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Abstract

Background—This study examines whether performance of bout-related physical activity (PA)
during morning hours is related to greater overall bout-related PA increases within a preoperative
PA intervention for bariatric surgery (BS) patients.

Methods—~Participants with severe obesity (n = 33; mean age = 45.6 + 9.6 years; BMI = 45.7

+ 7.0 kg/m?) seeking BS were randomized to and completed 6 weeks of preoperative PA
counseling (retention = 82.5%). Participants were encouraged to walk daily at a moderate intensity
in bouts = 10 minutes during morning hours to overcome time-related obstacles and establish a PA
habit. Timing and amount of bout-related moderate-to-vigorous PA (MVPA) was assessed via
objective monitor at pre- and postintervention.

Results—Greater proportion of bout-related MVPA performed during morning hours (4:00 AM-
12:00 PM) at postintervention was associated with larger total increases in bout-related MVPA
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minutes/day (B = .40, P=.03). At postintervention, a greater proportion of participants whose
longest MVPA bouts occurred during morning hours (n = 11) achieved the public health guideline
(ie, 2150 bout-related MVVPA minutes/week) versus those whose longest MVPA bouts occurred
during nonmorning hours (n = 19; 63.6% vs. 26.3%, P =.04).

Conclusions—Intervention-related increases in PA tended to be greatest when PA was
performed in the morning. Morning exercise may be a viable strategy for promoting habitual PA in
inactive BS patients.
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Nearly all bariatric surgery (BS) patients are inactive preoperatively based on public health
guidelines, accumulating < 150 weekly minutes of moderate-to-vigorous physical activity
(MVPA) in bouts = 10-minutes (ie, bout-related MVPA).1:2 Further, approximately two-
thirds of BS patients do not perform any bout-related MVPA.3-5 Efforts to increase bout-
related MVPA in BS patients preoperatively are needed given that most patients fail to make
substantial MVPA changes postoperatively,*5 and higher preoperative MVPA strongly
predicts higher postoperative PA.1:8 One common obstacle to habitual MVPA adoption in
obese populations, including BS patients, is perceived lack of time.”~2 Performing MVPA in
the morning, before work and other distractions can interfere, might help to counter this
obstacle. Additionally, performing MVPA during morning hours at a consistent time each
day might help to establish a PA habit through routine and repetition.10

No previous study has examined the role of time of day of MVVPA in amount of MVPA
performed by BS patients. We recently showed in the Bari-Active trial, a 6-week
preoperative physical activity intervention (PAI) designed to increase moderate-intensity
daily walking exercise in bouts > 10-minutes produced significant increases in objectively
measured daily bout-related MVPA relative to standard surgical care control.1! Intervention
participants were encouraged to perform walking exercise at a consistent time each day
during morning hours.

In this secondary analysis, we examine whether adherence to morning exercise is associated
with total bout-related MVPA performed within the Bari-Active intervention. In PAI
completers, we evaluated whether: 1) performing a larger percentage of MVVPA during
morning hours was associated with higher levels of total bout-related MVPA after
intervention; and 2) morning exercisers who accumulated their longest MVVPA bouts during
4:00 AM-12:00 PM performed more total bout-related MVPA after intervention and were
more likely to achieve the public health guideline (=150 bout-related MVPA minutes/week?)
compared with nonmorning exercisers who accumulated their longest MVPA bouts after
12:00 PM.
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Figure 1 shows flow of participants throughout the Bari-Active Trial. The current study
focused on participants (n = 33) who were randomized to and completed the PAL. Eligibility
criteria included: aged 18 to 70 years, body mass index (BMI) = 35 kg/m?, and inactive but
able to walk = 2 blocks unassisted. Individuals were ineligible if scheduled for BS < 10
weeks during screening, participating in another exercise/weight loss program, intending to
relocate geographically, or had limitations that could interfere with protocol adherence.

Design/Procedures

Intervention

BS-seeking individuals were referred by surgical clinics in Rhode Island, USA between
April 2010 and January 2014. Patients who sought to participate and received surgeon
approval for walking exercise were screened by telephone. Eligible patients were invited to
an orientation/baseline session where they completed informed consent and the baseline
assessment protocol, and received an activity monitor to wear for 7 consecutive days.
Participants were then randomized to 6 weeks of intervention or control. Participants wore
the activity monitor again at postintervention and received $50 for assessment completion.
The Miriam Hospital IRB approved study procedures (clinicaltrials.gov NCT00962325).

