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Summary 
The objective of this systematic review was to appraise current knowledge on the 
impact of physical activity (PA) and physical fitness (PF) on the health of class II 
and III obese subjects and bariatric surgery (BS) patients. All original studies were 
searched using four databases (Medline®, Scopus®, CINAHL and Sportdiscus). 
Two independent investigators selected studies assessing the impact of PA or PF 
on specific health outcomes (anthropometric parameters, body composition, 
cardiometabolic risk factors, PF, wellness) in adults with a body mass index 
≥35 kg m−2 or in BS patients. Conclusions were drawn based on a rating system of 
evidence. From 3,170 papers identified, 40 papers met the inclusion criteria. The 
vast majority of studies were recently carried out with a predominance of women. 
Less than one-third of these studies were experimental and only three of them 
were of high quality. Each study reported at least one beneficial effect of PA or PF. 
However, a lack of high-quality studies and heterogeneity in designs prevented us 
from finding high levels of evidence. In conclusion, although results support the 
importance of PA and PF to improve the health of this population, higher-quality 
trials are required to strengthen evidence-based recommendations. 
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Introduction 

Physical activity (PA) intervention is strongly recom-
mended by experts in the medical and surgical manage-
ment of obesity (1–5). However, no recommendation on 
PA prescription (type, frequency, duration, intensity) is 
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currently available for people with severe obesity, and 
PA recommendations for bariatric surgery (BS) patients 
come from those used in the general population of obese 
subjects (3,6). Considering the increasing prevalence of 
severe obesity during the last decade in North America 
(7,8), the development of an optimal PA intervention is 
necessary. 

Several studies have concluded that regular PA improves 
weight loss when combined with diet or BS, as well as 
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weight loss maintenance in the context of obesity in general 
(9–14). Moreover, regular practice of PA, with or without 
weight loss, may induce other health benefits, such as 
improving cardiometabolic risk factors and quality of life 
(QOL) in obese individuals (4,14–16). For most individ-
uals, an increase in PA is associated with an increase in 
physical fitness (PF) (17). Even though PA and PF are 
closely related, PF depends not only on the PA level, but 
also on genetic components (17). PF is defined by the ability 
to carry out daily tasks with vigour and alertness, without 
undue fatigue and with ample energy to enjoy leisure–time 
pursuits and to meet unforeseen emergencies (18), whereas 
PA is any bodily movement produced by skeletal muscles 
that results in energy expenditure (19). Thus, it is impor-
tant to consider these two parameters in parallel. The 
improvement of PF by itself is an interesting target as it is 
shown to be more easily achievable than weight loss and is 
associated with a reduction in cardiovascular risks and 
premature mortality in obese individuals (20–22). In addi-
tion, improving PF of candidates for BS could potentially 
reduce perioperative complications, as higher PF has been 
associated with lower risks of complications during and 
after BS (23–25). 
The health benefits of PA and PF presented earlier 

have not been thoroughly examined in people with class 
II (body mass index [BMI] 35–39.9 kg m−2) and III 
(BMI ≥ 40 kg m−2) obesity (26) and no systematic review is 
currently available on this subject. Yet, this population 
requires to be considered specifically because of higher 
premature mortality rates and prevalence of comorbidities, 
such as hypertension, type 2 diabetes, dyslipidaemia, car-
diovascular disease, sleep apnoea and cancer; poorer QOL 
and PF; and more musculoskeletal pain compared with 
people with less severe obesity (27–30). Moreover, a dis-
tinction is needed within the population with class II and III 
obesity, between surgery-seekers and lifestyle intervention-
seekers as several studies showed that BS-seekers are more 
likely to have higher BMI and comorbidities, and lower 
QOL (30–33). 

Therefore, the first objective of this systematic review 
was to appraise current knowledge available in all peer-
reviewed original studies on the impact of PA or different 
PA modalities on (i) anthropometric parameters and body 
composition; (ii) cardiometabolic risk factors; (iii) PF and 
(iv) QOL and psychological parameters in adult subjects 
with class II and III obesity and in subjects awaiting or 
having undergone BS. 
Secondly, we aimed to evaluate the current knowledge 

available in all peer-reviewed original studies on the asso-
ciation between PF level and the outcomes identified earlier 
in adult subjects with class II and III of obesity and in BS 
subjects. Finally, we aimed to identify key knowledge gaps 
and research priorities on the impact of regular PA among 
these populations. 

