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Summary

Creating a negative energy balance by decreasing caloric consumption and increas-
ing physical activity is a common strategy used to treat obesity. A large number of
review and original research papers have considered the role of physical activity in
weight loss and maintenance. However, their conclusions are at times conflicting.
In this review, we have critically evaluated the findings of systematic reviews and
meta-analyses and supplemented their conclusions with recently published,
high-quality clinical trials. We have eliminated studies that were methodologically
flawed in an attempt to reduce the ambiguity in the literature. We further sought,
through selective review of these publications, to isolate the effects of various types
of exercise, independent of dietary interventions, to further clarify their
independent contributions. Thus, our review describes (i) combined calorie restric-
tion with physical activity interventions, (ii) physical activity interventions without
calorie restriction and (iii) the role of physical activity on maintenance of weight
loss. Through this critical examination of the literature, we have provided conclu-
sions to address certain ambiguities regarding the role of physical activity in obesity
treatment that will inform clinical practice. We have also identified several long-
standing gaps in knowledge that will inform future research.

Keywords: Aerobic exercise, obesity, resistance exercise, weight loss.

Abbreviations: AE, aerobic exercise; BF, body fat; BMI, body mass index; BW,
body weight; CI, confidence interval; DBP, diastolic blood pressure; DI, dietary in-
tervention; FEM, fat-free mass; FM, fat mass; HR, heart rate; RCT, randomized
controlled trial; RM, repetition maximum; RMR, resting metabolic rate; RT,
resistance training; SBP, systolic blood pressure; SMR, sleeping metabolic rate;
VO, max, maximum rate of oxygen consumption; WC, waist circumference;
WL, weight loss.

Introduction

More than two-thirds (68.5%) of US adults were reported
to be overweight with the prevalence of obesity and extreme
obesity being 34.9% and 6.4%, respectively, in 2011-
2012(1,2). More recently (2013), The Global Burden of
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Disease Study suggested that the prevalence of overweight
and obesity in the USA was 70.9% in men (>20 years old)
and was 61.9% in women (>20 years old) (3). Obesity in-
creases the risk of developing several chronic diseases, such
as coronary heart disease, type 2 diabetes mellitus and cer-
tain types of cancers. It also reduces quality of life and is
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associated with increased mortality. The estimated annual
cost of medical management of obesity-related illnesses in
the USA is more than $200bn (4). The recent AHA/ACC/
TOS Guidelines for the management of overweight and
obesity in adults state that a sustained 3-5% loss of initial
body weight (BW) is recommended in order to give rise to
clinically meaningful reductions in the risks of developing
obesity-related chronic diseases (5).

Creating a negative energy balance, by decreasing energy
intake, increasing energy expenditure or both, is a common
strategy for achieving weight loss (WL) (6). While calorie re-
striction has been consistently shown to be effective in induc-
ing initial WL, findings on the effects of increased physical
activity on weight continue to be debated. In the public
and scientific discourse on the role of physical activity in
weight management, there appears at times to be a consider-
able disconnect among commonly held public opinions, be-
liefs in medical settings and the findings of well-designed
clinical studies. Clarification is needed both to better inform
clinical practice and to identify gaps in the research literature
that should be addressed. A large number of reviews and/or
meta-analyses have been published on the topic of physical
activity in weight management, at times producing conflict-
ing conclusions. To address this issue, we began by critically
evaluating the findings of systematic reviews and meta-
analyses conducted within the last 15 years, choosing, when
available, high-quality reviews with minimal methodologi-
cal challenges. We then examined recent literature from
high-quality clinical trials to further supplement the findings
derived from our ‘review of reviews’.

Process of review

Three authors independently conducted the literature search
using combinations of key words such as exercise, physical
activity, weight loss, diet, calorie restriction and mainte-
nance in PubMed and Google Scholar databases (2000-
2015). Initially, each author screened the abstracts for rele-
vance to the theme of the review paper (i.e. the ability to
address the issue of the independent impacts of exercise
with and without calorie restriction on WL in obesity).
Focus was primarily on available systematic reviews and
meta-analyses, and these were supplemented with available
individual studies. In the cases of methodologically flawed
systematic reviews and meta-analyses (e.g. quantitative
synthesis of the outcomes of heterogeneous interventional
studies, not sufficiently reporting the study selection criteria
and the statistical methods) or those that included studies
that fell outside of the scope of the review, the more
methodologically rigorous or germane individual studies
cited within the meta-analyses were reviewed independently.
All studies that targeted specific populations (e.g. pregnant
women, children and individuals suffering from specific
diseases) were excluded. Also excluded were studies with
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relevant limitations in study design (e.g. not having a
control/comparison group, not describing the methods
sufficiently and clearly enough to determine study quality
and/or applicability and inconsistencies in results shown in
the tables vs. the text of the manuscripts that impact
conceptually
synthesized with a goal of informing both current practice

interpretation).  Finally, studies were
and future research with regard to the potential role of (i)

combined calorie restriction with physical activity
interventions and (ii) physical activity interventions without
calorie restriction on WL. We further sought to provide
initial assessment of the need for additional, specific
research to inform the role of physical activity on
maintenance of WL based on the lack of available research
to clearly address the unique role of physical activity on WL

maintenance.

Combined calorie restriction and physical
activity interventions

Throughout the obesity literature, the majority of studies
combine numerous types of dietary interventions (DIs) with
various types of recommendations to increase physical
activity ranging from basic advice to increase steps taken
throughout the day (habitual activity) to carefully select
and monitor exercise ‘prescriptions’. In this section, we will
consider the relative impact of these types of physical
activity interventions in the context of comprehensive
approaches to weight management. Franz et al. (7)
conducted a meta-analysis of WL studies published from
1997 to 2004. Randomized controlled trials (RCTs) with
obese subjects that included diet, exercise and these
combined were reviewed. Results indicated that pooled
mean WLs at 6months in the diet+exercise combined
interventions compared with the diet-only controls were
7.8+52 vs. 3.7+4.3kg, respectively. While the meta-
analysis included other time points (12, 24 and 36 months),
the extended interventions were methodologically heteroge-
included both
treatment-induced WL and WL maintenance. However,

neous as the summarized outcomes
based on the homogenous 6-month outcomes in this meta-
analysis, the diet+exercise combined intervention was
superior to the diet-only intervention during the 6-month
treatment.

In another meta-analysis of studies published from 1966
to 2007, Wu et al. (8) also concluded that the combination
of diet and exercise interventions induced superior WL
compared with diet-only interventions. In a pooled
comparison of 10 RCTs, comparing the effects of 3- to
18-month diet-only vs. diet+exercise combined interven-
tions, diet-only interventions resulted in a change of
—1.78kg (95% confidence interval [CI]: —4.86, 1.30),
while diet + exercise combined interventions were found to
result in a mean weight change of —3.6kg (95% CIL:
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—6.74, —0.46), with the difference in WL between diet-
only and diet+exercise combined interventions being
—-1.14kg (95% CIL: —2.07, —0.21). Similarly, in a pooled
analysis of the results of seven other RCTs, in which the
outcomes were reported as mean body mass index (BMI)
changes, diet + exercise combined interventions resulted in
a mean BMI change of —1.83kgm % (95% CIL —2.45,
—1.21) compared with the mean BMI change of
1.38kg m2 (95% CL —1.92, —0.84) seen in diet-only
groups. The difference in mean BMI between diet-only
and  diet+exercise  combined interventions  was
-0.5 l<gm72 (95% CI. —0.79, —0.21). However, out of
the 18 considered studies, end-point outcomes of only 12
studies were measured immediately after completing the
WL interventions (with six extending into maintenance
phases). When only study periods that did not have an ad-
ditional follow-up period were included, the mean weight
or BMI change in the diet + exercise combined interventions
was seen to be —0.32 standard deviations (95% CI: —0.46,
—0.19) different than outcomes of the diet-only interven-
tions. Therefore, we conclude from this meta-analysis, sim-
ilar to the previous one, that diet + exercise combined
interventions are superior to diet-only interventions in in-
ducing greater initial weight or BMI reductions.

In addition to the studies considered in these meta-
analyses, some recent trials have sought to further elucidate
the relative contributions of diet and exercise in weight
management. Study details are found in Table 1. In 2010,
Goodpaster et al. (9) reported the effects of the combination
of a DI in the context of initial-onset vs. delayed-onset exer-
cise interventions in subjects with class II obesity. For our
purposes, only those comparisons made during the ‘initial-
onset’ phase (first 6 months) will be discussed. Subjects were
provided liquid diet/pre-packaged meals, and they were
instructed to gradually increase exercise time/frequency/in-
tensity to reach moderate intensity (brisk walking),
60 min/day (continuous or accumulated via 10-min bouts),
S days/week. At the end of 6months, the exercise + diet
group had a significantly greater WL, reduction in waist cir-
cumference (WC) and reduction in fat percentage (% BF)
compared with the diet-only group. Thus, as evidenced by
the outcomes of the first 6 months of the study, the combi-
nation of moderate restriction of calorie intake and
moderate-intensity aerobic exercise (AE) seems to induce
greater WL and to result in improvement in several key an-
thropometric indicators.

