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Obesity is a multifactorial disease with increasing incidence and burden on societies worldwide. Obesity can be
managed through everyday behavioral changes involving energy intake and energy expenditure. Concerning
the latter, there is strong evidence that regular exercise contributes to body weight and fat loss, maintenance
of body weight and fat reduction, and metabolic fitness in obesity. Appropriate exercise programs should ideally
combine large negative energy balance, long-term adherence, and beneficial effects onhealth andwell-being. En-
durance training appears to be the most effective in this respect, although resistance training and high-intensity
interval training play distinct roles in the effectiveness of exercise interventions. With weight regain being so
common, weight loss maintenance is probably the greatest challenge in the successful treatment of obesity.
There is an established association between higher levels of physical activity and greater weight loss mainte-
nance, based on the abundance of evidence from prospective observational studies and retrospective analyses.
However, proving a causative relationship between exercise and weight loss maintenance is difficult at present.
Exercise has the potential to alleviate thehealth consequences of obesity, even in the absence ofweight loss. All in
all, exercise constitutes an indispensable, yet often underestimated, tool in the management of obesity.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Adipose tissue represents the largest energy depot in the human
body. More andmore people exhibit excessive fat deposition in adipose
tissue, which leads to obesity, amultifactorial diseasewith both adverse
health effects and economic implications. Although obesity has troubled
humanity since ancient times, it has reached epidemic proportions only
in recent years [1]. Since its primary cause is a chronic imbalance
besity, Metabolism Clinical and Experimental (2018), https://doi.org/
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between energy intake and energy expenditure in favor of the former,
the road to fighting obesity (excluding pharmaceutical interventions)
necessarily passes through creating a negative energy balance.

A plethora of studies have shown that themost effective approach to
achieving a negative energy balance is a combination of diet, exercise
and behavioralmodification [2–4]. Although restriction of energy intake
through dietary interventions is more efficient than exercise in
accomplishing significantweight loss, drastic decreases in energy intake
could result in nutritional deficiencies and decreased resting metabolic
rate due to loss of lean body mass [5], whereas weight regain occurs if
a dietary intervention is stopped [1,6]. Therefore, implementing a
long-term diet characterized by moderate restriction of energy intake,
in combination with regular exercise, is important [6]. In addition, ad-
hering to an exercise program plays a key role in maintaining a healthy
body weight and fat over time [2], as adding exercise to diet leads to
sustained weight loss for up to 36 months [7].

Although body weight loss is the main concern in the treatment of
obesity, reduction in visceral adipose tissue may occur irrespective of
changes in body weight and is considered more important than weight
reduction [8]. Interestingly, exercise training and lifestyle-modification
programs characterized by increased physical activity elicit appreciable
reductions in abdominal obesity [9]; they even tend to show a larger de-
crease in visceral fat compared to dietary restriction [8], thus highlight-
ing the unique role of exercise in themanagement of obesity. Moreover,
exercise is credited with a beneficial role in the health of obese individ-
uals, even in the absence of weight loss [10], whichmeans that exercise
is more than just a calorie-burning agent [11].

The aim of this narrative review is to highlight the evidence for the
effectiveness of exercise and physical activity in the management of
obesity. In its fourmain sections, wewill explore the contribution of ex-
ercise to body weight and fat loss, maintenance of body weight and fat
reduction, and metabolic fitness in obesity, followed by recommenda-
tions on how to avoid adverse effects and mistakes when training
obese individuals. The review is focused on studies performed in
obese people and is not exhaustive due to space limitations.

2. Exercise to Reduce Body Weight and Fat

Increasing daily energy expenditure to tip the energy balance is an
effective strategy in the treatment of obesity, and the larger the negative
energy balance, the greater the weight loss. Increased energy expendi-
ture can be obtained by increasing physical activity in forms of super-
vised or non-supervised exercise, occupational activity, work around
the home, personal care, commuting, and leisure-time activities [12].
Energy expenditure rises through physiological processes and cellular
mechanisms that accelerate the breakdown of the body's major energy
stores, that is, glycogen and triacylglycerols, leading toweight loss. Spe-
cifically, exercise speeds up glycogenolysis in muscle and liver; glycoly-
sis, the citric acid cycle and oxidative phosphorylation in muscle;
lipolysis in adipose tissue and muscle; and fatty acid oxidation in
muscle. All these effects are primarily achieved through the stimulated
secretion of hormones and changes in substrate concentrations that
lead to activation of enzymes catalyzing key steps in the aforemen-
tioned catabolic pathways.

