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ARTICLE INFO ABSTRACT

Keywords: Background: The time of day that people exercise could have an influence on the efficacy of exercise for weight
Exercise loss, via differences in adherence and/or physiological adaptations. However, there is currently no evidence to
Time of day support an optimal time of day for exercise to maximise efficacy.

Feasibility

Purpose: To examine the feasibility and acceptability of prescribed morning and evening exercise.

Methods: Twenty inactive, overweight adults aged 18-60 years were recruited for a 12-week intervention and
randomized to one of three groups using a 2:2:1 random allocation ratio: i) morning exercise (AM; n = 9); ii)
evening exercise (PM; n = 7); or iii) waitlist control (CON; n = 4). Exercise groups were prescribed self-paced
walking or running on a treadmill to achieve a weekly total of 250 min. Feasibility and acceptability data were
collected, and physiological and behavioural outcomes associated with energy balance were measured at
baseline, mid- and post-intervention.

Results: Attrition was low (n = 2 dropped out), with high measurement completion rates (> 80%). The inter-
vention groups had high adherence rates to exercise sessions (94% and 87% for the AM and PM groups, re-
spectively). No adverse events resulting from the intervention were reported. Both intervention groups displayed
improvements to their cardiometabolic risk profile; cardiorespiratory fitness improved by 5.2 = 4.7, and
4.6 + 45mLkg™".min" ' and body fat percentage reduced by 1.2 + 1.4, and —0.6 + 1.2% for AM and PM
groups, respectively.

Conclusion: This feasibility study provides evidence that morning and evening exercise interventions are fea-
sible, and also provides justification for a large-scale randomized controlled trial.

Trial registration: This trial is registered with the Australian New Zealand Clinical Trials Registry
(ACTRN12616000457448p, 7/4/2016).

Randomized controlled trial
Energy balance

1. Introduction health outcomes tend not to compare, nor control, the time of day at
which exercise is prescribed. Participation in regular physical activity

Systems and functions of the body operate around an ~24h cycle has well-documented health benefits including reducing the risk of
known as the circadian clock. Circadian rhythms regulate several cardiovascular disease, type II diabetes, obesity and some cancers [6].
physiological processes that influence athletic performance, such as The time of day that people choose to exercise may influence ad-
heart rate and oxygen uptake (VO,) [1,2]. Perhaps, in part, because of herence, and hence the effectiveness to achieve the desired outcomes.
these rhythms, there is a plethora of research which has compared the As such, in order to optimise exercise prescription, the time of day of
effect of morning and evening exercise on exercise performance [3-5]. training should be considered. Given the popular view that exercising in
However, interventions investigating the effects of exercise training on the morning in a fasted state may be more effective in eliciting weight

Abbreviations: 3-FU, 3-month follow-up; 6-FU, 6-month follow-up; AM, morning exercise; BL, baseline; BMI, body mass index; CON, control; DXA, dual x-ray
absorptiometry; LFPQ, Leeds food preference questionnaire; MARCA, Multimedia activity recall for children and adults; MEQ, morningness-eveningness ques-
tionnaire; MVPA, moderate-vigorous physical activity; PAL, physical activity level; PM, evening exercise; PSQI, Pittsburgh sleep quality index; RPE, ratings of
perceived exertion; RMR, resting metabolic rate; TFEQ, three-factor eating questionnaire; VAS, visual analogue scale; VOzpear, peak oxygen uptake
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loss [7], research in this area may have important practical implica-
tions.

The single study (to our knowledge) that has compared the effec-
tiveness of morning versus evening exercise on health outcomes has
identified inherent limitations including, small sample size (n = 48),
lack of generalised results (overweight women aged 20-45y only), and
short-term duration (6-weeks) [8]. In addition, the time periods in
which participants trained (morning, 0800-1000; and evening,
1400-1600) are not conducive to regular work-hours, and do not co-
incide with circadian peaks. In light of these limitations, and due to the
complexities in understanding the impact of time of exercise on health
outcomes, we propose a more rigorous protocol be considered. This will
provide the opportunity to explain any differences observed between
morning and evening exercise, and consider some additional health
outcomes and components of energy balance, which will provide fur-
ther insight than previous studies [8].

The current study was intentionally designed to assess the feasi-
bility, safety and acceptability of morning versus evening exercise in a
rigorously designed randomized controlled trial. The Medical Research
Council and National Institute for Health Research both advocate for
conducting feasibility studies to assess whether it is appropriate to
upscale to a larger trial, and inform large-scale, complex interventions
[9]. The assessment of feasibility and acceptability were defined by:
recruitment and consent rates; measurement completion rate; ad-
herence to, and enjoyment of, exercise sessions; retention rate; loss-to-
follow-up; and adverse events [10]. Based on documented drop-out
rates of lifestyle interventions [11], the trial will be considered feasible
if adherence to the intervention, rate of completion of measurements,
and retention rate are all =80%. Bowen et al. [12], proposed eight key
areas of focus for feasibility studies; (i) acceptability; (ii) demand; (iii)
implementation; (iv) practicality, (v) adaptation; (vi) integration; (vii)
expansion; and (viii) limited-efficacy testing, which will provide the
framework for discussion.