In another study of overweight/obese postmenopausal
women, the diet + exercise combined intervention was also
found to be superior in inducing WL compared with
diet-only interventions. Foster-Schubert et al. (10) con-
ducted a 12-month RCT with 439 overweight or obese post-
menopausal women. Participants were divided into four
groups, which were control, diet only, exercise only and
diet + exercise. The controls were asked to maintain their
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baseline physical activity and dietary intake. The diet-only
and diet+exercise groups were assigned a typical low-
calorie diet (1,200-2,000 kcal/day), and the exercise-only
and diet + exercise groups underwent supervised moderate-
to-vigorous exercise, gradually building from 15 min per
session at five sessions per week to 45 min per session (and
a target heart rate [HR] goal of 60-70%) by the end of the
seventh week. This level of exercise was maintained
throughout the remainder of the intervention. Compared
with the control group, all intervention groups achieved
significantly greater weight reductions, with the diet group
losing 7.1 kg, the exercise group losing 2.0 kg and the diet
+exercise group losing 8.9kg. Thus, the combination of
diet and exercise was shown to reduce weight to a greater
extent compared with diet-only interventions (i.e. by
1.8kg), and the difference was statistically significant. In
addition, all intervention groups had significant reduction
of WC compared with the control group, and the WC re-
duction was also significantly greater in the diet +exercise
group compared with the exercise-only group and the
diet-only group. Moreover, % BF was significantly re-
duced in all intervention groups than in the control group,
and reductions in % BF were significantly greater in the
diet + exercise group than in the diet-only group. How-
ever, the reduction of % BF in the diet-only group was
significantly greater than that in the exercise-only group.
Lean body mass increased from the baseline only in the
exercise-only group (+0.3kg). Although the change from
baseline to 12 months was not significantly different in
the control group, it was significantly greater compared
with that in the diet-only and diet + exercise groups, both
of which lost lean body mass during the intervention.
Overall, the findings of this study showed both clinically
and statistically significant benefits of diet+exercise over
diet-only interventions when considering WL alone. More-
over, there seems to be a more favourable effect on % BF
and WC reduction among postmenopausal women in the
diet + exercise condition. These findings highlight not only
the importance of future research closely examining the
challenges faced by postmenopausal women in achieving
meaningful WL via diet and exercise but also the relative
value of WL vs. body composition changes in this uniquely
challenged subgroup of individuals with obesity.

When published individually, most of the studies sum-
marized in the systematic review and meta-analyses con-
ducted by Wu et al. (8) failed to show significant
differences in WL between diet-only interventions and
diet + exercise interventions; however, for some, there were
significant differences noted. Nevertheless, when the data
were pooled in order to increase the power, diet +exercise

interventions were seen to be superior to diet-only inter-
ventions in causing WL. This result was compatible with
the results seen in the previously conducted meta-analyses
(7,11). Thus, a simple review of literature or attention to
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Table1 Changes in weight, BMI, WC, % BF, FM, FFM and VO, max observed in recent studies with diet-only, exercise-only and diet + exercise combined
interventions
Reference Sample gender Duration Group (n) Intervention Weight (kg) BMI (kg m’z)
(%), BMI (kg m ), (month)
age (years)
Goodpaster M + F (88.5), 6 DI (63) Energy intake Pre X + SD 117.4£17.3 437 +53
etal. (9) 35-39.9, 30-55 1,200-2,100 Post X + SD 109.2 £ 16.3 406 +5.1
kcal/day A [A (%)] -8.2[-7.01"" —31[-7A]
DI + AE (67) DI - energy Pre x + SD 120.6 £17.4 435+5.3
intake Post X + SD 109.7 £ 16.5 39.6+5.1
1,200-2,100 A A (%)] —-10.9 [-9.0]>¢ —3.9[-8.9]> %
kcal/day
AE — moderate,
300 min/week
Foster- F', >25 (=23 for 12 DI (118) Energy intake Pre X + SD 84.0+11.8 31.0+39
Schubert Asian—American), 1,200-2,000 Post X + SD 76.9+13.4 28.4+46
et al. (10) 50-75 kcal/day, A [A (%)] -7 -2.6
achieved 10% [-8.5]Px e f [-8.6]°x e f
WL in 6
months
AE (117) 70-85% Pre X + SD 83.7+ 123 30.7 £ 3.7
maximal Post X + SD 81.7+124 29.9+38
heart rate, A [A (%)] —-2.0 -0.8
225 min/week [—2.4]Pxcdf [—2.4]pxcdf
DI+ AE (116) DI - energy Pre X + SD 82.5+10.8 31.0+43
intake Post X + SD 736115 276+45
1,200-2,000 A A (%)] -89 -34
kcal/day, [—10.8]Pxcde [—10.8]P e
achieved
10% WL
in 6 months
AE - 70-85%
maximal
heart rate,
225 min/week
C (87) Pre X + SD 842+ 125 30.7+39
Post X + SD 835+ 123 30.5+4.1
A A (%)] -0.7[-0.8]%°" —0.2[-0.71%f

"Participants were postmenopausal.

PSignificant difference between pre-intervention and post-intervention (P < 0.05).

CSignificant difference compared with control (P < 0.05).
dSignificant difference compared with the diet-only group (P < 0.05).
Significant difference compared with the exercise-only group (P < 0.05).

'Significant difference compared with the diet + exercise group (P < 0.05).

*Cannot be derived from the available data.

TCalculated outcomes that were not available in original manuscripts (calculated fat percentage is defined as fat mass/BW, and calculated fat-free mass is
defined as BW - fat mass).

% BF, body fat percentage; AE, aerobic exercise intervention; BMI, body mass index; C, control group; DI, dietary intervention; FFM, fat-free mass; FM, fat

mass, RT, resistance training intervention; VO, max, maximum rate of oxygen consumption; WC, waist circumference; WL, weight loss.

single, recently publicized studies may be misleading those
attempting to inform their patients or the public at large
about the value of combining diet with exercise to achieve
initial WLs. A popular lore often stated among many
healthcare professionals is that exercise is only useful for
maintaining weight lost. However, when one considers
the literature that exclusively considers active treatment
(as opposed to mixed-treatment maintenance studies), a
different picture emerges. Specifically, in these meta-
analyses, the pooled mean WL resulting from diet

© 2016 The Authors. Obesity Reviews published by John Wiley & Sons Ltd on behalf of World Obesity Federation

+exercise combined interventions was seen to be greater
than the WL observed in diet-only
Goodpaster et al. (9) also substantiated the earlier evi-
dence. Other well-controlled studies have reported similar
results (12,13). Furthermore, in almost all studies, the
diet + exercise combined interventions resulted in at least

interventions.

a 3-5% or even greater WL as shown in Table 1.
In conducting our review of the literature, we found
that failing to adequately segregate active treatment from

follow-up periods was a common contributor to

Obesity Reviews 17, 1226-1244, December 2016
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Table 1 Continued

Reference WC (cm) % BF FM (kg) FFM (kg) VO2 max
(mL kg !
.o—1
min )
Goodpaster 121.7 £12.0 50.47% 59.2+125 56.6+8.7 *
etal. (9) 116.5+12.0 48.8" 533+11.9 545+86 *
—517 [-4.2]>f -1.6[-3.2] —59[-10.0]>f —2.1[-3.7P ™ .
124.4+12.0 50.09" 60.4+12.3 58.7+87 *
1158+ 12.3 47171 517+117 56.3+8.8 *
—-8.6[-6.9]>¢ —29[-5.8]" —8.7 [-14.3]>¢ —2.4 [—4.1]° 9 *
Foster- 94.6 +10.2 470+43 39.7 +8.1 443% *
Schubert 902+ 115 428+6.6 33.6+10.0 433" *
et al. (10) 44 [Tt ~4.2[-89] > ~6.1[-15.6] " -10[-23] .
95.1 +10.1 47.3+4.1 39.9+82 438" *
93.1+9.8 457 +4.9 37.8+8.7 439" *
—2.0[-2.1]pr ot —1.6 [-3.3Pxdf —2.1 [-5.3prodt 0.1 [0.2] *
937+9.9 474 +45 39.4+79 4311 *
86.7+11.6 415+7.0 312+95 42.47 *
—7 [-75Pcde —5.9 [—12.4]Pxcde —8.2 [—20.8]Pxde —0.7 [-1.6]* *
94.8+10.2 473+4.4 401+85 4411 *
95.7+9.6 471£52 39.7+87 438" *
0.9[1.01%¢f —0.2[-0.3]%ef —04[-101%¢&f —0.3[-0.7] *

misinterpretation of outcomes. This practice obscures the
ability to look more exclusively at the unique contribution
of exercise to WL during the ‘active’ phases of treatment.
When this limitation of the body of evidence is attended
to, a clearer picture of the value-added benefit of combin-
ing diet with physical activity in order to lose weight
becomes apparent.

Physical activity interventions without calorie
restriction

From the results reviewed in the previous section, it is
evident that in the context of comprehensive weight
management interventions, the combination of exercise with
dietary prescriptions results in better outcomes in terms of
WL and other anthropometric changes over diet alone. In

Obesity Reviews 17, 1226-1244, December 2016

this section, we consider the effect of various types of physi-
cal activity (in the absence of prescriptive DI) in overweight
and obese populations. We review the literature examining
the effects of prescribed AE and walking interventions, resis-
tance training (RT) and also habitual activity (steps accumu-
lated throughout the day) in programmes where food intake
is not prescriptively controlled in order to determine whether
these types of exercise interventions play an independent role
in inducing WL.

