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Abstract
Class II and III obesity (BMI >35 kg·m2) have increased dramatically in recent years. Current clinical guidelines
suggest diet and exercise as first line treatment for adults throughout the spectrum of overweight and obesity.
However, to date there is no systematic review that examines the effects of diet and exercise on this high risk
population. This systematic review will examine the combined effects of diet versus diet and exercise on body
composition in severe obesity. Medline and Cinahl were searched for randomised controlled trials comparing diet
and exercise to diet alone. Studies published until July 2013 were included if they used reliable methods for analysing
body composition in adults with BMI ≥ 35 kg·m2. Five of 459 studies met the inclusion criteria. Two studies, both in
older adults, reported that exercise reduced lean mass loss during weight loss. Two studies showed that exercise
facilitated (greater) fat mass loss. The remaining study reported no differences in body composition when exercise
is added to energy restriction. Exercise training during energy restriction for individuals with BMI ≥35 kg.m2 may
influence body composition outcomes but the evidence is limited. Further studies should focus on the efficacy of
different exercise protocols during energy restriction for this population in order to better inform decision making for
the treatment of severe obesity in respect to favourable body composition outcomes.
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Introduction
Around one quarter of Australian and one third of US adults are
classified as obese [1]. Further, there is evidence of an acceleration in
prevalence of those approaching Class III obesity (body mass index,
BMI ≥ 40 kg·m2), compared to overweight and Class I obese individuals
(BMI 25-34.9 kg·m2) [2]. Individuals in Classes II and III are at a higher
risk of developing metabolic and cardiovascular disease compared to
those with overweight and class I obesity [3,4]. Also those individuals
place twice the burden on the health care system in developed countries
than normal weight individuals [5]. Surprisingly, little is known in
regard to combined diet and exercise in severely obese individuals
despite lifestyle modification being considered a key strategy for
the management of health in overweight, obese and severely obese
individuals [6,7]. In addition to weight loss, lifestyle interventions can
lead to improved quality of life and reduced morbidity and mortality in
overweight and obese individuals [8].
The accumulation of visceral adipose tissue is an established risk
factor for insulin resistance, diabetes and metabolic syndrome [9].
Reduction of visceral adipose tissue significantly improves glucose
tolerance and insulin sensitivity, whilst the loss of subcutaneous
adipose tissue alone is ineffective for improving metabolic health
outcomes [10]. Exercise may provide some preferential visceral adipose
tissue loss during the early phase of weight loss programs, however
total weight loss over the long term may have the greatest influence
on visceral fat reduction [11,12]. Changes in body mass is commonly
used to determine the success of weight loss programs; however this
fails to differentiate between fat mass and lean mass which are both
typically lost during energy restriction [13]. It is important that
for obesity treatments to be effective they result in a loss of fat mass
and limit the loss of lean mass. The prevention of fat free mass loss
is integral to the preservation of sufficient resting metabolic activity,
core body temperature, skeletal integrity, functional capacity and the
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prevention of sarcopenic obesity later in life [14-16]. Energy restriction
results in more rapid weight loss compared to exercise alone in mildly
obese individuals but fails to adequately mitigate the loss of fat free
mass [13,17]. The addition of regular exercise training during an
energy controlled diet may attenuate the loss of fat free mass [13],
improve muscle quality, enhance functional capacity, and reduce
cardiometabolic risk factors [18-20].
The effects of exercise in addition to energy restriction on fat free
mass in middle-aged and older overweight or obese adults has been
investigated in a recent systematic review [17]. This review showed that
exercise in addition to energy restriction in older adults may attenuate
the loss of fat free mass compared to energy restriction alone but plays
little role in the facilitation of greater fat mass loss. This is similar to
an earlier review of overweight and mildly obese adults [21]. Both
reviews are limited by the inclusion of studies that employ the use
of body composition techniques that are less sensitive and reliable in
obese adults during phases of weight change by estimating fat free mass
according to general assumptions of total body water and bone mineral
density [14,22,23]. These reviews also include studies with a wide mean
BMI range incorporating overweight, and mildly to severely obese
adults. No reviews to our knowledge have been published to assess the
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body composition outcomes for adults with severe obesity following an
energy restricted diet alone or combined with exercise training.
Clinical practice guidelines globally recommend lifestyle
modification for first line treatment for obesity without strong evidence
for its effectiveness in class II and III obesity [24-27]. The purpose of this
paper was to examine the evidence for exercise training during energy
restriction in terms of body composition outcomes for individuals with
clinically severe obesity (BMI ≥ 35 kg·m2).

