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Abstract

Objectives
Although the effectiveness of high-intensity training has been widely recognized as positive in athletes,
its application in a clinical context is not well established. There is enough evidence to con�rm that high-
intensity routines are safe and that at-risk populations, such as for overweight and obese subjects, can
help from these weight loss treatments. The purpose of this study was to lead a trial to test whether
manipulation of physical activity in extension to high protein diet intake would induce changes in total
weight and body composition.

Methods
Sixty-eight healthy male volunteers were randomly assigned to one of the experimental groups: a control
group with a low-level prescription of physical activity (1–4 METs), moderate physical activity group that
performed 10.000 steps walking per day (5–8 METs) and intense physical activity group that trained
exercises by at least 70% of VO2max three times a week (> 8 METs). All subjects followed a high-protein
diet designed with a reduction of 500 kcal/day. Nutritional counseling was provided throughout the study
period to help ensure dietary adherence. This intervention was delivered over twenty-four sessions as
weekly one-on-one, face-to-face 30-min consultations.

Results
A signi�cant reduction in body fat percentage was observed in the intense physical activity group (-20.9 ± 
8.8 (CI95%: -25.6 – -16.2), p < 0.001). The change in muscle mass did not produce any signi�cant
differences between groups (p > 0.05). Concerning weight, a notable weight loss was found in those
subjects who performed moderate or intense physical exercise, vs. those who did light exercise, (p < 
0.001) and (p < 0.003), respectively.

Conclusion
our data strongly suggest that resistance training should be included, whenever possible, in any dietary
treatment for improving the body composition of men with overweight or obesity.

Background
Obesity is considered as being a pandemic disease. It has spread worldwide and has tripled since 1975
[1]. In 2016, about 1.9 billion adults, 18 years or older, were overweight, 650 millions of whom were obese
[1]. The World Health Organization (WHO) has adopted the body mass index (BMI), calculated as weight
in kilograms divided by height in meters squared [weight (kg)/height (m2)], as a criterion to determine
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obesity [2]. The obesity guidelines de�ne overweight as a BMI of between 25.0 and 29.9 kg/m2, and
obese as ≥ 30 kg/m2 [3]. Although the usefulness of BMI has been demonstrated, there is a major
weakness in the diagnosis of this pathology due to the incapacity to differentiate between fat and muscle
mass within the total body weight [4]. In this respect, preserving muscle mass has proved to be helpful
during weight loss in the adult population [5, 6]. Consequently, identifying approaches to promote
effective weight and fat loss while maintaining muscle mass could have notable public health
implications.

Physical activity (PA) and dietary interventions are the cornerstones of obesity treatment. Several studies
have documented that obesity is associated with low PA levels [5–6]. Although the WHO guidance in
adults is to achieve at least 75 minutes of intense physical activity (IPA) per week or 150 minutes of
moderate physical activity (MPA) [7], in developed countries, 40% of adults do not reach this volume of
PA [8]. This status causes a high degree of a sedentary lifestyle in the society (without activities during
waking hours and a long time spent in a reclining or sitting posture, that does not increase energy
expenditure to above 1.5 metabolic equivalents) [9] increasing the risk of remaining overweight and
obese [10]. However, the weight loss caused by exercise is shifting due to individual differences in total
energy expenditure with a wide range of possibilities, such as time spent, intensity, �tness status,
followed by compensatory changes in energy intake [11]. This variability in the weight loss through PA
has caused it to be considered as limited and, therefore, as a strategy with limited success in the
treatment of weight loss, unless it is combined with the dietary intervention [12]. Resistance training can
be practiced in different ways, by repetitions or loading, individually or in groups. Although in the �rst 12
weeks of training the IPA enhanced muscle strength and decreased fatigue [13], is not enough time to
observe a gain in muscle mass or fat loss in subjects with obesity [13–14]. Despite these uncertainties,
there is robust evidence that IPA training can help reduce body fat [15], as well as improve the body
composition of obese subjects [16].

