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Abstract

Objective—To determine the impact of dietary weight loss (WL) plus aerobic exercise (EX)
and a “move more, more often” approach to activity promotion (SitLess; SL) on weight loss and
maintenance.

Methods—Low-active, older adults (65-86 years) with obesity were randomized to WL+EX,
WL+SL or WL+EX+SL. Participants received a social-cognitive group-mediated behavioral
weight loss program for 6 months, followed by a 12-month maintenance period. EX participants
received guided walking exercise with the goal of walking 150 minutes/week. SL attempted to
achieve a step goal by moving frequently during the day. The primary outcome was month 18
body weight, with secondary outcomes including weight regain from 6-18 months, and objectively
assessed physical activity and sedentary behavior at each timepoint.

Results—All groups demonstrated significant weight loss over 6 months (ps<.001) with no
group differences. Groups that received SL improved total activity time (ps< .05), and those who
received EX improved moderate-to-vigorous activity time (0s=.003). Over the 12-month follow-up
period, those who received WL+EX demonstrated greater weight regain (5.2kg; 95%Cl 3.5,6.9)
relative to WL+SL (2.4kg; 95%CI 0.8,4.0).

Conclusion—~Pairing dietary weight loss with a recommendation to accumulate physical activity
contributed to similar weight loss and less weight regain compared with traditional aerobic
exercise.
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Introduction

Obesity is highly prevalent among older adults (1) and is problematic in this age group

as it accelerates decline in physical function and, thus, is a major risk factor for major
mobility disability (2—4). Current obesity treatment guidelines for all ages recommend an
intensive lifestyle intervention involving a reduced calorie diet, increased physical activity,
and behavior change counseling to achieve weight loss (WL), followed by participation in
a high-volume of at least moderate intensity physical activity (MVPA) to prevent weight
regain (5). Whereas physical activity is often promoted via structured exercise, this strategy
has been questioned as effective for sustaining WL (6). This may be especially true for
older adults who may engage in compensation (i.e., increased sedentary behavior [SB])

and substitution (i.e., decreased time spent in non-exercise physical activity) when adopting
structured exercise (7). This may result in a counter-productive reduction in total energy
expenditure in the short term (8-11), and predispose individuals to a poorer overall profile of
physical activity, marked by fewer minutes of daily activity and more SB, as they transition
out of a formal activity program. Additionally, individuals with obesity and compromised
physical function may find they are unable to sustain intense exercise (12) or may find it
aversive (13).

Within the last decade, a body of research has emerged demonstrating that achieving
recommended levels of physical activity through frequent, short bouts of activity produces
similar or better health outcomes as participating in discrete bouts of conventional structured
exercise (14-16). Previous intervention data collected on older adults suggests targeting
frequent movement contributes to enhanced physical functioning,(17, 18) improved self-
efficacy and quality of life,(19) and short-term weight loss as well as improved weight
maintenance.(18, 20) Moreover, integrating enjoyable movement into daily life is likely

to be more attainable for individuals with different functional abilities and preferences,

and has the added benefit of indirectly breaking up sedentary behavior, and breaking
prolonged sedentary time is widely associated with a host of favorable cardiometabolic
health outcomes.(21, 22) In light of this evidence, the US physical activity guidelines were
revised in 2018 to reflect the importance of a “move more, more often” approach to physical
activity promotion.(16) A critical and timely question for clinical medicine is whether a
recommendation to move more frequently throughout the day has benefit over a traditional
aerobic exercise recommendation for producing WL and WL maintenance in older adults
with obesity.

The purpose of this 18-month randomized clinical trial in older adults with obesity

was to compare a behavioral dietary WL treatment paired with three different physical
activity interventions on WL and weight regain following an intensive intervention period.
Specifically, dietary WL was combined with (a) structured aerobic exercise (WL+EX), (b)
an intervention focused on accumulating total activity and reducing SB through frequent
daily movement (WL+SitLess; SL), or (¢) WL+EX+SL. We expected that the addition of
the SL intervention to a standard WL and EX program would result in a lower body weight
at 18 months (primary outcome) and less weight regain following intervention (weight
regain from 6 to 18 months; secondary outcome), and that WL+SL would be as effective as
WL+EX.
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The Institutional Review Board of the Wake Forest School of Medicine approved all study
related procedures. All interested and potential participants signed an approved informed
consent and HIPAA authorization form before any data collection. The Empowered with
Movement to Prevent Obesity and Weight Regain (EMPOWER) study was an 18-month,
3-group, single-blind, randomized trial (Trial Registration: NCT02923674) as recently
described in a study design publication.(23) Recruitment occurred in six waves between
2016 and January 2019, and final follow-up completed in September 2020. Participants
recruited in the first four waves of this study completed procedures prior to onset of the
COVID-19 pandemic in the United States, while the final two waves participated during
the COVID-19 quarantine orders. The analyses presented herein pertain to participants who
completed study procedures prior to the COVID-19 quarantine orders.