Although increased energy expenditure is the primary way in which
exercise fights obesity, research has also been directed at investigating
whether exercise affects energy intake by modulating appetite. Al-
though variable, the results of the studies on this topic suggest that peo-
ple do not alter food intake after exercise [13]. This finding obtains even
though exercise usually elicits favorable changes in the plasma concen-
trations of orexigenic and anorexigenic hormones.

Since many obese people have reduced cardiorespiratory fitness
(CRF), are not familiar with exercise, and are at increased risk for mus-
culoskeletal injuries due to excess body weight, it is important to pre-
scribe exercise that is safe and makes them feel comfortable, thus
ensuring adherence to the exercise training program. Such a program
Please cite this article as: Petridou A, et al, Exercise in the management of o
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should be defined by the appropriate parameters of frequency, duration,
intensity, type, and progressivity, which, in turn, should be determined
according to individual abilities, preferences, and responses. It is also
recommended that exercise be supervised by a specialized trainer, at
least during an initial period. The recommendations apply to both
women and men, as there seem to be no differences between sexes in
the weight loss caused by equivalent exercise [14].

2.1. Exercise Volume

Exercise volume determines energy expenditure and depends on
duration and intensity. According to the American College of Sports
Medicine (ACSM) position stands [2,12], European College of Sport Sci-
ence position statement [15], and American College of Cardiology and
American Heart Association task force [16], exercise consistent with
the minimum levels of physical activity recommendations (approxi-
mately 150 min of moderate-intensity exercise per week) without die-
tary restriction may induce modest weight loss (about 2 to 3 kg) but is
inadequate for clinically significant weight loss (≥5%). To achieve that,
individuals should complete approximately 225 to 420 min of exercise
per week [12,17]. Thus, although 150 min of moderately intense physi-
cal activity per week may provide important health benefits and assist
in weight control, a greater amount of physical activity is necessary for
weight loss and successful long-term weight management [18]. It is es-
timated that every 50 min of exercise per week result in a loss of about
1 kg over a 6-month period. So, if one exercises for 250 min each week,
one can expect a loss of 5 kg in 6 months (that is, from exercise alone).

Moderate-intensity exercise is characterized by 3 to 6 metabolic
equivalents of task (METs, i.e., multiples of the energy expenditure at
rest), or 64% to 76% of maximal heart rate [19]. An empirical (though
less accurate) way of knowing when one is exercising at moderate in-
tensity is when one cannot pronounce more than three medium-size
words in a row without taking a breath. Moderate-intensity activities
include moderate to fast walking, cycling, or swimming at moderate
speed, aerobics, dancing, vigorous household and gardening activities,
etc. [20].

Splitting the daily exercise schedule into multiple short periods ap-
pears to be as effective in weight management as performing exercise
of the same total volume en bloc [15], thus supporting the notion that
“every minute counts” [21]. In a review by Dunn [22], the concept that
lifestyle activities have similar effectiveness in weight control with
structured exercise programs is analyzed. It is concluded that lifestyle
interventions possess the ability to improve cardiovascular disease
(CVD) outcomes, although the short-term nature of many of the studies
supporting this conclusion and the importance of future research focus-
ing on the maintenance of these lifestyle behaviors is noted. According
to Kushner [23], weight-loss counseling should encourage both struc-
tured exercise and lifestyle physical activity as part of the treatment
of obesity.

2.2. Exercise Type

Apart from exercise volume, exercise type is a parameter that should
be taken into account in the treatment of obesity. Endurance exercise is
probably the most popular and effective exercise type for body weight
loss, as it is easily applicable to obese people and ensures high energy
expenditure. Nevertheless, resistance exercise and intermittent exercise
can also be included in a weight management program, offering variety
and additional beneficial effects on health and fitness determinant.