Participants received 2 intervention goals: increase bout-related moderate intensity walking
exercise by 30 minutes/day and steps by 5000/day from baseline. To help achieve these
goals, participants received 6 weekly individual face-to-face counseling sessions (each
lasting 30 to 45 min), a hip-worn pedometer (ie, Accusplit Digi-Walker Step Pedometer
AE120XL to track daily steps), and PA planning/monitoring paper-and-pencil logs (to
record both bout-related walking exercise minutes and steps at the end of each day).
Counseling sessions focused on: 1) reviewing self-monitoring records and goal progress; and
2) problem-solving barriers and teaching standard behavioral strategies (eg, stimulus control,
behavioral contracting, goal-setting, action planning, etc.) to achieve goals. Additionally,
participants were encouraged to identify a consistent time each day during morning hours
for longer walking bouts, so as to overcome time-related obstacles to habitual physical
activity (PA) adoption, use time as a cue for initiating PA behavior, and establish a PA habit
through routine/repetition.8 Additionally, shorter walking bouts > 10 minutes were
encouraged whenever possible throughout the remainder of the day. See Bond et at! for a
more detailed description of weekly intervention content/strategies. Regarding goal-related
progression of PA over the intervention period, participants were instructed to maintain their
usual pattern of PA during the initial week to establish baseline levels. For the second week,
participants were given goals to add 10 minutes of bout-related walking exercise and 1000
steps per day to baseline amounts. For each subsequent week, participants added 5 minutes
of bout-related walking exercise and 1000 steps per day to the totals accumulated during the
previous week.
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Objectively Measured MVPA—RParticipants were asked to wear the SenseWear Armband
(SWA; BodyMedia, Inc., Pittsburgh PA) during waking hours for 7 consecutive days at pre-
and postintervention (ie, immediately after the 6th and final week of intervention) as an
objective measure of daily bout-related MVPA.12:13 SenseWear Professional Software
(\Version 7.0) calculated wear time and provided minute-by-minute metabolic equivalent
(MET) values used to define MVPA (=3 METS). Allowance of <1 min at <3 METSs was
used in identifying MVPA bouts = 10 min. Proportion of bout-related MVPA minutes during
morning hours was calculated by dividing the sum of that occurring after 4:00 AM and
before 12:00 PM by total bout-related MVPA minutes. Participants were identified as
morning or nonmorning exercisers based on whether the majority of their longest MVPA
bouts occurred during morning versus nonmorning hours. Bouts of longer duration serve as
a proxy for structured exercise.1* To determine average bout duration for each hour of the
day, total bout-related MVVPA minutes within each hour was divided by total number of
bouts occurring in that hour across days of monitor wear. Bouts spanning 2 hours were
divided evenly between hours. Wear time = 8 hours/day on = 4 days for was required for
inclusion in analysis.

Other Measures—At baseline, weight was measured and demographic information (ie,
age, sex, race/ethnicity, education, occupation) was collected via questionnaire.

Statistical Analysis

Results

Analyses were performed using SPSS Statistics for Windows (version 20.0; SPSS, IBM
Corp, Armonk, NY). Means and standard deviations (SD) and frequency counts were
calculated to describe participant characteristics. Independent #tests and  tests compared
differences between both PAI completers and noncompleters and morning exercisers and
nonmorning exercisers. Linear regression evaluated association between proportion of bout-
related MVPA during morning hours and average bout-related MVPA minutes/day at
postintervention, adjusting for baseline bout-related MVPA. Analysis of covariance
(ANCOVA) compared total bout-related MVPA minutes/day at poslintervention in morning
and nonmorning exercisers, adjusting for baseline bout-related MVVPA. Chi-square compared
proportions of morning and nonmorning exercisers who achieved the PA public health
guideline (ie, 2150 bout-related MVPA minutes/week?). Significance tests were two-tailed
(a =.05).