Participant Identification

Men and women from Forsyth County, NC and surrounding areas were recruited through
local advertisements (see Online Supplement for more information on recruitment and
representation). Our recruitment goal was 180 men and women aged 65-85 years who were
classified as obese based on a BMI of 30-45 kg/m2.

Inclusion and Exclusion Criteria

In addition to the age and BMI criteria, eligibility criteria included: 1) insufficiently active
(i.e., no participation in regular resistance training and/or > 20 mins/day of aerobic exercise
in past 6 months); 2) non-smoking for >1 year; 3) <5% weight change in past 6 months; and
4) no insulin-dependent or uncontrolled diabetes (fasting glucose >140 mg/dl), osteoporosis
(self-reported or t-score < —2.3 on hip or spine DXA scan), cognitive impairment (Montreal
Cognitive Assessment <22), or clinical evidence of depression, anemia, heart disease,
cancer, liver, renal, or chronic pulmonary disease, uncontrolled hypertension (>160/90
mmHg), major physical impairment, or contraindication for exercise or weight loss. These
criteria were selected to minimize the likelihood for adverse events related to dietary weight
loss and/or participation in moderate-to-vigorous physical activity. Participants were also
asked about their access to a personal smartphone device and willingness to use it in the
study. Those without a device or without consistent access to mobile internet were provided
with a smartphone for the duration of the study (33/183; 18%).

A total of 1655 participants were screened by telephone to assess general eligibility criteria
(see Consolidated Standards of Reporting Trials [CONSORT] diagram in Figure 1). Of
those, 336 provided informed consent to complete baseline screening, which involved a
medical history review, physical exam, cognitive and depression screening, fasting blood
draw, and 12-lead resting electrocardiogram followed by a cardiopulmonary exercise test
(CPET) to exhaustion.

Randomization

A total of 183 participants met all study eligibility criteria and were randomized 1:1:1 to one
of the three treatment arms using a web-based randomization scheme developed by the study
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biostatistician (Figure 1). Randomization was stratified by gender with random block sizes.
A total of 120 participants received the intervention and assessments per protocol prior to
COVID-19 stay-at-home orders.

Interventions

The EMPOWER mHealth Toolset—All participants received a Fitbit Alta activity
monitor at least two weeks prior to the start of the intervention, and the device was paired
with a mobile health application that was tailored to each intervention arm (mHealth app; the
EMPOWER Companion App)(23). The app facilitated contact between group members and
research staff between intervention visits and was designed to facilitate self-monitoring of
activity behaviors by providing group-specific visual feedback of Fitbit activity data, which
is described further below.

Dietary Weight Loss (WL)—AII participants underwent a diet intervention designed

to elicit 7-10% WL from baseline body mass. Individual goals for caloric intake were
prescribed to achieve an energy deficit of ~400 kcal/d from weight maintenance energy
requirements (calculated as measured resting energy expenditure times an activity factor of
1.3). The macronutrient goal targeted an intake range of 25-30% from protein, 20-35% fat,
and 45-55% carbohydrates.

In the first 6 months of the study, considered to be the intensive phase, participants

attended weekly in-person group sessions by treatment arm delivered by the registered
dietitian (RD) and a staff member with expertise in behavioral interventions. The group
sessions were designed using principles from social cognitive theory (24) and the group
dynamics literature, (25) with an emphasis on developing self-regulatory skills, social
support, nutritional knowledge, and an awareness of daily dietary patterns via mindful eating
exercises and food tracking. Body weight was measured and recorded at all sessions. In
addition, participants were asked to track their daily food and beverage intake and these
logs were reviewed weekly by the RD. Participants were allowed to reduce their frequency
of logging at the discretion of the RD. For the final month of the intensive phase, focus

was placed on transitioning toward self-management of WL, with an emphasis on continued
self-monitoring and relapse prevention. During the transition phase of the study (months 7—
9) group sessions were held twice monthly and participants were asked to continue logging
their food/beverage intake and body weight. Group sessions were not held during the
maintenance phase (months 10-18), but monthly contact was maintained with participants,
either by brief phone call or email, to encourage study retention.