Methods
Search strategy: Medline and Cinahl electronic databases were
searched (Figure 1) for randomised controlled trials (RCTs) published
to July 2013 using the following search strategy: keyword and
categorical searches were performed (i) body composition, visceral,
whole body, magnetic resonance imaging, MRI, plethysmography,
underwater weighing, UWW, dual x-ray absorptiometry, dual energy
x-ray absorptiometry, DEXA, DXA, lean mass, fat free mass, fat
mass, FM, FFM; (ii) obesity, obese, (iii) physical activity, exercise. In
addition, reference lists of publications meeting the inclusion criteria
were manually searched to identify any relevant studies not found
through electronic searches. The first author, CM, independently
assessed the suitability of each study for inclusion and a second author,
IL, confirmed it. Disagreements were resolved by discussion between
the two researchers.
Inclusion and exclusion criteria: Only RCTs that met the following
criteria were included in this review: (i) published in English, (ii)
participants were adults aged above 18 years, (iii) the same dietary
intervention was used in the diet only and combined exercise and
diet arms of the study, (iv) mean BMI of participants ≥ 35 kg.m-2, (v)
accepted methods of assessing body composition, including any of (a)

Literature Search
Electronic Databases: Medline and Cinhal
Limits: RCT’s published in English to july 2013,
adults with a BMI >34.9 kg.m-2
Combined search results (n=459)
Articles screened on basis
of title and abstract

Excluded (n=394)
Non-RCT (n=14)
Age <18 years (n=5)
Not diet vs diet + exercise intervention (n=309)
Non-weight loss study (n=31)
BMI<35 (n=32)
No body composition (n=3)

Included (n=65)

Manuscript review and applicaiton
of inclusion criteria
Excluded (n=59)
BMI<35 (n=350
Not diet vs diet and exercise intervention (n=2)
No body composition (n=7)

RCT’s meeting the inclusion criteria (n=6)
Secondary publication from previously reported cohort (n=1)

Included in this systematic review (n=5)

Figure 1: Method for selecting studies to include in this review.
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dual x-ray absorptiometry, (b) computed tomography, (c) magnetic
resonance imaging, (d) under water weighing, or (e) air-displacement
plethysmography (vi) a minimum of two groups (a) diet only and (b)
diet combined with exercise. Outcome measures for inclusion were
fat free mass and fat mass. In the case of more than one publication
arising from the same study or patient cohort, the largest study only
was included. Unblinded appraisal of risk of publication bias of reports
to be included in the review was performed independently by CM and
confirmed by and IL. Publications were assessed against pre-defined
quality features [28] to be included in the review. These included:
the method of treatment assignment; control of selection bias after
treatment assignment; blinding; and outcome assessment (if blinding
was not possible). Pre-specified analyses for assessing risk of bias across
studies were not completed due to a lack of identified publications.
There are numerous methods used to assess body composition,
all with varying degrees of reliability and validity. We chose to select
only those studies that employed the use of DXA, full body MRI, airdisplacement plethysmography, and underwater weighing. These
methods are most suitable for those with severe obesity despite some
employing simple two compartment models that rely on algorithmic
assumptions of fat free mass hydration and density which may be less
accurate in this population following substantial changes in weight
[23,29]. Methods such as bioelectrical impedance, near-infrared, total
body potassium, total body water and skin folds were not included
due to poor reliability during weight loss in severely obese individuals
[14,23,30,31].

Results
Studies characteristics
A total of 459 studies from Medline and Cinahl were identified.
From these, six RCTs fulfilled the inclusion criteria with one later
being excluded [32] as it was a subsequent publication from the same
study [33] (Figure 1). The key reason for exclusion from this review
was studies employing weight loss interventions other than diet versus
diet with exercise. 311 studies were excluded due to the intervention
using nutritional supplements, pharmacotherapy, or differences in
diet composition. An additional 82 studies were excluded due to a
mean BMI below 35 in one or more of the comparison groups. A small
number of studies (n=10) were excluded due to body composition
either not performed or bioelectrical impedance, skinfold thickness, or
total body water being used to estimate body composition.
There was heterogeneity across studies in relation to the
characteristics of participants. The majority of participants across the
five studies were women (76%) with a mean age ranging from 40 to
70 years. The length of intervention ranged from four to 12 months
and the mean BMI of participants across the four studies ranged from
34.8 to 44 kg·m2. Participant adherence to the diet guidelines and
attendance to consultations were recorded in two studies only [33,34].
Good paster and colleagues [33] reported a mean adherence of 75.1%,
while Wadden and colleagues [34] reported an initial attendance to diet
and behavioural group sessions as 97.2% (± 7.5) before significantly
(p<0.001) declining to 86.2% (± 14.4) for weeks 9-24. Attendance fell
again in weeks 25-48 to 65.6% (± 22.2), a significant reduction from
the previous 15 week period. Adherence to the exercise protocols were
recorded in four [34-37] studies and ranged from 56.9% to 100%. One
study [34] documented a reduction to exercise adherence with time.
Adherence ranged from 84.3% (± 15.2), 91.5% (± 7.4), and 92.0% (±
7.9) in the first 8 weeks of the program in the aerobic, strength and
combined exercise groups respectively down to 56.9% (± 24.4) in the
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The effect of lifestyle modification on total weight loss