Resistance exercise stimulates adipose tissue lipolysis in both lean
and obese men [24], similar to endurance exercise [25], suggesting
that it can aid in fat mobilization, although lipolysis is only the first
step in this process, the oxidation of the resulting fatty acids constituting
the determining step in body fat loss. However, because resistance exer-
cise contains long rest intervals, its energy expenditure is low compared
to continuous endurance exercise. Thus, a large part of the fatty acids
besity, Metabolism Clinical and Experimental (2018), https://doi.org/
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produced from lipolysis are not oxidized; rather, they are re-esterified
to triacylglycerols, making resistance training an intervention that,
alone, does not induce clinically significant weight loss [17]. Neverthe-
less, resistance exercise may influence body weight by increasing fat-
free mass, which may result in increased resting metabolic rate. Resis-
tance exercise also improves muscular strength, which may result in
more free-living physical activity and, hence, increased total daily en-
ergy expenditure [1], although caution is warranted because of the in-
creased risk of musculoskeletal injury associated with this type of
exercise. Thus, although the inclusion of resistance training in a weight
management programmay not enhance short-termweight loss, it does
result in healthy changes in body composition and may play an impor-
tant role in successful long-term weight management [18]. For these
reasons, resistance training is recommended to obese individuals not
to a higher degree, but similarly to the general population,
i.e., exercising themajor muscle groups two or three times a week [19].

High-intensity interval training (HIIT) is characterized by short
bouts of high-intensity exercise alternating with periods of rest or
low-intensity exercise. HIIT has recently become a popular strategy of
weight loss in the general population [26]. It has also been shown to
be feasible and well tolerated by people with obesity [27]. According
to a meta-analysis by Jelleyman and coworkers [28], HIIT caused a sig-
nificant reduction of 1.3 kg in body weight compared with non-
exercising control groups, but not compared tomoderate-intensity con-
tinuous training (MICT) in mainly overweight and obese individuals.
HIIT and MICT appear to be similarly effective in body fat reduction,
even in the absence of changes in body weight, in obese people, despite
the fact that HIIT requires approximately 40% less time commitment
[29]. A meta-analysis by Türk and collaborators [27] showed a signifi-
cant reduction in percentage body fat by HIIT compared to “traditional”
exercise (that is, MICT), but no difference in the amount of weight, BMI
or waist circumference reduction between the two. Therefore, HIIT
seems to be a promising alternative to MICT in the promotion of fat
and weight loss thanks to its effectiveness with short-time commit-
ment, although it may not be feasible in obese individuals with physical
limitations [26]. According to De Feo [30], the most efficient exercise
program in obese people is to begin at amoderate intensity and increase
by 5% of exercise intensity every six training sessions, up to 65% of max-
imal capacity. After sufficient adaptations have been achieved, it is bet-
ter to insert short repeats of interval training at sub-maximal intensity.
Future studies are needed to determine the optimal type of HITT
for obese individuals, ensuring long-term adherence and avoidance
of injuries.

3. Exercise to Maintain the Reduction of Body Weight and Fat

Achieving significant weight loss in obesity is, unfortunately, only
half the job. Weight regain is extremely common and, even a mild de-
gree of weight increase (i.e., 2% to 6%), seems to reverse the metabolic
benefits of weight loss [31]. The high incidence of weight regain can
be explained by the fact that weight loss results in physiological and
psychological changes (like changes in appetite and levels of orexigenic
or anorexigenic hormones, decrease in restingmetabolic rate, and lower
compliancewith lifestyle changes) that promoteweight regain [32–34].
Only about 20% of overweight people seem to succeed in maintaining a
10% weight loss for over one year [35]. Being a lifelong challenge for
obese or formerly obese individuals, weight loss maintenance is proba-
bly the greatest problem in the successful treatment of obesity. That is
why it is of critical importance to better understand the processes of
weight regain and develop effective strategies against it.

Exercise is universally perceived as an integral part of a weight
maintenance strategy. Besides it being an intuitive choice, most evi-
dence supporting its effectiveness for weight loss maintenance comes
from observational studies. The National Weight Control Registry is
the largest prospective observational study tracking the characteristics
of individuals who have successfully maintained a significant weight
Please cite this article as: Petridou A, et al, Exercise in the management of o
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loss (≥10%) for a substantial period of time (at least a year) [35]. Self-
reported data [36] and objective measures (use of accelerometers)
[37] provide evidence that high levels of physical activity are strongly
associated with successful long-term weight loss maintenance. People
who maintained weight loss reported spending an average of
2621 kcal on physical activity per week. This translates to N60 min of
moderate-intensity exercise (e.g., briskwalking) or N35min of vigorous
exercise (e.g., jogging) per day [36].