Our way of feeding has changed. Although it is well understood that food is not the unique determinant
that has contributed to triggering mortality due to obesity, we must try to understand what has been
happening in the last decades concerning our habit of eating. At this time, the Western diet is based on a
distribution of macronutrients in the form of 50% carbohydrates, 25% fats and 15% proteins [17], while
the dietary composition of our ancestors had the following distribution: 20–35% protein, 28–50% fat, 20–
40% carbohydrates [18].

According to the recommended dietary allowance (RDA), a diet is de�ned as being high in protein (HP)
when consumed at between 15 and 35% of the total energy intake [19], or more than 1.6 g/kg/d [20]. This
range of protein intake is effective in reducing body fat, abdominal fat, and body weight in periods of less
than 4 weeks [21] and in longer interventions [22]. Despite the bene�ts of ful�lling an HP diet, the RDA for
protein intake remains at 0.8gr/kg/d [23]. Meanwhile, the effects of increasing this dose on the treatment
for obesity continue to be investigated. For example, a recent observational study in 959 adult men with a
BMI in of 30.1 ± 5.2 kg/m2, concluded that the highest tertiles of protein intake were associated with
more desirable indications of overall body composition [24]. Human researches have shown that proteins
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have a satiating effect [25] and, therefore, should be taken into account within the multifactorial etiology
of obesity, as a tool for regulating caloric intake in obese subjects. Also, HP diets have shown themselves
to be useful for the preservation of muscle mass in weight loss treatments [22, 24].

The purpose of this study was to determine how different levels of physical activity, combined with a high
protein dietary intervention, can be effective in promoting weight loss and body fat and maintaining
muscle mass in overweight or obese and sedentary adult men. Second, we have studied whether an HP
diet per se helps to maintain muscle mass (MM) and reduce body fat (BF) and weight in the absence of
PA. We hypothesized that a higher intense PA would elicit a more favorable body composition during
weight loss programs.

Methods
Subjects

The sample was composed of 120 Caucasian healthy adult male volunteers from the area of Andalusia
(Spain) (age: 40.02 ± 11.1 yrs; height: 176.4 ± 6.4 cms; weight: 102.4 ± 14 kgs). All the patients were
recruited from two private clinics, to which the men went to lose weight.

For a mean of the overall differences of fatty mass between the three types of physical activity of -1.06
kg and a typical deviation of the differences of 1.76kg [26] (that represents a size to the effect of -0,602),
a power of 80% and a 95% con�dence, a minimum sampling size of 12 individuals per each group was
estimated. This size was raised by 10% to cushion the effect of the possible losses (n=39). Finally, 68
individuals began the study and 15 abandoned, with 51 men completing the screening.

All the participants reported that they did not perform any special physical activity, so they were classi�ed
as sedentary. The study expected men who were listed as overweight or obese according to body mass
index (BMI, calculated as kg / m2) of ≥25). More detail on the inclusion methodology and information on
the interviews carried out can be found in our previously published study [27].

Men with the following pathologies or special conditions were excluded from the study: Body fat
percentage<25% (lowest limit, a criterion that de�nes a man as being obese) [28]; suffering from kidney
failure; being underage; presenting normal weight (BMI ≤ 25) and declaring that is physically active at the
beginning of the treatment. The inclusion criteria were: to be obese according to body fat percentage,
being sedentary, and not having attended a diet in the six months before the start of treatment. The �ow
chart of the participants is presented in Figure 1. This study was approved by the bioethical committee, in
the Department of Health at the Regional Government of Andalusia (Act no.284, ref.4156). 

Subject randomization

After obtaining the written informed consent, and completing initial screening tests, subjects were
assigned to one of three groups: light physical activity (LPA), moderate physical activity (MPA), and
intense physical activity group (IPA), through standard computer-based procedures (random number
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generator). LPA group followed an HP diet without prescription of physical activity (n = 24), MPA group
that in addition to following the same diet, was assigned to performing moderate physical activity (n =
21) and IPA group (n = 23) that followed the same diet and was assigned to performing intense physical
activity.