Aerobic exercise and walking interventions without
calorie restriction

Aerobic exercise is commonly applied in the management of
obesity in order to achieve WL. Several systematic reviews
and meta-analyses have attempted to examine the effects of

© 2016 The Authors. Obesity Reviews published by John Wiley & Sons Ltd on behalf of World Obesity Federation
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Table 2 Changes in weight, BMI, WC, % BF, FM, FFM and VO, max observed in recent studies with aerobic exercise interventions

Reference Sample gender Duration Group (n) Intervention Weight (kg) BMI
(%), BMI (kg m™?), (month) (kgm )
age (years)
Alves F2 >25, 6 AE (78) 40-60% heart Pre X + SD 712+78 29.8 £ 3.1
etal (17) 20-60 rate reserve, Post X + SD 69.9+8.2 29.2+35
150 min/week A [A (%)) —1.26 [-1.83]°° —0.6 [-2.0]P¢
C (78) Pre X £ SD 745+11.0 30.3+3.4
Post X + SD 749113 30.4+35
A[A (%)] 0.4 [0.5]° 0.1[0.3]°
Nishijima M2 + F® (58.3), 6 AE (281) 70% VO, max, Premedian 652+ * 26.5+*
etal. (18) >30, 40-89 80-160 min/week Postmedian * *
A A (%)] -1.9[1>° )
C (280) Premedian 65.3+* 265+
Postmedian * *
A A (%)] 0.3 ["]°° )
Donnelley M, 25-40, 10 AE — 600 kcal/ 70-80% maximal Pre X £ SD 1021+ 11.7 32.1+35
etal. (19) 18-30 session (19) heart rate, Post X + SD 96.2 + 14.2 30.2+4.3
five sessions/ A A (%)] —5.9[-5.8]°¢ —1.9[-5.9]P¢
week
AE - 400 kcal/ 70-80% maximal Pre X + SD 99.9+19.4 320+55
session (18) heart rate, Post X + SD 96.1+19.0 30.8+55
five sessions/ A [A (%)] —3.8 [-3.8]°° —1.2[-3.8]°°
week
C(9) Pre X £ SD 96.2+ 11.1 306+4.2
Post X £ SD 96.7 =125 30.7+4.4
A [A (%)] 0.5 [0.5]°"°? 0.2[0.7]°"°2
F, 25-40, 10 AE — 600 kcal/ 70-80% maximal Pre X +SD 81.3+13.0 29.1+38
18-30 session (18) heart rate, Post X + SD 769+ 128 275+37
five sessions/ A [A (%)] —4.4 [-5.4]P° —1.6 [-5.5]°°
week
AE - 400 kcal/ 70-80% maximal Pre X £ SD 83.3+18.9 304 +56
session (19) heart rate, Post X + SD 79.2+18.1 289+54
five sessions/ A A (%)] —4.1 [-4.9]°° —1.5[—4.9]P°
week
C(9) Pre X + SD 787 £12.6 289+34
Post X + SD 79.2 141 291+4.4
A [A (%)] 0.5 [0.6]°"*? 0.2 [0.7]°"*?
Irwin F' >25, 12 AE (87) 60-75% maximal Pre X + SD 81.6+148 30.5+42
et al. (20) 50-75 heart rate, Post X + SD 80.3+* 30.1+*
225 min/week A A (%)] —1.3[-1.6]°° —0.3[-1.0]°°
C (86) Pre X + SD 81.7+121 30.6 3.7
Post X £ SD 818+~ 309+*
A [A (%)] 0.1[0.1° 0.3[1.0]°

"Participants were postmenopausal.

2Participants were Brazilian.

SParticipants were Japanese.

bSignificant difference between pre-intervention and post-intervention (P < 0.05).

“Significant difference in weight loss compared with control (P < 0.05).

°Significant difference compared with the aerobic exercise group (P < 0.05).

®TSignificant difference compared with the AE 600-kcal-per-session group (P < 0.05).

©2Significant difference compared with the AE 400-kcal-per-session (P < 0.05).

®'Significant difference compared with the AE + RT group (P < 0.05).

'Significant difference compared with the RT group (P < 0.05).

*Cannot be derived from the available data.

TCalculated outcomes that were not available in original manuscripts (calculated fat-free mass is defined as BW — fat mass).
% BF, body fat percentage; AE, aerobic exercise intervention; BMI, body mass index; C, control group; FFM, fat-free mass; FM, fat mass; RT, resistance
training intervention; VO, max, maximum rate of oxygen consumption; WC, waist circumference.

exercise interventions on WL outcomes. Franz et al. (7) attempt to examine the effects of AE alone. Our review of this
included four trials, published between 1 January 1997 and study, however, concluded that heterogeneity of included
1 September 2004, in a subanalysis in their paper in an study designs and exercise interventions between the

© 2016 The Authors. Obesity Reviews published by John Wiley & Sons Ltd on behalf of World Obesity Federation Obesity Reviews 17, 1226-1244, December 2016
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Table 2 Continued

Reference WC (cm) % BF FM (kg) FFM (kg) VO2 1rna><
(mLkg min )
Alves * * * * *
etal (17) * * * * *
Nishijima 89.0+* * * * 207 +*
etal (18) * * * * *
_4.4 [*]b,c * * * 24 [*]b‘c
88.8+* * * * 21.0+*
_26 [*]b,e * * * 04 [*]b‘e
Donnelley * 37.0+50 36.4+75 65.0+7.3 36.4+6.4
etal. (19) * 325+6.8 30.5 = 10.1 65.4+7.4 442+76
* —45[-12.2]°¢ —5.9[-16.2]>¢ 0.4 [0.6] 7.8 [21.4]°°
* 35.4+68 345+116 64.4+99 371+65
* 328+75 311+114 64.4+9.2 429+80
* —27[-76]° —3.6[10.4]° 0.0 [0.0] 5.8 [15.6]°°
* 369+44 34179 60.7 +5.0 343+58
* 358+56 340+95 62.8+6.2 330+6.4
* —1.1[-3.0° —~0.1[-0.3)*" 2.1[3.5] —1.3[-3.8]°"¢?
* 435+57 341+94 46.1+£5.3 316+38
* 39.4+68 29.7+96 46.9+48 372+47
* —4.1[-9.4]°° —4.4[-129]°° 0.8[1.7] 56 [17.7]°°
* 436+58 34.8+11.1 46980 29.8 + 4.1
* 405+73 317122 47077 359+6.2
* —3.2[-7.3° —3.4[-10.0° 0.1[0.2] 6.1 [20.5]°°
* 451 +46 341+78 435+5.1 302+33
* 450+55 345+92 437+6.3 29.8+37
* —0.1[-0.2)¢ 0.4 [1.2]° 0.3[0.7] —0.4 [—1.3]°"e?
Irwin 93.1+117 476+49 385+99 4311 20.1+38
et al. (20) 92.1+* 464 +* 371" 432t 31.8+*
—1.0[-1.1]° —1.2[-25]°° —1.4[-3.6]°° 0.1[0.2]* 11.7 [58.2]P°
935+ 105 47.4+47 38.4+84 433" 20.4+3.0
936+ * 472+* 383+* 4357 211 +*
0.1[0.1] —0.2 [-0.4]° —0.1[-0.3]° 0.2[0.5]* 0.7 [3.4]°

included trials was too extensive to allow for meaningful
conclusions to be drawn. For instance, in one study,
conducted by Pichard er al. (14), the exercise intervention
was unsupervised and varied from walking to attending
scheduled programmes at a gymnasium. Another study (15)
did not have a control group, limiting the accuracy of the
comparison of the results of this study with the pooled
outcomes of controls of other studies. Therefore, this meta-
analysis was excluded.

More recently, Thorogood et al. (16) conducted a system-
atic review and a meta-analysis to directly examine the
effects of isolated AE on WL, WC and blood pressure. They
included 14 RCTs that were published between 1 January
1970 and 20 January 2010, which compared an exercise-only
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(no prescribed diet) group to an inactive control group.
From their pooled analysis of the results of two studies,
6-month exercise programmes were seen to induce a modest
weight reduction of 1.6 kg (95% CI: 1.56, 1.64). In a pooled
analysis of three other studies, the mean WL seen in 12-
month AE interventions was found to be 1.7kg (95% CI:
1.11, 2.29). One limitation involves the fact that the exercise
modalities (e.g. walking, cycling, aerobics and jogging),
intensity of exercise and frequency of exercise were not
uniform across the considered trials, which limits our ability
to draw specific conclusions about the relative contributions
of these factors. Nevertheless, the results of this meta-
analysis confirmed that AE interventions seem to reduce
weight by approximately 1.6kg at 6 months and 1.7 kg at
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12 months. However, based on several limitations of this
meta-analysis, we will review these studies independently
here in order to better understand the significance. Results
are summarized in Table 2.

Alves et al. (17) conducted an RCT examining the effects
of a supervised exercise programme on weight and BMI
reduction in overweight and obese adult Brazilian women.
The exercise programme was aerobic in nature and included
5Smin of warm-up exercises, 40 min of moderate-intensity
exercises such as brisk walking or stepping to high-tempo
music and Smin of cool-down exercises. The treatment
group took part in exercise sessions 3 days/week for a
period of 6 months. The controls were not exposed to any
intervention during the 6-month period. Results indicated
that for weight and BMI the AE group was superior. There-
fore, at the end of this well-designed and adequately
powered RCT, the authors concluded that AE interventions
conducted for a period of 6 months could give rise to a
modest (approximately 2%) WL.

