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Abstract

Obijective: The aim of this study was to investigate the influence of morning versus
evening exercise on weight loss, cardiometabolic health, and components of energy
balance.

Methods: A total of 100 inactive adults with overweight or obesity were randomized
to morning exercise (AMEx; 06:00-09:00), evening exercise (PMEx; 16:00-19:00), or
wait-list control (CON). AMEx and PMEx were prescribed 250 min-wk~?! of self-
paced aerobic exercise for 12 weeks. Anthropometry and body composition, physical
activity, and dietary intake were assessed at baseline, 6 weeks, and 12 weeks. Car-
diorespiratory fitness (VO,peak), resting metabolic rate, and blood markers were
assessed at baseline and 12 weeks. Body composition and VO,peak were also mea-
sured at 3- and 6-month follow-up.

Results: AMEx and PMEXx lost weight during the intervention (mean [SD], AMEx, —2.7
[2.5] kg, p < 0.001; PMEx, —3.1 [3.4] kg, p < 0.001). VO peak significantly increased in
both intervention groups, and these changes were different from CON (AMEx, +4.7
mL~kg_1-min_1, p = 0.034; PMEx, +4.2 mL~kg_1-min_1, p = 0.045). There were no
between-group differences for resting metabolic rate or physical activity. At 12 weeks,
total energy intake was significantly reduced in both AMEx and PMEx versus CON
(AMEx, —3974 kJ, p < 0.001; PMEx, —3165 kJ, p = 0.001).

Conclusions: Adults with overweight and obesity experience modest weight loss in
response to an exercise program, but there does not appear to be an optimal time to

exercise.

lifestyle intervention for weight loss, exercise plays an important role

in  weight management and high volumes of exercise

The Australian Institute of Health and Welfare added “obesity” to the
national health priority areas list in 2008 [1]. Despite considerable
efforts to promote a healthy lifestyle, rates of overweight and obesity
are continuing to rise worldwide, and obesity is now considered a

pandemic [2]. Although dietary intervention is the most effective

(> 250 min-wk ™) are recommended for individuals to elicit clinically
significant weight loss (> 5%) [3].

Morning and evening are key windows of opportunity to incorpo-
rate exercise [4, 5]. However, the “time” dimension of exercise pre-

scription components (FITT: frequency, intensity, time, and type)
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tends to be interpreted as the duration of exercise rather than the
time of day [6]. The circadian system plays a significant role in regulat-
ing several physiological processes that influence appetite, sleep/wake
cycles, and exercise performance [7, 8]. Therefore, it is reasonable to sug-
gest that physiological responses to exercise could be different in the
morning compared with the evening. Although exercise timing is promi-
nent in athletic performance literature [7], the influence and efficacy of
exercise timing on weight loss are relatively understudied areas. Often,
research studies investigating exercise and weight loss are incompletely
described in research reports, hampering evaluation of results and repli-
cation and implementation into practice [9]. Indeed, the time of day at
which exercise is prescribed or undertaken is often unreported in study
protocol descriptions or not controlled. Rather, participants often select
when to exercise, and the time may change day to day and be incorpo-
rated around competing demands.

There is evidence to suggest exercising at the same time each day
of the day
(i.e., “sporadic”) is important for long-term exercise adherence [10,

(i.e., “time-structured”) versus different times
11]. Therefore, investigating the efficacy of exercising at different
times of day is essential. Indeed, this is of interest to the public; “when
is the best time to exercise for weight loss” is a question commonly
featured in mainstream media. Among a small sample of recreationally
active adults, we have also established that most individuals (> 75%)
would be willing to alter the time of day they exercised if there was
evidence to indicate they would gain greater benefit [5]. Understand-
ing this relationship is necessary to provide evidence for recommen-
dations for exercise timing in real-world settings and clinical practice.
The feasibility and acceptability of randomizing insufficiently active
individuals with overweight and obesity to complete aerobic exercise in
the morning versus the evening have been explored in small sample
sizes [12, 13]. Both studies report high rates of adherence (> 80%) to
the intervention and conclude that both morning and evening time
periods are acceptable and feasible. The few studies that have investi-
gated the influence of exercise time of day on weight loss and compo-
nents of energy balance report mixed findings [4, 14-18]. Although
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 maximize efficacy. In addition to small sample sizes, all the research
to date has had methodological limitations including (1) not being specif-
ically designed to detect differences between time of day of exercise
(such as secondary analyses); (2) not being specifically designed to target
weight loss (e.g., prescribing doses of exercise intended to meet stan-
dards derived to improve general health and fitness [ranging from 60 to
180 min-wk 1] rather than for weight loss [> 250 min-wk~2]); or (3) lack-
ing objective measures of intervention compliance and components of
energy balance. In addition, most studies allowed participants to self-
select the time of day of exercise. In some instances, the time of day of
exercise may not be conducive to regular work/social schedules, such as
those chosen by Bilski et al. (morning exercise trial, 11:00; evening exer-
cise trial, 23:00) [19]. These limitations make the generalizability of find-
ings and comparisons between studies difficult, and whether there is an

optimal time of day to exercise for weight loss remains unknown.

Study Importance
What is already known?

e Exercise plays an important role in weight management.
Morning and evening are key windows of opportunity to
incorporate exercise.

e There is evidence to suggest exercising at the same time
each day is important for long-term maintenance.

e Randomizing inactive adults with overweight or obesity
to morning or evening exercise is considered feasible and

acceptable.

