Participants
will also be given a smart scale (©BodyTrace smart scales
(Palo Alto, CA)) for daily home weighing use during the
52-week study intervention. These daily weights will be
transmitted via wireless cellular network to a secure web-
site. Height will be measured to the nearest 1 mm with a
stadiometer at baseline. Blood pressure will be measured
with a manual sphygmomanometer (average of 2 seated
values taken after 5 min rest) at baseline and weeks 13,
26, 52, and 78. Waist circumference (cm) will be meas-
ured at baseline and weeks 13, 26, 52, and 78 with a tape
measure parallel to the floor, just superior to the iliac
crest. Fat mass and lean mass will be measured using
dual-energy x-ray absorptiometry (DXA) at baseline and
weeks 26, 52, and 78.

Resting energy expenditure (REE)

At baseline and weeks 26 and 52, REE will be measured
using indirect calorimetry (Parvo Medics TrueOne 2400,
Salt Lake City, UT) in the AM in a thermoneutral (68—
74 °F) quiet room after a 12-h overnight fast and 24-h
abstention from exercise. After the participant has qui-
etly rested for 30 min, a transparent plastic hood con-
nected to the cart will be placed over the participant’s
head. For the duration of the test, the participant will
be asked to remain motionless and awake. Prior to each
measurement, the pneumotach flowmeter will be cali-
brated using a 3-L calibration syringe (Hans Rudolph
Inc., Shawnee, KS, USA), and gas analyzers will be cali-
brated using standardized gas mixtures. REE will be
measured for 20 min and the average of the last 15 min
of the measurement will be used to calculate REE using
the Weir equation [46].

Free-living total daily energy expenditure (TDEE) and energy

intake (El)

TDEE will be measured using the DLW method at base-
line and at weeks 26 and 52. Participants will arrive in
the AM after a 12-h fast. A baseline urine sample will
be collected prior to administration of the oral dose of
DLW containing H,"®O (10% atom percent excess, APE)
and 2H,O (99.8% APE) mixed in a ratio of 15:1. Partic-
ipants will consume a dose based on body weight and
an estimation of total body water. Delivered doses will
range from 0.85 to 1.10 g/kg of body weight for females
and 0.95 to 1.15 g/kg of body weight for males. The dos-
ing cup will be rinsed twice with 30 mL of water and
the rinsing dose consumed. The exact time of dosing
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will be recorded. Urine will be collected after a 4-h and
5-h post-dose equilibrium period and then again on
day 8 at the same time points. Sample aliquots (4 mL)
will be frozen at —80°C until analysis. Frozen urine
samples will be thawed and prepared by centrifugation
and analyzed for %0 and *H, enrichment by Off-Axis
Integrated Cavity Output Spectroscopy (OA-ICOS, Los
Gatos Research Inc, Mountain View CA), as previously
described [47]. TDEE will be determined using the two-
point method according to Speakman et al. [48]; PAEE
will be calculated as TDEE (0.9) — REE and PA level
(PAL) as TDEE/REE.

EI will be calculated using the intake-balance method.
Change in body composition (determined by DXA scan)
will be used to calculate change in energy stores (AES)
using 9.3 and 1.1 kcal/g as the energy coefficients of fat
mass and fat free mass respectively [49]. EI will be cal-
culated as TDEE + AES/Atime [50]. However, because
DLW cannot quantify macronutrient intake or provide
information on patterns of EI on fed and fast days, 7-day
diet records will also be collected at baseline and weeks
13, 26, 52, and 78. Diet records will be analyzed by Colo-
rado Clinical and Translational Sciences Institute Nutri-
tion Core personnel blinded to study group assignment
using Nutrition Data System for Research software (Uni-
versity of Minnesota).

Patterns of PA and sedentary behavior

The activPAL™ micro (activPAL4, PALTechnologies,
Glasgow, Scotland) will be used to estimate time spent
in moderate-to-vigorous PA (MVPA), light activity, and
sedentary behavior over a 7-day period at baseline and
weeks 13, 26, 52, and 78. The activPAL4 micro is a small
(23.5 x 43 x 5 mm) and light (9.5 g) device that uses
accelerometer-derived information about thigh position
to estimate time spent in different body positions (i.e., sit-
ting/lying, standing, and stepping). The device is attached
to the anterior thigh and is waterproofed by wrapping
in a nitrile sleeve. Thus, it can be worn during bathing
and overnight, allowing for 24-h measurement of wake
and sleep behavior. Raw activPAL.datx files will be pro-
cessed using PALBatch software using the CREA - 24-h
wear protocol (allows for 4 hours of non-wear per day)
and auto-correcting for inverted wear (PAL Technologies
Ltd., 2019). The algorithm will be used to determine time
spent engaging in sedentary behavior, light activity, and
MVPA. Many studies have validated the activPAL for use
in adults and report very high levels of accuracy (96.2%)
for estimating time in activity intensity categories [51—
55]. Participants will also be asked to record all exercise
and sleep times (i.e., bedtime and waketime) during the
7-day wear period.
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Self-reported dietary adherence, effort, and self-efficacy
Self-reported dietary adherence and ratings of effort
to adhere to the prescribed study diets will be obtained
on a monthly basis during weeks 1-52 using methodol-
ogy described by Dansinger et al. [2]. Participants will
be asked to rate on a 1-10 Likert scale: (1) how adherent
they were to the prescribed study diet over the past week,
(2) how hard was it to adhere to the prescribed study diet
over the past week, and (3) how likely they feel they can
adhere to the prescribed diet for the next month. Partici-
pants in the IMF group will be asked to report the num-
ber of fast days over the past week. During weeks 53-78,
monthly dietary follow-up questionnaires will be admin-
istered to evaluate participant efforts to continue weight
loss or weight maintenance after the 52-week interven-
tion has ended.

Metabolic/hormonal evaluations

A 12-h fasting blood sample will be obtained for assess-
ment of glucose, insulin, hemoglobin Alc, lipid panel,
leptin, ghrelin, peptide YY, and highly sensitive C-reac-
tive protein (hs-CRP) at baseline and weeks 26, 52, and
78. Circulating nutrients and hormonal regulators of
fuel metabolism (glucose, insulin, triglycerides, free fatty
acids, beta-hydroxybutyrate, and cortisol) will be meas-
ured at baseline after both a fed (i.e.,, 12-h fast) and fast
day (i.e., 36-h test fast day with 500 kcal/day (women)
or 600 kcal/day (men)) to assess if baseline metabolic
response to fasting can serve as a predictor of weight
loss. Labs will be analyzed by the UCHealth Clinical
Laboratory (beta-hydroxybutyrate) or the Clinical Trans-
lational Research Institute (CTRC, all other labs). Insu-
lin sensitivity (homeostasis model assessment of insulin
resistance, HOMA-IR) will be calculated as ([insulin] x
[fasting glucose x 0.055]/22.5).