In another study conducted in Japan, involving 40- to
89-year-old overweight and obese men and women,
Nishijima et al. (18) found similar results. They randomized
561 eligible individuals who were free from cardiovascular
disease or other uncontrolled medical conditions into
exercise and control groups. Participants in the exercise
group engaged primarily in prescribed AE using a bicycle
ergometer were instructed to gradually increase intensity,
which was objectively increased from 40% of maximum rate
of oxygen consumption (VO, max) to 70% of VO, max in
two to three steps. They completed two to four sessions of
exercise each week, and the duration was increased concur-
rently from 20 to 40 min per session. Light RT was also
added to the regime towards the end of the intervention.
The control group was instructed to maintain their physical
activity at baseline levels. At the end of the 6-month inter-
vention period, the mean WL and reduction of WC
(corrected for baseline differences) for the exercise group
were significantly greater than those for the control group.

In 2013, Donnelley et al. (19) reported the results of
Midwest Exercise Trial 2, a 10-month RCT designed to
compare the effects of different volumes of prescribed AE
without energy restriction in sedentary overweight or obese
participants. In it, they compared three groups based on
different levels of energy expenditure per session (i.e.
control, 400kcal per session and 600kcal per session).
Participants in the exercise groups attended five supervised
exercise sessions per week, which were primary walking or
jogging, starting from 150 kcal of energy expenditure per
session and increasing gradually to 400 or 600 kcal per
session at the end of 4 months. All participants were asked
to maintain their habitual physical activity (outside of
planned sessions) and dietary intake at a constant level
throughout the 10-month intervention. The level of physical
activity in the control group did not deviate from the
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baseline throughout the study, and energy intake did not dif-
fer between the groups. Compared with the control group,
each of the exercise groups achieved a statistically significant
WL, reduction of BMI and increased aerobic capacity. The
600-kcal-per-session group had significant reduction in %
BF and BF at the end of the trial. The 400- and 600-kcal-
per-session groups were found to have lost 4.3% and 5.7%
of initial BW, respectively, compared with 0.5% weight gain
observed in the control group. There were no differences be-
tween the exercise groups in physical activity, WL, aerobic
capacity or % BF reduction. Therefore, results showed that
supervised exercise, even in the absence of a dietary restric-
tion, is an effective intervention for achieving clinically
meaningful WL in overweight or obese young adults.

In 2003, Irwin et al. (20) published the results of the
Physical Activity for Total Health Study, which was a
12-month RCT that examined physical activity and WL in
overweight postmenopausal women. The intervention
consisted of five 45-min sessions per week, of which three
sessions per week were supervised during the first 3 months
and one session per week was supervised thereafter. Exer-
cise was predominantly aerobic and included walking, aero-
bics and bicycling. The intensity was increased from
maintaining 40% of the maximum HR for 16 min initially
to a goal of 60-75% of the maximum HR for 45 min.
Strength training was also recommended at a low intensity
but not required, and only 5.8% of the participants engaged
in strength training. The controls engaged in stretching ex-
ercises only and followed a similar schedule as the exercise
group. At the end of the 12-month intervention WL and
BMI, fat mass (FM) and % BF reductions were greater in
the exercise vs. control group. There were no reported dif-
ferences in caloric intake among groups, and dropout rates
were reported as extremely low in this trial. Therefore, as
evidenced by the results of this well-controlled study, AE in-
terventions, even after being conducted for as long as 1 year,
seem to reduce BW modestly in postmenopausal women.

Our review of literature suggests that the WL seen in 6- to
12-month structured AE interventions, in the absence of a
DI, is typically 2-3% of the initial BW. This finding has been
a consistent observation, not only in the studies we have de-
scribed earlier but also in several other studies that examined
AE-induced WL as an indirect or secondary outcome (21—
27). In only one case, the Midwest Exercise Trial 2(19),
was a WL that exceeded the AHA/ACC/TOS Guidelines rec-
ommendation (5) (3-5% loss of initial BW) achieved. This
outcome was observed in the high-dose, 600-kcal/day group
within a period of just 4 months. This finding is important
for several reasons. When combined with the findings re-
lated to interventions using diet + exercise combined, it sug-
gests that there may be a somewhat synergistic effect of
diet and exercise. In addition, it tends to support the notion
that higher volumes of exercise may produce benefit inde-
pendent of short-term lapses in ideal caloric control. In terms
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of the more modest WLs achieved in most studies involving
AE without dietary restriction, some have argued that the
myopic focus on 5-10% or greater WLs as mandatory for
health benefit may be misguided. In fact, it has been sug-
gested and that even modest WLs of less than 3%, when
achieved via physical activity, have similar health and qual-
ity-of-life benefits to greater amounts of weight lost without
exercise (28). In our review thus far, we have noted consis-
tent improvement in WC related to both diet + exercise and
also exercise alone in the pursuit of WL. Moreover, as Blaire
et al. (28) have discussed in their recent review, marked im-
provements in lipid profiles, insulin sensitivity and inflam-
matory markers have been observed in many studies
examining the effects of exercise, in which the observed
WL had been less than 3% of the initial weight. Therefore,
AE interventions, even in the absence of an associated die-
tary restriction, seem to be an effective modality of achieving
meaningful WL and associated health benefit.

Whether a dose-response relationship exists between the
AE volume and the WL outcome is another important consid-
eration. Our review of the literature suggested that a 6-month
AE intervention typically results in a 2-3% WL, as compared
with the 3-5% WL recommended in the AHA/ACC/TOS
Guidelines. However, on close examination of the interven-
tions, the intensity of exercise, the frequency of exercise ses-
sions and the target groups appear to predict the WL
outcomes to a greater extent than the duration of exercise in-
terventions. For instance, the 6-month interventions con-
ducted by Nishijima et al. (18) and Alves et al. (17) were
moderate-intensity interventions lasting for 40 min/day con-
ducted at a frequency of two to four sessions/week. The mean
WL outcomes in the two interventions were 1.59 and 1.69 kg,
respectively. On the other hand, Donnelly et al.(19) conducted
their interventions daily at a higher intensity for 4 months and
achieved more than twice the WL observed by others even in
the 400-kcal/day group. Lee et al. (29) conducted a study in
young men with obesity to show effects of extremely high ex-
ercise volume with high-energy intake on WL outcomes.
More than 190 young men (aged 17-19years) were
instructed to follow military training for 20 weeks. The
high-intensity training began at 10 h/week and was increased
to 20 h by the 12th week. Meals were provided and no dietary
or caloric restrictions prescribed. The study is limited by no
calorie consumption data being collected. Nonetheless, the
20-week exercise intervention resulted in a mean WL of
12.5kg and it was mainly from FM loss (i.e. 11.9 kg). This
study suggests that at least in young men with obesity, high-
dose and high-intensity exercise (without prescribed caloric
restriction) can lead to a substantial WL.

To enhance our understanding of the potential dose-
response relationships, it is timely to pool the data of all
the interventions together and construct statistical models
to identify the specific factors in AE interventions that pre-
dict WL outcomes. If this is limited by the heterogeneous
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methods used in different studies, a multi-centre RCT could
be designed to further elucidate the issue.

Habitual activity and/or daily walking interventions
without calorie restriction

Sedentary lifestyle is often assumed to be a contributing fac-
tor in obesity (30,31). The number of steps taken by an in-
dividual each day is considered as a marker of such
activity. For instance, a sedentary lifestyle is defined as a
daily step count that is less than 5,000 steps, whereas an ac-
tive lifestyle is defined as a daily step count of more than
8,000-10,000 steps (32). Therefore, habitual increases in
activity (monitored using pedometers) have long been
recommended as part of a multicomponent approach to
WL. In fact, at times, the recommendation to reach
10,000 steps per day has been substituted as a recommenda-
tion for adequate exercise for those engaged in WL
programmes. Here, we consider the evidence in support of
that recommendation. Studies are summarized in Table 3.
It is important to note that this body of literature is at times
confounded by the nature of the instructions to and/or ac-
tions of participants. While the intention is to simply
achieve the required steps, there is variability in how this
is achieved, ranging from simply parking further away or
going up and down stairs as opposed to using elevators to
intentional walking for sustained periods of time.

In 2012, David et al. (33) reported the results of a 12-
week walking intervention, for postmenopausal women.
The primary comparison was to determine the value of hav-
ing a coach with whom the participants interacted via an in-
teractive voice response system to receive support. All
participants were told to increase their daily steps until they
reached 10,000 steps per day, and they were asked to report
their daily steps via the interactive voice response system. A
pooled analysis conducted at the end of the intervention re-
vealed significant reductions in BMI, BW and WC. Based on
the results, the authors suggested that taking 10,000 steps
per day had significant favourable effects on improving
weight management. Unfortunately, the authors did not re-
port height and weight at baseline or the percentage of
weight reduction. However, because a loss of 0.93 kg even
in a typically obese individual with a weight of 100 kg trans-
lates into a percentage WL of less than 1% (as compared
with the 3-5% WL recommended by the AHA/TOS/ACC
Guideline), the WL associated with the intervention appears
minimal yet relevant.