What does this study add?

e Compliance and adherence to the program and self-
selected exercise intensity were similar between the
morning (AMEXx) and evening (PMEX) exercise groups.

e There were no significant differences in cardiometabolic
health risk factors between AMEx and PMEXx; however,
there was a greater proportion of participants in PMEx
who achieved clinically meaningful weight loss (= 5%
starting 5% body weight; 33% of participants randomized
to PMEx) and clinically meaningful improvements in
VO,peak (23.5 mL-kg t-min~%; 75% of participants ran-
domized to PMEX), compared with participants in AMEx
(19% and 69%, respectively).

How might these results change the direction of
research?

e Trial descriptors of exercise interventions are often sub-
optimal and incompletely described in study reports.
Consistent reporting of time of day of exercise interven-
tions among high-quality studies would significantly con-
tribute to the literature and provide critical insight into
the relative importance (or lack thereof) of prescribing

exercise at a particular time of day.

These (lack of) findings highlight the need for a well-designed,
large-scale randomized controlled trial to understand whether there is
any effect of exercise timing on weight loss. Therefore, the purpose
of this study was to investigate the influence of a 12-week exercise
program, performed in either the morning or evening, on weight loss,
cardiometabolic health risk factors, and components of energy bal-
ance in a sufficiently powered sample of inactive adults with over-
weight and obesity. To determine the impact and residual effect of
the intervention, weight change was also assessed following a period
of complete withdrawal of contact with participants, at 3- and

6-month follow-ups.
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METHODS

This study was registered with the Australian New Zealand Clinical
Trials Registry (ACTRN12616000457448p) and approved by the Bell-
berry Human Research Ethics Committee (HREC2016-02-130).
Informed consent was obtained from all individual participants
included in this study. 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.

Study design

This study used a three-armed randomized controlled trial design. Fol-
lowing baseline testing, participants were randomized to one of three
groups—morning exercise (AMEXx), evening exercise (PMEXx), or wait-
list control (CON) —at a 2:2:1 ratio using permuted block randomiza-
tion with multiple randomized block sizes. Participants allocated to
CON were asked to continue with their usual day-to-day activities
and were offered the exercise program after all formal testing was

completed.

Participants

Participants were recruited from the local community and metropoli-
tan universities via electronic media and print advertising. Interested
individuals were screened for eligibility by web-based survey, which
included stage one of the Adult Pre-Exercise Screening System [20].
To be included in the study, individuals were (1) insufficiently active
(< 150 minutes of moderate/vigorous physical activity per week), (2)
classified as having overweight or obesity (body mass index [BMI]
> 25 kg:-m?), and (3) weight stable (+ 3 kg) in the previous 3 months.
Individuals were considered ineligible if they (1) were pregnant or had
plans to become pregnant over the course of the study, (2) partici-
pated in shift work, (3) were currently participating in a weight loss
program, or (4) were using any medication or supplements that would
affect weight loss. Individuals deemed eligible were invited to attend

the laboratory for their baseline assessment.

Intervention

Participants allocated to the two intervention conditions were pre-
scribed 250 min-wk~? of self-paced aerobic (treadmill-based) exercise
for 12 weeks, the dose of exercise recommended by the American
College of Sports Medicine to elicit clinically significant weight loss
[3]. Participants exercised between 06:00 and 09:00 (AMEXx) or 16:00
and 19:00 (PMEXx). The time periods were chosen to coincide with
diurnal hormone patterns and, for convenience, were based on when

most people could accommodate exercise (i.e., before or after work)
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TABLE 1 Schedule of supervision for the exercise intervention

Expected unsupervised

Intervention Prescribed supervised exercise volume
weeks sessions (n, min-wk %) (min-wk ™)

1-4 5,250 -

5-6 4,200 50

7-8 3,150 100

9-12 2,100 150

[5]. The exercise program included both supervised and unsupervised
aerobic exercise sessions, designed to create an exercise habit [10]
(Table 1). All supervised exercise sessions were conducted at the
School of Human Movement and Nutrition Sciences at The University
of Queensland, St. Lucia, Australia. Food intake was not standardized
prior to exercise sessions.

Compliance with exercise sessions was measured by the total num-
ber of supervised sessions attended (out of the maximum 42). To mea-
sure adherence, participants were asked to keep an exercise diary to
record information about unsupervised sessions, including the type,
mode, time of day, and duration of the activity, and these were col-
lected weekly. Participants wore a heart rate monitor (Polar RCXS3,
Polar, Kempele, Finland) during supervised training sessions to measure
exercise intensity, calculated as a percentage of peak heart rate, estab-
lished during their prior VO peak test using the Swain equation [21].
Ratings of perceived exertion (RPE) were recorded using Borg's original
6- to 20-point scale [22]. The shortened version of the Physical Activity
Enjoyment scale was used to assess and compare participant enjoy-
ment between the exercise intervention groups, measured in weeks
1 and 12. Individuals’ chronotype was also assessed using Horne and
Ostberg’s Morningness-Eveningness Questionnaire, a 19-item self-
rated questionnaire that 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
[23]. For participants < 40 years of age, data were scored as per Horne
and Ostberg; for participants aged 40 and over, data were scored using
cut points proposed by Taillard et al. [24].

The secondary component of the intervention involved several
constituents of theoretical approaches to motivate behavior change
and promote weight loss, which are especially important for long-term
adherence. Informational and behavioral approaches were the focus
of the intervention. Strategies used to enhance behavior change are
outlined in Supporting Information Table S1.