The SitLess Day-Long Movement Program—-Participants in the WL+SL and
WL+EX+SL treatment arms aimed to indirectly reduce the presence of sustained sitting
bouts by engaging in frequent bouts of physical activity. These sessions occurred in
conjunction with the diet sessions and followed the same contact schedule to achieve
treatment goals (weekly during the first 6 months and bimonthly during months 7-9).
During the maintenance phase (months 10-18), the monthly phone call or email contact
emphasized adherence to the SL goals.
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SitLess group content focused on optimizing patterns of movement such that a daily step
goal was achieved by evenly distributing stepping throughout the day. This was monitored
using the Companion mHealth app, which displayed progress toward step goals, and minute-
level Fitbit data were displayed on a daily timeline bar in near real time (see Online
Supplemental Figure S1). Daily stepping goals were increased by approximately 25% each
week in collaboration with an interventionist until a maintenance limit of 10,000 steps was
achieved. See “Goal Setting and the Companion App” in the online supplement for more
detail. Intervention leaders also provided guidance and motivation to achieve movement
throughout the day at home (e.g., stand and complete light movement while watching
television, finding a space to engage in mindful walking), and in the community (e.g.,
identify opportunities for active transport). Of note, we have retained the SitLess label

here to align with previously published work,(23) but ongoing iterations of this project
have adopted the phrasing of “day-long physical activity” to better reflect the nature of the
intervention.

Aerobic Exercise—Participants in the WL+EX and WL+EX+SL treatment arms aimed
to perform structured aerobic exercise (treadmill walking) of moderate intensity for 4-5
days/week, progressing to a duration of 200 min/week. Participants were asked to attend
center-based sessions for at least 3 days/week during the 6-month intensive phase and at
least 1 day/week during the 3-month transition phase (months 7-9), exercising at home for
the other 2—4 days/week. During the maintenance phase, the monthly phone call or email
contact emphasized adherence to the moderate-intensity exercise goal of 5-6 days/week to
maintain a volume of 200 min/week.

The supervised exercise sessions consisted of treadmill walking in which participants began
with a 3-5 min warm-up at a slow pace before progressing to an intensity of 65-70%

of their heart rate reserve (assessed during their baseline CPET). The exercise duration
progressed to 40-50 min by the end of the 6th week and thereafter. Two heart rate readings
were taken during each supervised session to monitor compliance to the prescribed intensity,
and speed and grade were adjusted as necessary to ensure that participants exercised at their
prescribed intensity. Each walking session ended with a 3-5 min cool-down followed by 5
min of large muscle flexibility stretches.

Regarding exercise conducted outside of the center, participants received guidance on how
to safely complete ground or treadmill walking, elliptical, or stationary cycling depending
on availability. They were also advised to sustain moderate-intensity activity equivalent to
a rating of 13-15 using Borg’s Rating of Perceived Exertion (RPE). As a self-monitoring
tool, participants were instructed to self-report their completion of their daily exercise bouts
using the Companion mHealth app, wherein they checked “I Exercised Today”. They were
also able to view their participation in sustained bouts of activity of at least 10 minutes
within a timeline bar in the app (see Online Supplemental Figure S1). For individuals

in the WL+EX+SL condition, the EMPOWER Companion App integrated feedback and
self-monitoring tools pertaining to both moving throughout the day and achieving exercise
goals, and this is described in detail in the passage “Goal Setting and the Companion App”
within the Online Supplement.
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Study assessments were collected by blinded research staff at baseline, after the intensive
phase of intervention (6 months), and at the end of the maintenance phase (18 months).

Body Weight—The primary outcome of body weight was measured on the same scale
within our clinical research center.

Physical Activity and Sedentary Behavior—Physical activity and sedentary behavior
were assessed using the ActivPAL™ monitor (PAL Technologies, Glasgow, Scotland), which
provides an accurate assessment of stepping(26) and sedentary behaviors.(27) Devices were
initialized to record data at 20Hz and were worn continuously on the non-dominant thigh for
seven days at each time point (i.e., baseline, 6 months, 18 months). Data were downloaded
at the end of each seven-day wear period using the PAL studio software suite (version 8).
Variables of interest include average daily time spent stepping (i.e., total PA), as well as time
spent stepping for at least 10 minutes. We also report average daily minutes spent above 100
steps/minute (a proxy for MVPA),(28) and average daily minutes spent sitting. We computed
minutes of light-intensity PA [LPA] as the difference between total PA and MVPA.

