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SUMMARY:  Obesity is a multifactorial disease, affecting, along with overweight, over a third of the adult population worldwide.
Although weight control is beneficial, the problem of poor compliance in weight loss programs is well known. Therefore, different
strategies have been described against overweight. Among them, strategies such as intermittent fasting, time-restricted feeding and
Ramadan fasting have been identified. In recent years, other strategies such as nutritional supplementation have gained significance on
weight loss, mainly due to focusing on body composition is even more important than overall weight. In this sense, consumption of
nutritional supplements in athletes and sedentary people have shown beneficial effects. Also, supplement intake such, protein, creatine
and beta-hydroxy-beta-methylbutyrate; combined with resistance training resulted in an increased body weight and fat-free mass. So,
although resistance training increases muscle mass and resting metabolic rate, it does not result in weight loss without caloric restriction.
Despite this, it seems even without caloric restriction, has favorable effect on body composition because it decreases fat mass, including
abdominal fat. According to the evidence, our review suggests that a strategy for improving body composition might be to use a mixed
protocol that includes intermittent fasting, nutritional supplementation intake, and resistance training.
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INTRODUCTION

The current obesity epidemic in developed countries
is staggering in terms of its magnitude and public health
impact. Prevalence estimates of overweight and obesity
reported by the World Health Organization in 2014 showed
that 39 % (1.9 million) of adults aged 18 and over were
overweight, and of these 13 % (600 million) were obese
(World Health Organization, 2016).

Obesity is a multifactorial disease, affecting, along
with overweight, over a third of the adult population
worldwide (Chooi et al., 2019) with an increasing prevalence
(NCD Risk Factor Collaboration, 2017). It is defined as
abnormal or excessive fat accumulation that presents a risk
to health. The metabolic disorders associated with obesity
such as type 2 diabetes, hypertension, and hyperlipidemia
are known signs of what is now described as the metabolic
syndrome (Spiegelman & Flier, 2001; Ezzati, 2004;

Swinburn et al., 2004; Pan et al., 2014). Because of its
significant effects on health, medical costs, and mortality,
obesity has become a public health concern.

Excess adiposity is an established risk factor for all-
cause mortality and a public health burden (Tobias & Hu,
2018; Jaacks et al., 2019). Lifestyle intervention is the first-
line therapy to treat obesity and prevent the associated
comorbidity, even if its success is often limited (Yannakoulia
et al., 2019). Although weight control is beneficial, the
problem of poor compliance in weight loss programs is well
known (Dansinger et al., 2005). Even where reduced weights
are maintained, many of the benefits achieved during weight
loss, including improvements in insulin sensitivity, may be
attenuated due to non-compliance or adaptation (Henry et
al., 1985). Sustainable and effective energy restriction
strategies are thus required.
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Intermittent fasting . As obesity rates climb, there is
increasing focus on dietary interventions, which achieve
initial but often unsustained weight loss (Howard et al.,
2006). There is recent interest in the use of fasting for the
treatment of obesity (Collier, 2013a,b) and diabetes (Fung,
2016; Mattson et al., 2017). Current guidelines recommend
continuous energy restriction (CER) along with a
comprehensive lifestyle intervention to obesity treatment.
However, there has been increased interest in identifying
alternative dietary weight loss strategies that involve
restricting energy intake to certain periods of the day or
prolonging the fasting interval between meals (i.e.,
intermittent energy restriction, IER). These strategies include
intermittent fasting (IF; >60 % energy restriction on 2–3
days per week, or on alternate days) and time-restricted
feeding (TRF; limiting the daily period of food intake to 8–
10 h or less on most days of the week) (Rynders et al., 2019).
IF covers a broad class of interventions that alternate periods
of eating and extended fasting, where it is associated with
substantial weight loss in short periods of time, during around
8 to 12 weeks. IF interventions include periodic 24-hour
fasts, intermittent energy restriction (e.g., the 5:2 diet), and
time-restricted feeding that includes Ramadan fasting (RF).
On in vivo models, IF has been found to improve
cardiometabolic health, reduce cancer incidence, reduce the
rate of tumor growth, regenerate organs by increasing stem
cell production, and increase lifespan (Mattson et al.; Harvie
& Howell, 2017). Meanwhile in humans, data on IF is limited
but suggest that it decreases body weight, insulin levels,
blood pressure, inflammation, and appetite, and that it
improves insulin sensitivity and lipid profiles (Mattson et
al.; Antoni et al., 2017; Tinsley & Horne, 2018).