15, 721–739, September 2014 

Methods 

Information sources and search 

This systematic review follows the guidelines of the 
Preferred Reporting Items for Systematic Reviews and 
Meta-analysis (34). A systematic search of relevant litera-
ture was conducted in four databases (Medline®, Scopus®, 
CINAHL and Sportdiscus) and the reference lists of 
selected studies were hand-searched to find other poten-
tially eligible studies (cross-referencing). In addition, PA 
and obesity experts were consulted to add relevant missing 
references. No publication date restrictions were used in 
any database and the search was completed on November 
16, 2012. 

Study selection 

The search for publications was performed using the fol-
lowing keywords and medical subject headings: (Severe 
obesity OR Morbid obesity OR BS) AND (Exercise OR 
Exercise therapy OR Physical fitness OR Physical endur-
ance OR Walking OR Physical exertion OR Exercise 
Movement Techniques OR Physical activity OR Functional 
capacity OR Functional status OR Physical status). The 
search strategy was adapted to each database (see Support-
ing Information Table S1 for the complete search syntax 
used). 

Duplicate records were removed. Two independent 
reviewers screened all records according to titles and 
abstracts (AB and MMRF) and assessed selected full-text 
papers for inclusion and exclusion criteria (AB and MA). 
Disagreements were resolved by a third party (MFL). 
Excluded papers were listed with the reason for exclusion 
(Fig. 1). Reviewers’ agreement was calculated on a dichoto-
mous scale (included vs. excluded) using Cohen’s kappa 
coefficient (35). 

Eligibility criteria 

The following inclusion criteria were applied: (i) peer-
reviewed original studies; (ii) adult population (>18 years); 
(iii) subjects with class II and III obesity (more than 75% of 
the sample with BMI ≥ 35 kg m−2 and no normal weight 
subject) or subjects awaiting or having undergone BS 
(except intra-gastric balloon); (iv) study including an inter-
vention or recommendations on PA or with an evaluation 
of PF or PA level; (v) studies involving multiple interven-
tions needed to present their data in a way that allowed 
data extraction on the isolated effect of PA and (vi) study 
assessing at least one of these outcomes: anthropome-
tric parameters, body composition, cardiometabolic risk 
factors, PF, QOL or psychological parameters. Studies 

© 2014 The Authors 
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5,014 of records identified through 3 additional records 
database search (Medline = 13.4%; Medline identified through 

in Process = 25.8%; Scopus = 52.7%; other sources 
CINAHL = 6.2%; Sportdiscus = 1.9%) 

2,912 records excluded. 
Not peer-reviewed original studies = 68.3%; 
Incorrect population = 20.9%; Incorrect 
intervention or comparison = 10.2%; Others = 0.6. 

218 full-text papers excluded. 
Not peer-reviewed original studies = 2.2%; 
Incorrect population = 36.4%; Incorrect 
intervention or comparison = 57.3%; Inadequate 
outcomes = 2.2%; Others = 1.9%. 

40 papers included 

9 papers assessing the effect of PF 
- 8 in subjects awaiting BS 
- 1 in subjects after BS 

31 papers assessing the effect of PA 
- 10 in subjects with severe obesity 
- 6 in subjects awaiting bariatric surgery 
- 15 in subjects after bariatric surgery # 

3,170 records screened 
after duplicates removed 

258 full-text papers 
assessed for eligibility 
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Figure 1 Flow chart of studies selection throughout the review process. BS = bariatric surgery; PA = physical activity; PF = physical activity. # = one 
study was classifed in subjects after bariatric surgery but it performed also one association before surgery. 

evaluating only weight loss after BS were excluded since 
this was previously reviewed (10–12). 
In this review, we focused on the health-related compo-

nents of PF: cardiorespiratory endurance, muscular endur-
ance, muscular strength, body composition and flexibility 
(36). The concept of PF was also extended to the physical 
component of functional capacity. We considered that 
appropriate assessment of functional capacity would be for 
example, grip strength, balance, chair rises, speed and dis-
tance walking (37,38). 
All languages papers were considered for inclusion and 

translated when necessary. Authors were contacted twice in 
case of missing or incomplete data for the study selection 
step. When more than one publication used the same 
cohort, we included only the results from the publication 
with the largest sample size, unless specific findings (e.g. on 
selected outcomes) were present only in the other papers. 