last 15 weeks across all groups. One study [33] used an unsupervised
exercise protocol of walking and tracked exercise participation
objectively using a physical activity monitor. Participants were
instructed to walk in excess of 10,000 steps per day. The mean steps
each day in the diet plus exercise group increased from 7,048 (± 2.886)
to 8,475 (± 2.927) at 6 months and doubled the amount of vigorous
exercise to 71 minutes per week.

All five studies showed a significant within group body mass loss for
both diet only and diet and exercise groups (Table 2). Two of the five
studies reported that adding aerobic exercise [33] or resistance exercise
[37] to diet intervention facilitated greater body mass loss, compared to
dieting alone. In contrast, the remaining exercise groups that performed
aerobic training [34], resistance training [34], or combined aerobic and
resistance training [34-36] reported no significant differences in body
mass loss between the diet and exercise and diet alone groups.

Three studies implemented a combined aerobic and resistance
training program for the diet and exercise group [34-36], two studies
used resistance training only [34,37], and two studies used an aerobic
training protocol [33,34] (Table 1). Three studies [35-37] measured
body composition using dual x-ray absorptiometry (DEXA), one study
[34] used under water weighing, and the remaining study used DEXA
or air-displacement plethysmography if the participants body mass
exceeded 136kg [33] weight of the participants.

The effect of lifestyle modification on fat mass
Fat mass loss ranged from 5.9 kg to 11.6 kg in diet only compared
with 6.3 kg to 14 kg in the diet and exercise groups. Two of the five
studies showed a significantly greater fat mass loss in the diet and
exercise groups using either aerobic [33] or resistance [37] training,
compared to diet alone. The differences in fat mass loss in these studies
were 2.8 kg [33] and 4.3 kg [37] after six and four months, respectively.
No significant difference in fat mass loss between diet and diet and
exercise groups for the three remaining studies was observed [34-36].

Exercise training duration across the studies ranged from 120 to
300 min.wk-1, and was distributed over three to five days. The three
combined aerobic and resistance training groups completed 20-30
minutes of moderate intensity aerobic exercise (such as brisk walking)
and 20-30 minutes (2-3 sets of 6-14 repetitions) for nine to eleven
different upper and lower body resistance exercises on the same three
days per week [34-36]. The aerobically trained groups performed 4060 minutes of either supervised or unsupervised aerobic exercise that
consisted of moderate intensity walking or exercise videos [33,34].
The resistance training groups performed 40-45 minutes of resistance
training three days per week which consisted of two sets of eight to
fourteen repetitions for eight to eleven different upper and lower body
exercises [34,37]. Energy intake across the studies was reduced to create
a 500-750 kcal.d-1 deficit [35,36] or restricted energy consumption to a
range between 1,200-2,100 kcal.d-1 [33,34,37].

The effect of lifestyle modification on lean mass
Two of the five studies reported that diet and exercise protected
from lean mass loss compared to diet alone by 1.4 kg [36] and 1.7 kg
[35] using combined aerobic and resistance training in older adults
with a mean age of 70 years. The remaining three studies did not show
a difference in lean mass loss between diet only and diet and exercise
[33,34,37]. We used the mean values in each study to estimate the ratio
of fat mass loss to lean mass loss. Fat mass loss to lean mass loss was
on average 2.9:1kg (range: 1.7:1 to 4.1:1 kg) for the diet only groups,
5:1 kg (range: 3.3:1 to 7.4:1 kg) for groups that used combined aerobic
and resistance exercise [34,35,36], 3.5:1 kg (range: 3.4:1 to 3.6:1 kg) in
aerobically trained groups [33,34], 4.4:1 kg (range: 4.4:1 to 4.8:1 kg) in
the resistance trained groups [34,37].