There is increasing interest in the use of IER for
weight management and thus disease risk (Johnstone, 2014;
Seimon et al., 2015). In effect, clinical trials show IER can
lead to significant reductions in body weight and adiposity
either comparable to or greater than CER (Harvie et al., 2010,
2013; Varady et al., 2013; Bhutani et al., 2013; Klempel et
al., 2010; Davis et al., 2016). However, despite evidence
suggesting IER might be beneficial for weight loss in some
individuals with overweight or obesity (Harvie et al., 2010,
2013; Varady et al.; Bhutani et al.; Klempel et al.; Davis et
al.), there are concerns about the efficacy of IER and the
potential overeating on unrestricted days that is seen in ani-
mal (Harvie & Howell, 2016) and some human models
(Laessle et al., 1996).

In relation to the body weight, TRF has shown to
facilitate weight loss through the meal-timing interventions
by decreasing appetite rather than by increasing energy
expenditure, where TRF showed lowered values of ghrelin
and leptin (Ravussin et al., 2019). In this sense, TRF has

shown to increase protein oxidation due to enhanced
gluconeogenesis by extended fasting, meanwhile a decrease
in nonprotein respiratory quotient (npRQ) appears to be
indicative of enhanced fat loss by increasing fat oxidation
due to the prolonged daily fasting period (Anton et al., 2018;
Ravussin et al., 2019). Likewise, TRF has described a
decrease in Fat Mass (FM) of resistance-trained males (Moro
et al., 2016). Other kinds of IF, such IER or Intermittent
Energy Restriction + Mediterranean Diet (IER+MED), have
shown to generate a loss of body weight and FM, too (Harvie
et al., 2011; Gnanou et al., 2015; Panizza et al., 2019). RF
produced a weight loss through an increased energy
expenditure (Lessan & Ali, 2019).

The RF has shown metabolic benefits in previous
studies (Fernando et al., 2019), which include greater
circulating levels of high-density lipoprotein cholesterol
(HDL-C), and reductions in blood pressure and circulating
levels of low-density lipoprotein cholesterol (LDL-C), total
cholesterol and glucose (Salim et al., 2013; Kul et al., 2014;
Mazidi et al., 2015; Gill & Panda, 2015; Chowdhury et al.,
2016; Gabel et al., 2018; Sutton et al., 2018; Jamshed et al.,
2019; Wilkinson et al., 2020). These changes were shown
in healthy participants as well as in patients with chronic
illnesses or disorders such as the metabolic syndrome.
However, this kind of fasting has shown mixed results on
people with type 2 diabetes mellitus, especially in terms of
the profile of lipids in the circulation. Although beneficial
in the case of many parameters including reduced FM
(Alharbi et al., 2017) and improved glycaemic control
(Khatib & Shafagoj, 2004), several studies have shown
unfavorable effects of RF on lipid profiles in people with
diabetes (Comoglu et al., 2003; Yarahmadi et al., 2003;
Khatib & Shafagoj; Khaled et al., 2006), although neutral
effects on lipid profile has also been described (Bener et al.,
2006; Alharbi et al.). As such, more research into the effects
of RF on people with diabetes is needed, and care needs to
be taken when people with diabetes follow the RF.

Nutritional supplementation.Multiple factors involved in
weight loss have been described. Most popular weight loss
programs are able to reduce body weight within the first
few weeks; despite the weight lost, a significant amount
includes losses in both lean body mass (LBM) and FM, as
well as changes in fluid status. The loss of LBM impedes
sustainability by causing lowered resting energy expenditure,
fatigue, declines in neuromuscular function, and increased
injury risk (Ravussin et al., 1988; Tsai & Wadden, 2005).
Moreover, the metabolic decline that occurs after LBM loss
results in a subsequent body fat overshoot, or a regain in
FM (Dulloo et al., 2012), thereby producing unfavorable
compounded changes in body composition. In an effort to
offset this LBM loss, some supplements have been
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researched to augment weight loss or improve body
composition, including but are not limited to: protein,
creatine and beta-hydroxy-beta-methylbutyrate (HMB).