In a meta-analysis of randomized controlled trials (RCTs),
Dombrowski and associates reported that interventions combining
diet and exercise result in a significantly smaller weight regain
(−1.56 kg on average), compared to controls, at 12 months [38]. How-
ever, evidence proving a causative relationship between exercise alone
and weight loss maintenance is less conclusive. In another meta-
analysis of RCTs on weight maintenance after an initial weight loss
with very-low-calorie or low-calorie diets, addition of exercise did not
significantly improve weight loss maintenance compared to non-
exercising controls [39]. In fact, many of the RCTs that targeted weight
regain as a primary outcomehave not shown a significant effect of exer-
cise [40–43] despite showing a significant association of physical activ-
ity level and weight maintenance after retrospective analyses
[40,42,43]. On the other hand, Jeffery and colleagues [44] showed signif-
icant differences inweight lossmaintenance between an exercise group
spending 2500 kcal per week (roughly equivalent to 75 min of walking
per day) and a standard behavioral therapy group spending 1000 kcal
per week (roughly equivalent to 30 min of walking per day) at
12 months (−8.5 kg vs. −6.1 kg, respectively) and at 18 months
(−6.7 kg vs −4.1 kg, respectively).

It is worth noting that most of the aforementioned studies suffer
from limitations, such as low adherence rates, weaknesses in design,
and self-reported data due to lack of objective measures of physical ac-
tivity or performing unsupervised exercise [12]. Α recent retrospective
analysis [45] was the first to use objective measures of energy intake
and energy expenditure through the gold-standard method of doubly
labeled water. The authors confirmed previous findings that large in-
creases in physical activity (corresponding to about 80 min of
moderate-intensity activity, or 35 min of vigorous activity, per day
above pre-weight loss levels) are associated with long-term (6 years)
weight loss maintenance. Summarizing existing evidence, the standing
recommendations fromACSM forweightmaintenance after weight loss
are 200 to 300 min of moderate-intensity physical activity per week,
where more seems to be better than less [12]. It is fair to say that
reaching these levels of exercise on a regular basis seems a rather ambi-
tious goal in the context of modern lifestyles. This is why it is worth
investing in the research on new, time-efficient, andmore feasible exer-
cise regimens (like the aforementioned HIIT).

In a recent review, Foright and coworkers [46] presented, in a com-
prehensive manner, the arguments questioning and supporting the ef-
fectiveness of exercise for weight loss maintenance. In favor of
questioning, the authors cited the lack of clear evidence from RCTs,
compensatory behaviors after exercise (such as increase in food con-
sumption or decrease in free-living physical activity), high interindivid-
ual variability in the responses to exercise, and extremely low
compliance to exercise recommendations, coupled to very low adher-
ence to exercise regimes. Conversely, the abundance of evidence from
prospective observational studies and retrospective correlations, practi-
cal issues (mainly lack of adherence and lack of exercise supervision)
that make it extremely difficult to establish causative relationships
through RCTs, and evidence supporting that the physiological effects
of exercise counter adaptive responses to weight loss that favor weight
regain,make it impossible to rule exercise out of any strategy promoting
weight maintenance [46].

The most recent report by the National Institutes of Health working
group on weight loss maintenance suggests that, regarding exercise,
further research should focus on twomain areas: (i) deepening our un-
derstanding of the mechanisms by which exercise can counter the
besity, Metabolism Clinical and Experimental (2018), https://doi.org/
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biological factors that cause weight regain, and (ii) understanding fac-
tors that influence and promote long-term adherence to exercise pre-
scription [33]. Future studies also need to focus on matters such as
interindividual variability in the responses to exercise (for example,
why there are “responders” and “non-responders”, or “high responders”
and “low responders”), sex differences, factors influencing compensa-
tory behavior after exercise, and the molecular mechanisms behind
the effects of exercise on energy flux and weight regulation [33,46].

On a final note, an interesting study by Thomas and collaborators
[47] showed that, when programmed weight regain (50% of weight
loss) was accompanied by supervised endurance training for 4 to
6 months, the exercise group maintained many of the beneficial effects
of weight loss on cardiometabolic risk factors, in contrast to non-
exercising controls, who did not. That goes to show that exercise affects
multiple parameters in the obesity-and-health equation, as also shown
in the next section.