Testing sessions

The initial assessment was conducted out in the 24-48 hours before the opening of the intervention. The
patients were attended up during the time of the study after the overnight fast and always on the same
day and time of the week to minimize variability between sessions. The initial evaluation included a
completed anthropometric study: height, total body weight, total BF, muscle mass (MM), and body water.
These parameters were all listed in a weekly session together with the PA data.

Dietary intervention

Subjects were provided with customized dietary plans designed by an experienced nutritionist (A.H.R).
The daily energy requirements were determined by estimating the energy expenditure as previously
reported Harris-Benedict [29]:

Basal metabolic rate = 66.5 + (13.75 × weight in kg) + (5.003 × height in cm) – (6.755 × age in years).

A multiplier factor of 1.5 was applied to the value resulting in the equation in those subjects carrying out
physical activity [30]. During a period of 24 weeks, all the subjects followed a diet with a distribution of
macronutrients: 25-30% proteins, 40-45% carbohydrates, and 30-35% fat. The moderate-fat restricted-
calorie Mediterranean diet is rich in vegetables and low in red meat, with poultry and �sh replacing beef
and lamb, with a goal of no more than 35% of calories from fat. This diet is based on the
recommendations of Willett and Skerrett [31]. The diet of this study was hypocaloric with a reduction of
500 kcal/day during the treatment period to achieve a weekly weight loss of 400 grams, an amount that
is a safe, achievable, and clinically meaningful goal for weekly weight loss [32]. Dietary protein intake
was set at 1.8 g/kg of body mass, as higher protein consumption has been shown to help offset losses in
lean tissue mass and promote greater adherence to the nutritional regimen [33]. No vitamins or other
nutritional complements were prescribed. After being included in the study, each man participated in a 1-
hour seminar in which the Dietitian-Nutritionist instructed on how to make a proper selection of food. The
menu proposed was valid for 1 week, and a new diet was provided to each subject in the weekly follow up
meeting. The energy and nutritional intake were evaluated by the program Dietowin® (Dietowin 8.0,
2015) [34].

Exercise training intervention

To better high compliance with the exercise regimen, subjects were required to report their performed
training (including total steps per day) to the research staff for supervision every week for 24 weeks. LPA
is considered as being light, requiring an expenditure of 1-4 Metabolic equivalent units (METs) [35]. The
MPA group had to reach 10,000 steps a day on average, at a moderate to vigorous pace, at around 60%
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of VO2max. The energy expenditure in this group equals 5-8 METs units [36]. The IPA group had to
complete 3 resistance training weekly based on the BodyPump methodology [37]. The energy expenditure
in this group is over 8 METs.

Anthropometric and body composition measurements

Body fat percentage (%BF), MM, and the percentage of water (%W) were considered as being result
variables and were monitored and recorded by multifrequency electrical impedance (BWB-800A, Tanita
Corp. USA), previously validated [38]. This method is based on a 3-compartment model capable of
evaluating %BF, MM, and bone mineral content. Also, the percentage difference of each dependent
variable collected in the control meetings was recorded and compared to the �rst consultation, to
evaluate the changes produced. The independent variables recorded were: age (years), height (cm),
weight (Kg), and BMI (Kg/m2). The anthropometric measurements were taken following the
recommendations of the standardized anthropometry handbook [39], and by professionals, to reduce the
coe�cient of variation. Each measurement was noted at 3 different times, calculating the mean value. All
the quantitative variables were measured with a precision of 0.1. For the height, a stadiometer was used
(SECA 213).

Statistical analyses

The quantitative variables have been presented with the mean and the standard deviation, and the
qualitative ones in frequencies and percentages.

To contrast the goodness of �t with a normal distribution of data from quantitative variables, the
Kolmogorov-Smirnov test with the Lilliefors correction was used. For the bivariate hypothesis, the
Student's t-test was performed for two means, while for the qualitative variables the Chi-square and
Fisher's exact tests were employed when necessary. Likewise, for the analysis of three or more means, the
ANOVA of repeated means determined the effects of the intervention at the basal moment, at 3 and at 6
months, and the correlation between the quantitative variables was veri�ed by the coe�cient of Pearson
correlation (r). Finally, if the normality or homoscedasticity criterion was not met for ANOVA, Kruskal-
Wallis test was performed.