Additional Measures—Baseline demographic, medical history, and medication use data
were recorded based on participant self-report. Resting metabolic rate (RMR) was used to
determine each participant’s weight-maintaining energy needs for prescribing the 400 kcal/d
energy deficit for WL (see Online Supplement for RMR procedures). Body composition
was measured by dual-energy x-ray absorptiometry (DXA; at baseline, 6 and 18 months
only). The Short Physical Performance Battery (29), a measure of lower-extremity physical
function consisting of walking speed, balance, and repeated chair stands, was collected

at baseline to characterize the functional status of participants. Finally, we noted several
measures of adherence to key intervention tools, including attendance at group meetings,
planned exercise contacts (EX groups only), and mHealth application accesses.

Statistical Analyses

The study was initially designed to provide >85% statistical power with an estimated 51
completers per condition to compare group differences of 2.7kg in body weight at 18
months considering two comparisons: (1) WL+EX+SL vs. WL+EX; and (2) WL+EX+SL
vs. WL+SL; a conservative group difference based upon our previous pilot work.(20,

23) However, due to the COVID-19 pandemic, only the participants from the first four
waves completed the intervention as originally designed, reducing our sample size to 112
completers of 120 randomized. This sample size provides a power of 64% to detect the
pre-specified body weight difference, and a power of 80% to detect a larger group difference
of 3.2 kg of body weight at 18 months.

For our primary outcome—body weight at 18 months—analysis of covariance (ANCOVA)
was used to compare group differences adjusted for baseline weight, age, and gender.(30)

If the overall test was statistically significant, we compared conditions via two-sided tests

at a = .025 to maintain an overall type | error rate of 0.05. As secondary analyses, we

used ANCOVA to compare group difference in 6-month body weight (i.e., after the intensive
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intervention phase). In addition, we were also interested in comparing weight regain from
the end of the intensive intervention to the end of the maintenance period (6—-18 months). For
these analyses, we used ANCOVA to compare weight regain between groups from 6 to 18
months adjusted for age, gender, and weight loss from 0 to 6 months. These analyses were
replicated for lean and fat mass collected via DXA and physical activity outcomes collected
via the ActivPAL (i.e., average daily minutes of total PA, MVPA, light PA, and sedentary
time). Unadjusted changes in each outcome were also tested using student t-tests. Statistical
significance was established at p < .05.

Retention, adherence, and baseline characteristics

The baseline characteristics of randomized participants are shown by treatment group in
Table 1 and in the CONSORT diagram depicted in Figure 1. The average participant

age was 70.0+4.7 years and participants were classified as obese (BMI=35.4+3.6 kg/m?),
and primarily female (81.7%), white (78.3%) and highly educated, with hypertension
and arthritis being the most prevalent self-reported comorbidities. These traits did not
statistically differ between study groups.

Group meeting attendance was 80% in WL+SL, 84% in WL+EX, and 78% in WL+EX+SL.
Regarding structured exercise appointments, those in WL+EX attended 79% of exercise
sessions on average while WL+EX+SL attended 65%. Average weekly application usage
during the intensive phase (weeks 1-24) and the full study period (weeks 1-72) are
displayed in Table 2. Those who received the SL (i.e., WL+EX+SL, WL+SL) intervention
tended to view their app more frequently, which was expected as these individuals were
coached to view their activity patterns several times daily.

Primary Outcome (Weight Loss at Month 18)

Unadjusted body weights are displayed in Table 3, whereas body weights at 6 and 18
months, adjusted for baseline values, gender, and age are displayed in Table 4 and Figure 2.
There was no significant group difference in adjusted body weight at 18 months (0=.510),
though all groups lost significant body weight between 0 and 6 months (ps < .001) and
between 0 and 18 months (ps < .002). Average group weight loss at 18 months ranged
between —4.3 kg (WL+EX) to —6.4 kg (WL+SL) from baseline.

Secondary Comparisons

Adjusted weight regain data are displayed in Table 4. There was a significant group
difference in adjusted weight regain between 6 and 18 months (o=.035), which was driven
by a difference between WL + EX and WL + SL whereby those in WL + EX regained

2.8 kg more (95% CI -4.9, —0.7) relative to WL + SL. WL+EX+SL did not significantly
differ from either group. Unadjusted fat and lean mass are displayed in Table 3, and lean
and fat mass at 6 and 18 months, adjusted for baseline values, gender, and age are displayed
in Table 4. As with weight regain, there was a significant group difference in regain of

fat mass between 6 and 18 months (p = .006), which was marked by the greatest regain
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the WL+EX condition and the least regain in the WL+SL condition who demonstrated the
lowest adjusted fat mass at month 18.