2. Materials and methods
2.1. Study design and ethics approval

The study design is a three-armed, randomized controlled trial de-
sign. Twenty participants were randomly assigned to one of three
groups, a waitlist control group (CON; n = 4), or one of two interven-
tion groups: a morning exercise group (AM; n = 9), or an evening ex-
ercise group (PM; n = 7). This study is registered with the Australian
New Zealand Clinical Trials Registry (Trial Registration:
ACTRN12616000457448p, 7/4/2016) and been approved by the
Bellberry Human Research Ethics Committee (HREC2016-02-130). All
procedures, including the informed consent process, were conducted in
accordance with the ethical standards of the responsible committee on
human experimentation (institutional and national) and with the
Helsinki Declaration of 1975, as revised in 2000. Informed consent was
obtained from all individual participants included in this study.

2.2. Participants

Males and females aged 18-60 years who met the eligibility criteria
were included in the study. The inclusion criteria were [1]: being in-
sufficiently active (< 150 min of moderate-vigorous physical activity
per week, by self-report) [2]; being overweight or obese (body mass
index (BMI) =25 kg/mz); and [3] weight stable in the previous three
months ( = 3kg by self-report). The exclusion criteria were [1] preg-
nancy, or plans to become pregnant over the course of the study [2];
participation in shift work [3]; current participation in a weight loss
program [4]; any reported use of medication or supplements that would
affect food intake, appetite or physical activity levels, weight loss, or
metabolism [4]; having a body weight > 159 kg (due to limitations of
the dual-energy x-ray absorptiometry (DXA) machine); and [5] inability
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to complete the study within the designated time period [13].

Participants were recruited from the local community and me-
tropolitan universities via electronic media and print advertising.
Interested individuals were provided with a study description and de-
tails regarding the participant expectations and time commitments re-
quired to complete the study. Potential participants were screened for
eligibility by web-based or telephone survey, which included stage one
of the Adult Pre-exercise Screening System, developed by Exercise and
Sports Science Australia [14]. Individuals deemed eligible and who
obtained medical clearance, or did not require it, were scheduled for
their baseline assessment. Ineligible individuals, and those who failed
to obtain medical clearance were excluded from the study. During
screening, demographic information (i.e. age, sex, employment status
and work hours, educational attainment, marital status and details of
any dependents) were collected. Participants did not receive any com-
pensation for their participation in the study.

2.3. Randomization and blinding

After completing baseline assessments (2 x face-to-face appoint-
ments and 2 x telephone interviews), participants were randomly al-
located to one of three groups; AM, PM or CON, at a 2:2:1 ratio using
permuted block randomization with multiple, randomized block sizes.
This process used a list of identification numbers that is sent to a re-
searcher independent to the study who was blinded to the identity of
the participants. Unequal allocation offers several advantages over
equal allocation such as: improved acceptability of the trial, increased
exposure to the intervention, increased power for secondary analyses, a
way to offset a higher attrition in one of the groups, and trial efficacy
[15] and has been used in previous exercise trials [16,17]. Due to the
nature of the exercise intervention, it was not possible to blind the
participants to group allocation. However, participants were not in-
formed of the hypothesis of the study.

2.4. Intervention groups

The two intervention conditions comprised of a 12-week exercise
program in which participants were prescribed a minimum of 250 min
of moderate-vigorous exercise per week; the dose of exercise re-
commended by the American College of Sports Medicine to elicit
clinically significant weight loss [18]. There were no caveats to restrict
additional exercise outside of the intervention, however, participants
were asked to complete the minimum dose of exercise during their
respective time frame, conducive to their group allocation. That is, the
AM group were required to complete at least 250 min/week of exercise
between 06:00-09:00, and the PM group between 16:00-19:00. These
time periods were chosen to coincide with diurnal hormone patterns,
and also for convenience based on when most people could accom-
modate exercise (i.e. before or after work) to enhance any physiological
adaptations which may occur as a result of exercising at either time of
day, and maximise adherence to the sessions [19].

The exercise program included both supervised and unsupervised
exercise sessions. Participants completed an initial four-week su-
pervised exercise training phase, of five 50 min sessions per week. Over
the remaining eight weeks, exercise sessions were tapered by one ses-
sion per fortnight until two sessions per week was reached, which was
sustained for the remainder of the intervention. Supervised sessions
consisted of self-paced brisk-walking or running on a motor-driven
treadmill. Participants were free to adjust the speed and/or incline to
achieve the desired exercise load. All sessions include a 3-min warm-up
at a standard intensity level, and a 3-min cool-down/stretching period.
All supervised exercise sessions were conducted at the School of Human
Movement and Nutrition Sciences at The University of Queensland, St.
Lucia, Australia. Both intervention groups received the same instruc-
tions during the exercise sessions, including verbal encouragement and
equal motivation. Participants were encouraged to continue to exercise
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Table 1
Behaviour change techniques.
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Theoretical component
Description

Self-efficacy (self-monitoring strategies)

Goal setting

Relapse prevention
Outcome expectancy

Education and skill development

Prompting

Encouragement and support

Participants will record their behaviour using exercise diaries. The act of keeping daily records requires conscious thought about
activity levels and serves as a reminder to exercise [24].