Psychosocial, behavioral, and environmental predictors
of response
To measure psychosocial, behavioral, and environmental
constructs which may predict weight loss response, sev-
eral validated questionnaires and computer-based tasks
will be administered to participants. Selection of meas-
ures was informed by the recommendations of the NIH
ADOPT Core Measures Project [24, 27, 28]. Question-
naires will be administered at baseline and at weeks 13,
26, 52, and 78 (see Table 4). Each month, participants
will also be asked to report any changes in their home
or work address, to capture changes in their built, social,
and community food environments.

Executive control will be assessed using computerized
task-based measures of executive function (i.e., atten-
tion, inhibition, working memory, and set-shifting) and
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impulsivity (monetary 5-trial adjusting delay discounting
task [95]) performed at baseline and at weeks 13, 26, 52,
and 78. The battery of computerized tasks to assess key
domains of executive function will be deployed locally on
a secure study computer and iPad coded by participant
ID. The Urgency Premeditation Perseverance Sensation
Seeking + Personality Pathway (UPPS+P) questionnaire
[84] will be administered once at baseline as a measure of
impulsivity.

Participant timeline {13}

See Table 3 for the schedule of enrollment, rand-
omization, interventions, and assessments for study
participants.

Sample size {14}

An a priori power calculation was performed for the
primary outcome (weight) using nQuery 7.0 (Statisti-
cal Solutions Ltd, Cork, Ireland). In our power analyses,
we made the following assumptions: (1) power > 0.90
and above for the primary outcome is ideal; (2) the sig-
nificance level under the null hypothesis will be set at a
= 0.05; (3) null hypotheses will be tested against two-
directional (that is, two-tailed) alternative hypotheses;
(4) a 3-kg between-group difference in weight loss was
deemed the minimum difference of clinical importance;
and (5) the primary analysis will use the intent-to-treat
principle in which all randomized participants are ana-
lyzed. We will enroll 150 participants (75 participants
per randomized group) to provide 90% power at 5% sig-
nificance to detect a between-group difference of 3 kg in
body weight at 52 weeks. With an attrition rate of as high
as 20%, we retain 82% power in a sensitivity (completer’s)
analysis. Standard deviation (SD) of weight loss used in
this calculation was 5.6 kg and was based on a 52-week
interventional study using the Colorado Weigh program
conducted at our research center [96]. There are no pre-
vious data for us to estimate the effect size for any of the
outcomes at 52 weeks. If superiority of IMF to DCR can-
not be established, we will perform a non-inferiority test
using 2.26-kg weight loss as a non-inferiority margin. In
this case, we would have 79% power to establish non-
inferiority of IMF as compared to DCR assuming no dif-
ference in effect of weight loss between the two groups.

Recruitment {15}

Potential participants will be recruited from the Den-
ver Metro area. We will recruit using CU-AMC campus
wide e-mails, flyers, and research website (which main-
tains an updated list of available studies performed on
campus which is also accessible to the general popula-
tion). We will also provide flyers to the University of



Ostendorf et al. Trials (2022) 23:718 Page 12 of 19
Table 4 Psychosocial, behavioral, and environmental constructs by study week
Timepoint (week)
Questionnaire Construct measured 0 13 26 52 78
Psychosocial
PANAS [56, 57] Positive and negative a ect X X X X X
Perceived Stress Scale (PSS) [58-60] Perceived stress X X X X X
PEMS Coping Subscale [61, 62] Eating motives X X X X X
Binge Eating Scale (BES) [63] Binge eating X X X X X
RED [64] Reward-based eating drive X X X X X
Three-Factor Eating Questionnaire (TFEQ R 18) [65] Restrained eating, uncontrolled eating, emotional eating X X X X X
BREQ-3 [66, 67] Motivation for exercise X X X X X
Grit [68] Perseverance and passion X
TSRQ-Baseline [69] Motivation to start treatment X
TSRQ-Follow-Up [69] Motivation to continue treatment X X X X
Mini-IPIP [70] Personality X X
BARSE [71] Exercise self-e cacy X X X X X
WEL-SF [72] Diet self-e cacy X X X X X
POMS (40-item) [73] Mood X X X X X
RAND-36 [74, 75] Health-related quality of life X X X X
Life Events Questionnaire (LEQ) [76, 77] Stressful life events X X X X
Behavior-based Identity [78] Identity X X X X X
Role/Group-based Identity Congruence®[79] Identity congruence X X X X X
Emotion Regulation [80] Emotion regulation X X X X X
Psychological Well-Being [81] Well-being X X X X X
Attributional Style [82] Attribution of events X X X X X
Implicit Theory [83] Beliefs about weight X X X X X
Intervention Preference Baseline [study specific] Intervention preference X
Intervention Preference Follow-up [study specific] Intervention preference X X X X
Life History Questionnaire [study specific] Perceived social economic status, developmental history x°
Computerized task-based assessments Executive function X X X X X
Monetary 5-trial adjusting delay discounting task Delay discounting X X X X X
UPPS+P Questionnaire [84] Impulsivity X
Behavioral
EARLY eating away from home Q [85] Frequency of eating away from home X X X X
EARLY SSB Consumption Q [85] Consumption of sugar-sweetened beverages X X X X
BRFSS Alcohol Consumption [86] Alcohol consumption X X X X
GPAQ, with show cards [87, 88] Self-reported physical activity X X X X X
Munich Chronotype Q (MCTQ) [89] Sleep X X X X X
Marijuana Use (DFAQ-CU) [90] Marijuana use X
BRFSS Marijuana Use [91] Marijuana use X X X
12-Month Study Questionnaire [study specific] End of intervention questionnaire X
18-Month Study Questionnaire [study specific] 18-month follow-up questionnaire X
Environmental
NEWS-A [92, 93] Neighborhood walkability X
Social Support for Healthy Behaviors [94] Perceived social support for healthy eating and PA X X X X X

BARSE Barriers Self-Efficacy Scale, BREQ-3 Behavioral Regulations for Exercise Questionnaire version 3, BRFSS Behavioral Risk Factor Surveillance System, DFAQ-CU Daily
Sessions, Frequency, Age of onset and Quantity of Cannabis Use inventory, EARLY Early Adult Reduction of weight through LifestYle intervention trials, GPAQ Global

Physical Activity Questionnaire, IPIP International Personality Item Pool, NEWS-A Neighborhood Environment Walkability Scale — Abbreviated, PA Physical Activity,

PANAS Positive and Negative Affect Scale, PEMS Palatable Eating Motives Scale, POMS Profile of Mood States, Q Questionnaire, RED Reward-based Eating Drive scale,
TSRQ Treatment Self-Regulation Questionnaire, UPPS+P Urgency Premeditation Perseverance Sensation Seeking + Personality Pathway Questionnaire, WEL-SF Weight

Efficacy Lifestyle Questionnaire Short-Form

@ Adapted from a measure published by Brook et al. [79]

b Optional
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Colorado Primary Care practices as well as other local
primary care practices including Denver Health Medi-
cal Center which serves low-income and minority pop-
ulations. The trial is registered at ClinicalTrials.gov.
We will also employ social media advertising strategies
including the use of BUMP Digital Marketing. BUMP
uses social media networks (Facebook, Instagram,
etc.) to target a population of interest using an appeal-
ing advertisement for the study. The advertisement will
include a link to a study landing page providing more
information about the study, including a brief descrip-
tion of the study requirements and eligibility crite-
ria. Interested individuals will be provided a link to a
screening questionnaire.