Risk of bias within studies
Assessment of study quality and risk of bias was completed based on
generic quality features. Blinding of the outcome assessor was reported
in three [33,35,36] of the five studies included. Three [33,36,37] studies
rated b or above for controlling of selection bias. Four studies [33,3537] rated b or higher for method of treatment allocation. There were
no analyses of the risk of bias across studies due to the paucity of
publications suitable for inclusion in this review.
Mean
Age

The current review reported a lack of RCTs that compared the effects
of diet alone versus diet and exercise on changes in body composition
in those with class II and III obesity. The limited evidence suggests that
exercise training accompanied by diet may either facilitate adipose

Study
period

Dietary protocol

Exercise protocol

37

12 mo.

500-750 kcal.day deficit^
1g protein.kg-1 BW

3 × 90 min.wk-1 supervised RT+AT. 83%

47

44

6 mo.

1,200-2,100 kcal.day-1*
50-55/20-25/ 20-30

5 × 60 min.wk-1 unsupervised AT

70

37

6 mo.

750 kcal.day-1 deficit^
50/20/30

3 × 90 min.wk-1 supervised RT+AT 100%

Reference

Sex (n)

Villareal et al. [36]

F (33)
M (21)

70

Goodpaster et
al. [33]

F+M
(117)

Frimel et al. [35]

F (18)
M (12)

Mean BMI

-1

41

36

48wks

AT-3 × 40 min.wk supervised or
unsupervised AT.
900 kcal.day-1 intake
-1
-1 RT-3 × 40 min.wk , (1-2 sets
increasing to 1,500 kcal.day
x 10-14 reps of 11 exercises)
from week 20.
supervised RT.
55-60/12-15/15-30
CT- 3 × 40 min supervised or
unsupervised AT + RT.

F+M (59) 51

36.

4 mo.

1,400-1,600 kcal.day-1#
43/33/22

Wadden et al. [34] F (120)

Wycherley et al.
[37]

Discussion

3 × 45 min.wk-1, (2 × 8-12 of 8
exercises) supervised RT

Exercise Attendance

20% increase in daily steps. 37
min.wk-1 increase in vigorous
exercise.

84-92% (wk1-8) 68.7% (wk 9-24)
56.9% (wk 25-40)

93%

^energy deficit calculated individually based on food diaries or indirect calorimetry to achieve specified weight loss in the set period; *energy intake calculated on initial weight
for 12 month weight loss of 8-10%. #energy intake calculated on initial body weight to achieve moderate rate of weight loss; macronutrient composition (carbohydrate%/
protein%/fat%); RT: Resistance Training; AT: Aerobic Training; CT: Combined Aerobic and Resistance Training
Table 1: Study characteristics.
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Reference
Villareal et al. [36]

Intervention

Body composition
method

∆Body Mass (kg ∆Lean Mass
± SD)
(kg ± SD)

% Lean Mass ∆Fat Mass (kg Fat Mass:Lean Mass
Loss
± SD)
loss ratio

Diet only

DXA

-9.7 (5.4)§

-3.2 (2.0)§a

33

-7.1 (3.9)§

2.2:1

-8.6 (3.8)§

-1.8 (1.7)§a

21

-6.3 (2.8)§

3.5:1

Diet plus combined aerobic
and resistance training
Goodpaster et al.
[33]

Diet only

DXA~

Diet plus aerobic training
Frimel et al. [35]

Diet only

DXA

UWW

Diet plus aerobic training
Diet plus resistance training
Diet plus combined aerobic
and resistance training
Wycherley et al.
[37]

Diet only
Diet plus resistance training

-2.1 (NR)

26

-5.9 (NR)§c

DXA

2.8:1

-10.9 (0.9)§

-2.4 (NR)

22

-8.7 (NR)§

-10.7 (4.5)§

-3.5 (2.1)§b

33

-6.8 (3.7)§

1.9:1

-9.7 (4.0)§

-1.8 (1.5)b

19

-7.7 (2.9)§

4.3:1

-14.4 (6.2) §

-2.8 (3.0)

-13.7 (8.7) §

-3.1 (2.7)

-17.2 (9.4) §

-3.2 (3.4)

-15.2 (9.1) §

-1.8 (3.9)

-9.0 (4.8)§a

b

Diet plus combined aerobic
and resistance training
Wadden et al. [34] Diet only

-8.2 (0.87)§b

-13.8 (6.0)§

a

19
23
19

3.6:1

c

-11.6 (NR)

4.1:1

-10.6 (NR)

3.4:1

-14 (NR)

12

-13.4 (NR)

-1.9 (1.5)

21

-7.1 (4.0)§b

-2.4 (3.1)