Additionally, participants will weigh themselves weekly to promote weight loss and reduce the risk of weight regain [17,25].
During the first week of the intervention, participants will receive their results from baseline testing (excluding questionnaire data) to
assist in setting relevant goals. Participants will then be taught goal-setting techniques [26] and instructed to set at least one goal
specific to exercise. Goals and progress will be reviewed by the participant and PI every three weeks.

Participants will be introduced to the ‘body weight planner’ (https://www.niddk.nih.gov/health-information/health-topics/weight-
control/body-weight-planner/Pages/bwp.aspx); a web-based energy balance prediction model for setting realistic goals for weight loss
and weight-maintenance [27].

Problem solving and coping strategies will be addressed by discussion [28,29].

Participants will be aware of, and given realistic expectations of the potential benefits of exercise, such as improved fitness and weight
loss, to reduce rate of attrition [21,30].

Participants will be given instructions, feedback and guidance about use of exercise equipment, exercise technique, and recognising
cues for injury avoidance.

Participants will also be familiarised with basic concepts in nutrition such as the Australian Dietary Guidelines and portion size control
[31] and encouraged to visit the UQ St Lucia Dietetics Practice.

Participants will be sent email/SMS reminders to attend their supervised exercise sessions. After their session, participants will be
prompted to incorporate some active transport or active leisure time each week. During phase 2, participants will be reminded to
complete the required dose of unsupervised exercise.

Participants will be regularly asked about their progress and any potential barriers to exercise will be identified and methods to help

overcome them will be discussed.
Environment

During the supervised exercise sessions, music will be played to increase motivation and exercise performance [32]

for 250 min/week, but the unsupervised sessions were not prescribed.
Participants were asked to keep an exercise diary to record information
about each unsupervised session, including the type, mode, time of day,
and duration of the activity. Exercise diaries were collected weekly
during the participants last supervised exercise session for the week.

The secondary component of the intervention involved several
constituents of theoretical approaches to motivate behaviour change
and promote weight loss, which is especially important for long term
adherence [20]. Informational and behavioural approaches were the
focus of the intervention. Strategies used to enhance behaviour change
are outlined in Table 1, and are similar to methods employed by Gar-
aulet et al. [21] and Norton et al. [22] and recommended by the Eur-
opean Food Information Council [23]. Both intervention groups will
receive equal instructions and support.

2.5. Control group

Participants assigned to the control group undertook the same
outcome testing measures as the intervention groups, but were given no
specific instructions other than to continue with their typical everyday
activities. For consistency, participants in the control group also re-
ceived baseline results, but were not provided with any additional ad-
vice. They were assigned to a wait-list group to receive the 12-week
exercise program upon completion of all study assessments and were
allowed to choose whether they would like to exercise in either the
morning, or in the evening.

2.6. Outcome measures

2.6.1. Feasibility measures

2.6.1.1. Recruitment and consent rates. Recruitment rate was defined as
the number of individuals recruited from those interested. Interested
individuals were considered (i) individuals who met the inclusion
criteria but declined further participation; (ii) high-risk individuals
who failed to obtain medical clearance; and (iii) individuals who did
not meet the eligibility criteria. Consent rate was calculated as a
percentage of individuals who consented to further involvement in
the study, of those deemed eligible.

2.6.1.2. Measurement completion rate. Measurement completion rate
was defined as the number of participants who were able to complete

each outcome measure. Completion rates were calculated at all three
time points.

2.6.1.3. Adherence and  perceived  enjoyment  of  exercise
sessions. Adherence to, and perceived enjoyment of, exercise sessions
gives an indication of intervention acceptability. Adherence to exercise
sessions was measured by the total number of supervised sessions
attended out of the maximum 42 sessions. The shortened version of the
physical activity enjoyment scale (PACES), PACES-8, was used to assess
and compare participant enjoyment between the exercise intervention
groups, measured twice during the intervention; immediately after a
training session in weeks 1 and 12. PACES-8 uses a 7-point bipolar
rating scale; participants are asked to provide a rating to reflect their
agreement with one of two bi-polar statements at each end of the
continuum, related to an aspect of enjoyment (e.g. ‘I enjoy it’ — ‘I hate
it’) and has shown good test-retest reliability [33].

2.6.1.4. Retention rate. The retention rate was defined as the number of
participants who remained in the study, that is, the number of
participants who did not formally drop out of the study.

2.6.1.5. Loss-to-follow-up. Loss-to-follow-up was defined as participants
who withdrew or dropped out and did not consent to a follow-up
assessment. Reasons for withdrawing were recorded, where voluntarily
provided by participants. Participants who withdrew from the study
after randomization (i.e. before beginning the intervention) were also
recorded, separately.

2.6.1.6. Adverse events. Adverse events were recorded and classified as
‘related’ or ‘unrelated’ to the study.

2.6.2. Outcome variables

Each participant underwent a number of measurements at: baseline
(prior to randomization), mid-intervention (weeks 5-6), and post-in-
tervention (weeks 12-13). Fig. 1 provides an overview of the outcome
measures assessed at each time point.

2.6.2.1. Anthropometry. Standing height (SECA  217-172-1009,
Hamburg, Germany) was measured to the nearest 0.1 cm at baseline;
body mass (A&D Mercury Load Cell Digitizer; A&D Weighting,
Melbourne, Australia) and waist circumference (Lufkin W606M
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ANTHROPOMETRY -+ . .
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Fig. 1. Overview of protocol by outcome measure.
BL = baseline, MID = mid-intervention, POST = post-intervention.

retractable steel tape; Cooper Tools, Chicago, USA) were measured to
the nearest 0.05kg and 0.1 cm, respectively. All anthropometric
measures were taken in accordance with the International Society for
the Advancement of Kinathropometry (ISAK) data collection
procedures [34].