Participant Characteristics

Table 1 shows baseline characteristics of the 33 PAI completers (retention = 82.5%). On
average, participants were middle-aged with severe obesity. The majority were female, non-
Hispanic White, had < 4 years college/university education, and were employed mostly in
professional, administrative, or executive occupational roles. Overall, participants were
inactive, averaging < 5 bout-related MVPA minutes/day (due to that 42% of participants
performed 0 = 10-min bouts, 38% performed at least 1 > 10-minute bout, and only 20%
performed least 1 = 10-min bout during each individual day of the 7-day monitoring period)
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and < 5000 steps/day. PAI completers and noncompteters did not significantly differ on any
of the above variables (P> .05). There was a nonsignificant trend for completers to be older
versus noncompleters (45.8 + 9.6 vs. 38.6 + 8.3 years, P=.07).

Association Between Time of Day of Bout-Related MVPA and Total Amount of Bout-Related

MVPA

Analysis included 30 (90.9%) of 33 PAI participants who performed bout-related MVPA at
postintervention and wore the SWA for 12.5 + 1.4 hours/day on 6.6 + 1.1 days. Greater
proportion of bout-related MVPA during morning hours was associated with greater
increases in bout-related MVPA minutes/day, adjusting for baseline bout- related MVPA
(B=.40, P=.036). Figure 2A-B presents descriptive data on timing of bout-related MVPA
amount and frequency during each hour of the day. Participants on average performed 27.0
+ 21.8 bout-related MVPA minutes/day, of which 34.9% was accumulated during morning
hours. On average, the longest bouts appeared to occur during morning hours, whereas bout
frequency appeared to be higher during nonmorning hours, particularly between 12:00 PM
and 8:00 PM.

Figure 3 shows average total bout-related MVPA minutes/day performed at postintervention
across morning hours, nonmorning hours, and all waking hours for morning (n = 11) and
nonmorning (N = 19) exercising PAI participants. At baseline, morning and nonmorning
exercisers did not significantly differ on demographic characteristics (ie, age, sex, race/
ethnicity, education, marital status, all £>.10), employed status and type of occupation (all
P> .20), and daily bout-related MVPA (P=.62). However, morning exercisers were
significantly heavier versus nonmorning exercisers (mean BMI =49.3 £8.4vs. 43.0+5.1
kg/m2, P=.016).

As per design, morning exercisers performed more bout-related MVPA minutes/day during
morning hours (27.9 + 25.9 vs. 4.5 + 4.6 minutes/day, £< .001) versus nonmorning
exercisers. Morning exercisers also performed more daily bout-related MVPA versus
nonmorning exercisers (35.8 + 26.1 vs. 22.0 + 17.8 minutes/day, £ = .043), adjusting for
baseline bout-related MVPA. A greater proportion of morning exercisers achieved = 150
bout-related MVPA minutes/week, compared with nonmorning exercisers (63.6% vs. 26.3%,
P=.044).

Discussion

This study is the first to objectively evaluate adherence to prescribed timing of free-living
exercise in the context of a physical activity intervention (PAI). Specifically, we examined
whether performance of PA during morning hours was associated with greater PA increases
after a preoperative PAI for BS patients that involved recommended daily morning walking
exercise. Among PAI participants, greater proportion of daily bout-related MVPA performed
during morning hours was associated with more total bout-related MVPA after intervention.
Moreover, nearly two-thirds of morning exercisers achieved bout-related MVPA levels
consistent with public health guidelines,! compared with one-quarter of nonmorning
exercisers. These findings suggest that patients with better adherence to morning exercise
tended to be more successful in increasing PA. Thus, prescribing morning PA may be a
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potentially viable strategy to promote habitual PA adoption in BS patients. Identifying
effective strategies for increasing MVPA in BS patients is important given that the vast
majority are inactive preoperatively and bariatric surgery has shown to have limited if any
impact on MVPA levels postoperatively.2-> Further, morning exercise may help to counter
perceived lack of time, a frequently reported barrier to PA participation in BS patients and
one which is unlikely to be affected by weight loss and other surgical outcomes.’-8