A similar finding was reported by Musto et al. (34). They
recruited 84 sedentary overweight women and used pedom-
eters to measure spontaneous physical activity at baseline
and after a 12-week intervention. During the intervention,
the participants were given a goal to gradually increase their
daily step count by 10% during each week. After they
reached 10,000 steps per day, the rate of incremental

© 2016 The Authors. Obesity Reviews published by John Wiley & Sons Ltd on behalf of World Obesity Federation



1235

Physical activity and obesity ~S.-H. Chin et al.

obesity reviews

'90UBJBJUINDIID I1SIBM ‘DA ‘UoRdWNSUOD USBAXO JO 81e) WNWIXeW ‘Xew SO/ 'SSew 18} ‘|4 ‘Ssew aaij-18} ‘N4 ‘dnoib [01auod ' xapul ssew Apog ‘|INg ‘ebeiusdlad e} Apoq ‘49 %
“BJEp O|QB|IEAB 8} WOJ} POALISP 8] Jouue),

(S0°0 > d) 103u0d Yim pasedwod sso| Jybiem ul eduaieip JuedyiubiS,

(G500 > d) uonuaAIBlU-SOd pue UoRUBAIRIUI-O1d UBOMIBT DOUBIBHIP JUBDIIUBIS,

"(Rep/000S> sdeis suljeseq) euljeseq je Alejuepes alom siuedioied,

‘lesnedouswsod a1em sjuedionied,

« « . « [o]o Jleoalto Jleoaleo [(%) VIV
. . « . €01 F7'98 2G¥F662 CELFI6L as ¥ x 1sod
. . . . 76 F 98 0G*862 82l 596 as¥xeid ¥€) 0
la)jealayl
BSEBaJOUl Yoam Jod %E
‘000°0} =1unod
dais [nun yeem Jad
. « « . alz0-190—  oglot=le0o— oglot—I180— [(%) VIV %01 Aq peseaioul
. . « . 601 F1'98 €GF20¢e €91 F€08 ASFXIS0d  JUN0D dejs ‘eoue|jIoAINS €926y (e€) 1e e
, « . « €LLF.98 SGFH0e L9LF0'18 asFxoud leowiopad ‘Budiepm  (€p) 9ANOY € ‘GGFH0E ‘A OIsNIN
Apeam usab
Moeqpes) palojiuow
x x . « gl egt— ql68'0—1 820~ qlsl €60~ [(%) VIV Sjunoo dais ‘ABP/000°0L
« « « « . LFeele . aS¥x1sod  yoeau o} [eob dajs Ajrep (ee) 1212
. . « . . Ly FGLe . as¥xeid e yum Busiiepm (1.2) Bupiiepm € G/>‘ov-Ge¢ ‘4 pireq
(sseah) abe
(_uw Byqw)  (B%)  (B%) (wo) (,_wb) (Bx1) (quuow) —*(,_wiBx) INg ‘(%)
Xew oA N4 e 49 % OM NG wBIdoM uoljuaAlalu| (u) dnoug uoneing Jopuab ajdwes aoualajey

SUOUBAIBIUI Buly[BM YlIIM SBIPNIS JU8DaJ Ul PAAISSJO Xew SOA PUB N4 ‘A4 ‘49 % ‘OM ‘IING ‘ubBlem ul sebuey) ¢ ajqeL

Obesity Reviews 17, 1226-1244, December 2016

© 2016 The Authors. Obesity Reviews published by John Wiley & Sons Ltd on behalf of World Obesity Federation



1236 Physical activity and obesity S.-H. Chin et al.

obesity reviews

increase of the number of steps was reduced to 3% per week
for the remaining weeks in the programme. In post hoc
group assignment, those participants who increased their
step counts to more than 3,000 steps compared with the
baseline were considered as the active group, and those
who increased less than 3,000 steps or defaulted were con-
sidered as the controls. At baseline, there were no differ-
ences in age, BW, BMI, daily steps, Stanford Usual
Activity Questionnaire scores and resting HR between
groups, but the mean calorie intake of the active group
(2,017 = 375 kcal) was significantly less than the mean base-
line calorie consumption of the control group (2,186
+332keal). Compared with the baseline, the mean daily
step count of the active group was significantly increased
by 5,646 1,328 steps, and the daily steps of the control
group were also significantly, but modestly, increased by
743 + 546 steps. The change of daily steps was significantly
different between groups. Reductions were seen in mean
BW, mean BMI, resting HR, WC, systolic blood pressure
(SBP) and fasting glucose compared with the baseline in
the active group, and the authors concluded that gradually
increasing the step count in the walking programme had a
mild but significant favourable effect on individuals who
were overweight. Unfortunately, because the active group
had a lower mean energy intake compared with the con-
trols, the small yet significant improvements in the outcome
variables may have been due to the combination of both the
intervention and reduced energy intake.

Murtagh ef al. (35) conducted a meta-analysis to examine
the effect of a walking programme on the risk factors of car-
diovascular disease in an inactive population. They selected
32 RCTs, with the following criteria: (i) the trial must be at
least 4 weeks in duration, (ii) it must include sedentary but
healthy participants, (iii) it must have at least one group receiv-
ing only a walking intervention and (iv) it must report cardio-
vascular disease-related risk factors both before and after the
intervention. In the 32 selected references, participants were
30 to 83years old, the mean intervention period was
18.7 weeks, the length of interventions varied from 20 to
60min per session with frequencies ranging from 2 to
7 days/week and the intensities of physical activity (i.e. walk-
ing) varied from light to vigorous. There was a significant im-
provement in the aerobic fitness among the participants
following walking interventions (VO, max
3.04mLkg 'min~', P<0.001). The walking interventions
also resulted in a significant reduction of BMI (—0.53 kgm 2,
P <0.001), WC (-1.51Tcm, P<0.001), BW (—1.37kg,
P <0.001), % BF (—1.22%, P < 0.001), SBP (—3.58 mmHg,
P < 0.001) and diastolic blood pressure (DBP) (—1.54 mmHg,
P=0.02). Overall, the meta-analysis suggested several health
benefits and a modest WL associated with walking interven-
tions. If we are to attempt to translate the WLs observed here
into percentages, in a typically obese population, a mean WL
of 1.37 kg would translate to a percentage weight reduction of
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1.5% or less. Even though this is less than the AHA/TOS/ACC
recommendations, this meta-analysis also confirmed the no-
tion that walking alone may have a small but potentially
meaningful impact on weight.

These small, yet significant, beneficial effects of walking
interventions were confirmed by Hanson and Jones (36) in
another meta-analysis and systematic review, which in-
cluded studies published before November 2013. Inclusion
criteria were participants aged >19 years, mainly group-
based inclusion, outdoor walking interventions and reports
of physiological or psychological outcomes. In 42 selected
studies, there were 1,843 participants, the majority of whom
were women, and the mean age of the participants was
58 years. Most of the studies were conducted within the
USA, and 74% of the studies were conducted between
2003 and 2013. Health status of the participants, duration
of interventions and exercise volumes in selected studies
varied. Health conditions included arthritis, dementia,
diabetes mellitus, psychiatric disorders, overweight and obe-
sity. Durations of interventions ranged from 3 weeks to
1year, and exercise volumes varied from self-determined
low-intensity to high-intensity walking. The mean rate of ad-
herence was 75%. Results from the meta-analysis indicated
that there were significant increases in VO, max
(2.66 mLkg ' min~', P<0.001), physical functioning score
(SF-36 score, 6.02 points, P=0.03) and metres of walking
in 6 min (79.6 m, P<0.001). There were significant reduc-
tions in SBP (—3.72 mmHg, P<0.001), DBP (—3.14 mmHg,
P<0.001), resting HR (—2.88bpm, P<0.001), % BF
(—1.31%, P=0.001), BMI (—0.71kg m 2, P=0.003), total
cholesterol (—0.11 mmol L™, P = 0.03) and depression score
(—0.67, P<0.001). Reductions in all of the earlier measures
except for DBP (P=0.03) and depression score (P<0.001)
were seen homogenously across all the considered studies.
This meta-analysis suggests that outdoor and group walking
interventions seem to be effective strategies to improve
health outcomes, which included lowering BMI and % BF.
We could not translate BMI reduction (—0.71 kg m3)toa
percentage reduction in order to compare with the outcomes
of previously described studies and analyses. However, this
reduction was greater than the BMI reductions observed in
previously described studies and meta-analyses. This may
be due to the inclusion of studies that were conducted for
longer durations (up to 1year) and due to the inclusion of
walking interventions conducted at higher intensity.

Considering the available evidence, walking interventions
that primarily focus on increasing the number of steps taken
in a unit of time such as a day and/or somewhat more
planned walking interventions of modest intensity appear
to be producing statistically significant reductions in weight
as compared with control groups, yet by only 1-1.5% of the
initial weight. However, brisk walking has been used effec-
tively in several studies described under the AE section, with
subjects maintaining 60-80% of the maximum HR during
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exercise sessions and ultimately achieving a WL of at least 2—
3%, approaching the WL targets recommended in the
AHA/ACC/TOS Guidelines. As described in the previous
section, the intensity of AEs seems to play an important role
in causing WL. In this section, included walking studies that
did not typically cite nor attend to intensity of walking were
not a major concern. Thus, it would appear, given what was
noted previously, that intensity may explain the smaller
effect sizes in WL and BMI reduction observed in walking
interventions that primarily focus on self-determined low-
intensity walking and/or increasing daily step counts with
regard to WL outcomes.

Resistance training interventions without calorie
restriction

Generally, it is assumed that WL is accompanied by a loss of
both the FM and fat-free mass (FFM) and also that
increased FFM is associated with increased resting energy
expenditure (37). Exercise-induced WL in general results
in a lesser degree of FFM loss compared with diet-only-
induced WL, and some studies have indicated that RT
may play a role in preserving (or potentially increasing)
FFM or during WL induced during diet + exercise com-
bined interventions (38). There is a paucity of literature
examining the impact of RT within the context of WL.
However, several studies designed to test other outcomes
also allow examination of this question and thus are
included here. Results are summarized in Table 4.