2.6.2.2. Body composition. Fat mass (kg), fat-free mass (kg), percent fat
mass (%), and visceral adipose tissue (ecm®) were assessed by dual-
energy x-ray absorptiometry (DXA; Hologic Discovery W, Waltham,
USA). Participants were instructed to remove shoes and any potential
artefacts (e.g. jewellery) and asked to lay supine on the centre of the
scanning table and re-positioned by the DXA operator as required. In
accordance with Best Practice DXA scanning protocol, participants were
asked to present in a fasted, rested, and euhydrated state, and repeat
scans were scheduled at a similar time of the day to minimise
measurement error [35]. Scans were analysed using the APEX system
software version.

2.6.2.3. Resting metabolic rate. Indirect calorimetry was used to
measure resting metabolic rate (RMR) via a ventilated hood and
metabolic cart (TrueOne 2400 Metabolic Measurement System,
ParvoMedics, Sandy, Utah, USA) at baseline and post-intervention.
Participants arrived for a morning visit following an overnight fast
(12h) and having abstained from exercise (including active transport)
for at least 14h [36]. Participants were asked to lay supine in a
comfortable position with their head on a pillow, and to remain
motionless and awake. Following a 15 min equilibration period, the
participant's head was covered by a transparent ventilated plastic hood,
with a drape wrapped around the upper body to avoid leakage of air,
for 30 min. During the first 10 min of measurement, the dilution pump
flow rate was adjusted (approximately bodyweight (kg) divided by 3)
until steady state was reached (<10% coefficient of variation for VO,
and VCO,). The measurement protocol was developed according to best
practice based on a methodological review by Compher et al. [36].
Resting energy expenditure (kcal/day) is calculated with the system
software (TrueOne 32 RMR, version 4.3.4), using the modified Weir
equation (5.616 x VO, + 1.584 x VCO,). The first 10 min of data was
discarded, and RMR (kcal/day) was defined as the average of the final
20 min of measurement.

2.6.2.4. Accelerometry. To objectively measure physical activity (light,
moderate and vigorous) and sedentary time, the GENEActiv
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(Activinsights Ltd., Cambridgeshire, UK), participants were asked to
wear a small, lightweight, waterproof tri-axial accelerometer on their
non-dominant wrist, continuously for seven consecutive days.
Participants were provided with written instructions about how to
use the accelerometer, and were asked to complete a brief log during
the monitoring period to record non-wear time (such as removal for
bathing, showering or swimming), cycling and sleep/wake times [37].
GENEACctivs were sampled at 30 Hz and the downloaded.bin files were
converted to 15s epoch.csv files. Accelerometry profiles were cleaned
and checked for valid days prior to any data analysis. As in other
studies, a valid day will be defined as minimum wear time of =16h,
from at least four of the seven days of monitoring, and must include
both weekend days [38]. Compared to indirect calorimetry,
GENEActivs have demonstrated strong correlations for criterion
validity (Pearson's r = 0.79-0.98) for both physical activity and
sedentary behaviour [39,40].

2.6.2.5. Energy intake. Energy intake was measured using a five-step
multiple-pass 24 h dietary interview. Participants received cues using
standardised probing questions [41] to help remember and report all
foods. The multiple-pass method has been established as a reliable and
valid tool compared to doubly labelled water [42]. At each time point,
food recalls were administered on two occasions approximately one
week apart, recalling the previous day's food and beverage intake.
Therefore, each measurement consists of two recalled days. Where
possible, participants were asked to recall the same two days of the
week to account for any particular dietary habits, and recall days will
include both a weekend, and weekday. Data obtained from the food
recalls were then entered into a computerised nutrition database
(FoodWorks® Premium Version 8, Xyris software, Brisbane, Australia)
for analysis.

2.6.2.6. Measures of appetite, food preferences and eating behaviours

2.6.2.6.1. Visual analogue scales. Visual analogue scales (VAS) were
administered to measure subjective appetite sensations. The VAS uses a
100 mm horizontal line representing a continuum and participants
place a mark on the scale to reflect the intensity of a particular
sensation, in this case, ‘hunger’, ‘fullness’ and ‘motivation to eat’. VAS
data were collected at baseline and post-intervention under
standardised conditions; at the same time of day and fasted, for all
groups. VAS have shown good test-retest results [43].

2.6.2.6.2. Leeds food preference questionnaire. The Leeds Food
Preference Questionnaire (LFPQ) is a computer-based tool designed to
measure the reward value of food, based on processes of ‘liking’ and
‘wanting’ [44]. Participants are presented with visual food stimuli,
varying in fat content and taste (high-fat, low-fat, sweet and savoury
items). To measure ‘implicit wanting’, participants are presented with
two foods from different categories and asked to choose which they
would ‘prefer to eat right now’. A standardised implicit wanting score
for each food category is then calculated as a function of the reaction
time in selecting a certain food, adjusted for the frequency of choice for
each category [45]. To measure ‘explicit liking’, individual foods are
presented at random, and participants are asked to rate ‘how pleasant it
would be to taste some of this food right now’ on a 100 mm VAS
anchored at each end with statements ‘not at all’, and ‘extremely’, and
mean ratings for each food category can be calculated using experiment
generator software (E-prime v. 2.0, Psychology Software Tools,
Sharpsburg, Pennsylvania, USA). The LFPQ has shown good test-
retest reliability, both on immediate repetition and after one week
(r = 0.61-0.95), and has shown sensitivity to acute dietary
manipulations and satisfactory concurrent validity with other
behavioural paradigms of food reward [46].