Follow-up

Following the intervention, participants assigned to the intervention
were encouraged to continue to exercise for > 250 min-wk~%; how-
ever, there was a complete withdrawal of contact from all participants,
other than to schedule follow-up assessment appointments. This
design of the program was to determine the impact and residual effect

of the intervention arms [25].
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Outcome measures

Participants underwent a battery of testing at baseline (< 2 weeks
before the intervention began), mid-intervention (weeks 5-6), post-
intervention (week 12), and at 3- and 6-month follow-up (Supporting
Information Table S2). Except for cardiorespiratory fitness, physical
activity, and dietary assessment, all measures were assessed when

participants were in a fasted state.

Anthropometry and body composition

Standing height (SECA 217-172-1009, Hamburg, Germany) was mea-
sured to the nearest 0.1 cm at baseline and body mass (A&D Mercury
Load Cell Digitizer; A&D Weighting, Melbourne, Australia) was mea-
sured to the nearest 0.05 kg at all time points. Measures were taken
in accordance with the International Society for the Advancement of
Kinathropometry data collection procedures [26]. Fat mass (kg), fat-
free mass (kg), and percent fat mass (%) were estimated by dual-
energy x-ray absorptiometry (DXA; Hologic Discovery W, Waltham,
Massachusetts). Scans were analyzed using the APEX system software

version 4.5.3.

Cardiometabolic health

Cardiorespiratory fitness was assessed via indirect calorimetry at
baseline, week 12, and 3- and 6-month follow-up. Participants were
required to walk/run on a treadmill, following the Modified Bruce pro-
tocol, until volitional fatigue. Peak oxygen uptake (VO,peak; TrueOne
2400 Metabolic Measurement System, ParvoMedics, Sandy, Utah)
was recorded as the highest mean value attained during two
30-second periods, before volitional exhaustion [27]. Participants
were asked to avoid exercise and any stimulants (such as caffeine and
tobacco) and alcohol in the 24 hours prior to testing and to avoid eat-
ing in the 2 hours prior to the test.

Blood pressure, lipid profiles, and blood glucose were sampled at
baseline and 12 weeks in a fasted state. Samples of capillary blood
were extracted via a contact-activated lancet and processed using the
CardioChek PA (Polymer Technology Services, Inc., Indianapolis, Indi-
ana) and AccuChek Performa (Model NC; Roche, Mannheim, Ger-
handheld,
spectrophotometers to measure blood lipids (triglycerides, high-

many) analyzers, battery-operated reflectance
density lipoprotein [HDL], low-density lipoprotein [LDL], total choles-

terol) and blood glucose, respectively.

Components of energy balance

Indirect calorimetry was used to measure resting metabolic rate
(RMR) via a metabolic cart (TrueOne 2400 Metabolic Measurement
System) at baseline and week 12. Participants rested quietly for a

15-minute equilibration period, after which they were placed under a

ventilated plastic hood for 30 minutes to assess VO, and VCO,. Dur-
ing the first 10 minutes of measurement, the dilution pump flow rate
was adjusted (approximate body weight [kg] divided by 3) until steady
state was reached (< 10% coefficient of variation for VO, and VCO,).
Resting energy expenditure (kcal/d) was 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,). Following best practice
guidelines, RMR (kcal/d) was defined as the average of the final
20 minutes of measurement and converted to kilojoules (kJ) using a
conversion factor of 4.18 [28].

Participants were provided with accelerometers (GENEActiv; Acti-
vinsights Ltd., Cambridgeshire, UK]) to wear on their nondominant wrist
continuously for seven consecutive days to objectively measure physical
activity at baseline, 6 weeks, and 12 weeks (including during exercise
sessions, where applicable). The accelerometers were sampled at 30 Hz,
and the raw.bin files were converted to 60-second epoch.csv files. Accel-
erometry profiles were cleaned and checked for valid days prior to any
data analysis. As in other studies, a valid day was defined as minimum
wear time of > 16 hours, from at least 4 of the 7 days [29]. Predefined
acceleration cut points established by Esliger et al. [30] were used to
classify each 60-second epoch of waking wear time into one of four
physical activity levels: sedentary, light, moderate, or vigorous.

Energy intake was estimated using a five-step, multiple-pass 24-
hour dietary interview at baseline, 6 weeks, and 12 weeks. At each time
point, food recalls were administered on two occasions approximately
1 week apart, recalling the previous day’'s food and beverage intake.
Data were entered into a computerized nutrition database (FoodWorks

Premium Version 8, Xyris software, Brisbane, Australia) for analysis.

Statistical analysis

All data were analyzed using SPSS Statistics version 25 (IBM Corp.,
Armonk, New York). Group characteristics at baseline were summa-
rized but not tested for differences, as per the 2010 CONSORT state-
ment [31]. Repeated measures ANOVA was used to compare change
over time and test for differences between groups for measures of
compliance, adherence, self-selected exercise intensity, and exercise
enjoyment. For other outcomes, linear mixed modeling with fixed and
random effects was used to assess changes over time and differences
among groups, estimated by a restricted maximum likelihood algo-
rithm. Group (AMEx, PMEx, CON), time (0, 6, 12), and group x time
interactions were treated as fixed factors; participants were treated as
a random factor with individual intercepts. Model residuals were for-
mally assessed for normality by use of the Shapiro-Wilk test and
visual inspection of histogram plots. Statistical significance was set at
p < 0.05. All results are reported as mean (standard deviation), unless
specified otherwise. Fisher least significant difference test was used
for post hoc analyzes to compare mean changes in the outcome vari-
ables between groups at each assessment period. An advantage of
the linear mixed modeling approach is it allows for unbalanced,
unequally spaced observations over time, making it ideal to analyze
longitudinal data [32].
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An a priori power calculation at 5% o level and 80% power deter-
mined that a total sample of 69 participants would be sufficient to
detect small effect sizes (Cohen d = 0.3) for within- and between-
group differences with five measurement occasions (G*Power soft-
ware, version 3.1.9.2; University of Dusseldorf, Dusseldorf, Germany).
To detect the same effect size with equivalent power, a 2:1 allocation
sequence requires 12% more participants than the typical 1:1
[33-35]. Therefore, the required total sample size would be increased
to 78 participants. Because of the documented dropout rates among
exercise and lifestyle interventions [36-38] and the high participant