Unadjusted average daily minutes of PA, MVVPA, Light PA, and sedentary time are

displayed in Table 5. It is notable that only 42 participants had complete ActivPAL data

at all timepoints. The primary cause of this was faulty rechargeable batteries caused by
overcharging the devices (i.e., leaving the devices on the charger prior to administration).
Minutes of physical activity and sedentary behavior at months 6 and 18, adjusted for
baseline values, gender, and age are displayed in Table 6. Within-group changes in all
activity variables are displayed in Supplemental Table S1, and adjusted percent change

in MVPA and sedentary time are displayed in Figure 2. There were no significant
differences between groups in any activity variable at 6 or 18 months. Within-group analyses
(Supplemental Table S1) revealed a significant improvement in overall activity time in the
WL+EX+SL condition over the 6-month intensive intervention period (p < .001). A similar,
but non-significant (p = .052) effect was observed in the WL+SL condition. Those who
received EX demonstrated significant improvements in MVPA and time spent in bouts of PA
of 10+ minutes over the 6-month intensive phase (s < .001).

Discussion

We hypothesized that the WL+EX+SL condition would demonstrate superior long-term
weight loss and less weight regain relative to WL+EX and WL+SL. Counter to these
hypotheses, we found that the addition of structured aerobic exercise to weight loss (i.e.,
WL+EX, WL+EX+SL) did not produce superior weight loss relative to WL+SL over either
6 or 18 months. Indeed, all conditions demonstrated significant and similar weight loss
over the intensive 6-month intervention period. The only significant difference in weight
regain was between the WL+SL and WL+EX conditions whereby the WL+SL condition
regained the least amount of body weight. We observed similar findings in DXA-assessed
fat mass. We also observed several interesting patterns in the ActivPAL data, which

should be interpreted with caution given the small sample. We found that assignment

to structured exercise increased MVPA time, while assignment to a day-long movement
intervention resulted in greater total activity time. Also of interest, WL+EX demonstrated
no improvement in total activity time, which may have adverse implications for long-term
behavior and associated health outcomes. We observed an expected regression to baseline
MVPA levels on cessation of a formal intervention across all conditions. However, only
WL+EX demonstrated a non-significant decrease in light-intensity activity and increase in
sedentary time by month 18 (see Figure 2 and Supplemental Table S1). Future work should
investigate the impact of such an activity profile on longer-term weight changes in a larger
sample.

Achieving a sufficient volume of MVPA nested within frequent bouts of LPA benefits a
host of health-related outcomes including body weight,(31, 32) and current PA guidelines
recommend a large volume of MVPA for preventing weight gain.(5) Naturally, realizing
these benefits requires lasting participation in activity behavior.(33) A unique strength of
our study is the inclusion of a long-term maintenance period, allowing for investigation of
weight regain within three groups differing in the physical activity recommendation they
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received. We add to the growing body of evidence demonstrating that a recommendation

to engage in supervised exercise often fails to support long-term weight loss maintenance.
This may be due to compensatory behaviors such as increased sitting and decreased non-
exercise activities.(7, 9, 34-38) Achieving daily activity goals across many brief bouts is one
potential strategy for avoiding prolonged sitting and supporting participation in non-exercise
activities. Moreover, a growing body of research suggests that avoiding prolonged bouts of
inactivity offers unique health benefits such as enhanced glucose regulation and appetite
regulation while being attainable for a broader range of older adults.(14, 16, 21, 39-41)

We would like to emphasize the importance of not conflating non-exercise activity with
LPA. While some individuals find structured exercise to be enjoyable, others may find more
pleasure in a variety of alternative MVPAs of varied bout lengths (e.g., active transport, brief
episodes of movement/working around the home). An optimal physical activity profile is
one that embeds intrinsically motivating MVPA into frequent bouts of LPA while avoiding
prolonged bouts of inactivity.(16)

The EMPOWER study had notable strengths in addition to those described above. It
employed a novel physical activity protocol focused on the accumulation of activity across
the day. This study provides preliminary evidence that this approach is helpful for guarding
against increased sitting in response to structured exercise, though the small sample with
complete ActivPAL data suggest this should be interpreted with caution. We have since
conducted several iterative studies designed to refine this novel coaching model.(18, 42,
43) An important limitation was that the COVID-19 pandemic prevented collection of
objective follow-up data in two planned waves, reducing our sample size. Our sample was
comprised largely of female and white participants, potentially limiting generalizability.
Additionally, EMPOWER did not include a WL-only control, and as such we cannot
directly ascertain whether SL influenced weight loss and maintenance above and beyond
the effect of the WL intervention on dietary intake. Likewise, it is important to recognize
that EMPOWER employed a center-based, supervised exercise protocol. As such, we are
unable to determine the impact of an unsupervised exercise intervention on weight loss/
regain. Evidence suggests both approaches support weight loss to a similar degree (44)

and that unsupervised exercise may produce better long-term adherence.(45) Future work
should include an unsupervised exercise condition. Finally, there was a large proportion of
participants without complete accelerometer data due to battery issues. This issue has been
recognized by PAL Technologies, who now include instructions on preventing overcharging
with new devices and have added battery health screening tools to their software.