17

-11.4 (3.9)§

4.4:1
7.4:1
3.8:1
b

4.8:1

% Lean mass loss = the calculated change in lean mass as a proportion of total mass loss; DXA: Dual X-ray Absorptiometry; UWW: Under Water Weighing; M: Male; F:
Female; NR: Not Reported; ~Air displacement plethysmography used if weight >136kg; abetween group difference (p<0.05), bbetween group difference (p ≤ 0.02), cbetween
group difference (p=0.008), §within group difference (p<0.05)
Table 2: Changes in Body Composition.

tissue loss or retard the loss of lean mass depending on the mode, total
weekly exercise duration, adherence to the exercise training program
and mean age of participants. However the evidence is not conclusive.
All five studies reported a loss of lean mass for both diet only and
diet with exercise training. Sparing of lean mass (relative and absolute)
were significant and more pronounced in the two studies that combined
aerobic and resistance exercise during energy restriction where a total
of 270 minutes per week was prescribed in adults with a mean age of
70 years [35,36]. The three remaining studies showed no significant
difference in lean mass loss between diet alone and diet with exercise
training with 300 minutes of moderate intensity aerobic exercise per
week; or 135 minutes of either resistance training, aerobic training or
combined aerobic and resistance training per week [33,34,37]. The two
studies to show exercise attenuated the loss of lean mass were in older
adults with a mean age of 70 years in each [35,36]. The non-exercise
groups in each of these studies had the highest proportions of lean mass
to fat mass loss of all cohorts, suggesting age may be important. In older
adults weight loss is associated with an increased risk of sarcopenia,
and limitation in function and mobility [38,39]. If weight loss is to
be advised in older adults it is important that it is accompanied by an
exercise program comprising both aerobic and resistance activities
[35,36].
Energy restriction combined with either aerobic or resistance
training alone facilitated greater fat mass loss compared to their
respective diet alone groups in middle aged adults [33,37]. There were
no significant differences in fat mass loss between groups in the older
adults [35,36] or the remaining study of middle aged adults [34].
The exercise prescription across studies varied in the type, time,
frequency, and intensity or volume. One study objectively measured
daily physical activity [33] while others reported on exercise adherence
to supervised sessions [34-37]. The average attendance across studies
ranged from 56.9 to 100%. Goodpaster and colleagues [33] was the only
study to use an unsupervised aerobic training protocol consisting of
five 60 minute moderate intensity walks per week that resulted in a
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significant yet small average increase in steps per day from 7048 to 8475
for their diet and exercise group and an increase in vigorous activity (>6
metabolic equivalents) from 34 minutes to 88 minutes per week. The
increase in the total number of steps per day corresponds to around 14
minutes of moderate intensity exercise above baseline (assuming 100
steps equates to 1 minute of walking at 3.5 MET’s [40]) while there
was no change in activity for the diet only group at six months. The
study appears to report a much lower increase in total weekly exercise
time compared with the other studies included in this review, however
it is difficult to compare between these groups due to difference
in assessing exercise adherence. Of those studies that reported on
attendance to supervised exercise sessions [34-37], the study with the
lowest adherence to the exercise training [34] was also the only study to
not demonstrate either facilitation of fat mass loss or retention of lean
mass in the diet and exercise group over the respective diet only group.
All other studies showed that exercise in addition to diet promoted
greater fat mass loss [33,37] or retained more lean mass [35,36] than
their corresponding diet only groups. Those studies reporting the most
promising body composition results [35-37] reached 83-100% exercise
compliance, being two to three times the exercise duration per week
than the study with the lowest exercise adherence [34] (125-224 min.
wk-1 compared with 68 min.wk-1). This may highlight the importance
of increasing adherence to exercise in this clinical population. It is
possible that in class II and III obesity the participation rate in physical
activity and adherence to exercise training, is more important for
improving body composition (i.e. reduce fat mass and increase lean
tissue) than the specific activity perse. In other words, as long as those
individuals are involved in some form of exercise, aerobic, resistance
or a combination, they increase their chance to get positive body
composition changes.
A limitation of the current review is the small number of studies
that met the inclusion criteria. We have used tight inclusion criteria
based on study design (RCTs), exercise interventions (mode and
duration) and methods to assess fat mass and fat free mass. The small
number of studies available is in disproportion to the number of people
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with BMI ≥ 35 kg.m2 who may benefit from exercise training, and so
more studies are needed.

Conclusion
Adherence to exercise training during energy restriction for
individuals with BMI ≥ 35 kg.m2 may either facilitate fat mass loss
or preserve fat free mass compared to diet alone, but the evidence
is limited. Further studies should focus on the efficacy of different
exercise training protocols when added to dietary interventions for
people with BMI ≥ 35 kg.m2, both in terms of weight loss and changes
to body composition in order to better inform decision making for the
prescription of exercise for severely obese individuals.
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