Achieving an adequate muscle mass is a key factor
for sports performance as well as for attaining a good body
image.Thus, muscle is increasingly being recognized as a
key tissue for the maintenance of an adequate health status
(Argilés et al., 2016). Here, the Resistance Training (RT)
plays a pivotal role in development of muscular hypertrophy
and as against sarcopenia; where it has been well documented
that RT enhances skeletal muscle hypertrophy, and greater
RT volume is associated with higher muscle protein turnover
(Burd et al., 2010). According to numerous studies, post-
exercise supplements, particularly whey protein, acutely
stimulates significant increases in post-exercise muscle
protein synthesis (Atherton & Smith, 2012).

Multi-ingredient performance supplements (MIPS)
intended for consumption in close proximity to RT are
extremely popular among young males (Massad et al., 1995;
Young & Stephens, 2009) and athletes (Erdman et al., 2007).
The composition of MIPS varies widely, but the principle
ingredients generally include proteins, creatine monohydrate,
HMB, caffeine, beta alanine, the branched chain amino acids
(BCAAs) such as leucine, isoleucine, and valine, as well as
L-citrulline, and L-arginine. Most of these ingredients have
shown to exert ergogenic effects during aerobic and
anaerobic exercise or facilitate muscle hypertrophy over the
course of a RT period in untrained participants (Artioli et
al., 2010; Sale et al., 2010; Fukuda et al., 2010; Smith et al.,
2010).

Protein has been widely used for athletes, highly ac-
tive and sedentary people as a muscle growth and perfor-
mance-enhancing product, where high-protein and low-
carbohydrate diets are applied for weight-loss purposes. It
plays a critical role in countless physiological processes in
the body. The current Recommended Dietary Allowance
(RDA) for healthy individuals is 0.8 g/kg/day (Kato et al.,
2016). However, protein intake of at least 1.4–1.6 g/kg/day
(Jager et al., 2017) could be more suitable for active
individuals attempting to optimize training adaptations.

Creatine is another type of sport supplements and is
the most beneficial ones, based upon years of scientific
research (Campbell et al., 2007). Creatine supplementation
increases total creatine as well as phosphocreatine stores in
the muscle allowing to increase LBM (Willoughby &
Rosene, 2001; Kerksick et al., 2009), enhances exercise per-
formance (Kreider, 2003) and increases training volume
(Volek et al., 1997) in individuals engaged in RT. According
to Ziegenfuss et al. (2002), creatine supplementation for as

brief a period as 3 days has been shown to produce a
significant increase in skeletal muscle volume and exercise
performance. Furthermore, creatine supplementation
combined with RT resulted in a 6.3 % increase in body weight
and fat-free mass  (FFM) after a 12-week treatment period
(Volek et al., 1999). However, not all investigations
demonstrate a positive effect of creatine supplementation
vis a vis body composition (Tipton & Wolfe, 2004; Chilibeck
et al., 2007; Tipton et al., 2007; Sakkas et al., 2009; Bemben
et al., 2010).

The HMB shows anabolic and anti-catabolic actions
in skeletal muscle (Wilkinson et al., 2013). However, studies
examining HMB supplementation and RT have reported
mixed results (Jowko et al., 2001; O’Connor & Crowe,
2007). Recently, two studies using HMB in its free-acid form
(HMB-FA) have shown exceptional improvements in LBM
in resistance-trained men (Wilson et al., 2014; Lowery et
al., 2016). Lowery et al. combined HMB-FA with ATP,
whereas Wilson et al. supplemented HMB-FA alone. In
conjunction with 12 weeks of periodical resistance training,
participants increased LBM by ~8.5 kg and ~7.5kg,
respectively.

Resistance training. Resistance or strength training is
known to increase LBM and muscle strength (Deschenes &
Kraemer, 2002). However, although RT increases muscle
mass, it does not result in weight loss without caloric
restriction. But, RT even without caloric restriction, has fa-
vorable effect on body composition because it decreases FM
including abdominal fat (Hunter et al., 2002; Cuff et al.,
2003; Tresierras & Balady, 2009). On this sense, the most
commonly cited reason for the reduction of FM and body
weight by RT is that resting metabolic rate (RMR)
theoretically increases as LBM increases (Pratley et al., 1994;
Dolezal & Potteiger, 1998; Lemmer et al., 2001), resulting
in a steady state increase in total energy expenditure and a
corresponding negative shift in energy balance.