4. Exercise for Metabolic Fitness in Obesity

In addition to its role in achieving body weight reduction and main-
taining a reduced bodyweight, regular exercisemay improve the health
of obese individuals independent of weight loss. Indeed, research over
the past two decades has shown that regular exercise can alleviate
part of the metabolic complications of obesity in the absence of weight
loss.

4.1. Observational Studies

A multitude of observational studies, originating primarily from the
research group of Steven Blair, demonstrate the importance of exercise
in the prevention of chronic disease and premature death associated
with obesity. A selection of these studies is briefly presented below.
See the review by Ortega and collaborators [48] for a more detailed
discussion.

In one of the first studies on the subject, Lee and coworkers [49] ex-
amined the risk of all-cause and CVD mortality in a cohort of 21,925
men in relation to percentage body fat and CRF (assessed through a
maximal exercise test on treadmill). Although CRF depends on many
factors, a major determinant of it is regular exercise [50]. Unfit (low
CRF)menwere found to have a higher risk of all-cause and CVDmortal-
ity compared to fit men regardless of body fat content. What is more,
unfit lean men had a higher risk of all-cause and CVD mortality than
did fit obese men. Farrell and colleagues [51] obtained similar results
by studying 11,335 women: Unfit women had a higher risk of all-
cause mortality than fit women, regardless of adiposity level.

Nevertheless, Stevens and associates [52], who examined 2506
women and 2860 men, concluded that both high BMI and low CRF are
risk factors for all-cause and CVD mortality and that being fit does not
completely reverse the increased risk associated with excess adiposity.
Hu and colleagues [53] reached a similar conclusion by examining
116,564 women, although they based their stratification on the subjec-
tive parameter of self-reportedweekly time spent onmoderate and vig-
orous physical activity, rather than the objective measure of CRF.

Moving on to specific population groups, Church and collaborators
[54] calculated the risk of all-cause mortality depending on CRF and
BMI in 2196 diabetic men. The results showed a steep decrease in mor-
tality with increasing fitness, independent of BMI. Similarly, Lyerly and
coworkers [55] found an inverse association between CRF and all-
cause mortality, regardless of BMI, in 3044 women with impaired
fasting glucose or undiagnosed diabetes mellitus. Sui and associates
[56] measured all-cause mortality in a cohort of 2603 older men and
women depending on BMI, waist circumference, percentage body fat,
and CRF. Again, the results showed a decrease inmortality with increas-
ingfitness, independent of overall or abdominal adiposity. Furthermore,
McAuley and colleagues [57] confirmed the essential role of fitness in a
cohort of 13,155 hypertensive men by showing that those with
Please cite this article as: Petridou A, et al, Exercise in the management of o
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moderate or high CRF had a lower risk of all-cause and CVD mortality
than those with low CRF and that fitness negates the all-cause and
CVD mortality risk associated with obesity.

A meta-analysis of ten prospective studies that associated objec-
tively measured CRF and BMI with all-cause mortality [58] has con-
cluded that (i) compared to fit normal-weight individuals, unfit
individuals run twice the mortality risk regardless of BMI and (ii) fit
overweight and obese individuals have similar mortality risks as fit
normal-weight individuals. These findings are epitomized in the “fat-
but-fit paradox” [59], which is explained by the fact that regular
exercise lowers most CVD risk factors, even in obese individuals. Thus,
fitness can counteract the adverse effects of obesity on CVD risk factors,
thus reducing CVD mortality [48].

Of note is a study that examined the independent and combined as-
sociation of changes in CRF (expressed as the METs achieved in a max-
imal exercise test) and BMI with all-cause and CVDmortality in 14,345
men over 6.3 years [60]. The researchers found that those participants
who retained or increased their CRF had a 27% to 42% lower risk of
death compared to those who experienced a decrease in CRF, whereas
the change in BMI was not independently associated with mortality.
Every MET of improvement in CRF was associated with 15% and 19%
lower risk of all-cause and CVD mortality, respectively.