Conclusion

Enrolling older adults in a WL+SL, WL+EX, or WL+EX+SL intervention contributes to
significant weight loss. Counter to our expectations the WL+EX+SL condition did not lose
more weight or contribute to better weight maintenance relative to WL+SL or WL+EX.
Instead, only the WL+EX condition demonstrated significantly more regain relative to
WL+SL. These results provide further support for recommending older adults “move more,
more often” for minimizing weight regain after weight loss.
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Study Importance
What is already known?
. Regular physical activity is important for weight loss maintenance.

. Structured exercise often contributes to little change in overall daily energy
expenditure due to increased sitting and/or decreased activities of daily living,
especially in older adults.

What does this study add?

. Combining behavioral dietary weight loss strategies with an intervention to
increase movement throughout the day contributed to similar short term (6-
month) weight loss when compared with behavioral dietary weight loss and
structured aerobic exercise.

. Those assigned to the daily movement intervention regained less weight after
a year of follow-up compared to those who engaged in structured exercise.

How might these results change the focus of clinical practice?

. Clinicians interested in supporting lasting weight loss should heed the advice
of the US physical activity guidelines by recommending a “move more, more
often” approach to physical activity.

. Additional work is needed to integrate these principles into clinical weight
management practices.
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Other (n=25)
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Injury (n=1)
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Completed (n=32)
¢ Clinic Closed due to COVID-19 (n=11)
¢ Lost to follow-up (n=12)
* Dropped During Intervention (n=5)
* Problem with intervention (n=2)
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* Moved (n=1)
¢ Caregiving (n=1)
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¢ lllness (n=1)
¢ Busy (n=1)
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Figure 1.

Participant Consort Diagram. BP = blood pressure, BMI =body mass index,
MoCA=Montreal Cognitive Assessment, GXT = graded exercise test, DXA= dual-energy

X-ray absorptiometry, WL=weight loss, EX = aerobic exercise.
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Figure 2.
Adjusted change in body weight (top panel), average minutes of moderate-to-vigorous

activity (MVPA; middle panel), and sitting time (bottom panel) within weight loss + exercise
(n=13), weight loss + SitLess (n = 14), and weight loss + exercise + SitLess (n = 15).
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Table 1.

Baseline demographic and health characteristics by intervention group.

Overall WL+EX WL+SL WL+EX+SL

(N=120) N=40 N=41 N=39
Age; years (mSD) 700+47 709+44 696+52  69.4+44
Female; n(%) 08 (81.7%) 34 (85.0%) 32(78.0%) 32 (82.1%)
White; n(%) 94 (78.3%) 32 (80.0%) 33(80.5%) 29 (74.4%)
Education (> High School); n(%) 102 (85.0%) 34 (85.0%) 36 (87.8%) 32 (82.1%)
CES-D; (m+SD) 6.2+5.8 76+7.1 52+52 57+47
Body Mass Index; kg/m? (m+SD) ~ 35.4+3.6 349+33 358+38 355+37
Waist to Hip Ratio; (m+SD) 09+0.2 09+0.1 1.0+£0.3 09+0.1
VO, Peak; ml/kg/min (m+SD) 19.0+39  192+31 187+45  19.1+39
Hypertension; n(%) 81 (67.5%) 31 (77.5%) 25 (61.0%) 25 (64.1%)
Diabetes; n(%) 15 (12.5%)  4(10.0%) 8 (19.5%) 3(7.7%)
Sleep Apnea; n(%) 41 (34.2%) 12 (30.0%) 9(22.0%) 20 (51.3%)
Osteoarthritis; n(%) 82 (68.3%) 27 (67.5%) 30(73.2%) 25 (64.1%)
Osteopenia; n(%) 30 (25.0%) 12 (30.0%) 7 (17.1%) 11 (28.2%)

Page 16

Notes: M=mean; SD=standard deviation; WL=Weight Loss; EX=aerobic exercise; SL=SitLess; MoCA=Montreal Cognitive Assessment; CES-
D=Center for Epidemiological Studies Depression Scale;
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Table 2:

Average (SD) weekly application usage such that weekly application accesses were averaged for each
participant during the intensive phase (weeks 1-24) and full study period (weeks 1-72).