2.6.2.6.3. Three-factor eating questionnaire. The three-factor eating
questionnaire (TFEQ) is a 51-item self-report questionnaire that
measures three eating behaviour traits: restraint, disinhibition, and
hunger. The questionnaire is composed of two sections; the first 36-
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items use a dichotomous format (true/false), and the latter 15-items use
a four-point Likert scale format [47]. The TFEQ was administered under
standardised conditions; at the same time of day and fasted. The TFEQ
has demonstrated good test-retest reliability (r = 0.91), moderate
internal consistency (Cronbach's a ranging from 0.79 to 0.92), and
good convergent and discriminant validity [48]. Furthermore, the
reliability and construct validity of each of the three factors in the
TFEQ have been individually tested and established in several studies
among different weight groups (healthy, overweight and obese)
[48,49].

2.6.2.7. Time use. Self-reported use of time was measured using the
adult version of the Multimedia Activity Recall for Children and Adults
(MARCA) [50]; a computerised 24 h recall tool which asks participants
to recall all activities from their previous day (midnight to midnight), in
increments as small as 5min. The MARCA was administered using a
computer-assisted telephone interview in an open-ended format, using
meal times as reference points in a segmented day format, on two
occasions approximately one week apart. During the recall, the
interviewer chose from a list of over 500 activities, organised by
categories: ‘inactivity’, ‘transport’, ‘sport or recreation’, ‘occupation’,
‘self-care’, ‘home activities’, and ‘other’. At each time point, two
consecutive days were recalled; therefore, each measurement consists
of four recalled days. Where possible, participants recalled the same
day of the week to account for any particular habits, although a
minimum of one weekend day and three weekdays were required.

The adult version of the MARCA has excellent test-retest reliability
(0.990-0.997) for moderate-vigorous physical activity (MVPA) and
major activity sets (physical activity level (PAL), sleep and screen time)
[51].

2.6.2.8. Cardiorespiratory fitness. Cardiorespiratory fitness was assessed
via indirect calorimetry. Participants were required to walk/run on a
treadmill until volitional fatigue and peak oxygen uptake (VO,peak)
was measured (TrueOne 2400 Metabolic Measurement System,
ParvoMedics, Sandy, Utah, USA). Participants were asked to avoid
exercise and any stimulants (such as caffeine, and tobacco) and alcohol
in the 24 h prior, and to avoid eating in the 2h prior to the test. The
Modified Bruce protocol was used to measure peak oxygen uptake due
to its lower initial intensity, which was more suitable for the previously
insufficiently active participants included in this study. VO,peak was
recorded as the highest mean value attained during two 30-s periods,
before volitional exhaustion [52].

2.6.2.9. Cardiovascular disease factors. Blood pressure, lipid profiles
and blood glucose were sampled at baseline and post-intervention.
Participants were instructed to be fasted and rested for at least 12h
prior to measurement. Samples of capillary blood were extracted via a
contact-activated lancet (BD, Franklin Lakes, New Jersey) and
processed using the CardioChek PA (Polymer Technology Services,
Inc., Indianapolis, IN, USA) and AccuChek Performa (Model NC, Roche,
Mannheim, Germany) analysers; handheld, battery-operated
reflectance spectrophotometers to measure blood lipids (triglycerides,
high-density lipoprotein (HDL), low-density lipoprotein (LDL), total
cholesterol), and blood glucose, respectively. Resting blood pressure
was taken immediately after RMR measurement using an automated
sphygmomanometer (Model HEM-7322, Omron Healthcare Co., Kyoto,
Japan). Measurement was repeated after a 5 min interval, and the mean
recorded.

2.6.2.10. Sleep quality. The Pittsburgh Sleep Quality Index (PSQI) was
used to assess subjective sleep quality and disturbances over a 1-month
time interval at baseline and post-intervention. The PSQI is a self-rated
questionnaire routinely used in sleep research which measures factors
assessed in clinical diagnosis of sleep disorders: sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep disturbances,
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use of sleep medication, and daytime dysfunction, and summed to
generate a global PSQI score ranging from O to 21; higher scores
indicating a worse sleep quality [53]. The PSQI has good test-retest
reliability, internal homogeneity and validity, and has been used
frequently in exercise and weight loss research [54-56].