To adjust the likely impact of physical activity on the body composition and its possible role as a
confounding factor, adjusted linear regressions were made for each body composition variable (% GC and
MM) and weight, calculating the standardized Beta coe�cients. To determine the goodness of �t of the
models, the standard error, the adjusted coe�cient of determination, the F statistic, the linearity analysis
and the residuals were analysed.

For all the statistical analyses, an alpha error of less than 5% was accepted (p<0.05) and a 95%
con�dence interval was calculated. For the statistical analysis, IBM SPSS Statistics software version 22.0
was used.
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Results
Characteristics of the population studied
The mean age of the men included in the study was of 40.2 ± 11.1 years (CI 95% 37.1–43.3). With
respect to their body composition, in the �rst medical visit, a mean weight of 102.4 ± 14 Kg (CI95% 98.5–
106.3), a body fat percentage of 29.6 ± 4.9% (CI95% 28.2–31) and a muscle mass of 68.3 ± 7.4 Kg
(CI95% 66.2–70.4) were found, with no signi�cant differences determined between the different physical
activity groups to which each man was randomly assigned (Table 1).

Table 1. Sample characteristics at baseline according to different physical activity levels

Variable Total

(n = 51)

Intense

(n = 16)

Moderate

(n = 17)

Light

(n = 18)

pb

Mean SD Mean SD Mean SD Mean SD

Age (years) 40.2 11.1 38.1 11.1 40.9 11.4 41.4 11.2 NS

Height (cm) 176.4 6.4 177.7 6.9 173.8 5 177.6 6.7 NS

Weight (Kg) 102.4 14 100.7 15.1 100.6 13.3 105.5 13.9 NS

BMI (Kg/m2) 32.9 4.1 31.9 4.4 33.3 3.8 33.4 4.1 NS

Body Fat (%) 29.6 4.9 27.7 5.3 30.3 4.1 30.6 5 NS

Muscle Mass (Kg) 68.3 7.4 68.9 8.7 66.8 6.9 69.1 7 NS

Body Water (%) 50 3.5 51.4 3.6 49.7 3.1 49 3.5 NS

Metabolic Age (years) 53.1 12.8 49.4 13.8 54.6 12.2 55.1 12.3 NS

Chrono – Meta (years)a -12.9 5.5 -11.3 7.7 -13.6 3.4 -13.6 4.7 NS

Visceral Fat 13.5 4.7 11.9 4.8 14.1 4.4 14.2 4.9 NS

aChrono – Meta: Difference between chronological age and metabolic age;

bDifferences between dissimilar physical activity groups

 
Effectiveness of the intervention on the body composition modi�cation at 3 and 6 months
At three months of the intervention, a signi�cant reduction in body weight was observed concerning
baseline measurements, decreasing from 102.4 ± 14 Kg (CI95% 98.5–106.3) to 96.2 ± 13.5 Kg (CI95%
92.4–100) (p < 0.001). This trend was maintained in the rest of the anthropometric variables, with a
reduction being exhibited in the BMI, in the %BF, and the MM. Also, the water percentage increased from a
mean of 50 ± 3.5% (CI95% 49–51) to 51.5 ± 3.8% (CI95% 50.4–52.6) (p < 0.001).

Similarly, at six months, the participants presented statistically signi�cant variations for the
measurements obtained in the �rst visit, and also those given at 3 months. In this sense, a decrease in
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weight, (p < 0.001), in the BMI (p < 0.001), in the %BF (p < 0.001), in the metabolic age (p < 0.001), in the
visceral fat (p < 0.001), and an increase in the percentage of water (p < 0,001), were observed (Table 2).
Besides that, a signi�cant decline in the difference between the chronological and the metabolic age was
noted (-12.9 ± 5.5 vs. -7.5 ± 8.9; < 0.001). Also, although the MM exhibited a signi�cant diminution
between the initial moment and three months (p < 0.001), no differences were perceived (p > 0.05)
between those found between 3 and 6 months.