Data collection process 

One reviewer (AB) extracted data from each study: 
country, design, sample size, baseline subject characteris-
tics, tools used and intervention characteristics (length, PA 

modalities [type, supervision, intensity, duration, fre-
quency], exercise compliance and the presence of diet 
and behavioural therapy). Data on baseline and post-
intervention outcomes of interest were reported as means 
with standard deviations and P-values. For observational 
studies baseline means with standard deviations and/or 
other results (i.e. correlations, associations) were extracted 
with P-values. All extracted data were double checked by 
another reviewer (MA). 

Quality assessment of individual studies 

The quality assessment of included papers was performed 
by an investigator (AB) using the Quality Assessment Tool 
for Quantitative Studies developed by the Effective Public 
Health Practice Project (39,40). A second independent 
investigator (MA) conducted quality control on 25% of 
randomly selected papers (n = 10). 
Final results lead to an overall methodological rating of 

high, moderate or weak in six sections: selection bias, study 
design, confounders, blinding, data collection methods and 
withdrawals or dropouts. These six scores were combined to 
produce a global quality rating for each study (39,40). We 

© 2014 The Authors 
obesity reviews © 2014 International Association for the Study of Obesity 15, 721–739, September 2014 
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reassigned the study design according to the data used in our 
analysis. For example, if a study had a prospective cohort 
design, but the outcome and exposure of interest were 
assessed only at one time point, we considered the design as 
cross-sectional. Depending on the study design, some items 
were scored as not applicable (confounders, withdrawals 
and dropouts); thus, only global ratings within the same 
study design are comparable. In cases of disagreements, 
consensus was reached by discussion with a third investiga-
tor (MFL) and kappa coefficient was calculated (35). 

Strength of evidence across studies 

No meta-analysis could be carried out because of the het-
erogeneity of studies (population, intervention, outcomes). 
Thus, a rating system of levels of evidence was used to draw 
conclusions, based on previously used best-evidence syn-
theses (41–43). Four levels of evidence were determined 
based on study design, methodological quality and the 
consistence of results. The following four levels were used 
(41) (i) strong evidence: at least two randomized controlled 
trials (RCTs) of high quality with consistent results; (ii) 
moderate evidence: at least one RCT of high quality and at 
least one RCT of moderate or low quality or one controlled 
trial of high quality (with consistent results); (iii) low evi-
dence: only one RCT of high quality or multiple moderate 
to low-quality RCT, and clinical controlled trials (CCT) of 
high, moderate or low quality (for all situations, consistent 
results were required); (iv) insufficient evidence: only one 
low- or moderate-quality RCT or one clinical trial (high, 
moderate or low quality), or no relevant studies, or nega-
tive or contradictory outcomes of the studies limited evi-
dence. If at least two-thirds of the relevant studies were 
reported to have significant results in the same direction, 
then we considered the overall results as consistent (43). 
Conclusions were drawn according to the strength of evi-
dence and team consensus. 

Results 

Study selection 

The electronic search provided a total of 5,014 records. 
After excluding duplicates (36.8%) and applying selection 
criteria on the basis of screening of titles/abstracts and 
full-text papers to the remaining 3,170 records, 40 papers 
were included: 31 assessing the effect of PA and 9 the effect 
of PF (Fig. 1). Investigators had a moderate agreement 
score concerning screening title/abstracts (k = 0.7) and 
strong agreement for eligible studies (k = 0.86) (35). 

Study characteristics 

Table 1 to 4 present studies’ characteristics and results in 
each population studied (subjects with class II and III 

15, 721–739, September 2014 

obesity, awaiting BS or after BS), according to the outcomes 
of interest. The same study may therefore appear several 
times in different tables. More than half of the studies were 
recently published (2010–2012) and only 12 (30%) had an 
experimental design. Except for four studies in subjects 
with class II and III obesity (44–47), all experimental 
studies were carried out in small samples (5–30 subjects). 
Most studies were carried out in the United States and 
included predominantly women (≥70%) with a mean age 
between 40 and 50 years. The majority of studies included 
at least 75% of subjects with class II and III obesity (n = 22; 
53%), whereas 23% of studies included only class III 
(n = 9) or didn’t give this information (only mean BMI; 
n = 9). 

Anthropometric parameters and body composition were 
the most studied outcomes (60%; n = 25), followed by PF 
(30%; n = 12) and cardiometabolic risk factors (25%; 
n = 10). QOL was more frequently assessed in BS subjects 
compared with class II and III obese subjects (12.5%; 
n = 15 vs. 2.5%; n = 1). Psychological parameters (self-
efficacy, depression) were the less-studied outcomes. 
Table 1 to 3 present characteristics of interventions of 

the 12 experimental studies covering all subpopulations. 
The vast majority of studies proposed short-term interven-
tions (≤16 weeks) with supervised exercise training 
(83.3%; n = 10). All studies included an endurance exercise 
component, and half added strength training and/or mul-
tidisciplinary intervention, including prescribed diet and 
behavioural therapy. Data on exercise compliance was pro-
vided in only half of these studies and the percentage of 
exercise sessions attended ranged from 67 to 100. 