Group Intensive Phase  Full Study
WL + SL (n=40) 14.05 (14.86) 10.01 (11.83)
WL + EX (n=40) 10.74 (7.20) 7.10 (5.75)

WL +SL + EX (n=39)  16.30 (28.04) 10.66 (19.49)

Notes: WL = weight loss; EX = aerobic exercise; SL = SitLess; M = mean; SD = standard deviation

Ovbesity (Silver Spring). Author manuscript; available in PMC 2023 January 01.
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Table 3.

Unadjusted body weight, lean mass, and fat mass (kg) at baseline, following the 6-month intensive phase, and
following the maintenance phase (18 months)

Condition Baseline (M+SD) Month 6 (M+SD) Month 18 (MSD)
Body Weight
WL + EX (n=31) 91.6+14.3 82.8+11.4 87.2+13.1
WL + SL (n=33) 95.1+14.3 87.0+13.3 88.7x14.3
WL + EX + SL (n=26) 94.7£10.2 86.9+12.4 89.8+14.3
All (n=90) 93.8 +13.2 85.6+12.5 88.5+13.7
Lean Mass
WL + EX (n=31) 47.4%10.7 45.0+9.6 45.9£10.3
WL + SL (n=33) 48.8+9.8 46.3+9.5 46.9+9.7
WL + EX + SL (n=26) 49.3+7.5 47.2+7.7 47.4%7.7
All (n=90) 48.5+9.5 46.1+9.0 46.7+9.3
Fat Mass
WL + EX (n=31) 43.0%£5.2 37.3+5.1 41.0+54
WL + SL (n=33) 45.3+7.3 39.7£7.0 41.0£7.3
WL + EX + SL (n=26) 44.6+8.0 39.5+9.2 41.3+0.8
All (n=90) 44.3+6.9 38.8+7.2 41.1%7.7

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

Obesity (Silver Spring). Author manuscript; available in PMC 2023 January 01.

Notes: WL = weight loss; EX = aerobic exercise; SL = SitLess; M = mean; SD = standard deviation



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Fanning et al.

Table 4.

Page 19

Adjusted body weight, lean mass, and fat mass (kg) following the 6-month intensive phase, the 18-month
maintenance phase, and regain in adjusted weight between 6 and 18 months.

Condition Month 6 M (95% CI)

Month 18 M (95% CI)

Weight Regain M (95% CI)

Body Weight
WL + EX (n=31)
WL + SL (n=33)
WL + EX + SL (n=26)
p
Lean Mass
WL + EX (n=31)
WL + SL (n=33)
WL + EX + SL (n=26)
p
Fat Mass
WL + EX (n=31)
WL + SL (n=33)
WL + EX + SL (n=26)
p

84.3(82.1,86.5)

85.5 (83.3, 87.6)

85.6 (82.1, 88.0)
0.606

46.3 (45.5,47.0)

46.0 (45.3,46.8)

46.7 (45.8,47.5)
0.281

37.6(36.0,39.2)

38.1(36.6,39.7)

38.3 (36.7,40.0)
0.765

89.5 (86.7,92.3)

87.7 (84.9,90.4)

89.2 (86.1,92.3)
0,510

47.2 (46.2,48.1)

46.9 (46.0,47.8)

47.4 (46.2,48.6)
0,593

42.1(40.0,44.3)

40.4 (38.4,42.4)

409 (38.5,43.2)
0.429

5.2 (3.56.9)

2.4 (0.8,4.0)

3.8(2.0,5.6)
0.035

0.7 (0.2,1.3)

0.6 (0.0,1.1)

0.6 (-0.0,1.2)
0.892

48(356.1)

22 (1.1,3.4)

3.4(2.0,4.8)
0.006

Notes: Follow-up body weights adjusted for age, gender, and baseline body weight; WL = weight loss; EX = aerobic exercise; SL = SitLess; M =

mean; Cl = confidence interval.
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Table 5.

