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Abstract

Many weight loss strategies are available in the literature but many of the individuals regain their weight. The relapse to obesity

is of major concern because as individuals relapse, the inflammation becomes more severe. Therefore, strategies must be used for
weight loss and long-term weight loss maintenance (LTWLM). Literature shows that individuals who are successful at LTWLM include exercise in their routine. When the goal is weight loss and maintenance the main factor is not the type of exercise or even the
intensity and volume of training sessions. If an individual intends to use exercise in LTWLM, the main concern is the affective relation

to it. Only by developing an affective response to exercise will an individual truly incorporate more SPA in their life and the amount of
physical activity energy expenditure will be increased to an extend that helps overriding the energy gap that results from weight loss.

Exercise prescription needs to meet every demand in physical fitness for daily and labor and help qualify and create possibilities for
leisure time physical activities and sports.
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Introduction

Obesity is a growing epidemic that affects 500 million people worldwide [1]. This is a result of an imbalance between energy intake

and energy expenditure (EE). Although obesity has increased especially from the second half of the 20th century, the current energy intake

is lower than it was then, but EE has fallen even further due to modern commodities and what is called an obesogenic environment [2].

The main problem of obesity is a state of low-grade inflammation. When adipocytes grow to store more energy, a decrease in adipose

tissue PO2 occurs due to tissue remodeling [3], and the hypoxia alters the production of cytokines to an inflammatory state associated to
a number of metabolic disorders such as diabetes, hypertension and coronary artery disease [4]. Therefore, weight loss for overweight/
obese individuals has to be viewed as management of the low-grade inflammation and its metabolic consequences.

Many weight loss strategies are available in the literature but the majority only leads to desirable effects for periods of 3 to 6 months

[5] and many of the individuals regain their weight. This relapse to obesity is of major concern because as individuals relapse, the inflamCitation: Rodrigo Ferro Magosso., et al. “The Role of Exercise in Weight Loss and Maintenance: A New Paradigm Based on Motor Skills
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mation becomes more severe [6]. Therefore, weight loss interventions must also lead to long-term weight loss maintenance (LTWLM),
which is defined as intentionally losing over 10% of body weight and keeping this weight off for a period of at least one year [7].

This review is going to approach the biological drive to regain the lost weight, explore the strategies of those who we successful in

LTWLM and propose a new perspective for the role of exercise in weight loss and maintenance for adults.
The biological drive to regain the lost weight

Losing weight is already a difficult task itself but maintaining the lost weight seems to be ever harder. Data from the 1999 - 2006

National Health and Nutrition Examination Survey (NHANES) revealed that among those who accomplished LTWLM, less than 5% of
people were able to keep it over 20% and about 25% were able to maintain 10% of lost weight for over a year [8]. Data from the same
study showed that after one year, among those who lost at least 10% body weight only 7.6% continued to lose weight, while 58.9% had

maintained their weight (variation within 5%) and 33.5 regained weight (> 5%) [9]. Moreover, a meta-analysis by Anderson., et al. [10]

showed that the success rate of LTWLM falls to 21% at 5 years, which means that 4 in every five people who are successful in losing weight
will return to the initial body weight after 5 years. Those data combined show that only about 6% who aim at losing weight of people are
able to lose more than 10% body weight and keep it for over 5 years.

Weight regain occurs because the body adapts to weight loss in a way that favors compensatory weight gain (Figure 1). The human

body has a very complex set of signals that are integrated by the hypothalamus sending a message that reflects energy stores. The problem
of weight loss, especially for those who have increased number of fat cells is that this signaling is not affect by total fat mass but by fat cell

size. Once an individual loses weight, as the number of fat cells remains constant, their size is reduced and the myriad of signals send to

the hypothalamus is that there is a lack of energy in the body. Literature shows that diet-induced weight loss is accompanied by increased
ghrelin and reduction in insulin and leptin [11], which also leads to increased appetite and energy intake.

Figure 1: Weight loss leads to a set of physiological adaptations that include decreased satiety and resting metabolic rate
(RMR) and increase in all aspects of appetite. That combination leads to an energy gap that is persistent until the individual
regains the lost body weight or even more.
Another mechanism involved is adaptive thermogenesis. Camps, Verhoef and Westerterp [12] submitted overweight/obese men and

women to 8 weeks of a very-low energy diet (VLED) followed by 44 weeks of weight maintenance. During the course of the study, average

body mass fell from 92.9 to 83.3 kg after 8 weeks of VLED and was 87.5 kg after 44 weeks of weight maintenance. Resting metabolic rate

(RMR) was reduced after 8 weeks of VLED and at the end of the study values were still significantly lower than baseline. Furthermore, individuals had an imbalance between measured and predicted RMR, which would lead to overestimation of RMR using prediction models.