Table 2. Variation in anthropometric measures at baseline, 3 and 6 months of intervention

Variable Basal 3 months 6 months p

Mean SD Mean SD Mean SD

Weight (Kg) 102.4 14 96.2 13.5 94.6 13.3 <0.001

BMI (Kg/m2) 32.9 4.1 30.9 3.8 30.4 3.7 <0.001

Body Fat (%) 29.6 4.9 27.5 5.3 25.9 5.4 <0.001

Muscle Mass (Kg) 68.3 7.4 66* 7.2 66.3* 7.2 <0.001

Body Water (%) 50 3.5 51.5 3.8 52.7 4 <0.001

Metabolic Age (years) 53.1 12.8 Missing data 47.7 13.5 <0.001

Chrono – Meta (years) -12.9 5.5 -7.5 8.9 <0.001

Visceral Fat 13.5 4.7 11.1 4.5 <0.001

*No significant differences between measures with same symbol

 
Analysis of the evolution of body composition as a function of the physical activity
The analysis of the variation in the body composition in the different physical activity groups was
performed based on the percentage modi�cations found between the measurements collected in a basal
manner, at three and six months of the intervention.

Changes at three months of following-up
At three months, the weight was reduced signi�cantly to the subjects who did intense physical activity
compared to the other two groups (p < 0.001). Concerning %BF, a greater reduction was regarded in
individuals who have prescribed a higher intensity (intense and moderate) of exercise to those with a light
one (p < 0.001). However, although the intensity increase signi�ed a greater loss of fat, no signi�cant
modi�cations were found (p > 0.05) (Table 3) between doing intense or moderate exercise. Concerning the
MM, no signi�cant changes were detected between the three groups (p > 0.05) (Table 3).

Table 3. Anthropometric measurement variation after 3 months of intervention
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Variable Intense

(n = 16)

Moderate

(n = 17)

Light 

(n = 18)

p

Mean SD Mean SD Mean SD  

Weight (Kg) -8.3 2.8 -6.3 1.7 -3.6 2 <0.001

Body Fat (%) -11.1* 9.2 -8.9* 5 -1.8 5.1 <0.001

Muscle Mass (Kg) -4.1 3 -3.2 4 -2.6 2 NS

Body Water (%) -5.2* 4 -3.8* 2.7 -0,7 2.3 <0.001

*No significant differences between measures with the same symbol

 
Changes at 6 months of following-up
The trend presented at three months was reported at 6 months in all the anthropometric variables
(Table 4). A remarkable weight loss was observed in the patients who completed a moderate or intense
physical exercise, vs. who did light exercise, (p < 0.001) and (p < 0.003), respectively. The weight in the
groups of individuals who did some type of physical activity did not differ signi�cantly (p > 0.05) (see
Fig. 2).

The %BF decreased to a greater extent in percentage terms (-20.9 ± 8.8 (CI95%: -25.6 – -16.2), p < 0.001) in
the more active men, although the difference was not a signi�cant one to those who did the moderate
physical activity (p > 0.05). The variation in muscle mass did not give any signi�cant differences between
groups (p > 0.05) (see Fig. 3).

The difference between the chronological and the metabolic ages decreased to a greater extent in those
who did the intense physical activity (p < 0.001). Furthermore, the reduction in visceral fat was
signi�cantly more prominent in this group (p < 0.001) (Table 4).