2.6.2.11. Chronotype. The Morningness-Eveningness Questionnaire
(MEQ) is a reliable 19-item self-rated questionnaire which uses
Likert-type responses to evaluate whether a person is a morning- or
evening-type based on factors of sleep/wake patterns, and preferred
physical and mental activity times [57]. The MEQ is the most frequently
used self-evaluation technique for identifying morning- or evening-
types and is routinely used in chronobiological and
chronopsychological research and weight loss intervention studies
[58], and is also recommended for use when the goal is to assess
characteristics that change under specific situations [59]. The MEQ has
been correlated with changes in behavioural and physiological rhythms
such as body temperature (57), and melatonin and cortisol [60]. The
original cut-offs prescribed by Horne & Ostberg indicate that a score of
70-86 determines ‘definitely morning types’, 50-69 classifies
‘moderately morning types’, a score between 42 and 58 qualifies as
‘neither type’, and evening types are scored as <41; ‘moderately’ and
‘definitely’ evening types are 31-41 and 16-30, respectively. Taillard
et al. [61] adapted the scoring system for a middle-aged population,
which has since been adopted by other researchers [62]. For
participants aged < 40y, the original cut-offs were used, for adults
aged =40y, the cut-offs proposed by Taillard et al. (2004) which
suggest that a score < 53 indicates an evening-type and scores > 64
indicate morning-types, were adopted.

2.6.2.12. Exercise intensity. To measure exercise intensity, participants
wore a heart rate monitor (Polar RCX3, Polar, Kempele, Finland) during
each supervised training session. Heart rate was recorded at 5-s
intervals throughout the training sessions. Exercise intensity was
measured as a percentage of peak heart rate, established during their
prior VO,peak test.

Rating of perceived exertion (RPE) were also recorded using Borg's
original 6- to 20-point scale [63] at the end of the warm-up (at 3-min),
half-way through the session (at 22-min), and at the end of the session,
immediately prior to cool-down (at 47-min). Participants were famil-
iarised with Borg's scale prior to their VO,peak test at their baseline
visit. Treadmill speed and incline were also recorded at 5-min intervals.

2.7. Statistical analysis

Descriptive statistics were used to describe the baseline character-
istics and summarise the feasibility data, with all continuous variables
presented as mean and standard deviation ( = SD), and for categorical
variables as the total number and percentage of responses. All data
were calculated using Microsoft Excel 2016. As this was a feasibility
study, effectiveness data are reported, but not analysed for statistical
differences [64]. Group characteristics at baseline were not tested for
differences, as per the 2010 CONSORT statement [65].

3. Results
3.1. Feasibility outcomes

Forty-nine individuals expressed interest in the study; of which, 30
met the eligibility criteria, nine were conditionally eligible, and 10
were ineligible. Four of the nine participants considered ‘conditionally
eligible’ obtained the required medical clearance, two of which subse-
quently enrolled in the study. In total, 20 individuals consented to in-
volvement resulting in a recruitment rate of 20/49 (41%), and a con-
sent rate of 20/34 (59%). Most participants were in full-time
employment in mainly professional or clerical positions, 70% were
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Table 2
Baseline characteristics of participants.
AM PM CON
n (n female) 9 [7] 7 [3] 4 [4]
Age (years) 39 =13 37 £9 44 = 11
Height (m) 1.68 + 0.1 1.73 = 0.1 1.63 + 0.1
Weight (kg) 90.64 + 13.5 91.74 = 139 73.51 = 2.4
Chronotype Morning-type 2 (22%) 3 (43%) 3 (75%)
Evening-type 1 (11%) 1 (14%) 1 (25%)
Neither-type 6 (67%) 3 (43%) 0

Data presented as number or M + SD.
AM = morning exercise group, CON = control group, PM = evening exercise
group.

female, and most were university-educated. Table 2 shows the baseline
characteristics of participants.

All enrolled participants (n = 20) progressed in the study after
randomization (i.e. no participants withdrew after being randomized,
and before the intervention), Fig. 2. Sixteen participants were rando-
mized to an intervention group (n = 9 AM; n = 7 PM) and four were
randomized to the control group. Ninety-percent (n = 18) of partici-
pants remained in the trial from baseline to end of intervention, and
lack of time was cited as the reason for drop out for both participants
who withdrew (n = 2; AM = 1, CON = 1). Fifteen out of the 16 parti-
cipants assigned to the intervention groups completed the 12-week
exercise intervention, with exercise session adherence rates of 94% and
87% for AM and PM, respectively. One adverse event was recorded,
which was unrelated to the study and did not lead to withdrawal (lower
limb injury). Measurement completion rates were =80% across the
whole sample at each time point (baseline = 97%, mid-interven-
tion = 87%, and post-intervention = 80%).

Rates of adherence to the supervised exercise sessions were fa-
vourable. Of a total 42 sessions prescribed over the 12-week program,
the AM group completed 39.5 + 2.3 (94%) sessions, and PM com-
pleted 35.5 = 6.1 (87%). Perceived enjoyment to the exercise sessions
were similar between groups; AM = 67 * 21%, and PM = 64 * 28%.
Self-selected exercise intensity was similar between groups; most of the
session was spent at a vigorous intensity (64% and 59% for AM and PM
respectively), and similar time was spent in moderate and high intensity
zones (AM = 19% and 16%, PM = 22% and 17%, respectively).
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3.2. Outcome variables

There was encouraging evidence of improvements in physiological
variables between baseline and post-intervention in the intervention
groups compared with control (Table 3). Due to the small amount of
effect data available in feasibility studies, and the subsequent degree of
uncertainty in drawing any conclusions, outcome data are considered to
be preliminary, as participant numbers are not powered for statistical
significance.