burden of this protocol, an attrition rate of 20% was estimated.
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Therefore, a target sample size of 95 participants was set for recruit-
ment: n = 19 in the control group and n = 38 in each intervention
group.

RESULTS

Participants

A total of 100 participants were randomly allocated to morning exer-
cise (AMEx; n = 40), evening exercise (PMEx; n = 40), or wait-list

| ~350 expressed interest |

Y

| 264 screened |

161 excluded

A4

87 ineligible
74 declined further involvement

| 103 baseline assessment |

3 withdrawals prior to randomisation
1 moved overseas

L J

1 pre-existing injury
1 did not attend baseline testing

| 100 randomised |

!

¥

'

40 allocated to

40 allocated to

20 allocated to
CON group

|

AMEx group PMEx group
30 completed 34 completed

mid-intervention

mid-intervention

17 completed
mid-intervention

|

'

|

32 completed
post-intervention

33 completed
post-intervention

17 completed
post-intervention

.

20 completed
3-month follow-up

.

!

|

25 completed
3-month follow-up

13 completed
3-month follow-up

.

.

22 completed
G-month follow-up

21 completed
6-month follow-up

12 completed
G-month follow-up

!

!

!

40 analysed

40 analysed

20 analysed

!

11 offered exercise
program

FIGURE 1 CONSORT (Consolidated Standards of Reporting Trials) flow diagram of participant progression through the study. AMEX,
morning exercise; CON, control; PMEX, evening exercise
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control (CON; n = 20) groups. A participant flow diagram is presented
in Figure 1. A total of 82 participants completed the intervention. By
the final assessment (6-month follow-up), 45 participants had with-
drawn from the study. Reasons for dropout were due to personal,
work, or family reasons (n = 12); being unable to make the time com-
mitment (n = 6); medical reasons (n = 4); lost interest (n = 4); or being
lost to follow-up (n = 19). Participants were recruited on a rolling
basis from June 2016 to May 2017. Follow-up testing was completed
in April 2018.

The sociodemographic characteristics of enrolled participants
(Table 2) were typical of studies using volunteer recruitment and con-
venience sampling [39]; the sample consisted mainly of middle-aged
and socioeconomically advantaged females. Regarding chronotype,
most (46%) participants were characterized as neither types, 30%
were considered morning types, and 23% as evening types. The distri-

bution of chronotype by group is presented in Table 2.

Intervention characteristics

There were no significant between-group differences for measures of

compliance, adherence, exercise-induced energy expenditure, ratings

TABLE 2 Baseline anthropometric and sociodemographic
characteristics

AMEXx PMEx CON

n 40 40 20
Female (%) 73 75 85
Age, y? 41(12) 38 (11) 38(10)
Weight, kg? 88.47(11.6) 90.86(18.6) 84.80(12.6)
BMI, kg-m~22 31.06 (4.3) 31.99 (5.9) 29.29 (3.6)
Education level (n)

Did not complete school 1 1 1

High school 1 3 0

Vocational qualification 5 4 1

University degree 33 32 18
Employment status (n)

Full-time 31 32 14

Part-time 6 2 5

Casual 1 5 0

Retired/unemployed 2 1 1
Marital status (n)

Married/de facto 30 26 13

Single/widowed 10 14 7
Dependents (n)

Yes 18 14 9

No 22 26 11

Abbreviations: AMEx, morning exercise; CON, control; PMEX, evening exercise.
?Data are presented as mean (standard deviation).

of perceived exertion, or enjoyment (all p > 0.05; Table 3). There was
a statistically significant group x time interaction of RPE (F[2] = 3.92,
p = 0.02). Simple main effects analysis showed that RPE significantly
increased during the exercise sessions (from warm-up to mid- and
end-session) in both groups, but there were no differences between
AMEx and PMEXx.

Anthropometry and body composition

Weight change during the intervention period varied from —12.7 to
+6.6 kg across the three groups. There was a significant time effect;
body mass significantly decreased during the intervention in both
AMEX (-2.7 kg, p < 0.001) and PMEx (—3.1 kg, p < 0.001). There was
a significant group x time interaction (p = 0.012), but these differ-
ences were no longer significant after conducting post hoc analyses
(Supporting Information Tables S3 and S4). Some participants in the
intervention groups achieved clinically meaningful weight loss (> 5%
body mass) during the intervention period (AMEx = 19%;
PMEx = 33%; CON = 6%). Relative to baseline, participants in AMEx
and PMEXx continued to lose weight after the intervention, as assessed
at 3-month follow-up (AMEx, —3.9 kg, p = 0.010; PMEx, —4.5 kg,