Quality assessment 

Over three quarters of studies (78%; n = 31 studies) were 
rated as moderate quality (Supporting Information 
Table S2), while only three were of high quality (24,46,47) 
and six of weak quality (48–53). Inter-rater reliability for 
quality was strong with a Cohen’s kappa coefficient of 0.82 
(35). The vast majority of studies controlled for relevant 
confounders prior to the intervention when necessary 
(74%; n = 14/19). However, only seven studies verified the 
absence of significant medication use difference between 
groups (46,47,54,55) or excluded subjects taking medica-
tions known to influence weight or energy expenditure 
(56–58). Only three studies specified that the outcome 
assessors were blinded for the intervention or exposure 
status of participants (46,47,59). Awareness of the research 
question by the participants was almost never reported 
(93%; n = 37). The data collection tools were shown as 
valid and reliable in the vast majority of studies (83%; 
n = 33), even though the gold standard tool was not always 
used. In the majority of observational studies (74%; 
n = 14), PA level was self-reported. 

© 2014 The Authors 
obesity reviews © 2014 International Association for the Study of Obesity 
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Findings and strength of evidence regarding the 
effect of PA in subjects with class II and III obesity 

Six controlled experimental studies (44–47,54,60) and four 
cross-sectional studies (CSS) (48–50,59) evaluating the 
effect of PA or different PA modalities in subjects with class 
II and III obesity were found in this literature review 
(Table 1). 

First, two high-quality RCTs related to the same study, 
comparing diet with PA intervention to diet alone (46,47) 
provided limited evidence. They found that recommending 
moderate-intensity PA, such as brisk walking, in addition to 
diet had a beneficial effect on body weight (−10.9 vs. 
−8.2 kg; P = 0.02), waist circumference (−8.6 vs. −5.2 cm; 
P = 0.01), body fat (−8.7 vs. −5.9 kg; P = 0.008) and 
hepatic fat content (+0.12 vs. +0.06 liver-to-spleen Houns-
field units [L/S HU]; P = 0.046), without significant addi-
tional effect on other body composition parameters (fat-free 
mass, subcutaneous adipose tissue and visceral adipose 
tissue) and cardiometabolic risk factors (46,47). This study 
is the only one of this review that compared class II and III 
obesity. Results were not affected when obesity class was 
included in the analysis. 

Secondly, three moderate-quality studies performed by 
the same research team compared different exercise 
modalities combined with interventions including system-
atic diet and behavioural therapy (44,45,60). They 
reported that in multidisciplinary intervention, individual-
ized vs. non-individualized training was better to improve 
strength (leg +48 vs. +22%; chest +44 vs. +20%; upper 
body +30 vs. +11%; P < 0.05 [data extracted from 
figure] ) (60), and the addition of strength exercises to 
endurance training led to a larger improvement in strength 
(leg +10.3 vs. +66.1 kg; chest +11.2 vs. +5.3 kg; upper 
body +18.7 vs. +8.3 kg; P < 0.05) (45). In addition, car-
diovascular and strength program in a multidisciplinary 
intervention led to greater weight loss (−5.4 vs. −4.0 kg; 
P < 0.05) (44). One moderate-quality study compared 
resistance with endurance exercise training without diet or 
behavioural therapy (54). Endurance training alone sig-
nificantly reduced systolic blood pressure (−16.2 vs. 
+2.3 mmHg; P = 0.02), but slightly increased trigly-
cerides (+0.3 vs. −0.2 mmol L−1; P = 0.03) compared with 
strength training in morbidly obese Polynesian adults with 
type 2 diabetes (54). The study of Lafortuna et al. (60) is 
the only one of this review that compared results between 
gender. Results showed no significant difference between 
men and women in weight loss and the one repetition 
maximal improvement after the different interventions. 
The heterogeneity and the moderate quality of these 
studies led us to consider that insufficient evidence is cur-
rently available to determine the best modalities of exer-
cise with or without multidisciplinary intervention in 
subjects with class II and III obesity. 