Table 4. Anthropometric measures variation respecting baseline after 6 months of intervention
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Variable Intense

(n = 16)

Moderate

(n = 17)

Light

(n = 18)

p

Mean SD Mean SD Mean SD

Weight -11* 4 -8.5* 1.9 -3.5 2.6 <0.001

Body Fat -20.9* 8.8 -15.4* 6.5 -2.3 5.4 <0.001

Muscle Mass -3.5 2.4 -3 4.1 -2.1 2.3 NS

Body Water -8.6* 5 -6.8* 3.6 -1.4 3 <0.001

Metabolic Age -21.7 12.3 -11.9 12 -0.4 3.7 <0.001

Chrono – Metaa -0.6 9 -7.6 7.4 -13.3 5.4 <0.001

Visceral Fat -30.3 12 -21.2 9 -4 7.9 <0.001

aChrono – Meta: Difference between chronological age and metabolic age (not in percentage of variation)

*No differences between measures with the same symbol

 
 
Modi�cation in the anthropometric parameters at three and six months according to physical activity
level
Regarding the men who did an intensely physical activity, a signi�cant change was produced in all the
parameters and at the three analysis moments. It is worth noting that, although the muscle mass was
reduced from the baseline moment up to 6 months, it was maintained from half-way to the end of the
study (66 ± 7.9 Kg [CI95% 61.8–70.2] vs. 66.5 ± 8.3 Kg [CI 95% 62.1–70.9]; p > 0.05). On the other hand,
the difference between the chronological and the metabolic ages reached, at the baseline moment, a
mean of -11.3 ± 7.7 years [CI95% (-15.4) – (-7.2)], becoming reduced at the end to a value close to 0 (-0.6 
± 9 [CI95% (-5.4) – 4.2]) (Table 5).

This tendency in the body modi�cation was kept up in the moderate physical activity group, in which also
observed was a signi�cant loss in muscle mass only during the �rst three months (66.8 ± 6.9 [CI95%
63.2–70.3] vs. 64.5 ± 6.9 [CI95% 60.9–68]; p < 0.001]) and that, despite no differences being found
between 3 and 6 months (p > 0.05), they did remain the same as at the beginning of the study (66.8 ± 6.9
[CI95% 63.2–70.3] vs. 64.7 ± 6.5 [CI95% 61.3–68; p < 0.001]). Similarly, in this group, a signi�cant
reduction in the difference between the chronological and the metabolic ages was noted between the
beginning and the end of the intervention (-13.6 ± 3.4 [CI95% (-15.3) – (-11.8)]) vs (-7.6 ± 7.4 [CI95% (-11.4)
– (-3.8)]; p < 0.01) (Table 5) (Fig. 4). Even though the bodyweight of the LPA group throughout the six
months was signi�cantly reduced (p < 0.001), this was not accomplished by a reduction in body fat (p > 
0.05) but was due to a diminution in muscle mass between the baseline moment and 6 months (66.8 ± 
6.9 [CI95% 63.4–70.2] vs. 65.5 ± 6.9 [CI95% 62.1–68.9]; p < 0.001) (Table 5)
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Table 5. Modification of the body composition within each group 

 

Variables

Intense (n = 16)

Baseline 3 months 6 months p

Mean SD Mean SD Mean SD

Weight 100.7 15.1 92.3 13.5 89.5 12.5 <0.001

Body Fat  27.7 5.3 24.6 5.6 21.7 4.1 <0.001

MM 68.9 8.7 66* 7.9 66.5* 8.3 <0.001

Bw 51.4 3.6 54 3.5 55.6 2.9 <0.001

Metab A 49.4 13 Missing data 38.8 13 <0.001

C – M  -11.3 7.7 -0.6 9 <0.001

VF 12 4.8 8.4 3.6 <0.001

 

Moderate (n = 17)

Weight 100.6 13.3 94.2 12.3 91.9 10.7 <0.001

Body Fat  30.3 4.1 27.6 4.2 25.7 4.4 <0.001

MM 66.8 6.9 64.5* 6.9 64.7* 6.5 <0.001

Bw 49.7 3.1 51.6 3.1 53.1 3.4 <0.001

Metab A 54.6 12.2 Missing data 48.6 14 <0.01

C – M  -13.6 3.4 -7.6 7.4 <0.01

VF 14.1 4.4 11.1 3.9 <0.001

 

Light (n = 18)