TABLE 3 Characteristics specific to exercise sessions

AMEX PMEx p value®
Exercise session compliance
N(attended)/ Niprescribed) 31/42 33/42
% 74 (28) 78 (20) 041

Intervention adherence
(intended dose 250 min-wk 1)

min-wk* 168 (76) 173 (54) 0.79
% 67 (30) 69 (22)
Exercise intensity
Mean HR (bpm) 137 (14) 139 (13) 0.22
Mean HR (as %HRpca) 78 (7) 77 (7) 0.09
% VO,peak (derived from 64 (11) 64 (10) 0.09
%HRpeak)

Warm-up RPE 7(1) 7(1) 0.27
Mid-session RPE 13 (1) 14 (2) 0.09
End-session RPE 14 (2) 15 (2) 0.10

Exercise-induced energy expenditure

Estimated average energy 1688 (451) 1645 (440) 0.14
expenditure per
session (kJ)
Enjoyment rating (%)
Week 1 71(19) 63 (18) 0.11
Week 12 69 (21) 65 (18) 0.54

Note: Data presented as mean (standard deviation).

Abbreviation: AMEXx, morning exercise; bpm, beats per minute; HR, heart
rate; PMEX, evening exercise; RPE, ratings of perceived exertion; %HRpeak,
percent of peak heart rate.

?Result presented from independent samples t test.
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TABLE 4 Summary of changes in anthropometry and body composition presented by group across the study period

Outcome Time AMEX PMEXx CON Group Time Group x Time
Body mass (kg) 0.535 <0.001 0.012
Baseline 88.5(11.6) 90.9 (18.6) 84.8 (12.6)
Mid 87.1(11.7) 89.5(18.5) 83.6(13.2)
Post 85.9 (11.4) 88.8(19.2) 84.7 (13.7)
3-month 84.6 (11.0) 86.4(20.7) 84.8 (13.3)
6-month 86.3(9.5) 86.2(18.3) 83.8(13.9)
A Body mass (kg)
Mid -1.9(1.9) -2.3(2.3) -0.1(1.7)
Post —2.7 (2.5) -3.1(3.4) —0.1(2.6)
3-month -2.0(3.3) -2.7(3.1) -1.3(4.2)
6-month -1.3(3.3) -2.2(3.8) —1.4(5.0)
Body fat % 0.868 <0.001 0.141
Baseline 41.3(7.4) 42.7 (7.3) 41.6 (6.1)
Mid 41.3(7.7) 41.6 (8.0) 40.7 (6.1)
Post 40.6 (8.1) 41.6 (7.6) 41.1(5.9)
3-month 39.6 (8.5) 41.1(6.9) 40.6 (6.4)
6-month 39.3(7.9) 42.4(6.9) 42.4 (6.6)
A Body fat (%)
Mid -0.8(1.1) -1.1(1.5) -0.3(1.3)
Post —0.7 (1.3) —1.0(1.5) —0.4 (1.6)
3-month -0.2(2.2) -1.8(2.1) -1.2(2.1)
6-month +0.3(1.8) +0.1(2.3) —0.5(2.6)
Fat mass (kg) 0.563 <0.001 0.005
Baseline 36.1(9.1) 38.78 (13.0) 34.96 (8.9)
Mid 35.7 (9.4) 37.3(13.1) 33.8(9.1)
Post 34.6(9.5) 36.9 (12.9) 34.4(8.7)
3-month 33.3(9.7) 35.7 (12.7) 34.3(9.0)
6-month 33.5(7.5) 37.3(11.8) 35.4(9.1)
A Fat mass (kg)
Mid -1.3(1.3) -1.8(1.8) -0.2 (1.4)
Post -1.6(1.8) -2.2(2.2) -04(2.2)
3-month —0.8(2.6) -2.5(2.8) -1.4(3.6)
6-month 0.0 (2.6) —0.4(2.9) -1.0(4.3)
Fat-free mass (kg) 0.693 0.016 0.135
Baseline 48.4 (8.0) 48.3(8.9) 46.1(6.8)
Mid 47.8(7.9) 48.6 (9.6) 46.3(6.8)
Post 47.6 (7.9) 48.2 (9.8) 46.4(7.6)
3-month 47.4(7.4) 47.3(10.0) 46.9 (6.9)
6-month 49.3(8.5) 46.9 (8.6) 45.1(7.8)
A Fat-free mass (kg)
Mid -0.2(1.3) -0.2(1.9) +0.2 (1.5)
Post -0.9(1.2) —-0.8(2.4) +0.2 (1.8)
3-month -1.2(2.1) +0.1(1.9) +0.3(1.4)
6-month -0.8(1.4) -1.1(1.9) -0.1(1.7)

Note: Data presented as mean (standard deviation). Significant differences are indicated in bold.
Abbreviations: AMEX, morning exercise; CON, control; PMEX, evening exercise.
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p <0.001) and at 6-month assessment in PMEx only (—4.7 kg,
p = 0.003). There were no differences in body mass for CON during
the study period (Table 4).