© 2014 The Authors 
obesity reviews © 2014 International Association for the Study of Obesity 

Finally, few moderate to weak quality studies provided 
data on the effects of PA alone in subjects with class II and 
III obesity (48–50,54,59). In morbidly obese Polynesian 
adults with type 2 diabetes, 16 weeks of endurance training 
reduced systolic (−16.2 mmHg; P = 0.006) and diastolic 
blood pressure (−4.7 mmHg; P = 0.002) and slightly 
increased triglycerides (+0.3mmol L−1; P = 0.004) without 
other significant changes in cardiometabolic, glycaemic and 
anthropometrics markers (54). Resistance training in this 
same population lead to no significant improvement in 
cardiometabolic, glycaemic and anthropometric markers 
(54). Four CSS also studied associations between PA and 
weight, PF, QOL and self-esteem (48–50,59). However 
their design prevented us to know any direction of causa-
tion. Thus, there is insufficient evidence to conclude on the 
effect of PA alone on all the outcomes studied in subjects 
with class II and III obesity because of the moderate to 
weak quality of the existing studies and the absence of 
experimental controlled studies. 

Findings and strength of evidence regarding the 
effect of PA in subjects awaiting BS 

Three experimental (51,61,62) and three observational 
studies (63–65) assessed the effect of PA in subjects awaiting 
BS (Table 2). Data from analysis conducted prior to BS from 
one prospective cohort study (PCS) classified in the category 
PA in subjects after BS were also considered (66). Two 
moderate (61,62) and one weak (51) quality experimental 
studies found positive impacts of PA on bodily pain (−20%; 
P < 0.05) (61), depression scores (−12.3%; P < 0.05) (61), 
weight (−5.3 kg, P < 0.0001) (51), functional capacity 
(+69.8 m; P < 0.0001) (51), resting systolic and diastolic 
blood pressure (−23.8 mmHg; P = 0.007, −14.4 mmHg; 
P = 0.001) (51), cardiovascular risk (Framingham score 
risk: −4.4; P < 0.0001) (51), and insulin action (fasting 
plasma insulin [−41.7pM] area under the curve insulin 
[−23%]; [P < 0.05] ) (62) (Table 2). However, these experi-
mental studies had small sample sizes, heterogeneous inter-
ventions in terms of training load and length of intervention, 
and only one had a control group (Table 2), preventing us to 
consolidate and generalize the results in one conclusion. 
Interesting results from a PCS showed that sufficiently physi-
cally active subjects (≥600 metabolic equivalents of task 
min week–1) had less weight gain before surgery (+0.01 kg 
vs. +1.7 kg; P = 0.034) and reported higher physical QOL 
than insufficiently active subjects (P ≤ 0.03) (63). Neverthe-
less, all other studies had cross-sectional designs, making the 
direction of association between PA and other outcomes 
unclear. 

In conclusion, the evidence on the effect of PA in subjects 
awaiting BS is insufficient for all outcomes studied, because 
of the absence of large RCT or CCT and the moderate to 
weak quality of these studies. 

15, 721–739, September 2014 
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Findings and strength of evidence regarding the 
effect of PA in subjects after BS 

Three controlled experimental studies (55,56,67) and 12 
observational studies (16,52,53,57,58,66,68–73), that 
assessed the effect of PA in subjects after BS were included 
in our literature review (Table 3). In the vast majority of 
studies, gastric bypass surgery was performed (n = 10; 
66.7%), whereas gastric banding (n = 2; 13.3%), vertical 
banding (n = 1; 6.7%) and duodenal switch (n = 1; 6.7%) 
were performed less often (Table 3). Only the study of 
Castello et al. (55) included subjects having undergone two 
types of surgeries: gastric banding or gastric bypass and 
had an intervention with diet (1,200–1,500 kcal day–1) in  
the control and exercise groups. 
Based on these three experimental studies of moderate 

quality, we judged that some low evidence are actually 
available to show that 12 weeks of endurance training does 
not seem to add significant benefits on body composition 
changes in operated patients with short-term interventions 
(55,56,67). For example, Stegen et al. (67) found that fat 
mass and fat-free mass decreased significantly 4 months 
after gastric bypass, without significant difference between 
the exercise and non-exercise groups (respectively, fat 
mass = −17.3 vs. −19.0 kg; P = 0.689, fat-free mass = −5.4 
vs. −7.6 kg; P = 0.299). 