Assignment of interventions: allocation

Sequence generation {16a}

The randomization assignment will be generated by the
study biostatistician (ZP) using a computer-generated
block randomization performed within strata defined by
sex. Stratification by BMI, age, and race/ethnicity is not
needed; given the large sample size, randomization alone
should produce balance in these factors.

Concealment mechanism {16b}

Allocation of treatment will take place after all eligible
participants for each cohort have completed baseline
measures, based on the a priori randomization list.

Implementation {16c}

The study biostatistician will generate the allocation
sequence. After all participants have completed screen-
ing and baseline assessments, participants will be noti-
fied of the randomization assignment on the first day of
group class for the intervention. This process will take
place separately within each cohort.

Assignment of interventions: blinding

Who will be blinded {17a}

Due to the nature of the intervention, it is not plausible to
blind participants. However, participants will be blinded
to the study hypothesis. Due to the nature of the group-
based behavioral intervention, it is also not plausible to
blind study staff who enroll participants and deliver or
monitor intervention delivery. However, the following
personnel will be blinded to study group assignment: (1)
staff performing laboratory analyses, (2) DLW assessment
core staff performing analysis of the DLW samples, and
(3) Colorado Clinical and Translational Sciences Institute
Nutrition Core personnel who will be using Nutrition
Data System for Research software to analyze the 7-day
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diet diary data. Lastly, all data analyses and reporting will
be completed by study investigators who are blinded to
study arm assignments.

Procedure for unblinding if needed {17b}

Study personnel who are responsible for analyzing data
and reporting results will remain blinded throughout the
study period.

Data collection and management

Plans for assessment and collection of outcomes {18a}
Outcome measures will be assessed during in-person
clinic visits with trained, research staff. We will use
detailed data collection forms to promote data quality
and reduce assessor error. Weight, blood pressure, and
waist circumference will be measured twice and the aver-
age of the two measures will be used in analyses. Ques-
tionnaires will be administered online using REDCap
survey or Qualtrics. Scores from questionnaire responses
will be calculated directly within REDCap using hidden,
calculated fields. See Table 4 for a list of each study ques-
tionnaire and the questionnaire references.

Plans to promote participant retention and complete
follow-up {18b}

The study coordinators will be responsible for establish-
ing and maintaining contact with participants through-
out the study. At enrollment, contact information will
be obtained including alternate phone numbers and
a phone number of a relative/friend who will always
know the participant’s whereabouts. If study appoint-
ments are missed, the study coordinator will follow-up
with a telephone call to reschedule. If participants miss
two group-based support classes in a row without prior
communication, study coordinators will contact partici-
pants to discuss attendance. In our experience, the most
important characteristics of high retention is frequent
and high-quality interaction with key study staff. We will
ensure continuity of key staff during the entire study so
that participants build a relationship with study person-
nel, to provide inspiration and increase accountability.
Participants will also be compensated for completing
study outcome measures.

Data management {19}

Field and range checks will be programmed to minimize
data entry errors. Data distribution will be checked peri-
odically, and outliers verified; missing data will be tracked
and checked. All data will be entered into the REDCap
database and will be sight verified by a second study staff
member.
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Confidentiality {27}

A participant identifier code for the data will be used so
that data will not have the participant’s name associated
with it. The key linking participant name and participant
identifier code is kept in a secured location, with only
key personnel having direct access to the list. Participant
identifier codes will be used for all data entry and data
analyses. The investigative team will be trained in accord-
ance to both the Colorado Multiple Institutional Review
Board (COMIRB) and the Health Insurance Portability
and Accountability Act (HIPAA) compliance issues and
will act to maintain confidentiality and protect health
information. Electronic data will be stored on secure
servers with a high level of security, controlled access,
daily back-up, and long-term retention of back-up files.
Hard copies of study data will be kept in in participants’
charts in a locked, secured file cabinet in the principal
investigator’s or study coordinator’s office. Access to all
study data will be restricted to the principal investigator
and research personnel.

Plans for collection, laboratory evaluation, and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

Blood samples will be collected at baseline and weeks 13,
26, 52, and 78 and will be stored securely until funds are
available to support future ancillary studies, including
genetic/epigenetic or molecular analyses. Stool samples
will be self-collected by study participants at baseline and
weeks 13, 26, 52, and 78 using the Alpco EasySampler
Stool Collection Kit. Participants will sterilely transfer
~1-2 g of stool to the provided collection tubes, store
specimens at —20 °C (home freezers), and transport them
to the clinic on icepacks within a week of collection.
Blood and stool specimens will then be stored at —80°C
for future analyses.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

Baseline characteristics will be summarized by treat-
ment groups using descriptive statistics. Normality
assumptions will be evaluated, and transformations
used (e.g., square root and log) as appropriate. Body
weight is the primary outcome variable and others are
secondary or exploratory outcomes. Consequently,
no adjustment for multiple outcomes will be applied.
P-values < 0.05 will be considered significant. Any
imbalance in baseline characteristics between groups
that could potentially be a confounding factor for the
outcome will be adjusted for in the statistical model.
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The primary analysis will use the “intent-to-treat”
principle and all randomized participants will be ana-
lyzed. Each continuous outcome will be analyzed using
a linear mixed effects model. The fixed effects of the
linear mixed effects model will consist of treatment
group (IMF or DCR) and time of measurement (i.e.,
baseline and follow-up time points) and their interac-
tion. Time of measurement will be treated as a continu-
ous or categorical variable, as appropriate. Test of the
interaction assesses the difference in post-intervention
change from baseline between two groups and is used
to quantify the effectiveness of the intervention. The
90% confidence interval for the interaction will be cal-
culated. Incidence of adverse events, protocol modifi-
cations, and attrition will be compared between groups
using chi square or Fisher’s exact test as appropriate.