There were no significant group x time interactions for change in
per cent body fat (p = 0.141) or fat-free mass (p = 0.135). There was
a significant group x time interaction for change in fat mass
(p = 0.005), but these differences were no longer significant after con-
ducting post hoc analyses (Supporting Information Tables S3 and S4).
There were changes in body composition within the intervention
groups; both fat mass and fat-free mass significantly decreased in
AMEXx and PMEx at 12 weeks (relative to baseline). Subsequently,
there was a significant reduction in body fat percentage in AMEx
(—0.7%, p = 0.005) and PMEx (—1.1%, p < 0.001) during the interven-
tion. Percent body fat continued to decline in PMEx after the

intervention at 3-month follow-up and was significantly different from
baseline (—1.6%, p < 0.001). There were no significant changes in fat
mass or fat-free mass in CON, but there was a reduction in percent
body fat at the 3-month assessment (—0.9%, p = 0.045). The magni-
tude of change in body composition, relative to baseline, across the
study period is illustrated in Figure 2.

Cardiometabolic health

One participant (PMEx) was unable to tolerate the mouthpiece fitting
to facilitate the measurement of VO,peak, and as such, they were
excluded from the analysis of cardiorespiratory fitness. Changes in

cardiorespiratory fitness during the intervention varied from —6.4 to
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FIGURE 2 Magnitude of change in body composition across the study period, relative to baseline: (A) morning exercise group (AMEXx);
(B) evening exercise group (PMEXx); and (C) control group (CON). Change in body mass calculated as the sum of change in fat mass and fat-free
mass, measured by dual-energy x-ray absorptiometry. BL, baseline; MID, mid-intervention; POST, post-intervention; 3FU, 3-month follow-up;

6FU, 6-month follow-up
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TABLE 5 Summary of changes in cardiometabolic health outcomes presented by group across the study period

Outcome Time AMEx PMEx CON Group Time Group x Time

VO,peak (mL-kg™2-min~?) 0.42 <0.001 0.002
Baseline 29.10(6.3) 28.01(7.5) 28.59 (6.7)
Post 33.61(8.2) 33.21(8.6) 29.91(6.4)
3-month 34.36 (7.0) 32.79 (8.8) 28.06 (7.7)
6-month 34.88(8.5) 31.15(9.5) 29.36 (6.5)

A VO,peak
Post +4.8(3.9) +5.4(3.9) +0.5(2.3)
3-month +3.0 (4.9) +3.4(2.5) -0.2(3.3)
6-month +2.7 (6.2) +1.7 (5.1) +0.4 (3.4)

BGL (mmol-L™%) 0.679 0.085 0.410
Baseline 5.53(0.5) 5.73(0.5) 5.44 (0.4)
Post 5.48 (0.6) 5.56(0.5) 5.48 (0.4)

A BGL —0.1(0.5) —-0.2 (0.5) —0.1(0.5)

TC (mmol-L™?) 0.205 0.051 0.023
Baseline 4.94(0.9) 4.58(0.8) 5.09 (1.0)
Post 4.13(1.2) 4.72 (1.0 5.12(0.8)

ATC —0.8(1.5) +0.0 (0.9) -04(1.2)

HDL (mmol-L~%) 0.167 0.585 0.874
Baseline 1.43(0.5) 1.31(0.4) 1.42 (0.4)
Post 1.40(0.4) 1.32(0.4) 1.48(0.4)

A HDL +0.1(0.3) +0.05 (0.2) +0.0(0.2)

LDL (mmol-L™%) 0.381 0.439 0.510
Baseline 2.89(0.8) 2.65(0.7) 2.94(0.7)
Post 2.56 (0.7) 2.80(0.9) 2.97 (0.8)

A LDL —0.2(0.6) +0.2 (0.7) —0.1(0.5)

TC:HDL 0.902 0.145 0.654
Baseline 3.79 (1.2) 3.72 (1.0 3.84 (1.2)
Post 3.53(1.0) 3.92(1.1) 3.67 (1.0

A TC:HDL —0.2 (0.6) +0.1(0.8) —0.2 (0.5)

Triglycerides (mmol-L™?) 0.402 0.465 0.907
Baseline 1.32(0.7) 1.36 (0.6) 1.60(0.7)
Post 1.32(0.7) 1.38(0.8) 1.49(0.7)

A Triglycerides —0.0(0.7) +0.0 (0.8) —0.1(0.6)

SBP (mmHg) 0.526 0.006 0.249
Baseline 120.3 (16) 125.8 (16) 119.7 (20)
Post 118.2 (15) 120.2 (10) 118.0(15)

A SBP —-3.7(8.2) —6.7 (9.3) —2.0(10.9)

DBP (mmHg) 0.984 0.001 0.076
Baseline 84.8 (11) 85.1(11) 83.1(12)
Post 81.3(11) 81.5(9) 83.1(10)

A DBP —34(5.2) —5.0(5.5) +1.2(4.1)

Note: Data presented as mean (standard deviation). Significant differences are indicated in bold.
Abbreviations: AMEX, morning exercise; BGL, blood glucose; CON, control; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; PMEXx, evening exercise; SBP, systolic blood pressure; TC, total cholesterol; VO,peak, peak oxygen uptake.