All studies cited so far in this subsection have examinedmortality as
outcomemeasure, thus having an indirect, not direct, relationship with
the metabolic complications of obesity. By contrast, the study of Wing
and coworkers [61] examined the association of BMI and CRF with car-
diovascular risk factors in 5145 overweight or obese individuals with
type 2 diabetes. The authors found that glycated hemoglobin, the
ankle/brachial pressure index (an index of peripheral artery disease),
and the Framingham risk score (an index of cardiovascular risk) were
more strongly associated with fitness than fatness, whereas systolic
blood pressure was more strongly associated with fatness. The authors
concluded that fitness and fatness seem to have different impacts on
specific CVD risk factors.
4.2. Interventional Studies

Research employing exercise interventions in overweight and obese
individuals demonstrates the ability of exercise to improve risk factors
for health, independent of weight loss. Donnelly and associates [62]
subjected 22 untrained obese women to two 18-month long training
programs (one with continuous, the other with intermittent exercise),
none of which elicited clinically significant weight loss (being 1% to
2%). Nevertheless, HDL cholesterol increased (on average, from 40 to
46mg/dL) and the area under the serum insulin curve in an oral glucose
tolerance test decreased by 30%. Along the same lines, Kraus and
colleagues [63] subjected 58 sedentary overweight men and women
to either of three training programs, none of which caused a weight re-
duction higher than 2% after eight months. However, all three exercise
groups had a better lipidemic profile at the end of the intervention
than a control group that did not exercise.

Research has compared the effects of exercise on metabolic compli-
cations of obesity with the effects of dieting and shown the former to be
at least as beneficial as the latter. For example, Larson-Meyer and asso-
ciates [64] divided 35 healthy overweight men and women into two
weight-loss groups and a weight-maintenance (control) group. Weight
loss was achieved in one group through a 25% reduction in energy in-
take, while, in the other, through a 12.5% reduction in energy intake
plus a 12.5% increase in exercise energy expenditure. After 24 weeks,
the two intervention groups had similar weight loss (by about 10%)
and similar total as well as visceral fat loss (by about 25%). As expected,
only the exercise group improved their CRF. In addition, only the exer-
cise group displayed statistically significant changes in total serum cho-
lesterol (decrease by 9%), LDL cholesterol (decrease by 13%), insulin
sensitivity (increase by 66%) and diastolic blood pressure (decrease by
besity, Metabolism Clinical and Experimental (2018), https://doi.org/
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5%). Thus, including exercise in a weight loss program improved meta-
bolic fitness.

A comparison of dieting and exercise was also performed in two
other studies [65,66]. Ross and coworkers [65] assigned 52 obese men
to one of four study groups (diet-induced weight loss, exercise-
induced weight loss, exercise without weight loss, and control) and
monitored the participants for three months. Body weight decreased
only in the weight loss groups, and CRF increased only in the exercise
groups. Although total fat decreased in both weight loss groups, the re-
duction was greater in the exercise-induced weight loss group than in
the diet-inducedweight loss group. Visceral fat decreased in the weight
loss groups, but also in the exercisewithoutweight loss group. Improve-
ment in glucose disposal was similar in the two weight loss groups and
greater than those in the other two groups.

Similarly to the aforementioned study, Coker and collaborators [66]
divided 34 obese older men and women into four groups: (A) weight
maintenance without exercise, (B) energy restriction with weight loss,
(C) training with weight maintenance (through compensatory energy
intake), and (D) training with weight loss equal to that of group B.
After 12 weeks of intervention (followed by two weeks of refeeding
and four weeks of weight stabilization), only the exercise groups (C
and D) exhibited an increase in CRF, whereas only the weight loss
groups (B and D) had a decrease in body weight and body fat, as ex-
pected. However, specifically regarding visceral fat, exercise with
weight maintenance (group C) caused a reduction similar to the one
caused by dieting (group B), whereas exercise with weight loss (group
D) caused a more-than-twofold reduction. The response of the
insulin-stimulated suppression of glucose production (an index of he-
patic insulin sensitivity) to the interventions was similar: while it in-
creased similarly in groups B and C, the increase was more-than-
double in group D. Finally, the insulin-stimulated glucose disposal (an
index of peripheral insulin sensitivity) increased in group C and, more
than twice as much, in groups B and D. These findings show the ability
of exercise to mitigate the metabolic complications of obesity, even in
the absence ofweight loss, although thebenefit increaseswhen exercise
is accompanied by weight loss.