To explore the impact of selected biologic, psycho-
social, behavioral, and/or environmental variables on
the intervention effect, we will initially apply models
similar to those being tested in aim 1, with the addi-
tion of a potential effect moderator as a covariate and
its interaction term (i.e., intervention x moderator x
time interaction) in addition to related two-way inter-
action terms. Among factors with a significant three-
level interaction, we will further use post-intervention
weight loss as the outcome and multiple linear regres-
sion to examine their association with the outcome
and its interaction with intervention. Similar multiple
logistic regression analysis will also be conducted with
the outcome dichotomized as responder and non-
responder using clinical criteria.

Interim analyses {21b}
No interim analyses are planned for this trial.

Methods for additional analyses (e.g., subgroup analyses)
{20b}

Although not formally powered to examine sex dif-
ferences, results will be reported separately for men
and women to enhance transparency and inform data
interpretation.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}

The primary analysis will use the “intent-to-treat” prin-
ciple to test our study hypotheses under practical and
realistic conditions. All randomized participants will be
analyzed. We expect that missingness condition is either
missing completely at random (MCAR) or missing at
random (MAR). A linear mixed effects model will serve
as the primary method to handle missing values. The pri-
mary and secondary outcomes will be further examined
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using various sensitivity analyses including analysis of
completers using the above statistical models; imputing
missing values using baseline-observation-carried-for-
ward, and then assessing efficacy by analyzing the change
score from baseline using two sample -tests or linear
regression model while adjusting for other covariates;
and finally imputing missing values using Markov chain
Monte Carlo multiple imputation to create 20 imputed
data sets and then analyzing the data using the linear
mixed effects model.

Plans to give access to the full protocol, participant-level
data, and statistical code {31c}

This paper provides the full protocol. Interested individu-
als should contact the study principal investigator (VC)
if interested in other data or documentation of the study.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

This single-site randomized trial does not have a coor-
dinating center or trial steering committee. The trial will
be supervised by the PI (VC) with input from study co-
investigators (co-authors EM, DB, PM, and ZP). Addi-
tional oversight will be provided by an independent Safety
Officer who will review study conduct and progress on an
annual basis as outlined in our NIH-approved Data and
Safety Monitoring Plan (DSMP). Two senior-level Profes-
sional Research Assistants (PRAs, co-authors KB and LW),
supervised by the PI, will provide day-to-day organizational
support for the trial including participant recruitment and
obtaining informed consent and will oversee other study
staff (PRAs and/or student workers) in scheduling and per-
formance of outcome measures and data entry. The screen-
ing medical history and physical exams will be performed
by the PI (VC), co-investigator (DB), and co-author (AZ),
all of whom are MDs with current board certification. The
PI and the study PRAs will meet weekly to discuss trial con-
duct and progress including recruitment and retention. Co-
investigator meetings will be held monthly during the study
startup phase and then as needed to discuss any issues that
arise with trial conduct.

Composition of the data monitoring committee, its role,

and reporting structure {21a}

The intervention and measurement protocols pose mini-
mal risk to participants. Because of this low-risk status,
the data safety monitoring plan for this trial focuses on
close monitoring by the principal investigator (an MD
with current board certification in Endocrinology) in
conjunction with an independent Safety Officer, along
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with prompt reporting of excessive adverse events and
any serious adverse events to the NIH and to COMIRB.
The Safety Officer will review the reports prepared by the
study coordinator at the annual Safety Officer meeting
and will determine whether there is any corrective action,
trigger of an ad hoc review, or stopping rule violation
that should be communicated to the study investigator,
COMIRB and the study sponsor.

Adverse event reporting and harms {22}

We plan to collect adverse event data on a case-by-case
basis. Adverse events will be reviewed, collated, and evalu-
ated by the PI within 72 h. All serious adverse events will
be evaluated by the Safety Officer and the PI within 24 h.
A summary table of adverse events (Safety Report) will be
compiled on an ongoing basis and will be provided to the
independent safety officer at the annual meeting. The sum-
mary table will include a description of the adverse event,
the date of onset, severity, action taken, outcome, whether
the adverse event was expected or unanticipated, and a
determination of the relationship of the adverse event to
study procedures. Adverse event reports and annual sum-
maries will not include identifiable material and partici-
pants will be identified only by study ID number.

Frequency and plans for auditing trial conduct {23}

To review study conduct throughout the trial period, study
team meetings, led by the PI (VC), will occur on a weekly
basis. The independent Safety Officer will review trial con-
duct and progress annually, as outlined in our NIH-approved
DSMP. An annual report will be submitted for continuing
review per COMIRB requirements. Lastly, an annual pro-
gress report will be submitted to the study sponsor (NIH).

Plans for communicating important protocol amendments

to relevant parties (e.g., trial participants, ethical
committees) {25}

Any protocol changes that impact study procedures or
risk to human subjects will be approved by COMIRB and
reflected in a revised consent form that will be reviewed
and signed by all active participants. Protocol changes will
also be reported to NIH at the annual progress reports.

Dissemination plans {31a}

Findings from this study will be shared publicly and dis-
seminated mainly by publication in peer-reviewed journals
and conference presentations. Journal articles will be sub-
mitted to PubMed Central in compliance with NIH access
guidelines. Main outcomes are planned to be submitted
for publication during 2023-2024. Peer-reviewed findings
will also be disseminated through CU-AMC social media
outlets. Research data, which documents, supports, and
validates research findings, will be made available after the
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main findings from the final research data set have been
accepted for publication. No research data with personal
identifiers will be published under this project.

Discussion

Although weight loss interventions based on DCR lead
to modest weight loss success in the short-term, there
is wide inter-individual variability in weight loss and
poor long-term weight loss maintenance. Evidence-
based dietary approaches to energy restriction that are
effective long-term are needed to provide a range of
evidence-based options to individuals seeking weight
loss. IMF may represent a promising dietary strategy
to help more people achieve weight loss and improve
their metabolic health. A recent systematic review
identified 27 IMF trials (published between 7/1/2019
and 1/1/2000) reporting weight loss ranging from 0.8
to 13.0% of baseline weight, with no serious adverse
events [16]. However, the current evidence base has sig-
nificant limitations including lack of a standard-of-care
DCR control, failure to provide guideline-based behav-
ioral support, and failure to rigorously evaluate dietary
and PA adherence using objective measures. To date,
only three longer-term (52-week) trials have evaluated
IMF as a weight loss strategy [19-21]. None of these
longer-duration studies reported significant differences
between IMF and DCR in changes in weight. How-
ever, each of these studies has limitations that prohibit
drawing generalizable conclusions about the relative
long-term efficacy of IMF compared to DCR for obesity
treatment. Thus, greater scientific rigor is required from
interventional trials than found in the current litera-
ture and well-designed trials are needed to demonstrate
long-term effectiveness and to understand the impact of
IMF on energy balance.