Johannsen., et al. [13] also found that after 30 weeks of severe weight loss (30% of body weight), where approximately 17% of the loss

consisted of fat free mass (FFM), RMR declined to a greater extent than would be expected if only the reduction in body mass and FFM
were accounted.
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The reduced RMR would not be a problem if energy intake were low enough to maintain energy homeostasis. However, when obese

adults lose weight, the body’s response is an increase in all aspects of the appetite, including the hedonic reward pathways that increase
food palatability [11]. The combination of reduced RMR and the increased appetite create an imbalance that has been termed energy gap
[14]. This energy gap is persistent until the moment that the individual recovers the lost weight or comes back to an even greater body

weight after regain [11]. Animal models of obesity show that the energy gap is actually increased while the animal is maintaining body
weight [15], which would help explain why the success rate of LTWLM falls so drastically over time.

This biological drive to regain weight has to be constantly and continually overridden in order for the lost weight to be maintained. The

next session will approach the strategies of those who were successful at LTWLM.

General strategies to maintain the lost weight: what is determinant to maintain body weight?
From the assumption that the relapse to obesity constitutes a factor that further aggravates the obesity-induced inflammation, it

seems obvious to postulate that from the individual´s health perspective, the adoption of strategies that ensure the maintenance of the

lost weight for periods of at least 5 to 10 years is paramount and even more important than the strategies typically employed for weight
loss alone.

In that sense, it is important to emphasize the importance of behavioral changes for the success in maintaining body weight for long

periods of time. Literature points to a set of behaviors that decisively contribute for LTWLM once present in someone’s life (Kruger, Blanck

and Gillespie; Kwasnicka., et al.; Kayman, Bruvold and Stern). One key factor in all of the studies conducted to relate behaviors that predict
the success of LTWLM is exercise [16].

The study of Kwasnicka., et al. elucidated some of the main factors in predicting success of LTWLM. According to the authors, regular

exercise, satisfaction with the results, self-regulation, motivation to maintain body weight and a favorable (i.e. non-obesogenic) environment were present in individuals who, after one year of weight loss, were able to keep the lost weight off for a period of six months.

A classic study by Kayman, Bruvold and Stern points to factors that are present in individuals that were able to keep the lost weight

off for a period superior to two years. The study evidenced highly elucidative differences between those who were successful at LTWLM

and those who failed to keep the lost weight off. Regular PA was present among 90% of the successful group and only 34% of those who

failed; use of available social support was a strategy adopted by 70% of the successful and 34% of the unsuccessful; and 95% those who
were able to keep the lost weight off faced the problem whereas only 10% of the unsuccessful did. As well as in the study of Kwasnicka.,
et al. authors found as a contributive factor the adoption of personally developed strategies.

In a complementary form, some studies report that strategies of monitoring some aspects such as daily ingestion of carbohydrates

and fat, the amount of calories in a diet, portion sizes and frequent body weight control have been shown to be effective and present in
the myriad of behaviors that lead to successful LTWLM [16]. Again, in these two studies, regular exercise was present in most of the successful strategies.

Many of these behavioral factors seem to depend of personal behavior traits at some level, which would in great part, explain the low

level of success in stabilizing body weight found for the general population. It is possible to say that only a minority of the obese popula-

tion has the psychological profile to adopt the set of behaviors necessary loss and maintenance of the body weight (Kwasnicka., et al).

The sum of the aforementioned studies shows that successful LTWLM is not achieved by one isolate strategy but by a set of strategies

that leads an individual to healthier habits. Moreover, it is well established that, no matter what the combination of strategies is, exercise
is a central aspect. In the next session, we will present a new approach for exercise prescription in weight loss and maintenance.
How exactly should exercise be prescribed?

As it has been described in the previous session, exercise is a very important part of weight loss and LTWLM. The obvious logic on the
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incorporation of exercise to weight loss and maintenance is that exercise increases energy expenditure (EE) both during [17] and after
training sessions [18] and that helps creating a negative energy balance during the day. In fact, men and women show the same weight loss

to a training program if EE is the same [19]. Also, if exercise increases FFM, it leads to increased RMR [20], which accounts for up to 70% of
the daily energy expenditure (DEE) of obese adolescents [21]. Another aspect of exercise that may be important in LTWLM is the increased
capacity to mobilize and metabolize fat of trained individuals [22] that has been shown to be reduced in obesity [23].

Despite the many benefits that exercise may provide on the daily energy expenditure, both during training sessions and at rest and

on the capacity to metabolize fat, one thing seems to be overlooked in many interventions: and individual will only have those benefits
if they actually exercise. This may seem and is obvious, however people know that exercise is helpful in the management of obesity but

they are still not exercising [24]. So, even before we question ourselves as to what type or intensity of exercise leads to weight loss and

maintenance, we should be asking ourselves how to effectively help individuals incorporate exercise and spontaneous physical activity
(SPA) in their lives.