Apart from dyslipidemia and insulin resistance, an excessive accu-
mulation of triacylglycerols in the liver constitutes a serious metabolic
complication of obesity. This leads to non-alcoholic fatty liver disease
(NAFLD), which, independent of obesity, increases the risk of insulin re-
sistance, the metabolic syndrome, and CVD [67]. A meta-analysis of 20
randomized controlled trials on mostly overweight and obese NAFLD
patients [68] concluded that regular exercise lowers the serum concen-
trations of alanine aminotransferase and aspartate aminotransferase
(two known indices of liver damage) and the fat content of the liver, in-
dependent of body weight change.

5. Avoiding Adverse Effects and Mistakes when Training Obese
Individuals

When applying exercise programs to obese individuals, special care
should be taken to avoidmisuse of exercise andmistakes that lead to in-
juries and cessation of participation. As mentioned above, obese people
are at increased risk for musculoskeletal injuries, since their knee and
hips joints experience increased pressure. Because obesity seems to in-
duce several pathways that predispose to symptomatic osteoarthritis
[69] and because joint overload becomes larger if the pace of exercise
is increased, it may be necessary to perform low-impact exercises of
short duration until some weight loss is achieved [70].

Additionally, when more exercise than needed is provided to obese
people, especially at the onset of a training program, it is more likely to
cause fatigue within a short period and, as a result, aversion to continu-
ing the program. Thus, progressive increase of the exercise load is im-
portant to ensure adherence to a training program and avoid injuries.
In addition, it is important to pay attention to what precedes and
what follows an exercise session, that is, perform a thorough warm-up
Please cite this article as: Petridou A, et al, Exercise in the management of o
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and devote sufficient time to cool-down and recovery. Finally, a clear
goal definition and continuous monitoring of progress increases the
chances for a successful exercise program. Supervision of training ses-
sions by a knowledgeable trainer, at least at the beginning of a program,
ensures application of all these key points.

While following the recommendations mentioned above, it is also im-
portant toward off somemore-or-less commonmisconceptions surround-
ing exercise for weight loss. One suchmisconception is that it is possible to
cause local fat loss (also referred to as spot reduction) by exercising a spe-
cific part of the body (for example, to reduce abdominal fat by performing
sit-ups).However, since adipose tissue itself doesnot exercise and since the
signals to speed up lipolysis are primarily hormonal (that is, global rather
than local), there is little theoretical ground for targeted fat reduction
through local exercises. In addition, studies that tested this hypothesis,
such as by Katch and coworkers [71], have refuted it. If one performs suffi-
cient exercise to achieve fat loss, itwill come fromall over the body, regard-
less of which parts of it are involved in the exercise.

Passive exercise through equipment that moves parts of the body or
electrical stimulation is sometimes advocated as an effortless means of
reducing body weight and fat. Such equipment has been developed pri-
marily for rehabilitation purposes, but part of it has found its way into
the large and profitable weight reduction market. Since instruments of
this kind cause no or little increase in energy expenditure (which can
be deduced by the simple fact that they cause no panting), there is no
way they can reduce body weight or fat.

Finally, exercise in intentionally hot environment, water deprivation
during exercise, and exercising in sweat bands or other clothing that in-
creases sweating are often touted as means of enhancing weight loss.
These practices (i) erroneously target water, rather than fat, (ii) are in-
effective, since the body will withhold more water and excrete less
water after the next fluid intake thanks to its powerful homeostatic
mechanisms, and (iii) are potentially harmful, since they increase the
risk of dehydration, with consequences upon physical performance
and health. No such practice should be endorsed.

6. Concluding Remarks

Evidence summarized in this review supports the view that exercise
constitutes an indispensable tool in the management of obesity. Yet, in
our experience, this tool is often underestimated, and preference is
given to other means such as dieting, medication, and surgery. It is our
firm belief that health practitioners should better understand that exer-
cise is indeedmedicine and exploit its unique features. These go beyond
its contribution to body weight and fat loss, maintenance of body
weight and fat reduction, and physical fitness in obesity. Exercise con-
tributes to one's mental and social well-being, a better quality of life,
and protection of the environment, if one chooses physically active
means of transportation over motorized ones. Exercise also has the po-
tential to fight the chronic, low-grade inflammation that is associated
with obesity. Conversely, sedentary behavior is equally important (in
an opposite way) as moderate-to-vigorous physical activity/exercise,
and substituting or interrupting sedentary time with light-intensity
physical activity is also beneficial to cardiometabolic health, indepen-
dent of weight loss. Finally, physical fitness has a negative relationship
with both all-cause and cardiovascular mortality.
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