DRIFT will fill this gap in the literature by examining
the effectiveness of IMF as a dietary strategy to achieve
weight loss compared to DCR, the current standard-of-
care, within the context of a 52-week, guideline-based
behavioral support program for obesity treatment. We
will use objective methods to measure EI (DLW intake-
balance method) and PA (activPAL device) to allow for
an accurate comparison of adherence to the dietary and
PA prescriptions between the IMF and DCR groups. This
trial is also unique in that it will be one of the first obe-
sity treatment trials to implement the recommendations
from the NIH ADOPT framework to evaluate selected
biologic, behavioral, environmental, and psychosocial
predictors of weight loss response [24-28]. Our find-
ings may have significant public health implications as
this study will generate robust data regarding long-term
weight loss effectiveness of IMF as compared to DCR.

Page 16 of 19

We anticipate that results will further our understand-
ing of the impact of IMF on energy balance and will pro-
vide preliminary insight into predictors of weight loss
response within IMF and DCR.

Trial status

This study protocol was based on version date February
18, 2021. Enrollment began on 1/5/2018 and was com-
pleted on 4/29/2021. Outcome measures at 78 weeks are
expected to be completed by 12/19/2022. We were unable
to submit our protocol manuscript prior to completing
participant recruitment due to the substantially increased
investigator and research staff burden necessitated by
COVID-19-related clinical research shutdown activities,
followed by COVID-19-related clinical research reactiva-
tion activities (including developing, obtaining approval
for, and implementation of protocols to safeguard clinical
research staff and participants as required by CU-AMC).
The additional research burden related to COVID-19
protocols was compounded by frequent staff quarantines
and limited access to research offices which required us
to focus all investigator and research staff effort on study
conduct.

Abbreviations

ADF: Alternate day fasting; ADOPT: Accumulating Data to Optimally Predict
obesity Treatment; BMI: Body mass index; COMIRB: Colorado Multiple Institu-
tional Review Board; CU-AMC: University of Colorado Anschutz Medical Cam-
pus; DCR: Daily caloric restriction; DLW: Doubly labeled water; DRIFT-2: Daily
caloric restriction vs. intermittent fasting trial; DSMP: Data and Safety Monitor-
ing Plan; EE: Energy expenditure; El: Energy intake; ES: Energy stores; HDL:
High-density lipoprotein; HIPAA: Health Insurance Portability and Accountabil-
ity Act; HOMA-IR: Homeostasis model assessment of insulin resistance; hs-CRP:
Highly sensitive C-reactive protein; IMF: Intermittent fating; LDL: Low-density
lipoprotein; METs: Metabolic equivalents; NIH: National Institutes of Health;

PA: Physical activity; PAEE: Physical activity energy expenditure; PAL: Physical
activity level; PRA: Professional Research Assistant; QEWP-5: Questionnaire on
Eating and Weight Patterns; REE: Resting energy expenditure; RD: Registered
dietitian; SD: Standard deviation; TDEE: Total daily energy expenditure; TSH:
Thyroid stimulating hormone.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513063-022-06523-2.

[ Additional le 1. Informed Consent. }

Acknowledgements

We would like to thank our sta and administrative personnel from the Divi-
sion of Endocrinology, Metabolism, and Diabetes at the University of Colorado,
including Holly Heilman, who assisted with submitting the grant proposal.

Authors’ contributions {31b}

VIC, DB, EM, PM, and ZP conceived of and designed the study and obtained
funding. VC wrote the protocol and acquired the data. ZP performed the
power analysis. DO and AC drafted the manuscript. DO generated the
tables. All authors were involved in writing and revising the manuscript and
approved the final version of the manuscript.


https://doi.org/10.1186/s13063-022-06523-2
https://doi.org/10.1186/s13063-022-06523-2

Ostendorf et al. Trials (2022) 23:718

Funding {4}

This work was supported by grants from the National Institutes of Health: RO1
DK111622, P30 DK048520, UL1 TR002535, F32 DK122652, F32 DK123878, K01
HL143039, and K01 HL145023. Dr. Melanson is supported by resources from
the Geriatric Research, Education, and the Clinical Center at the Denver VA
Medical Center. The sponsors played no role in the study design, collection,
management, analysis, interpretation of data, writing of the report, or decision
to submit the report for publication. The contents do not represent the views
of the US Department of Veterans A airs or the US Government.

Availability of data and materials {29}
All data that will be used or analyzed in the study will be supplied upon
reasonable request.

Declarations

Ethics approval and consent to participate {24}

The study protocol was approved by the Colorado Multiple Institutional
Review Board of the University of Colorado (COMIRB, Aurora, CO, USA; proto-
col 17-0369). All participants will provide written informed consent prior to
study participation.

Consent for publication {32}
Informed consent materials are attached as supplementary materials.

Competing interests {28}
The authors declare no competing interests.

Author details

1Department of Medicine, Anschutz Health and Wellness Center, University
of Colorado Anschutz Medical Campus, Aurora, CO, USA. 2Division of Endo-
crinology, Metabolism, and Diabetes, Department of Medicine, University

of Colorado Anschutz Medical Campus, Aurora, CO, USA. *Department of Bio-
statistics and Informatics, University of Colorado Anschutz Medical Campus,
Aurora, CO, USA. “Division of Geriatric Medicine, Department of Medicine,
University of Colorado Anschutz Medical Campus, Aurora, CO, USA. SEastern
Colorado Veterans A airs Geriatric Research, Education, and Clinical Center,
Denver, CO, USA.

Received: 16 May 2022 Accepted: 6 July 2022
Published online: 29 August 2022

References

1. JuliaC, Peneau S, Andreeva VA, Mejean C, Fezeu L, Galan P, et al. Weight-
loss strategies used by the general population: how are they perceived?
PLoS One. 2014;9(5).e97834.

2. Dansinger ML, Gleason JA, Gri th JL, Selker HR, Schaefer EJ. Comparison
of the Atkins, Ornish, weight watchers, and zone diets for weight loss and
heart disease risk reduction: a randomized trial. Jama. 2005;293(1):43-53.

3. Anderson JW, Konz EC, Frederich RC, Wood CL. Long-term weight-loss main-
tenance: a meta-analysis of US studies. Am J Clin Nutr. 2001;74(5).579-84.

4. Franz MJ, VanWormer JJ, Crain AL, Boucher JL, Histon T, Caplan W, et al.
Weight-loss outcomes: a systematic review and meta-analysis of weight-
loss clinical trials with a minimum 1-year follow-up. J Am Diet Assoc.
2007;107(10):1755-67.

5. MacLean PS,Wing RR, Davidson T, Epstein L, Goodpaster B, Hall KD, et al.
NIH working group report: innovative research to improve maintenance
of weight loss. Obesity (Silver Spring, Md). 2015;23(1):7-15.