+15.1 mL-kg~-min~!. Most participants in the intervention groups the intervention. There was a significant group x time interaction for
achieved clinically meaningful improvements (23.5 mL-kg™!-min™?) change in VOypeak (p = 0.002; Table 5). VOypeak significantly
[40] in VOgpeak (AMEx = 69%; PMEx = 75%; CON = 6%) following increased from baseline in both intervention groups, and these
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TABLE 6 Summary of changes in components of energy balance presented by group across the study period

Outcome Time AMEX PMEXx CON Group Time Group x Time
RMR (kJ-d~%) 0.900 0.990 0.951
Baseline 6305 (845) 6403 (1104) 6285 (992)
Post 6257 (883) 6457 (1043) 6167 (1225)
A RMR +45 (525) —32 (715) +2 (691)
MVPA (min-d~?) 0.334 0.001 0.793
Baseline 95 (38) 102 (47) 88 (32)
Mid 140 (37) 127 (45) 100 (35)
Post 114 (46) 110 (42) 103 (30)
A MVPA
Mid +28.4 (28.6) +25.0 (28.6) +17.4 (56)
Post +23.1 (55.4) +9.8 (25.7) +16.3 (24.6)
Light PA (min-d~?) 0.459 0.263 0.698
Baseline 229 (74) 225(81) 238 (89)
Mid 234 (30) 238 (100) 230 (62)
Post 233 (94) 209 (65) 256 (94)
A Light PA
Mid +2.2 (48.5) +19.0 (66.6) —28.4(92.2)
Post +7.8(114.2) —20.8 (60.9) +35.0 (103.6)
Sedentary (min-d~%) 0.497 0.148 0.862
Baseline 625 (153) 635 (108) 608 (100)
Mid 608 (78) 602 (108) 639 (73)
Post 603 (109) 637 (88) 628 (209)
A Sedentary activity
Mid —11.0(77.5) —56.5(96.4) +57.2 (137.6)
Post —25.9 (115.6) —4.7 (81.3) +1.8(185.6)
Energy (kJ) 0.024 <0.001 0.016
Baseline 9028 (3010) 9471 (3101) 9974 (2943)
Mid 7136 (2299) 7723 (2803) 7200 (2435)
Post 6464 (2059) 7237 (2696) 10,312 (3183)
Protein (g) 0.113 0.010 0.128
Baseline 93 (31) 97 (34) 91 (26)
Mid 75 (27) 82 (27) 76 (33)
Post 70 (22) 83(31) 102 (40)
Total fat (g) 0.027 <0.001 0.006
Baseline 92 (38) 95 (37) 102 (34)
Mid 71 (34) 81(37) 65 (27)
Post 60 (29) 68 (34) 111 (39)
Total carbohydrate (g) 0.182 <0.001 0.327
Baseline 222 (89) 234 (91) 245 (103)
Mid 175 (74) 186 (75) 174 (87)
Post 160 (44) 192 (71) 230 (62)

Note: Data presented as mean (standard deviation). Significant differences are indicated in bold.
Abbreviations: AMEX, morning exercise; CON, control; MVPA, moderate/vigorous physical activity; PA, physical activity; PMEXx, evening exercise; RMR,
resting metabolic rate.
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changes were different from CON (AMEx, +4.7 mL-kg~tmin72,
p = 0.034; PMEX, +4.2 mL-kg~1min~%, p = 0.045). There was no sig-
nificant difference in the magnitude of improvement in VO,peak
between AMEx and PMEx (p = 0.820). VO,peak values were signifi-
cantly different from baseline at 3-month follow-up in both interven-
tion groups and at 6-month follow-up for AMEx. There were no
differences in VO,peak for CON during the study period (Supporting
Information Tables S5 and Sé).

Diastolic blood pressure significantly decreased after the inter-
vention in both intervention groups (AMEx, p = 0.002; PMEXx,
p < 0.001) but not in CON (p = 0.952). In PMEX, systolic blood pres-
sure also decreased significantly (p < 0.001). There were no between-
group differences for either systolic or diastolic blood pressure. Blood
biochemistry results showed some modest improvements and were
similar between groups and over time (Table 5). At 12 weeks, fasting
blood glucose levels decreased in PMEXx (from baseline), and total cho-
lesterol decreased in AMEx and was significantly different from CON.
There were no within-group changes or between-group differences
for measures of HDL, LDL, total cholesterol:HDL, or triglycerides.

Components of energy balance

Because of intolerance to RMR testing (feelings of claustrophobia;
n = 4) and equipment malfunction (n = 8), baseline data for RMR were
available for 88 individuals. There were no significant between- or
within-group differences (group or time effects) or group x time inter-
actions (Table 6). Relative to baseline values, moderate/vigorous phys-
ical activity increased during the intervention; significant increases in
moderate/vigorous physical activity were observed in AMEx at 6 and
12 weeks (by 45 and 19 min-d~%, respectively) and at 6 weeks for
PMEXx (+25 min-d~1). These differences were no longer significant at
follow-up and were approaching baseline levels. There were no signif-
icant changes over time for CON.

There was a significant group, time, and group x time interaction
for energy intake; both AMEx and PMEXx reported reductions in total
energy intake, which were also significantly different from CON
(AMEx, —3974 kJ, p < 0.001; PMEx, —3165 kJ, p = 0.001). For AMEX,
total fat and protein intakes measured at mid- and post-intervention
had also declined significantly from baseline. For PMEX, a significant
decrease in protein was observed at mid-intervention and in total fat
at post-intervention, as compared with baseline. Significant changes
observed in the CON group at mid-intervention all returned to base-
line levels at post-intervention assessment (Supporting Information
Tables S7 and S8).

DISCUSSION

The purpose of this study was to investigate the influence of time
of day of exercise on weight loss, cardiometabolic health risk fac-
tors, and components of energy balance in a sufficiently powered

sample of inactive adults with overweight and obesity. After
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rigorous analyses, we found no compelling evidence to support or
encourage exercise exclusively at a particular time of day for
weight loss. We did, however, observe improvements in cardio-
metabolic health, such as weight reduction and increased cardio-
respiratory fitness, increased levels of physical activity, and
positive changes to dietary intake in both intervention groups.
Following the intervention, both exercise groups continued to
lose weight, and the improvements in cardiorespiratory fitness
were sustained.