Previous research suggests that morning PA may also carry additional health benefits, which
in turn, could promote greater PA participation in BS patients. In the Women’s Health Study,
participants who performed less PA during the morning had higher odds of obesity versus
those who performed more, suggesting morning PA assists with weight control.1> Morning
PA might also positively impact body weight and energy to perform PA by improving
nocturnal sleep patterns via increased parasympathetic nerve activity and circadian rhythms
through increased light exposure.16-18 Additionally, morning PA, particularly in the fasted
state, may contribute to improved metabolic control on the day of and day after exercise.
19.20 Additional research is needed to confirm whether morning exercise confers similar
benefits in BS patients, and if such benefits can enhance the effects of exercise on
postoperative weight and metabolic outcomes.

This study has limitations. While use of objectively measured MVPA bouts as an exercise
proxy and detailed analysis of hourly data to estimate morning exercise adherence is novel
and a strength, we cannot definitely determine whether participants were exercising nor the
type of exercise being performed. While this study provides correlational data to support the
potential benefit of performing exercise in the morning for increasing overall exercise
participation in BS patients who were willing to complete a PAI, future experimental
research that directly tests the effects of a morning versus later day exercise prescription is
needed to corroborate these findings. This study did not include long-term follow-up
assessment. Future research is warranted to determine whether morning exercise is a useful
strategy for promoting PA maintenance as well as adoption. It should be noted that while
morning exercise might be a useful strategy for some BS patients, it might not be desirable/
feasible for all. For example, we did not collect data on caregiver status, which might limit
ability to engage in morning exercise. In addition, we did not conduct qualitative interviews
of participants to obtain reasons for participating or not participating in morning exercise.
Thus, another aim of future research in this area should be to gain greater insight into
acceptability and feasibility of prescribing and performing morning exercise in this patient
population. Finally, it should be noted that the best time for patients to exercise is when they
are able and motivated to do so.

Conclusion

In this sample of BS patients, intervention-related increases in preoperative bout-related
MVPA tended to be greatest when bout-related MVPA was performed in the morning.
Morning exercise may be a promising strategy for promoting a more active lifestyle in BS
patients.
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Referred by Surgeons
n=343
5 | Unable tocontact n=50
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n=293
Excluded n=213
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n=47
Non-English speaking n=15
e Reported high activity n=9
Walk < 2 blocks unassisted n=8
Agen=4
Othern=11
Refused participation n=122
4 Did not attend consent visit n= 44
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n=80

+

Allocated to PAln =42

Received intervention n =40
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(Had surgery prior to completion)

Follow-up

'

Assessed at post-intervention n = 33
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Primary Outcome Analysis n =40

L 3

Current Secondary Analysis n = 33 (*30
of whom performed bout-related MVPA
at post-intervention)

Figure 1.
Flow of participants through the trail.

}

Allocated to SCn =38

Recelved standard care n= 35

Inactivated after randomization n=3

(Had surgery prior to completion, n=2;
Family emergency, n=1)

v

Assessed at post-intervention n = 30

v

Primary Outcome Analysis n= 35
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B Morning Exercisers Non-Morning Exercisers

Morning Hours Non-Morning Hours All Hours

Time of Day

Differences between morning and non-morning exercisers in bout-related moderate-to-
vigorous physical activity performed during morning hours, nonmorning hours, and all
hours at postintervention. *P < .05. **£ < .001 for morning exercisers vs. honmorning

exercisers.
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Table 1

Baseline Characteristics of Physical Activity Intervention Completers

Demographic and anthropometric characteristics

Sex (%)
Men
Women
Age, mean (SD), years
Race (%)
Native Hawaiian/Other Pacific Islander
Black
White
Other
Ethnicity (%)
Hispanic
Education (%)
2 4-year college/university degree
Employed (%)
Professional, administrator, or executive
Clerical work, administrative support, sales, or technician
Crafts, trade, factory work, service or labor
Body Mass Index, mean (SD), kg/m?
Physical Activity
Bout-related MVVPA minutes/day, mean (SD)
Steps/day, mean (SD)

12.1
87.9
45.9 (9.5)

3.0
6.1
78.8
12.1

303
75.8
60.0
36.0

40

457 (7.0)

42 (5.4)

4991(2539)
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