Weight 105.5 13.9 101.6* 13.6 101.8* 13.7 <0.001

Body Fat  30.6 5 30 4.9 29.8 4.6 NS

MM 69.1 6.9 67.3* 6.8 67.6* 6.8 <0.001

Bw 49 3.5 49.3 3.4 49.6 3.1 NS

Metab A 55.1 12.3 Missing data 54.8 12 NS

C – M  -13.6 4.7 -13.3 5.4 NS

VF 14.2 4.9 13.6 4.4 <0.05
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Discussion
The main objective of this study was to clarify the effects at 12 and 24 weeks of three different PA levels
(light, moderate and intense), together with a high-protein diet, on the body composition of healthy adult
men with overweight or obesity and who are sedentary. We found that the subjects submitted to IPA lost
more weight and %BF than the rest of the groups. However, contrary to our starting-out hypothesis, all the
individuals lost MM at the end of the study, even those submitted to IPA. The subjects who followed an
HP diet and LPA lost weight only in the �rst 12 weeks. Given these results, the prescription of a
hypocaloric diet is not su�cient in designing a long-term weight loss program.

We observed some interesting aspects concerning MM. At the end of the study, all the subjects lost MM,
although, with the moderate or intense PA prescription, they increased MM between weeks 12 and 24,
more strengthened in the IPA group (0.5 kg vs 0.2 Kg). Our results do not coincide with investigations in
which the progress of the subject has been controlled using the prescription of PA in the same period. In
the study of Davidson et al. [40], after a 24-week study, the subjects who had been prescribed resistance
training gained 0.97 Kg of MM compared to the MM loss in the same group in our study of 2.4 Kg. The
difference could be in the typology of the diet designated; in the case of Davidson, the individuals were
assigned a norm caloric one, as against the hypocaloric diet in our case.

In studies lasting a shorter time, we also found discrepancies with our results. For example, one study
examined the impact on body composition after the intake of a high-protein diet in combination with
resistance training. The control group, that had to ingest 2.3 g/Kg/day of proteins, lost 0.3 Kg of MM at
eight weeks and presented a Fat-Free Mass gain of 1.5 Kg [41]. All the individuals in our study lost a
larger amount of MM in the �rst weeks. The difference in applying an HP diet in groups of overweight
patients, as was our case, to a group of trained subjects, as in the case cited, could explain the difference
in results.

We have speculated that short term, it is not possible to gain MM from resistance training. To increase
MM after IPA training, it would be necessary to activate the synthesis of myo�brillar proteins, to expand
the protein pool. The hypertrophy of the skeletal muscle after IPA training requires the net addition of new
myo�brillar proteins so that the synthesis of myo�brillar proteins should be greater than their
decomposition [42] and in a weight loss process this is di�cult to achieve. In a 16-week study on non-
trained men, as has been our case, it was not found that IPA training caused hypertrophy at the end of the
period [43]. The changes in protein synthesis with training are probably not uniform among individuals.

Our data suggest that, during a substantial energy de�cit, an HP diet did not exert, in the �rst weeks, any
increase in the stimulation of myo�brillar protein synthesis or suppression of the proteolysis. The current
evidence suggests that during weight loss, the basal myo�brillar protein synthesis is probably reduced
[44]. Some studies report that the increase in protein intake in a caloric de�cit may mitigate these lower
rates of protein synthesis [45], particularly with whey protein supplements. A 4-week study carried out on
men with excess weight, with an HP diet of 2.4 g/Kg/day, hypocaloric, and with a prescription of
resistance training and 10,000 steps daily, i.e. an almost identical protocol to ours obtained similar data
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to those of our study with fat and weight losses but not of MM [46]. The MM of the individuals in the
study cited increased by 1.2 Kg in the �rst 4 weeks despite the loss of weight, but these data do not
coincide with those found in our study. The difference may originate in the whey protein supplement
taken 3 to 4 times daily by the men in that study.

We observed that the weight loss due to dieting but not with moderate or intense PA was proportional
concerning the MM and BF, both at 3 and at 6 months. At the end of the study period, the LPA patients
lost an average of 3.7 kgs, 1.5 of which corresponded to MM. This means that an imbalance between the
energy intake and expenditure, in this case, a negative one, was explained by a loss of body fat and lean
tissue, which went in parallel. Our results in the group of LPA patients con�rm Forbes’s Theory �ndings, in
which a strong correlation between MM and BF was shown [47].