In 2009, Kirk et al. (39) examined whether minimally
supervised RT will increase daily energy expenditure and im-
prove fat oxidation in a young overweight sedentary popula-
tion. Sixty-three overweight participants were randomly
assigned into control and RT groups, of whom only 39
participants completed the calorimetry protocols in the
study. Subjects in the RT group participated in three
sessions of supervised RT per week for 6 months. Each RT
session was made up of three to six repetitions of a set of nine
exercises to train major muscle groups. Both groups were
instructed to maintain their baseline dietary intake and spon-
taneous activity at a constant level. Total energy and macro-
nutrient intakes were evaluated using monthly 24-h recalls
and 3-day food records. These were not significantly differ-
ent compared with the baseline and were not different be-
tween the two groups. Compared with the baseline, the
weight and BMI of both groups increased significantly from
baseline, but there was no difference between groups. FFM
was significantly increased in the RT group, whereas the
FFM in the control group did not increase. Also, the FM
and % BF increased significantly in the control group, while
FM in the RT group did not increase significantly compared
with the baseline. After the 6-month intervention, resting
metabolic rate (RMR) and sleeping metabolic rate (SMR)
in participants in the RT group increased significantly
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compared with the baseline. Post-intervention SMR in the
RT group was significantly greater compared with the corre-
sponding SMR in the control group. However, there are
several notable limitations. First, it is difficult to evaluate
the issue of increasing BMI in this study as the authors
sampled energy intake only for 3 days/month and they used
self-reported data. In addition, the subpopulation, which
underwent calorimetry, was selected by convenience
sampling. Thus, our interpretation of this study must be
cautious. However, this study does provide some limited
support for the notion that RT can increase RMR and
improve body composition in overweight subjects.

Willis et al. (40) examined the effects of exercise on body
mass and BF in subjects with dyslipidemia. Subjects were
largely sedentary (i.e. did not engage in regular exercise
for more than one to two times per week) and did not have
a history of hypertension, diabetes mellitus or coronary ar-
tery disease. Participants were asked to maintain their life-
style in a 4-month run-in period and then were randomly
assigned into three different groups including RT, AE, and
AE plus RT (AE/RT) for 8 months. Participants in the AE
group were asked to perform supervised, HR-monitored ex-
ercise, and the exercise volumes were progressively in-
creased from 65% to 80% of VO, max to reach about 12
miles/week in the first 8 to 10 weeks. Participants in the
RT group performed supervised training, and the training
volume was gradually increased to 8 to 12 repetitions per
set, three sets per session, at a frequency of three sessions
per week by week §. Participants in the AE/RT group per-
formed the same volumes of both AE and RT. All groups
did not receive DIs, and WL was not indicated as a goal.
Adherence rates were not significantly different across the
three groups. Daily energy intake was not significantly dif-
ferent between groups at baseline and did not significantly
change compared with the baseline. Compared with the
baseline, the AE and AE/RT groups achieved a significant
mean WL, and the RT group had a significant weight gain.
All three groups achieved significant reductions in WC, FM
and % BF and significant increases in VO, max. The RT
and AE/RT groups had significant increases in FFM and
thigh muscle area compared with the baseline and the AE
group. To summarize, only the groups that included AE
showed favourable changes in weight, WC and FM from
baseline, and only the groups that included RT showed
favourable changes in FFM and thigh muscle area. Further-
more, between-group comparison showed that the AE/RT
group had a significantly greater % BF reduction compared
with the AE and RT groups. However, FM, % BF, WC and
VO, max improved as compared with the baseline for all
groups, with the AE and AE/RT groups achieving signifi-
cantly higher reductions of FM and % BF compared with
the RT group. Finally, strength, FFM and thigh muscle were
each improved in the groups with RT. While it may be tempt-
ing to conclude from this study that a programme that
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includes both RT and AE even in the absence of prescribed
calorie restriction can produce more favourable outcomes
than either alone and that an exercise programme that in-
cludes primarily RT may not achieve desired WL, design lim-
itations preclude this conclusion. It is notable that the
combined group (AE/RT) was prescribed twice the dose of
exercise as that of either RT or AE alone. Thus, we can only
really conjecture based on the two interventions that were
absent of this limitation. Thus, AE alone appeared to be pref-
erable to RT alone for WL.

Roberts et al. (41) conducted a randomized trial to exam-
ine whether RT is favourable for overweight and obese
young men, related to several glucose regulation parame-
ters. For the purpose of this review, we will only examine
weight and body-composition-related outcomes. They re-
cruited healthy sedentary young adults (performed light-
intensity physical activities less than twice per week). Partic-
ipants were randomly assigned into the control or RT group
and were asked to maintain their spontaneous physical ac-
tivity and eating patterns. The RT intervention included
three 1-h sessions per week of supervised training for
12 weeks, in which training intensity was gradually in-
creased. After 12 weeks of the intervention, there were no
differences in BW, BMI and WC between groups. However,
the mean BMI of the RT group was significantly increased
compared with the baseline. Compared with the control
group, the RT group achieved a significant increase in
FFM and several measures of strength. Furthermore, the
RT group had significant decreases in total and trunk FM
compared with the baseline, but the changes of total and
trunk FM were not significantly different compared with
those of the control group. The results of this study sug-
gested that structured RT in overweight and obese young
adult men seems to improve body composition and bio-
chemical markers related to glycaemic control and insulin
sensitivity independent of changes in BML.

Moghadasi et al. (42) examined whether RT would affect
the level of adipocyte fatty-acid-binding protein in
middle-aged men with obesity, because it is suggested that
adipocyte fatty-acid-binding protein, which is expressed in
cytoplasm of adipocytes and macrophages, is associated
with insulin sensitivity and fat metabolism and is a predictor
of type 2 diabetes mellitus. They recruited 22 sedentary
middle-aged obese men (did not participant in any exercise
programme for at least 6 months). Participants were ran-
domly assigned to the control or RT group, and the controls
were asked to maintain their baseline level of physical activ-
ity. Participants in the RT group were asked to perform two
to four sets of 8—12 repetitions at 65-80% of one repetition
maximum (i.e. the maximum force generated in one maxi-
mal contraction) for eight circuit training stations at each
exercise session lasting approximately 50-60 min, at a fre-
quency of three sessions per week. After 8 weeks of RT, no
differences were observed in BW BMI and WC between
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groups. The RT group had significantly decreased % BF
and several indicators related to glucose regulation com-
pared with the control group. These results suggested that
RT could improve body composition, but not weight, while
improving biomarkers related to regulating blood sugar.

The studies summarized here are representative of the cur-
rent beliefs surrounding the value of RT in weight manage-
ment. RT shows consistent benefits in improving body
composition, strength and certain metabolic parameters
and, alone, appears not to induce meaningful WL. While
our review is focused primarily on the value of RT in the ab-
sence of prescribed calorie restriction as it relates to WL, it is
notable that a broader body of literature strongly suggests (i)
a benefit in improving a range of cardiometabolic and other
obesity-related health parameters independent of WL and
(ii) that if combined with moderate calorie restriction, RT
alone can in fact induce meaningful WL in overweight and
obese individuals. Clark and Goon (43) published the results
of a literature review on the role of RT in changing the health
status of overweight and obese individuals. The authors
agreed with the fact that RT per se does not cause a signifi-
cant WL, based on the available evidence. Nevertheless,
their review of the literature and a subsequent pooled analy-
sis indicated that RT, when combined with a dietary energy
deficit of 500 kcal/day, reduces weight by 4.775 = 7.05 kg,
while increasing FFM by 0.2748 £2.67kg and reducing
FM by 6.0948 + 4.18 kg. The review further summarized ev-
idence on improvements of biochemical markers indicating
that RT reverses the obesity-induced undesirable changes in
the blood levels of testosterone; adrenal androgens; growth
hormone; insulin; catecholamines, leptin; cortisol;
adiponectin; ghrelin; peroxisome proliferator-activated re-
ceptor alpha beta and gamma; interleukin 1b and tumour
necrosis factor alpha;. Moreover, the authors summarized
evidence suggesting that RT interventions appear to have
higher compliance rates than other forms of moderate-inten-
sity, extended-duration AE interventions.

In summary, our review suggests that overall, there is
value in including RT to improve health for overweight
and obese individuals even in the absence of volitional at-
tempts to reduce daily caloric intake. However, it appears
that doing so in the absence of caloric restriction may likely
result in increased BMI and weight gain. Furthermore, the
impact on body composition shows some inconsistencies.
In the studies conducted by Willis ez al. (40), Kirk ez al.
(39) and Roberts et al. (41), RT was found to increase
FFM. In addition, Kirk et al. (39) found that RT contributes
to increases in SMR and RMR. The effect of RT on the re-
duction of FM remains questionable as FM remained un-
changed in two of three studies after RT. Thus, based on
our review, the effects of RT on FM and FFM remain to
be established. The body of literature involving the role of
RT in obesity suffers from substantial methodological het-
erogeneity, which limits the ability to clearly delineate its
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Table 4 Changes in weight, BMI, WC, % BF, FM, FFM and VO, max observed in recent studies with resistance training interventions