Only moderate to weak quality observational studies 
considered long-term effects of PA after BS on body com-
position. PCS found significant positive associations 
between body composition change and PA level after 
gastric bypass or duodenal switch (53,57,68). On the other 
hand, in a study examining preoperative predictors of 
weight loss, initial PA was not a significant predictor of fat 
loss after gastric bypass (58) and surprisingly a CSS found 
that lower PA level after vertical banding gastroplasty was 
associated with a greater fat mass and lower protein mass 
loss (72). In the absence of experimental studies, there is 
insufficient evidence for the long-term effects of PA after BS 
on body composition. 
Regarding functional capacity, two moderate-quality 

experimental studies showed that the 6-min walk test dis-
tance (6MWTD) improved significantly only in the exercise 
training group after gastric bypass (+49.7 and +52 m; 
P < 0.05), but there was no significant difference between 
groups at the last evaluation (group-by-week interaction) 
(55,67). A PCS also showed positive correlations between 
PA and changes in the short physical performance battery 
(r = 0.55; P = 0.02) and 6MWTD (r = 0.6; P = 0.01) after 
gastric bypass (66). The strength of evidence for the posi-
tive effect of PA on functional capacity after gastric bypass 
was rated limited based on these three studies. No consist-
ent results are found concerning the effect of PA after BS 
on maximal aerobic capacity (VO2max. [mL kg min–1]) 
(56,67). While Shah et al. (56) found a 10% significant 

15, 721–739, September 2014 

increase of VO2max. (mL kg min–1) in the intervention 
group after 12 weeks of endurance training, Stegen et al. 
(67) showed no significant effect of endurance and strength 
intervention. In addition, only one moderate-quality RCT 
assessed muscle strength (67). Thus, insufficient evidence 
on the effect of PA on maximal aerobic capacity and muscle 
strength was available. 
Finally, QOL, which was the most studied outcome in 

subjects after BS, was assessed by one moderate-quality 
RCT (56) and seven observational studies (16,52,66,69– 
71,73). Nevertheless, given the low number of controlled 
study and inconsistent results (Table 3), we judged that 
insufficient evidence is present to conclude of an additional 
effect of PA on QOL after BS. 

Findings and strength of evidence in studies 
regarding the effect of PF 

Eight observational studies evaluating PF were conducted 
in subjects awaiting BS (23–25,74–78) and one in subjects 
after BS (79) (Table 4). Beneficial and significant associa-
tions were found between PF and weight, QOL and opera-
tive complications in the majority of studies (Table 4). 
Nevertheless, the strength of evidence remains insufficient 
because of the absence of experimental studies. 

Discussion 

To our knowledge, this is the first review that aimed to 
systematically examine the impact of PA and PF on the 
general health of subjects with class II and III obesity and 
BS patients. From the 40 publications included in this 
review, the majority was performed recently in the United 
States with a clear predominance of women participants 
(≥70%), and only 12 used an experimental design. 

Findings and strength of evidence regarding the 
effect of PA in subjects with class II and III obesity 

Interventions in studies with class II and III obese individ-
uals are too heterogeneous to produce any recommenda-
tions based on strong evidence, and no experimental study 
evaluated the impact of PA or PF on QOL and mental 
health. Nevertheless, available data support some interest-
ing evidence. Six months of interventions based on recom-
mendation for moderate-intensity PA and diet compared 
with diet alone have additional positive effects on body 
weight (−10.9 vs. −8.2 kg; P = 0.02), waist circumference 
(−8.6 vs. −5.2 cm; P = 0.01), body fat (−8.7 vs. −5.9 kg; 
P = 0.008) and hepatic fat content (+0.12 vs. +0.06 L/S 
HU, P = 0.046) without additional significant effect on 
cardiometabolic risk factors (46,47). In accordance with 
these results, two previous meta-analyses showed that 
interventions combining diet plus exercise may produce a 

© 2014 The Authors 
obesity reviews © 2014 International Association for the Study of Obesity 
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greater weight loss among overweight and obese adults 
compared with diet alone (+1.14 to 3.1 kg; P = 0.06) 
(80,81). On the other hand, in subjects with class II and III 
obesity, no study among those included could provide evi-
dence on the effect of PA alone, because of co-interventions 
or inappropriate control groups. 

Findings and strength of evidence regarding the 
effect of PA in subjects awaiting BS 

We chose to separately consider subjects with class II and 
III obesity and subjects awaiting BS because the latter is a 
subgroup of the class II and III obese population, selected 
for and seeking a specific treatment. They are certainly 
more homogenous than the general class II and III obese 
population and are more likely to have higher BMI, 
comorbidities, and lower QOL than class II and III obese 
lifestyle-seekers (30–33). We found only six studies in sub-
jects awaiting BS. The absence of large RCT or CCT limits 
the ability to find strong or moderate evidence for any of 
the outcomes studied, and supports the recent interest of 
research on PA for this specific population. However, the 
results of the three experimental studies, showing positive 
impact of PA on bodily pain, depression scores, weight, 
functional capacity, and cardiovascular risk are encourag-
ing (51,61,62), and results of a pilot study from our team 
strengthens the importance to investigate exercise training 
before BS (82). 