6. Johnston BC, Kanters S, Bandayrel K, Wu P, Naji F, Siemieniuk RA, et al.
Comparison of weight loss among named diet programs in overweight
and obese adults: a meta-analysis. JAMA. 2014;312(9):923-33.

7. Collier R. Intermittent fasting: the science of going without. CMAJ.
2013;185(9):E363-E4.

8. Collier R. Intermittent fasting: the next big weight loss fad. CMAJ.
2013;185(8):E321-E2.

9. Johnstone A. Fasting for weight loss: an e ective strategy or latest dieting
trend? Int J Obes. 2015;39(5):727-33.

10.

11

13.

14,

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

217.

28.

29.

Page 17 of 19

Patterson RE, Laughlin GA, LaCroix AZ, Hartman SJ, Natarajan L, Senger
CM, et al. Intermittent fasting and human metabolic health. J Acad Nutr
Diet. 2015;115(8):1203-12.

Horne BD, Muhlestein JB, Anderson JL. Health e ects of intermit-

tent fasting: hormesis or harm? A systematic review. Am J Clin Nutr.
2015;102(2):464-70. https:.//doi.org/10.3945/ajcn.115.109553.

. Mattson MP, Allison DB, Fontana L, Harvie M, Longo VD, Malaisse WJ, et al.

Meal frequency and timing in health and disease. Proc Natl Acad Sci U S
A.2014,111(47):16647-53.

Mattson MP, Longo VD, Harvie M. Impact of intermittent fasting on health
and disease processes. Ageing Res Rev. 2017;39:46-58.

Rynders CA, Thomas EA, Zaman A, Pan Z, Catenacci VA, Melanson

EL.E ectiveness of intermittent fasting and time-restricted feeding
compared to continuous energy restriction for weight loss. Nutrients.
2019;11(10).

Catenacci VA, Pan Z, Ostendorf D, Brannon S, Gozansky WS, Mattson

MP, et al. A randomized pilot study comparing zero-calorie alternate-
day fasting to daily caloric restriction in adults with obesity. Obesity.
2016;24(9):1874-83.

Welton S, Minty R, O'Driscoll T, Willms H, Poirier D, Madden S, et al. Inter-
mittent fasting and weight loss: systematic review. Can Fam Physician.
2020;66(2):117-25.

Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, Donato KA, et al.
2013 AHA/ACC/TOS guideline for the management of overweight and
obesity in adults: a report of the American College of Cardiology/Ameri-
can Heart Association task force on practice guidelines and the Obesity
Society. Circulation. 2014;129(25 Suppl 2):5102-38.

Catenacci VA, Wyatt HR. The role of physical activity in produc-

ing and maintaining weight loss. Nat Clin Pract Endocrinol Metab.
2007;3(7):518-29.

Trepanowski JF, Kroeger CM, Barnosky A, et al. E ect of Alternate-Day
Fasting on Weight Loss, Weight Maintenance, and Cardioprotection
Among Metabolically Healthy Obese Adults: A Randomized Clinical Trial.
JAMA Intern Med. 2017;177(7):.930-8. https://doi.org/10.1001/jamaintern
med.2017.0936.

Headland ML, Clifton PM, Keogh JB. E ect of intermittent compared to
continuous energy restriction on weight loss and weight maintenance
after 12 months in healthy overweight or obese adults. Int J Obes.
2019;43(10):2028-36.

Carter S, Clifton PM, Keogh JB.E ect of intermittent compared with
continuous energy restricted diet on glycemic control in patients with
type 2 diabetes: a randomized noninferiority trial. JAMA Netw Open.
2018;1(3):¢180756.

Carter S, Clifton PM, Keogh JB. The e ect of intermittent compared with
continuous energy restriction on glycaemic control in patients with
type 2 diabetes: 24-month follow-up of a randomised noninferiority trial.
Diabetes Res Clin Pract. 2019;151:11-9.

Franz MJ, Boucher JL, Rutten-Ramos S, VanWormer JJ. Lifestyle weight-
loss intervention outcomes in overweight and obese adults with type 2
diabetes: a systematic review and meta-analysis of randomized clinical
trials. J Acad Nutr Diet. 2015;115(9):1447-63.

Lytle LA, Nicastro HL, Roberts SB, Evans M, Jakicic JM, Laposky AD, et al.
Accumulating data to optimally predict obesity treatment (ADOPT) core
measures: behavioral domain. Obesity. 2018;26(Suppl 2):516-24.
MacLean PS, Rothman AJ, Nicastro HL, Czajkowski SM, Agurs-Collins T,
Rice EL, et al. The accumulating data to optimally predict obesity treat-
ment (ADOPT) core measures project: rationale and approach. Obesity.
2018;26(Suppl 2):S6-515.

Rosenbaum M, Agurs-Collins T, Bray MS, Hall KD, Hopkins M, Laughlin M,
et al. Accumulating data to optimally predict obesity treatment (ADOPT):
recommendations from the biological domain. Obesity. 2018;26(Suppl
2):525-34.

Saelens BE, Arteaga SS, Berrigan D, Ballard RM, Gorin AA, Powell-Wiley TM,
et al. Accumulating data to optimally predict obesity treatment (ADOPT)
core measures: environmental domain. Obesity. 2018;26(Suppl 2):.S35-44.
Sutin AR, Boutelle K, Czajkowski SM, Epel ES, Green PA, Hunter CM, et al.
Accumulating data to optimally predict obesity treatment (ADOPT) core
measures: psychosocial domain. Obesity. 2018;26(Suppl 2):S45-54.
Thomas S, Reading J, Shephard RJ. Revision of the physical activity readi-
ness questionnaire (PAR-Q). Can J Sport Sci. 1992;17(4):338-45.


https://doi.org/10.3945/ajcn.115.109553
https://doi.org/10.1001/jamainternmed.2017.0936
https://doi.org/10.1001/jamainternmed.2017.0936

Ostendorf et al. Trials

30.

3L

32.

33

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

44,

45,

46.

47.

48.

49.

50.

51

(2022) 23:718

Beck AT, Steer RA, Garbin GM. Psychometric properties of the Beck
depression inventory: twenty-five years of evaluation. Clin Psychol Rev.
1988;8:77-100.

Garner DM, Olmsted MP, Bohr Y, Garfinkel PE. The eating attitudes

test: psychometric features and clinical correlates. Psychol Med.
1982;12(4):871-8.

Spitzer RL, Devlin M, Walsh BT, Hasin D, Wing R, Marcus M, et al. Binge
eating disorder: a multi-site field trial of the diagnostic criteria. Int J Eat
Disord. 1992;11:191-203.

Spitzer RL, Yanovski S, Wadden T, Wing R, Marcus MD, Stunkard A, et al.
Binge eating disorder: its further validation in a multisite study. Int J Eat
Disord. 1993;13(2):137-53.