Reference Sample gender Duration Group Intervention Weight BMI
(%), BMI (kg m ™), (month) (n (kg) (kgm™?)
age (years)
Kirk M (69%) + F, 27.7, 6 RT (22) Supervised, Pre X + SD 86.7 + 13.1 27.8+3.3
et al.(38) 21.0 3 days/week, Post X + SD 89.2+ 122 28.7+3.3
one set of nine A A (%)] 25[29° 0.8 [2.9]°
exercises at 85-90%
of one RM
C(17) Pre X + SD 822+115 276+25
Post X + SD 84.6 +12.8 28.3+2.9
A A (%)) 2.4[2.9° 0.7 [2.5]°
Willis M' +F' (57.1), 8 AE (38) 65-80% VO, max, Pre X + SD 88.0 + 11.1 30.6 £3.2
et al.(39) 25-35, 18-70 average 133 min/week Post X + SD 86.2+ " *
A [A (%)) —1.8 [—2.0]Per=r* *
RT (44) 8-12 repetitions/set, Pre X + SD 88.7 + 15.6 30.5+34
three sets/day, Post X + SD 89.5+* *
3 days/week A A (%)] 0.8 [0.9]°¢*"™ .
AE +RT AE - 65-80% VO, max, Pre X + SD 88.9+ 115 30.5+3.4
(37) average 133 min/week Post X + SD 87.3+" *
RT — 8-12 repetitions/ A[A (%)) —1.6 [—1.8]Perm *
set, three sets/day,
3 days/week
Roberts M, >27, 3 RT (28) Increasing intensity Premedian 96.6 30.9
et al.(40) 18-35 resistance training to Postmedian 971 31.2
reach 6-8 repetitions/set, A [A (%)] * *
1h/session, three
sessions/week
C (8) Premedian 98.5 33.6
Postmedian 98.0 33.2
ATA (%)] ) )
Moghadasi M, 32.7 £1.7, 3 RT (11) 8-12 repetitions of Pre X + SD 98.5+5.1 32410
et al.(41) 46.2 65-80% of one RM, Post X + SD 98.2+4.9 32.3+09
50-60 min/day, A[A (%)] —0.3 [-0.30]"* —0.1 [-0.3]°*
3 days/week
C(11) Pre X + SD 100.8+9.4 33.0+£23
Post X + SD 100.7 + 9.1 329+22
A A (%)] ~0.1 [-0.1]> ~0.1 [-0.3]°

"Participants had dyslipidemia.

PSignificant difference between pre-intervention and post-intervention (P < 0.05).

°Significant difference compared with the control group (P < 0.05).

Significant difference compared with the aerobic exercise group (P < 0.05).

®'Significant difference compared with the AE + RT group (P < 0.05).
'Significant difference compared with the resistance group (P < 0.05).
*Cannot be derived from the available data.

% BF, body fat percentage; AE, aerobic exercise intervention; BMI, body mass index; C, control group; FFM, fat-free mass; FM, fat mass; RM, repetition
maximum; RT, resistance training intervention; VO, max, maximum rate of oxygen consumption; WC, waist circumference.

value both with and without concomitant caloric restric-
tion.  Often adequately
measure/account for calorie intake, concurrent changes in

times, studies fail to
habitual activity, non-prescribed WL behaviours, inconsis-
tent dose (duration and intensity) of exercise across
intervention types and so forth. Incomplete data reporting
and/or collection further contributes to the methodological
trials that largely precludes
conducting meaningful meta-analysis to address these

heterogeneity between

deficits in knowledge. Therefore, it is timely to conduct a
comprehensive RCT, to examine the effects of RT while
accounting for these limitations in the literature.

© 2016 The Authors. Obesity Reviews published by John Wiley & Sons Ltd on behalf of World Obesity Federation

Role of physical activity on maintenance of
weight loss

Following WL, people regain about one-third of the lost
weight within 1year (44). While an in-depth treatment of
the role of exercise in maintaining WL is beyond the scope
of the current review, we will attempt to frame some impor-
tant considerations in this regard as they apply to our
current approach to the literature. Within the context of
determining the discrete effects of diet and exercise in obe-
sity, we have excluded studies of specific disease states
(e.g. Look AHEAD). Also, in this somewhat convoluted
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Table 4 Continued

Reference WC % BF FM (kg) FFM (kg) VO2 max
(cm) (mL kgf1 min~")
Kirk * 327+84 27.2+89 553+89 *
et al. (38) * 33.0+8.0 28.2+8.0 56.8+9.4 *
* 0.3 [0.9]°* 0.9 [3.3]°* 1.5 [2.7]°° *
N 33.2+9.1 26.0+7.4 52.7+10.7 *
* 353+7.4 28.3+7.0 52.4+10.3 *
* 2.1 [6.3]°¢ 2.3[8.8]>e —0.3[-0.6]°* *
Willis 96.1+10.3 394+72 347+79 53387 27.3+56
et al. (39) 951" 384" 331" 532+~ 307"
—1.0 [—1.0]>er —1.0 [-2.5]P e —1.6 [—4.6]°C™* —0.1 [0.2]°"" 3.43 [12.5]P e
93.6 + 9.1 38.8+8.7 34.3+9.1 54.4+133 27.0+6.2
985+* 381" 340" 555 +* 283+"
—01 [70.1]9*9“ —07 [71A8]b,e*,er* —03 [70.9]9*3” 1.1 [2A0]b,e*,er* 13 [4.8]b,e*‘er*
97.3+8.9 39.2+8.1 349+89 54.0+9.6 27.0+5.8
956+* 372" 325" 548 +* 313"
—1.7 [—1.7]Per —2.0 [-5.1]Pexr —2.4 [-6.9]°" 0.8 [1.5]Pe*™ 4.3 [15.9]Pex*
Roberts 103.3 * 27.9 * *
et al. (40) 101.4 * 26.2 * *
106.5 * 25.0 * N
106.7 * 26.1 « .
Moghadasi * 235+3.4 * * *
et al. (41) * 23.0+3.6 * * *
* —05 [2.1]b*.c * * *
* 27.7+45 * * *
* 27.8+4.5 * * *
* 0.1 [0.4]b*,e * * *

body of literature, it is often quite difficult to identify studies
where the diet and exercise elements of the intervention are
not inextricably interwoven, thus eliminating the ability to
evaluate independent effects of these treatment elements. Fi-
nally, the WL literature is unfortunately plagued by the lack
of an adequate and clearly defined definition of what is con-
sidered ‘maintenance’. At times, maintenance is described as
the point in time where active intervention ends and partic-
ipants are sent on their way to continue their WL efforts at
home unsupervised. It typically fails to note whether an in-
dividual’s personal goal is in fact to ‘maintain’ treatment-
induced ‘weight loss’ or to continue to lose weight, in effect
participating in self-directed WL treatment. In some cases,
this ‘maintenance phase’ occurs after only several weeks
and very likely the participants’ goals are not to maintain
the weight they have lost, but rather to continue losing
weight to some personally defined goal. At other times,
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the active treatment interventions may be considerably lon-
ger, and as such, the individual goals of the participants may
vary from maintaining the weight lost during active treat-
ment to continuing to lose weight. In the course of the cur-
rent review, we noted that at times meta-analyses designed
specifically to understand the role of exercise in “WL* mixed
together studies that also included periods where active
treatment had ended.

If we were to assume we were only dealing with individ-
uals for whom the maintenance phase is truly a period for
avoiding weight regain, then the effect of exercise on weight
maintenance can be discussed in two different ways. First,
could exercise interventions conducted during the WL phase
slow the weight regain during the maintenance phase com-
pared with diet-only interventions? Second, does exercise
during the maintenance phase assist WL maintenance? We
will summarize this literature.

© 2016 The Authors. Obesity Reviews published by John Wiley & Sons Ltd on behalf of World Obesity Federation



obesity reviews

Physical activity and obesity S.-H. Chinetal. 1241

The association of exercise during active treatment
on longer-term maintenance

It is suggested that combining diet and exercise in interven-
tions could give rise to better WL maintenance outcomes
compared with diet-only interventions after a 1-year
follow-up. Curioni et al. (11) conducted a meta-analysis to
examine if the outcomes would differ after 1 year of unsuper-
vised follow-up after diet-only interventions and diet + exer-
cise combined interventions. They selected studies that
included DIs and diet + exercise combined interventions
but excluded studies with exercise-only interventions and in-
terventions that included pharmacological approaches.
They compared the outcomes by using percentage WL,
which was defined as WL after the intervention or after
1year of follow-up/baseline BW. In the six analysed trials,
diet + exercise combined interventions resulted in a 20%
greater WL compared with diet-only interventions (95%
CIL: —0.41, 0.01; WL percentage after intervention: diet + ex-
ercise combined = 13 = 5.5%, diet only = 10 = 3.6%)
whereas the percentage of weight maintenance (defined as
WL after the follow-up/WL after intervention) during 1 year
of unsupervised follow-up was similar in both types of inter-
ventions (50%). Furthermore, participants in diet + exercise
combined interventions still had about 20% greater WL
compared with participants in diet-only interventions
(95% CI: —0.42, —0.01; % WL after 1year of follow-up:
diet + exercise combined = 6.8 = 4.1%, diet only = 4.6 =
2.5%). The results of this study were compatible with the
results of the National Weight Control Registry (NWCR)
(45), suggesting that greater initial WL, irrespective of the in-
tervention, would lead to greater WL maintenance on
follow-up. Thus, diet + exercise combined interventions
seem to be effective in WL maintenance by increasing the ini-
tial WL. Still, these studies fail to adequately account for the
mixed goals of study participants (combining those desiring
to maintain with those who wish to continue to lose weight).