Findings and strength of evidence regarding the 
effect of PA in subjects after BS 

We found three experimental studies in subjects after 
gastric bypass or gastric banding. Those were of higher 
quality, had better intervention homogeneity and larger 
sample sizes (n = 15, 21 and 28 subjects) than studies in 
subjects awaiting BS (n = 5, 8 and 34). Systematic reviews 
based on observational studies have previously showed 
that PA can improve weight loss of approximately 4 kg, 1 
year after BS (10–12). In our review, low evidence demon-
strated that 12 weeks of endurance exercise training after 
gastric bypass or gastric banding does not add significant 
benefits on body composition changes in the short term 
(55,56,67). However, insufficient evidence is available to 
conclude with regards to long-term effects of PA on this 
outcome. Data on the long-term effects of PA on fat-free 
mass loss and skeletal muscle quality after surgery are thus 
needed. Indeed, fat-free mass plays an important role in 
resting energy metabolism, which is involved in weight loss 
maintenance (56,83). Moreover, it seems that metabolic 
alterations of skeletal muscle observed in subjects with 
class III obesity are not all resolved with weight loss alone 
but only with PA (84,85), hence the importance to study 
the quality of fat-free mass after BS. 

© 2014 The Authors 
obesity reviews © 2014 International Association for the Study of Obesity 

Low-rated evidence also shows that the 6MWTD sig-
nificantly improves only in the exercise training groups 
after gastric bypass (55,67). However, the absence of 
group-by-week interaction, probably explained by the 
small sample sizes, prevents us from concluding clearly 
about this outcome. It is now well established that class III 
obesity greatly alters functional capacity (28,29). Thus, it 
is important to understand the specific long-term impact 
of both weight loss and PA on indicators of functional 
capacity. 

The absence of concordance concerning the effect of 
exercise training on maximal aerobic capacity after BS may 
be due to the different endurance exercise training volumes, 
AS Stegen et al. (67) still found a significant improvement 
in submaximal aerobic capacity only in the endurance and 
strength intervention group. The varying times of assess-
ment after BS and the types of surgery performed leading to 
different weight loss magnitude between these two studies 
(−22.7 kg [67] vs. −4 kg [56] ) can also explain these dif-
ferent results. Additional evidence is therefore necessary to 
know the impact of exercise training after BS on maximal 
and submaximal aerobic capacity. 
One RCT found that after 12 weeks of endurance exer-

cise training in addition to BS or gastric banding, the exer-
cise group tended to report greater improvement in QOL 
than the control group; however, there was no group-by-
week interaction possibly because of the limited sample 
size (56). It is unfortunate that only one RCT assessed 
QOL (56), especially as the results of observational studies 
are not consistent (positive associations n = 5 [16,52,70, 
71,73] negative associations n = 4 [16,66,69,71] ), prob-
ably explained by tools used, the different times of 
assessment after BS and the different type of surgery per-
formed, that can add confusion in the interpretation of 
results. Indeed, the type of surgery led to different effects 
that can influence the QOL change, with for example more 
weight loss and complication rates for gastric bypass com-
pared with gastric banding (86,87). Furthermore, even if 
severely obese populations have a high prevalence of 
mental disorders (88–90), data on the effect of PA on 
mental health in this population are lacking. King et al. 
recently found that adults undergoing BS who met rela-
tively low thresholds of PA (1 h week–1 of moderate to 
vigorous intensity PA) are less likely to have recently 
received treatments for depression or anxiety compared 
with less active counterparts (91). Therefore, PA could 
play a role in mental health, but we still need to determine 
the potential impact of adding PA to other lifestyle inter-
ventions in this population. 

To conclude, because of small sample sizes, and lack of 
high-quality and long-term studies, no current strong evi-
dence was found on the effect of PA in subjects after BS. 
There is no study available to compare modalities of train-
ing in BS patients. 