4. Discussion

The primary aim of this study is to investigate the feasibility and
acceptability of prescribing morning or evening exercise to inactive,
overweight and obese individuals, and to assess whether it is appro-
priate to upscale to a larger trial. A feasibility study asks whether
something can be done, should we proceed with it, and if so, how? [66]
To accurately report and assess the acceptability of our randomized
feasibility study, we have considered the eight general areas of focus
addressed by feasibility studies, proposed by Bowen et al. [12]. Ad-
dressing each area will assist in optimising the design and conduct of
any subsequent large-scale trials.

4.1. Acceptability

Acceptability refers to how well the program is received by parti-
cipants. Clearly for an exercise intervention to be feasible, participation
in both the exercise intervention, and outcome measurements, is cru-
cial. Thirty-four individuals were deemed eligible for the study after
screening, 20 of which enrolled in the study after understanding and
consenting to the rigorous protocol. Due to the number of outcome
measures included in our protocol, there were concerns about the
burden on participants and the potential consequences to measurement
completion rates. For each testing time point, measurement completion
rate was =80%, which is in accordance with the acceptable feasibility
limits [10]. Further evidence to support the acceptability of the inter-
vention is the level of perceived enjoyment of the exercise sessions.
Participants in both morning and evening groups reported similar en-
joyment ratings (> 60%, Table 1).

49 screened

29 excluded
14 declined further participation

v

10 ineligible
5 failed to obtain medical clearance

| 20 randomized |

. !

.

9 allocated to

7 allocated to

4 allocated to

mid-intervention

AM group PM group CON group
8 completed 7 completed 4 completed

mid-intervention

mid-intervention

; :

|

8 completed
post-intervention

7 completed
post-intervention

3 completed
post-intervention

Fig. 2. CONSORT flow diagram of participant progression through the study.

AM = morning exercise group, CON = control group, PM = evening exercise group.
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Table 3
Physiological outcomes at baseline and post-intervention in the intervention and control groups.
AM PM CON
BL POST BL POST BL POST
BMI (kg/m?) 319 = 4.1 30.4 = 4.5 30.6 = 3.4 29.5 = 3.6 27.0 = 1.2 27.7 £ 0.7
Waist circumference (cm) 95.2 = 10.2 89.5 = 7.3 105.5 = 6.2 97.7 = 13.1 86.4 = 1.8 83.0 = 1.2
Body fat (%) 41.7 = 8.1 40.5 = 9.8 40.6 = 8.9 40.0 = 8.3 39.7 = 8.1 43.3 = 7.0
Fat mass (kg) 36.1 = 9.1 34.6 £ 9.5 38.8 + 13.0 36.9 + 129 35.0 = 89 34.4 = 8.7
Lean mass (kg) 48.4 = 8.0 47.6 = 7.9 48.3 = 8.9 48.2 + 9.8 46.1 = 6.1 46.4 = 7.6
RMR (kcal) 1543 + 183 1520 = 102 1607 + 148 1550 + 176 1350 + 160 1305 + 84
VOspear (mLkg ™ L.min~1) 30.7 = 5.1 359 + 8.3 28.5 + 7.0 33.1 + 87 27.5 + 3.8 26.8 = 4.8
Cardiovascular disease risk factors Blood glucose (mmol/L) 56 = 0.7 55 = 0.5 6.0 = 1.0 53 = 0.4 51 = 0.3 55 + 0.7
Total cholesterol (mmol/L) 54 = 0.6 4.7 = 0.6 4.7 = 0.6 4.2 = 0.5 52 = 1.4 5.0 * 0.9
HDL (mmol/L) 1.7 £ 0.4 1.5 £ 0.4 1.0 £ 0.1 09 = 0.1 1.6 = 0.3 1.5 = 0.3
LDL (mmol/L) 3.1 = 0.7 2.7 = 0.6 2.6 = 0.6 24 = 04 2.7 = 0.9 2.8 = 0.8
TC:HDL (mmol/L) 3.3 + 0.8 3.4 + 0.9 4.3 *+ 0.3 4.4 *+ 0.6 33 07 3.3 * 0.6
Triglycerides (mmol/L) 1.3 = 0.8 1.0 = 0.4 14 = 1.1 1.2 = 0.5 2.0 = 1.0 1.4 = 0.2
Resting SBP (mmHg) 119 = 10 114 = 7 135 £ 6 121 = 8 123 + 28 126 = 22
Resting DBP (mmHg) 84 + 8 80 + 6 8 *+ 9 84 + 10 87 = 16 89 *+ 16

Data presented as number or M + SD.

AM = morning exercise group, BMI = body mass index, CON = control group, DBP
lipoprotein, mmHg = millimetres of mercury, mmol/L = millimoles per litre, PM =

TC = total cholesterol, VOz,cax = peak oxygen uptake.
4.2. Demand

Demand for the intervention can be assessed by the number of ex-
pressions of interest for the study. Within a two-week period of study
advertisement, 49 participants expressed interest. If the consent rate is
a proxy for level of demand for this program, then based on this fea-
sibility study, 59% of individuals would likely participate in the pro-
gram, if offered to them.