Studies comparing the effect of morning and evening exercise on
cardiometabolic health and components of energy balance are limited.
Three chronic experimental studies [4, 14, 15] have explored the influ-
ence of time of day of exercise on weight loss and findings are mixed.
After 6 weeks of supervised aerobic exercise training 3 d-wk™* with a
target heart rate on the ventilatory threshold, Alizadeh et al. found par-
ticipants who were randomized to morning training lost significantly
more weight than those randomized to evening training (—1.55
vs. —0.6 kg, respectively). Similarly, in their secondary analysis, Willis
et al. observed significantly greater weight loss in the self-selected
“early-exercise” group (—7.2%) compared with “late-exercisers” (—2.1%)
in their 10-month trial. In contrast, in their 3-month partially supervised
walking intervention, Di Blasio et al. found evening exercisers reduced
fat mass to a greater extent than morning exercisers (—1.71 kg
vs. —0.24 kg, respectively), despite similar rates of adherence between
groups (83% vs. 87% for morning and evening, respectively) [4]. Partici-
pants (n = 29) were asked to walk for 50 minutes, 4 d-wk™%, at an inten-
sity of 55% heart rate reserve in their chosen “walking hour” either in
the morning between 07:00 and 09:00 (after breakfast), or evening
(18:00-20:00, after dinner). Based on these preliminary and conflicting
findings, there is insufficient evidence to encourage exercise participation
at a specific time of day to elicit greater reductions in weight loss.

Body weight regulation is multifactorial and complex. In this study,
there was a mean reduction in total energy intake of approximately
2000 kJ-d~* during the intervention in conjunction with the exercise-
induced energy expenditure (approximately 1600 kJ per session; data
not shown) and no significant changes in RMR or non-exercise physical
activity. This energy deficit of over 3500 kJ-d~* could be considered clin-
ically meaningful. Health professionals encourage patients to make mod-
est lifestyle changes to support their weight-loss endeavors. Previously,
guidance to create an energy deficit of 3500 kcal to lose 1 pound of
body weight has been suggested, the equivalent of a daily energy deficit
of approximately 2100 kJ for 0.5 kg of weight loss per week. However,
the “3500 kcal per pound” rule is often misapplied to predict weight
change, falsely giving the impression and expectations of a linear change
in body weight [41]. Indeed, based on these data, an average overall
weight loss of more than 6 kg should be expected over the course of the
12-week intervention; however, we observed only modest changes in
the intervention groups (AMEx, —2.6; PMEx, —2.1 kg). The difference
between expected and actual weight loss is well-documented in the liter-
ature and may be related to other physiological or behavioral compensa-
tory adaptive responses to oppose the energy deficit [42]. However, we
found no evidence of compensatory adjustments to the exercise stimulus

that could explain the discrepancy based on the measures we collected.
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Despite the strengths of this research, including the randomized
design and sufficiently powered sample size, some limitations must be
acknowledged. The rate of attrition during the intervention period
(18%) was typical (and acceptable) of exercise trials. However, by the
6-month follow-up, the rate of attrition was high (45%) and may have
introduced bias to the results. Although the measurement tools used
in our study were purposefully selected, and in some cases, gold-stan-
dard, their limitations must be considered, especially in a free-living
environment. The difference between expected and actual weight loss
in this study may be due to inaccuracies associated with self-report
energy intake. In their review, Hill and Davies found individuals with
obesity underreport their usual dietary intake by an average of 41%
(range 25%-50%). To assess dietary intake, we used 24-hour
multiple-pass recalls on two separate occasions. Using a multiple-pass
24-hour recall on multiple days, compared with a single day, has been
shown to reduce underreporting from 30% to 11% [43]. Risk of
underreporting could have been even further reduced with the inclu-
sion of a third day [43]; however, this was not feasible due to resource
constraints in our study and also measurement burden. Finally, mea-
sures were only assessed on limited occasions during the intervention
and study period, so it is unknown how individuals may have adjusted
their energy intake and expenditure outside of the assessment
periods. For example, it is possible that participants were motivated
by the accelerometers to exercise more [44], or make short-term die-
tary changes, enabling them to report a more favorable (“socially
desirable”) dietary intakes [45].

CONCLUSION

Participation in regular exercise has many well-documented health
benefits, and experts agree that exercise should be incorporated as
part of individuals’ daily routine. The findings from the research sup-
port the message of Dr. Michael Joyner of the Mayo Clinic who sug-
gests, “the ‘do something’ message is far more important than the ‘do
something at a specific time of the day’ message.” Although it was
not the purpose of our study to specifically investigate the compensa-
tory response to the exercise-induced energy deficit, components of
energy balance were measured in an attempt to explain any observed
differences in cardiometabolic health risk factors. There were no sta-
tistically significant differences in cardiometabolic health risk factors
between AMEx and PMEx; however, there was a greater proportion
of participants randomized to PMEx who achieved clinically meaning-
ful weight loss (33%) and clinically meaningful improvements in
VO,peak (75%), compared with participants randomized to AMEx
(19% and 69%, respectively). This finding warrants further examina-
tion. Trial descriptors of exercise interventions are often suboptimal
and incompletely described in study reports. Consistent reporting of
time of day of exercise interventions among high-quality studies
would significantly contribute to the literature and provide critical
insight into the relative importance (or lack thereof) of prescribing

exercise at a particular time of day.O
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