15, 721–739, September 2014 
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Findings and strength of evidence in studies 
regarding the effect of PF 

Finally, only observational studies evaluating the effect of 
PF were found in BS subjects. Even if the majority of studies 
found beneficial associations between PF and weight or 
QOL, no causal association could be identified. Neverthe-
less, interesting data showed the positive effect of a good PF 
on perioperative complications. For example, the compo-
site complication rate, defined as death, unstable angina, 
myocardial infarction, venous thromboembolism, renal 
failure or stroke, occurred in 6 of 37 patients (16.6%) 
and 2 of 72 patients (2.8%) with peak VO2 levels 
<15.8 mL kg min–1 or >15.8 mL kg min–1 (lowest tertile), 
respectively (P = 0.02). Hospital lengths of stay and 30-d 
readmission rates were highest in the lowest tertile of peak 
VO2 (P = 0.005) (24). Now, it would be interesting to 
examine whether improving PF before surgery would have 
positive impacts on this last outcome. 

Strengths and limitations 

Our review is an extensive systematic search across multi-
ple databases, including studies of all types of design with 
no date or language restriction and high agreement levels. 
Subject’s medication that could be a confounding variable 
was considered in each study that allows us to rate evidence 
as low or limited. However, some limitations should be 
considered. First, we used only original studies referenced 
in electronic databases, excluding the grey literature and 
conference abstracts. In addition, some papers with rel-
evant data may have been excluded because of missing BMI 
data, lack of response from authors to our queries or sec-
ondary analyses on PA that were not clearly identified in 
the abstract. Second, this review reported the major health 
outcomes studied in the literature; however, other infre-
quent outcomes such as mortality rates (92), gallstones 
(65), endometrial cancer (48), lower urinary tract symp-
toms (93), dietary intake (56), resting metabolic rate (56) 
and heart rate variability (55) have been found in a few 
studies, but were considered out of scope for this review. 
Finally, it cannot be excluded that publication bias could 
affect our findings 

Implications for practice 

The evidence supporting the beneficial effect of PA and PF 
in all subpopulations studied is currently limited in both 
quantity and quality of studies. Nevertheless, the studies 
included in this review show promising results and support 
the feasibility of various types of exercise training in sub-
jects with class II and III obesity and BS patients. Regular 
PA and good PF seem positively associated with several 

15, 721–739, September 2014 

health outcomes. Despite the growing number of studies 
(n = 40), the novelty of this research field (>50% of the 
studies were recently published [2010–2012] ) probably 
explains why there are no specific and accurate recommen-
dations available for individuals with class II and III 
obesity and BS subjects (6). Awaiting more evidence-based 
findings, recommendations given by expert committees 
for the general obese population should be followed: 
150 min week–1 to obtain health benefits and at least 
60 min d–1 to maintain weight loss with a dose–response 
relationship to obtain greater benefits, including strength 
training two to three times per week (1,3). 

Implications for research 

This review emphasizes the need for more research assess-
ing the effect of PA and PF in subjects with class II and III 
obesity, having undergone or awaiting BS. To improve the 
current evidence-based knowledge, long-term RCTs with 
appropriate sample sizes and high methodological quality 
studies are required. Even though we have included four 
studies comparing exercise modalities in subjects with class 
II and III obesity, given the insufficient evidence, future 
research should investigate the optimal modalities of PA 
(type, duration, frequency, intensity) to maintain weight 
loss or improve health. Weight loss and its maintenance are 
important outcomes in subjects with obesity; however, 
future research should investigate the effect of PA interven-
tions or practice on health outcomes beyond weight loss. 
Comparison between gender (only one study), age catego-
ries, obesity class (only one study), metabolic status, type of 
surgery performed, responders and non-responders could 
be other avenues to develop. To improve applicability of 
the results, studies have to be performed in several ethnic 
groups and countries because of cultural, biological and 
genetics differences. Finally, studies proposing PA interven-
tions should also include assessment of implementation 
outcomes (compliance, adverse outcomes and satisfaction) 
and cost-effectiveness analyses to support health profes-
sionals, healthcare managers and policy makers in decision-
making about these interventions. 

Conclusion 

Although the number of studies is growing to support the 
importance of PA and PF in the medical and surgical man-
agement of subjects with class II and III obesity, insufficient 
evidence prevents us to draw any strong conclusion. Never-
theless, results are encouraging and suggest potential ben-
efits of PA and of good PF in this specific population. 
Long-term RCTs are needed in subjects with class II and III 
obesity and in the subgroup of BS patients to determine the 
effect of PA beyond weight loss or maintenance to produce 
evidence-based guidelines. 

© 2014 The Authors 
obesity reviews © 2014 International Association for the Study of Obesity 
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