4.3. Implementation

Implementation refers to the extent to which the intervention can be
successfully delivered as planned. In accordance with the study pro-
tocol, all participants allocated to the intervention groups began the
exercise program within 2-weeks of completing baseline assessments. In
contrast to other exercise interventions, with rates of attrition between
25 and 50%, and mean adherence rates reported as 66% [67], parti-
cipant retention rate to our 12-week intervention was 90% and ad-
herence to exercise sessions was high (91%). In addition, there were no
adverse events reported during any of the exercise sessions.

4.4. Practicality

The extent to which the intervention can be carried out using ex-
isting means and resources is termed the ‘practicality’. The testing and
training protocol we have proposed is onerous on both the participant
and researcher/s. Calculating the time required for study participation
provides an estimate of the expected study duration on a large scale.
Including recruitment, it took < 19 weeks for 18 participants to com-
plete the study. Completion of the 12-week exercise program from
commencement of the first participant to completion of the last parti-
cipant, was < 16 weeks. This relatively short duration to complete the
study is a positive outcome, and is promising for a larger scale study.
However, practicality also refers to the extent to which the intervention
can be delivered, within the available resources. Due to the nature of
the intervention, comparing morning and evening exercise, training
times are restrictive. Therefore, if this feasibility study lead to a large-
scale trial, adoption of a block-enrolment strategy may be a viable
option to ensure availability of equipment.

= diastolic blood pressure, HDL = high-density lipoprotein, LDL = low density
evening exercise, RMR = resting metabolic rate, SBP = systolic blood pressure,

4.5. Adaptation

Adaptation focuses on how well the program is performed, when
program contents or procedures are amended. There are a number of
measures included in the study protocol which may cause discomfort to
participants For example, there have been reports of intolerance to
measurement of RMR via a ventilated hood and metabolic cart.
Specifically, user complaints of odour, and feelings of claustrophobia
when using the hood have been reported [68]. There were no in-
dividuals who expressed concern or discomfort during this procedure,
or other procedures which may be considered invasive or un-
comfortable (e.g. blood sampling or VO,peak testing). Therefore, our
data indicate we do not need to adapt the protocol.

4.6. Integration

Integration focuses on the change that occurs within the social/
physical environment, as a result of the intervention. As a consequence
of the random allocation, some participants were in a group which did
not match their chronotype, and/or their preferred time to exercise.
Despite this, no individuals reported ‘unfavourable group allocation’ as
their reason for study withdrawal. This may add to the literature sup-
porting temporal consistency, i.e. performing a behaviour at a specific
time, such as regularly exercising at 6am, is important for long-term
adherence and helps create a ‘protected time’ for new habits [69], ir-
respective of the time an individual may like to perform the activity.

4.7. Expansion

Expansion examines the potential success of an already-successful
intervention, in a different setting or population. Alizadeh et al. [8]
compared 6-weeks of morning and evening aerobic exercise on an-
thropometric indices, energy intake, and subjective appetite sensations.
Both exercise groups were effective in reducing body mass over their 6-
week trial period, suggesting that manipulating the time of day that
individuals train is efficacious for weight loss. From their sample of 48
participants, they reported a drop out rate of 23% (n = 11). The small
sample size of women-only and limited diversity of outcome measures
was a limitation of this study. Therefore, our feasibility study expands
on the work of Alizadeh and colleagues to include a more diverse po-
pulation of men and women, with a number of additional outcome
measures.
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4.8. Limited efficacy testing

Feasibility studies are designed to test the practicality of an inter-
vention, rather than the effectiveness of interventions, and are often
conducted with small samples with limited statistical power and shorter
follow-up periods [10]. The aim of this study was to investigate in-
dividual's tolerance and response to the rigorous testing and training
protocol, prior to progressing to a larger study. Therefore, a small
convenience sample of 20 adults were recruited from students and staff
members at The University of Queensland, Australia. Due to available
resources (exercise training equipment), 20 participants was considered
the reasonable cohort size that could be started. Obtaining follow-up
data following the cessation of an intervention is important to capture
the residual effects of the intervention. However, as this study aimed to
test only the feasibility of the intervention, we have not reported these
data. If this study were to lead to a large-scale randomized controlled
trial in the future, we recommend collecting follow-up data.

4.9. Conclusions

While there is agreement that regular exercise plays an important
role in improving general health and maintaining energy balance, there
remains a distinct lack of evidence regarding an optimal time of day for
exercise to maximise efficacy. Therefore, a multifactorial study in a
free-living context would better help understand the relationship be-
tween exercise time of day, and efficacy for health outcomes. However,
in the absence of much previous work, feasibility of this exercise pre-
scription first needed to be assessed.

Findings from our randomized feasibility study have addressed
several previously unknown questions regarding the safety, feasibility
and acceptability of morning and evening exercise sessions. Based on
our threshold definition of 80% adherence to the intervention and rate
of completion of measurements, we consider this intervention to be
feasible. Based on these data, and using these procedures, it is possible
to design and undertake a large scale randomized controlled trial with a
sample size that is adequately powered to detect change. Due to the
magnitude of poor health outcomes associated with overweight and
obesity [70], we recommend the primary efficacy outcome of a future
randomized controlled trial focus on changes in body composition. If,
by manipulating the time of day at which exercise is prescribed, we can
identify favourable changes in the way people restructure their time,
adhere better to the program, and improve their diet and associated
eating behaviours, recommendations could be developed to promote
exercise at a certain time of day.
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