U.S. Department of Health and Human Services. Physical activity Guide-
lines for Americans. In: U.S. Department of Health and Human Services,
editor. 2nd. Washington, DC: 2018.

Human energy requirements: report of a joint FAO/WHO/UNU expert
consultation. Food Nutr Bull. 2005;26(1):166.

Hoddy KK, Kroeger CM, Trepanowski JF, Barnosky A, Bhutani S, Varady KA.
Meal timing during alternate day fasting: impact on body weight and
cardiovascular disease risk in obese adults. Obesity. 2014;22(12):2524-31.
Heilbronn LK, Smith SR, Martin CK, Anton SD, Ravussin E. Alternate-day
fasting in nonobese subjects: e ects on body weight, body composition,
and energy metabolism. Am J Clin Nutr. 2005;81(1):69-73.

Klempel MC, Bhutani S, Fitzgibbon M, Freels S, Varady KA. Dietary and
physical activity adaptations to alternate day modified fasting: implica-
tions for optimal weight loss. Nutr J. 2010;9:35.

Bhutani S, Klempel MC, Kroeger CM, Aggour E, Calvo Y, Trepanowski JF,
etal E ect of exercising while fasting on eating behaviors and food
intake. J Int Soc Sports Nutr. 2013;10(1):50.

Hoddy KK, Gibbons C, Kroeger CM, Trepanowski JF, Barnosky A,
Bhutani S, et al. Changes in hunger and fullness in relation to gut
peptides before and after 8 weeks of alternate day fasting. Clin Nutr.
2016;35(6):1380-5.

Johnson JB, Summer W, Cutler RG, Martin B, Hyun DH, Dixit VD, et al.
Alternate day calorie restriction improves clinical findings and reduces
markers of oxidative stress and inflammation in overweight adults with
moderate asthma. Free Radic Biol Med. 2007;42(5):665-74.

Antoni R, Johnston KL, Collins AL, Robertson MD. Investigation into

the acute e ects of total and partial energy restriction on postpran-
dial metabolism among overweight/obese participants. Br J Nutr.
2016;115(6):951-9.

Donnelly JE, Blair SN, Jakicic JM, Manore MM, Rankin JW, Smith BK. Ameri-

can College of Sports Medicine position stand. Appropriate physical
activity intervention strategies for weight loss and prevention of weight
regain for adults. Med Sci Sports Exerc. 2009;41(2):459-71.

Peters JC, Wyatt HR, Foster GD, Pan Z, Wojtanowski AC, Vander Veur SS,
etal. The e ects of water and non-nutritive sweetened beverages on
weight loss during a 12-week weight loss treatment program. Obesity.
2014;22(6):1415-21.

Wyatt HR, Jortberg BT, Babbel C, Garner S, Dong F, Grunwald GK, et al.
Weight loss in a community initiative that promotes decreased energy
intake and increased physical activity and dairy consumption: calcium
weighs-in. J Phys Act Health. 2008;5(1):28—44.

Weir JB. New methods for calculating metabolic rate with special refer-
ence to protein metabolism. J Physiol. 1949;109(1-2):1-9.

Berman ES, Fortson SL, Snaith SP. Gupta M, Baer DS, Chery |, et al. Direct
analysis of delta2H and deltal80 in natural and enriched human urine
using laser-based, o -axis integrated cavity output spectroscopy. Anal
Chem. 2012;84(22):9768-73.

Speakman JR, Yamada Y, Sagayama H, Berman ESF, Ainslie PN, Andersen
LF, et al. A standard calculation methodology for human doubly labeled
water studies. Cell Rep Med. 2021;2(2):100203.

Racette SB, Das SK, Bhapkar M, Hadley EC, Roberts SB, Ravussin E, et al.
Approaches for quantifying energy intake and %calorie restriction during
calorie restriction interventions in humans: the multicenter CALERIE
study. Am J Physiol Endocrinol Metab. 2012;302(4).E441-8.

Schoeller DA. The energy balance equation: looking back and looking
forward are two very di erent views. Nutr Rev. 2009;67(5):249-54.
Godfrey A, Culhane KM, Lyons GM. Comparison of the performance of
the activPAL professional physical activity logger to a discrete accelerom-
eter-based activity monitor. Med Eng Phys. 2007;29(8):930-4.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

Page 18 of 19

Grant PM, Ryan CG, Tigbe WW, Granat MH. The validation of a novel activ-
ity monitor in the measurement of posture and motion during everyday
activities. Br J Sports Med. 2006;40(12):992-7.

Kozey-Keadle S, Libertine A, Lyden K, Staudenmayer J, Freedson PS.
Validation of wearable monitors for assessing sedentary behavior. Med
Sci Sports Exerc. 2011;43(8):1561-7.

Ryan CG, Grant PM, Tigbe WW, Granat MH. The validity and reliability

of a novel activity monitor as a measure of walking. Br J Sports Med.
2006;40(9):779-84.

Lyden K, Keadle SK, Staudenmayer J, Freedson PS. The activPAL TM
accurately classifies activity intensity categories in healthy adults. Med Sci
Sports Exerc. 2017;49(5):1022-8.

Mano H, Oliver RL. Assessing the dimensionality and structure of the
consumption experience - evaluation, feeling, and satisfaction. J Consum
Res. 1993;20(3):451-66.

Watson D, Clark LA, Tellegen A. Development and validation of brief
measures of positive and negative a ect: the PANAS scales. J Pers Soc
Psychol. 1988;54(6):1063-70.

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress.
J Health Soc Behav. 1983;24(4):385-96.

Jarvela-Reijonen E, Karhunen L, Sairanen E, Rantala S, Laitinen J, Puttonen
S, et al. High perceived stress is associated with unfavorable eating
behavior in overweight and obese Finns of working age. Appetite.
2016;103:249-58.

Lee EH. Review of the psychometric evidence of the perceived stress
scale. Asian Nurs Res (Korean Soc Nurs Sci). 2012;6(4):121-7.

Boggiano MM, Wenger LE, Turan B, Tatum MM, Sylvester MD, Morgan

PR, et al. Real-time sampling of reasons for hedonic food consumption:
further validation of the palatable eating motives scale. Front Psychol.
2015,6:744.

Burgess EE, Turan B, Lokken KL, Morse A, Boggiano MM. Profiling motives
behind hedonic eating. Preliminary validation of the palatable eating
motives scale. Appetite. 2014;72:66-72.

Duarte C, Pinto-Gouveia J, Ferreira C. Expanding binge eating assessment:
validity and screening value of the binge eating scale in women from the
general population. Eat Behav. 2015;18:41-7.