Unadjusted ActivPAL physical activity data (average daily minutes) at baseline, following the 6-month
intensive- and 18-month maintenance-phases

Condition Baseline (M+SD) Month 6 (M+SD) Month 18 (MSD)

Minutes of PA

WL + EX (n=13) 92.7 + 30.6 100.3 +36.1 87.7+375
WL + SL (n=14) 78.6 £20.4 96.9+£35.8 84.9+234
WL + EX + SL (n=15) 91.8+245 1135+27.0 100.6 = 33.9
All (n=42) 87.7+25.6 103.9 +33.0 91.4+32.1
Minutes of Bouted PA
WL + EX (n=13) 0.7+15 140+94 2572
WL + SL (n=14) 04+12 6.5+17.2 1.7+37
WL + EX + SL (n=15) 15+29 20.1+£19.9 3.0+10.3
All (n=42) 0920 13.7+17.0 2475
Minutes of MVPA
WL + EX (n=13) 92+75 21.9+113 70+74
WL + SL (n=14) 6.7+5.2 15.9 + 26.6 6.2+4.4
WL + EX + SL (n=15) 9.9+89 29.1+20.9 11.8+15.0
All (n=42) 86+7.3 225+210 84+10.3
Minutes of Light PA
WL + EX (n=13) 83.5+31.0 78.4+345 80.7 +34.8
WL + SL (n=14) 71.9+19.2 81.0+214 78.7+22.1
WL + EX + SL (n=15) 81.9+22.0 84.4+26.7 88.8 +33.0
All (n=42) 79.1+24.3 81.4+273 82.9+30.0
Sedentary Minutes
WL + EX (n=13) 613.6 +89.3 629.6 + 75.7 650.2 + 116.7
WL + SL (n=14) 679.6 + 146.8 653.2 + 122.8 664.1 + 138.2
WL + EX + SL (n=15) 566.0 + 77.4 552.9 +90.7 5349 +112.0
All (n=42) 618.6 + 116.2 610.1 +105.9 613.7 + 133.7

Notes: WL = weight loss; EX = aerobic exercise; SL = SitLess; M = mean; SD = standard deviation; PA = physical activity; Bouted PA = any
physical activity occurring in bouts of at least 10 minutes
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Table 6.

Adjusted ActivPAL physical activity data (average daily minutes) following the 6-month intensive phase and
the 18-month maintenance phase, and change over maintenance period
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Condition

Month 6
M (95% CI)

Month 18
M (95% CI)

Change 6M to 18M
M (95% CI)

Minutes of PA
WL + EX (n=13)

103.5(87.9,119.1)

85.8 (70.1,101.6)

-18.3 (-33.7,-2.8)

WL + SL (n=14) 108.4 (94.1,122.7)  94.0 (79.6,108.5) -9.8(-23.8,4.2)
WL + EX +SL (n=15) 117.1(102.3,131.9)  99.5 (84.6,114.5) -7.8(-23.1,7.5)
p 0.34 0.35 0.52
Minutes of Bouted PA
WL + EX (n=13) 17.0 (7.2,26.8) 2.9 (-2.2,8.0) ~10.0(-15.3,-4.6)
WL + SL (n=14) 8.6 (-0.2,17.5) 1.7 (-2.9,6.3) -11.2(-16.1,-6.2)
WL +EX +SL (n=15)  20.1(10.8,29.3) 3.6 (-1.2,8.4) -10.3(-15.5,-5.1)
p 0.15 0.83 0.94
Minutes of MVPA
WL + EX (n=13) 27.0 (14.7, 39.3) 7.3(1.0,13.5) -14.9 (-21.5,-8.3)
WL + SL (n=14) 205 (9.3,31.7) 7.5(1.8,13.3) -13.7 (-19.6,~7.8)
WL + EX + SL (n=15) 32.8 (21.,44.5) 11.6 (5.7,175) -11.2 (-17.7,-4.7)
P 0.26 0.43 0.64

Minutes of Light PA
WL + EX (n=13)
WL + SL (n=14)

77.3 (64.0, 90.6)
88.0 (75.9, 100.1)

78.3 (63.4, 93.1)
85.7 (72.2,99.2)

-0.7 (-13.3,11.9)
0.4 (-11.1,11.9)

WL +EX +SL (n=15)  84.6 (72.0, 97.2) 87.9 (73.8,101.9) 4.4 (-7.4,16.3)

P 0.43 0.54 0.77
Sedentary Minutes

WL + EX (n=13) 625.6 (586.6,664.5)  656.0 (591.8,720.2)  29.5 (-24.5,83.5)

WL + SL (n=14) 605.0 (56.1,64.9)  627.8 (565.4,690.2)  16.3 (-33.1, 65.8)

WL +EX +SL (n=15)  584.8 (547.7,622.0) 574.5(513.3,635.7)  —-9.0 (~60.6,42.6)

p 0.24 0.12 0.49

Obesity (Silver Spring). Author manuscript; available in PMC 2023 January 01.

Notes: Minutes of each behavior adjusted for age, gender, and baseline body weight; WL = weight loss; EX = aerobic exercise; SL = SitLess; M =
mean; CI = confidence interval; PA = physical activity; Bouted PA = any physical activity occurring in bouts of at least 10 minutes
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