The contribution of resistance exercise to resting
metabolic rate (RMR) through increased (FFM), elevated
catecholamine levels, and excess post-exercise oxygen
consumption (EPOC) has been established. Thus, through
increasing RMR, resistance exercise may contribute to
increased daily energy expenditure, net negative energy ba-
lance, and therefore increased weight loss (Jeffrey, 2002).

Fat oxidation occurs during RT when fat is broken
down to obtain energy, where it types of exercise can cause
an increase in fat oxidation, both acutely and chronically
(Melby et al., 1993; Pratley et al.), through the increased
use of carbohydrate (CHO) to replenish glycogen stores in
the muscles (Melby et al.). Glycogen is the stored form of
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glucose that supplies the muscles with energy during
exercise. Because CHO is being stored at a greater rate after
exercise than before exercise, the body must utilize fat as a
primary source for energy. Increases in fat oxidation may
also be attributed to an increase in catecholamines, which
results in an increased rate of lipolysis or fat oxidation
(Pratley et al.).

Focusing on body composition is essential because
even more important than overall weight loss is sustainably
losing FM while maintaining LBM. The strategies to pre-
serve LBM during dietary-induced weight loss in patients
with obesity include a combination of RT and a sufficient
intake of high-quality protein (Verreijen et al., 2015).

CONCLUSIONS

This review highlights the studies that explain
intermittent fasting, nutritional supplementation, and RT as
a strategy for body weight loss. Currently, any of these
methods have been used for weight loss. However, focusing
on body composition instead of than weight loss should be
the primary aim of these protocols. Despite all the advances
that have been made to evaluate LBM, FFM, FM or body
composition, the relation between different types of fasting,
nutritional supplementation and RT have not yet been
satisfactorily resolved. In this way, future studies should
clarify more efficiently the relationship between these va-
riables to understand the weight loss process on active and
healthy people.

SANDOVAL, C.; VILLAGRÁN, F.; SANTIBAÑEZ, S. &
VARGAS, C. Ayuno intermitente, suplementación nutricional y en-
trenamiento de resistencia como estrategia para la pérdida de peso
corporal: Una actualización. Int. J. Morphol., 39(1):172-178, 2021.

RESUMEN: La obesidad es una enfermedad multifactorial,
afectando junto al sobrepeso, un tercio de la población mundial adul-
ta. Aunque el control del peso es beneficioso, el problema del mal
cumplimiento en los programas de pérdida de peso es bien conocido.
Por lo que, distintas estrategias han sido descritas para combatirlo.
Entre ellas, se han identificado estrategias como el ayuno intermi-
tente, la alimentación con restricción de tiempo y el ayuno de
Ramadán. En los últimos años, otras estrategias como la
suplementación nutricional han ganado importancia en la pérdida de
peso, principalmente debido a que centrarse en la composición cor-
poral es incluso más importante que la pérdida de peso general. En
este sentido, el consumo de suplementos nutricionales, como proteí-
nas, creatina y beta-hidroxi-beta-metilbutirato; en atletas y personas
sedentarias ha mostrado efectos beneficiosos.Asimismo, la ingesta
de suplementos combinada con el ejercicio de resistencia resulta en
un aumento del peso corporal y masa libre de grasa. Por lo que, aun-
que el ejercicio de resistencia produce un aumento en la masa mus-

cular y la tasa metabólica en reposo, este no provoca pérdida de peso
sin restricción calórica. Pese a ello, tiene un efecto favorable sobre la
composición corporal porque disminuye la masa grasa, incluida la
grasa abdominal. Nuestra revisión sugiere que una estrategia para
mejorar la composición corporal podría ser la utilización de un pro-
tocolo mixto que incluya el ayuno intermitente, el consumo de su-
plementos nutricionales y el entrenamiento de resistencia.

PALABRAS CLAVE: Peso corporal; Ayuno; Entrena-
miento de Resistencia; Suplementos.
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