Mason AE, Vainik U, Acree M, Tomiyama AJ, Dagher A, Epel ES, et al.
Improving assessment of the spectrum of reward-related eating: the
RED-13. Front Psychol. 2017;8:795.

Cappelleri JC, Bushmakin AG, Gerber RA, Leidy NK, Sexton CC, Lowe MR,
et al. Psychometric analysis of the three-factor eating questionnaire-R21:
results from a large diverse sample of obese and non-obese participants.
Int J Obes. 2009;33(6):611-20.

Markland D, Tobin V. A modification of the behavioral regulation in
exercise questionnaire to include an assessment of amotivation. J Sport
Exercise Psy. 2004;26:191-6.

Wilson PM, Rodgers WM, Loitz CC, Scime G.“It's who | am ... really!"The
importance of integrated regulation in exercise contextsl. J Appl Biobe-
hav Res. 2006;11(2):79-104.

Duckworth AL, Quinn PD. Development and validation of the short grit
scale (grit-s). J Pers Assess. 2009;91(2):166-74.

Levesque CS, Williams GC, Elliot D, Pickering MA, Bodenhamer B, Finley
PJ. Validating the theoretical structure of the treatment self-regulation
questionnaire (TSRQ) across three di erent health behaviors. Health Educ
Res. 2007;22(5):691-702.

Donnellan MB, Oswald FL, Baird BM, Lucas RE. The mini-IPIP scales:
tiny-yet-e ective measures of the big five factors of personality. Psychol
Assess. 2006;18(2):192-203.

McAuley E. The role of e cacy cognitions in the prediction of exercise
behavior in middle-aged adults. J Behav Med. 1992;15(1):65-88.

Ames GE, Heckman MG, Grothe KB, Clark MM. Eating self-e cacy: devel-
opment of a short-form WEL. Eat Behav. 2012;13(4):375-8.

Grove JR, Prapavessis H. Preliminary evidence for the reliability and
validity of an abbreviated profile of mood states. Int J Sport Psychol.
1992;23(2):93-109.

Hays RD, Morales LS. The RAND-36 measure of health-related quality of
life. Ann Med. 2001;33(5):350-7.

Hays RD, Sherbourne CD, Mazel RM. The RAND 36-item health survey 1.0.
Health Econ. 1993;2(3):217-27.

Norbeck JS. Modification of life event questionnaires for use with female
respondents. Res Nurs Health. 1984;7(1):61-71.



Ostendorf et al. Trials (2022) 23:718

77. Sarason IG, Johnson JH, Siegel IM. Assessing impact of life changes
- development of life experiences survey. J Consult Clin Psychol.
1978;46(5):932-46.

78. Bruijn G-J, Bvd P. Exercise promotion: an integration of exercise self-
identity, beliefs, intention, and behaviour. Eur J Sport Sci. 2012;12:354—66.

79. Brook AT, Garcia J, Fleming MA. The e ects of multiple identities on psy-
chological well-being. Personal Soc Psychol Bull. 2008;34(12):1588-600.

80. Gross JJ, John OP. Individual di erences in two emotion regulation
processes: implications for a ect, relationships, and well-being. J Pers Soc
Psychol. 2003;85(2):348-62.

81. Ry CD, Keyes CL.The structure of psychological well-being revisited. J
Pers Soc Psychol. 1995;69(4):719-27.

82. Peterson C, Semmel A, von Baeyer C, Abramson LY, Metalsky Gl, Selig-
man MEP. The attributional style questionnaire. Cognitive Ther Res.
1982:6(3):287-99.

83. Burnette JL, Finkel EJ. Bu ering against weight gain following diet-
ing setbacks: an implicit theory intervention. J Exp Soc Psychol.
2012;48(3):721-5.

84. Cyders MA, Smith GT, Spillane NS, Fischer S, Annus AM, Peterson C.
Integration of impulsivity and positive mood to predict risky behavior:
development and validation of a measure of positive urgency. Psychol
Assess. 2007;19(1):107-18.

85. Nelson MC, Lytle LA. Development and evaluation of a brief screener to
estimate fast-food and beverage consumption among adolescents. J Am
Diet Assoc. 2009;109(4):730—-4.

86. Centers for Disease Control and Prevention (CDC). Behavioral risk factor
surveillance system survey questionnaire. Atlanta, Georgia U.S. Depart-
ment of Health and Human Services: Centers for Disease Control and
Prevention; 2016. p. 26-7.

87. Chu AH, Ng SH, Koh D, Muller-Riemenschneider F. Reliability and validity
of the self- and interviewer-administered versions of the global physical
activity questionnaire (GPAQ). PLoS One. 2015;10(9):e0136944.

88. Cleland CL, Hunter RF, Kee F, Cupples ME, Sallis JF, Tully MA. Validity of
the global physical activity questionnaire (GPAQ) in assessing levels and
change in moderate-vigorous physical activity and sedentary behaviour.
BMC Public Health. 2014;14:1255.

89. Roenneberg T, Wirz-Justice A, Merrow M. Life between clocks: daily tem-
poral patterns of human chronotypes. J Biol Rhythm. 2003;18(1):80-90.

90. Cuttler C, Spradlin A. Measuring cannabis consumption: psychometric
properties of the daily sessions, frequency, age of onset, and quantity of
cannabis use inventory (DFAQ-CU). PLoS One. 2017;12(5):e0178194.

91. Centers for Disease Control and Prevention (CDC). Behavioral risk factor
surveillance system survey questionnaire. Atlanta, Georgia U.S. Depart-
ment of Health and Human Services: Centers for Disease Control and
Prevention; 2016. p. 51.

92. Cerin E, Conway TL, Saelens BE, Frank LD, Sallis JF. Cross-validation of the
factorial structure of the neighborhood environment walkability scale
(NEWS) and its abbreviated form (NEWS-A). Int J Behav Nutr Phys Act.
2009;6:32.

93. Cerin E, Saelens BE, Sallis JF, Frank LD. Neighborhood environment walk-
ability scale: validity and development of a short form. Med Sci Sports
Exerc. 2006;38(9):1682-91.

94. Kiernan M, Moore SD, Scho man DE, Lee K, King AC, Taylor CB, et al.
Social support for healthy behaviors: scale psychometrics and predic-
tion of weight loss among women in a behavioral program. Obesity.
2012;20(4):756-64.

95. Ko arnus MN, Bickel WK. A 5-trial adjusting delay discounting task: accu-
rate discount rates in less than one minute. Exp Clin Psychopharmacol.
2014;22(3):222-8.

96. Peters JC, Beck J, Cardel M, Wyatt HR, Foster GD, Pan Z, et al. The e ects of
water and non-nutritive sweetened beverages on weight loss and weight
maintenance: a randomized clinical trial. Obesity. 2016;24(2).297-304.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional a liations.

Page 19 of 19

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