The increase in SPA leads to increased DEE but the regulation of motivation for exercise is very complex [25]. Therefore, incorporating

exercise and SPA in an individual’s life is a task that demands more than just cognition and will power. If the appetite is increased during

LTWLM because of hedonic reward pathways, why shouldn’t exercise and SPA also be increased by them? Research on children and ado-

lescents reveal that physical activity (PA) and fitness levels are closely related to their fundamental motor skills (FMS) competence [26].
D’Hondt., et al. [27] investigated the FMS competence of 954 Flemish primary school children and found that less than 20% of the healthy-

weight participants were identified as being motor impaired, while that proportion increased to 43.3% and up to 70.8% in children with

overweight and obesity, respectively. A study by Gentier., et al. [28] showed that obese children have lower scores not only for gross motor
skills, which are affected by how an obese child moves, but also for fine motor skills compared to children of the same age and gender.

This collective of research shows that there is a negative correlation between FMS competence and body weight of children and ado-

lescents and that interventions at school age must focus on motor development. Stodden., et al. [29] proposed a model that explains the

relationship between FMS competence and the levels of PA of children and adolescents. In the early childhood, children who are more
physically active will have more opportunities for motor development, so in that phase of life PA is a crucial determinant of FMS competence. As children reach into late childhood and adolescence a greater motor development yields a repertoire that allows for engaging in

various types of PA, games and sports and the motor developed children end up being more active and those with poor FMS competence
embrace a sedentary life style. That is the moment FMS start to determine one’s PA behavior for life.

Tammelin., et al. [30] investigated the PA behavior of 7794 males and females who were engaged in sports in adolescence. The results

showed that the participation in sports of at least once a week for women and twice a week for men during adolescence led to a physically

active life style through adulthood. Lloyd., et al. [31] showed that the FMS competence at age 6 influenced the PA behavior at age 26, when
females who were proficient at age 6 were also those more engaged in PA 20 years later. Stodden, Langendorfer and Roberton [32] have
also shown that FMS competence is positively associated with PA in 18 - 25-year-old adults.

This means that once an individual has developed and affective relation to exercise, it will be maintained for the lifespan. If exercise

is an important aspect of LTWLM, the current mechanic proposition of exercise with treadmills, ergometers and weights may just not be

enough, because their will hardly lead to an affective response and exercise becomes viewed as an obligation rather than pleasure. We

propose that exercise prescription is made with the major goals of creating an affective response to exercise and creating the fundamental

basis for engaging in sports and other pleasant activities during leisure time. A middle-aged individual who has been sedentary for most
of their life will not be excited about lifting weights with the goal of aesthetics but will find meaning if strength training is made to improve
performance and reduce injury risk on his favorite sport.

Considering that physical fitness implies in what an individual is fit for, training prescription for weight loss and LTWLM has to address

every aspects of physical fitness. Individuals must be fit for daily, labor and leisure time activities. Given that only daily activities such as
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climbing stairs, getting in and out of a car and showering are common to most people and labor and leisure time activities differ, the de-

mands on physical fitness are also very specific to every person. A training program must prepare and individual for their daily and labor
tasks and qualify their leisure time, expanding the possibilities of engaging in a set of sports, preferably those who bring affection because
those will be made spontaneously. The aspects of prescription are FMS, the abilities required for the chosen modalities and the demands
of coordination (i.e. space-time, fine and gross coordination), and conditioning capabilities (maximum oxygen uptake, strength, flexibility
and speed) for better performance and injury prevention (Figure 2). That way, exercise is not a punishment for being overweight/obese
and loses the aspect of treatment to become rewarding.

Figure 2: Physical fitness is determines what an individual is fit to do during daily, labor and leisure time activities. The set of activities is very individual so it is necessary to analyze the specific demands of fundamental and sport-specific motor skills, coordination
and conditioning capabilities (VO2máx, strength, flexibility and speed) for exercise prescription that allows the individual to engage
in sports for weight loss and maintenance.

Conclusion
In summary, when the goal is weight loss and maintenance the main factor is not the type of exercise or even the intensity and volume

of training sessions. Exercise is paramount in LTWLM, but the main concern has to the affective relation to it. Only by developing an affec-

tive response to exercise will an individual truly incorporate more SPA in their life and the amount of physical activity energy expenditure
will be increased to an extend that helps overriding the energy gap that results from weight loss. Exercise prescription needs to meet
every demand in physical fitness for daily and labor and help qualify and create possibilities for leisure time physical activities and sports.
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