The subjects in our study who have not prescribed PA lost BF (0.6% in the �rst 12 weeks, and 0.8% at the
end of the study period). Those results are far removed from those obtained in other studies, in which, in
the �rst 12 weeks, the subjects lost 3.4% of BF [48]. We �nd differences in the focus of the treatment;
whereas, in our case, the diet continued being HP and hypocaloric during the whole period, the goal of the
study cited, starting from week 4, was aimed at maintaining the individuals` weight. Besides that, we
found that when the subjects did not lose weight, they presented greater preservation of MM [22, 24].
Thus, the hypothesis that an HP diet per se could be enough for gaining MM was not corroborated.

In another study with a caloric restriction and an HP diet followed in adults with overweight or obesity for
24 weeks, an increase of 0.8 g/Kg/day to 1.2 g/Kg/day of protein did not imply any signi�cant
differences in the variables weight, BMI, and %BF [49]. At six months, the patients in the HP group in this
study lost an average of 5 Kg of weight, which was higher than the 3.7 Kg in our case. These results are
in agreement with those obtained in our study, taking into account that the degree of caloric restriction in
our design was 10% lower than that applied in the study cited, which could explain the lesser total weight
loss. The reasons why an HP diet, accompanied by caloric restriction, has not been effective when
ensuring the maintenance or gain of MM could be varied: i) the existence of a high rate of decomposition
of the muscle protein in response to the loss of weight [50] and ii) the satiating effect of the HP diet may
originate a reduced number of meals throughout the day, a mechanism that acts by decreasing the
periods of muscle protein synthesis [51].

The reduction in visceral fat is especially important as there is evidence that abdominal obesity is
associated with a higher cardiovascular and mortality risk [52]. We have found signi�cant differences in a
visceral fat decrease (in arbitrary units associated with the abdominal visceral fat cross-sectional area
(each unit equates to 10 cm2 of visceral fat) depending on the PA ful�lled. The IPA individuals lost 30%
of VF at 6 months, 9% more than those with MPA. The LPA group showed a modest loss of 4.2% at six
months. Bioimpedance is recognized as a valid method for evaluating changes in body composition,
including VF [53]. The 0.6 units of VF lost in the LPA group be similar (0.4 units) to a study remaining 10
weeks in which the subjects ingested an amount of 2.2 g/proteins/daily without the prescription of PA
[54].
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Strengths and limitations
The limitations of this study include inherent di�culties in the control and measurement of the energy
expenditure and consumption subjects with exercise prescription. We observed that between weeks 12
and 24 “things happened”, and we should prolong the trial for a longer time to assess with greater
precision the adjustment in the body composition in terms of the degree of PA. We noticed that, in the
second three months, the men prescribed PA gained MM but did not reach baseline levels. Likewise, the
LPA patients gained weight in the second three months. We do not know whether this process continued
in the following weeks, which would be an important aspect for evaluating the time necessary to recover
or increase MM. The main strengths of our study include a) the randomization of patients into three
experimental groups; b) carefully monitoring their diet, providing a new protocol per week for 24 weeks; c)
the standardization of the sample as the study was performed exclusively on sedentary adult men.

Conclusion
We found that prescribing moderate or intense PA in a weight loss treatment based on an HP diet
improvement a set of body composition parameters in adult men with excess weight or obesity. In
resistance training, the subjects lose more weight, body fat, visceral fat, and metabolic age than men
submitted to moderate training. In conclusion, our data strongly suggest that resistance training should
be included, whenever possible, in any dietary treatment for improving the body composition of men with
overweight or obesity.
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Figure 1

CONSORT �ow diagram.



Page 22/23

Figure 2

Modi�cation of the total body weight in the 3 groups.

Figure 3

Modi�cation of the body fat in the 3 groups.
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Figure 4

Modi�cation of the muscle mass in the 3 groups.