Hunter et al. (46) conducted a randomized trial to evaluate
the effect of exercise on WL maintenance. They recruited 208
women whose BMI ranged from 27 to 30 kgm ™2 and whose
age ranged from 21 to 46 years. During the active treatment
phase, all participants were asked to follow an 800-kcal
typical food-based diet provided by the research group until
they achieved a BMI of <25kgm % (M =154 = 61 days). In
addition, the participants were randomly assigned into three
groups: DI+ AE, DI+RT and DI only (non-exercise group).
The participants had one follow-up examination after 1 year.
Both the AE and RT groups were asked to attend supervised
exercise training, three times per week during the WL phase,
and were encouraged to keep exercising two times per week
during the 1-year follow-up. The AE group was asked to per-
form 40 min of walking or jogging, three times per week, and
the intensity was gradually increased from 67% of maximum
HR for 20 min to achieve 80% of maximum HR for 40 min
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by the eighth week. The RT group performed a 10-repetition
set of 80% of one repetition maximum, which was evaluated
every 3 weeks. Participants in both exercise conditions were
divided into two groups (namely adherers and non-adherers)
based on the accomplishment of at least 60% of scheduled ex-
ercises during the 1 year of follow-up. Weight gain among the
adherers in both the AE and RT groups was significantly less
compared with the weight gain among the AE non-adherers,
RT non-adherers and the non-exercise group. Weight gain
seen in adherers in the AE group (3.1 kg) was significantly less
than the weight gain observed in the adherers in the RT group
(3.9kg). However, adherers in both groups gained signifi-
cantly less weight compared with the weight gain seen in the
controls (6.4 kg). Therefore, this study suggested that adher-
ence to a moderate volume of either AE or RT (about
80 min/week) during active treatment hindered weight regain
during a 1-year weight maintenance period. One major limi-
tation in this study is not reporting the energy intakes of the
individuals during the baseline and maintenance periods.
Nonetheless, data suggest that low-frequency, moderate-in-
tensity AE and RT interventions may hinder weight regain
during the weight maintenance phase.

Role of exercise during maintenance

Teixeira et al. (47) suggested that the behaviours (and motiva-
tions) necessary for maintaining WL may in fact be both qual-
itatively and quantitatively different than those required for
achieving initial WL. This is very likely true of exercise. The
American College of Sports Medicine position stand (48) on
exercise and WL states the following: ‘Cross-sectional and
prospective studies indicate that after WL, weight mainte-
nance is improved with PA >250 min/wk. However, no evi-
dence from well-designed RCTs exists to judge the
effectiveness of PA for prevention of weight regain after
WL, This represents an approximate 100 min/week above
that recommended for modest WL by this same group.

In an attempt to better understand the characteristics of a
subset of very successful WL maintainers, Wing and Hill(49)
defined successful long-term WL maintenance as the inten-
tional maintenance of a 10% loss of the initial BW for a pe-
riod of at least 1year, even if the post-WL BMI remains
>30kgm 2. They created the NWCR (48) to attempt to iden-
tify and track behaviours common to a group of self-selected
individuals who join the website and who are willing to pro-
vide data on WL and related behaviour. In order to qualify,
participants self-report having successfully maintained a WL
of at least 301b for at least 1year. Unfortunately, the value
of the data obtained from the registry is frequently overstated.
Thus, we will frame some limitations. First, the registry relies
on self-reported physical activity and nutrition information,
which is known to be unreliable (50). However, this is a
limitation that impacts much of the research to date. In
addition, weight and height (used to calculate BMI) are also
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self-reported, which also has known limitations (50). Also, of
particular note are the limitations associated with the self-
selected nature of the study population. Because the registry
only includes those who are successful, it cannot account for
the large excluded group of not successful individuals who
may in fact report exactly the same behaviours as those re-
ported by people who are included in the registry. Finally,
the registry simply provides associations, like much of the lit-
erature used to support exercise recommendations for mainte-
nance (48). Nonetheless, the registry’s true value is to inform
us as to what questions may be of value in designing RCTs to
better understand maintenance. Some notable findings indi-
cate that participants in the registry reported the following:
(i) a total of 91% chose regular exercise as one of the mainte-
nance strategies; (ii) a total of 49% reported that they both in-
creased daily (habitual) physical activity and engaged in
regular planned exercises to maintain their WL; (iii) average
exercise volumes were 3,293 kcal/week for men and
2,545 kcal/week for women, which translates to about 1h
of moderate-intensity exercise per day.

Swift et al. summarize the role of physical activity in
maintaining WL in their review (52). Overall, they note
the lack of depth in the current literature; however, based
on available evidence, they support the recommendations
of the American College of Sports Medicine to target levels
greater than 200 min/week.

While clearly our understanding of the role of physical
activity in maintaining lost weight is far from adequate, it
appears that two recommendations can be made. First, it
is likely that including physical activity in addition to DI
during active WL may positively affect longer-term WL out-
comes. This may be a function of the physical activity itself,
or equally plausibly, it may be that habits formed during
active WL continue into maintenance, resulting in extended,
direct impact on energy balance or any number of other as
yet unidentified reasons. The current literature is insufficient
to answer this question. Second, while there is a paucity of
well-controlled RCT evidence to inform us, it appears that
maintaining exercise above the levels suggested to maintain
health and or lose weight (150 min/week) may be prudent
for some individuals. The precise quantity is also indeter-
minable from the current literature.

Conclusions and future directions

In this broad review, we examined the effectiveness of diet +
exercise combined interventions and exercise interventions
without calorie restriction (including AE, low-intensity
walking/habitual activity and RT interventions) on inducing
WL, changes in body composition and improved cardiore-
spiratory fitness in the context of managing overweight
and obesity. We also briefly reviewed the role of physical
activity in maintaining lost weight.
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Our critical review of the literature, after eliminating
studies that were ill-equipped to answer the question at
hand, indicated that diet + exercise combined interventions
were more effective than diet-only interventions in inducing
WL at 6 months. Such interventions typically result in 8-
11% WL. Notably, however, moderate-intensity to high-in-
tensity AE-only interventions without prescribed diet, con-
ducted at a frequency of at least three to five times per
week, were also effective in giving rise to approximately
2-3% loss of the initial weight within 6 months. In addition,
interventions that target low-intensity walking and habitual
activity that typically targets increasing daily ‘step counts’
also appear to produce modest WLs of 1-1.5% of the initial
weight at 3—-6 months. Conversely, RT alone does not ap-
pear to be effective in inducing WL. In fact, modest weight
gain was most commonly reported in these studies; how-
ever, it was typically associated with concurrent increases
in the more metabolically active FFM (and associated im-
provements in % BF and other fitness parameters). To con-
clude, both diet+exercise combined interventions and
moderate-intensity to high-intensity AE-only interventions
can assist people with obesity to achieve the 3-5% WL rec-
ommended by the AHA/ACC/TOS Guidelines (5).

Weight loss programmes vary considerably in how they
present their recommendations. However, in our experi-
ence, a frequently recommended approach (particularly in
public health domains) is to target increases in physical
activity that focus only on increasing daily steps to
10,000. Our review suggests that this strategy may not be
optimal. In fact, taken together, our findings suggest that
recommendations for physical activity to achieve WL
should target each of moderate-intensity AE and RT in
planned prescribed exercise sessions coupled with recom-
mendations to target 10,000 steps in addition to structured
exercise for maximum benefit as this form of activity
appears to contribute independently to WL. RCTs are
needed to examine this proposed approach that combines
all these often times compartmentalized recommendations
into a cohesive, evidence-based whole. These trials should
be sufficiently powered to examine each type of exercise
(and also dose-response relationships) simultaneously.
One of the most important problems in the literature is
how to pool the data of all the exercise interventions
together and identify the specific factors in exercise inter-
ventions that predict WL outcomes. However, most AE
and RT interventions were using heterogeneous methods,
and RT interventions often fail to account for calorie intake.
Because these may limit the results of meta-analyses, a
multi-centre RCT should be designed to explicate this issue.

Strong evidence for the value of exercise in maintaining
lost weight is sparse, and frequent assertions that exercise
is more important for maintenance than initial WL appear
not to be supported by our findings. Clearly, our review of
active treatment phases indicates the value of exercising
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during WL. The other often-touted need for extremely high
levels of exercise for maintenance is yet to be confirmed in
well-designed RCTs. In part, the dogma about maintenance
is based on overinterpretation of associational data includ-
ing those of the NWCR. This however is not meant to sug-
gest that exercise is not an essential part of maintaining
weight lost. First, our review suggests that while somewhat
scarce, data do likely support the need to increase the dose
of exercise during maintenance. However, these findings
remain somewhat equivocal. Perhaps more important are
the data that support the role of exercise during the active
treatment phase in supporting greater maintenance of
weight lost and improved body composition and accompa-
nying metabolic profiles and cardiorespiratory fitness. The
latter being of particular importance given that Barry et al.
(53) and Ross et al. (28) in recent meta-analysis concluded
that increased cardiorespiratory fitness in overweight and
obese individuals reduces their risk of mortality.

Our study has some notable strengths. In examining the
literature, we focused primarily on the interventions where
intention-to-treat analyses were performed in order to most
accurately and conservatively represent the data. We have
also attempted to address the issue of heterogeneity of exer-
cise protocols between trials in both our selection and our
discussion of both meta-analyses and individual studies,
which is a factor that is frequently not attended to ade-
quately in interpreting each. In terms of limitations,
differences in non-exercise physical activity and calorie
intake are two potential problems in this body of literature.
However, where available, we noted analyses that con-
trolled for this factor vs. those that did not. Another issue
that limits conclusions in all trials involving energy balance
is the known report bias in reporting energy intake and
expenditure (50). However, given that the ad libitum energy
intake and overall energy intake determined in several trials
(19,54) did not show a significant difference compared with
the controls and the probability that bias is potentially
distributed similarly across interventions and controls, the
impact on conclusions regarding control vs. exercise groups
may likely be minimal.
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