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Abstract

Background: There is evidence showing the effectiveness of a hypocaloric diet and the increase in physical activity
on weight loss. However, the combined role of these factors, not only on weight loss but also body composition,
remains unclear. The purpose of this study was to investigate the effect of a hypocaloric diet on the body
composition of obese adult women throughout different degrees of physical activity during a weight loss program.

Methods: One hundred and seventeen healthy female 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 (5-8 METs) and intense physical activity group that trained exercises by at least
70% of VO2max three times a week (> 8 MET5s). All subjects followed a hypocaloric diet designed with a reduction of
500 kcal/day. Nutritional counseling was provided throughout the study period to help ensure dietary adherence.

Results: We found no differences in body weight compared to moderate and intense physical activity (3stand. = —0.138
vs. 3stand. = — 0.139). Body fat was lower in women following an intense activity (8stand. = — 0436) than those with
moderate exercise (Bstand. = —0.231). The high-intense activity also increased muscle mass at the end of the intervention,
standing out above the moderate activity (Bstand. = 0.182 vs. stand. = 0.008).

Conclusions: These findings indicate that a hypocaloric diet, without prescription of physical activity, is adequate to lose
weight in the short term (12 weeks), but physical activity is vital to modify the body composition in women with obesity.
Body fat was lower when women practiced a moderate exercise compared to hypocaloric diet only, but an intense
physical activity was the most effective protocol to obtain a reduction of body fat and maintain muscle mass.

Trial registration: The study protocol complied with the Declaration of Helsinki for medical studies, it was approved by
the bioethical committee of Cordoba University, in the Department of Health at the Regional Government of Andalusia
(Act n°284, ref4156) and retrospectively registered in clinicaltrials.gov (NCT03833791). Registered 2 January 2019.
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Background

Adiposity has a negative effect on health, presenting a high
co-morbidity with chronic diseases like Type 2 Diabetes
and cancer, in addition to causing an increase in general
mortality [1]. There are different methods of assessing
body fat or weight-related health problems, such as waist
measurement. However, the most common method used
by experts is the Body Mass Index (BMI), which uses
height and weight data to work out if a patient is healthy,
overweight, or obese. The negative aspect of BMI is that
this index does not provide precise information on body
composition, an essential element of evaluating the risk of
disease. This aspect has led some authors to define “the
obesity paradox” [2] as the situation whereby obese indi-
viduals do not appear to be at higher risk than lean indi-
viduals of having hypertension, dyslipidemia, type II
diabetes, or cardiovascular disease. Recent studies based
on the total body fat content argue that adiposity is a sig-
nificant risk marker to evaluate unhealthy body weight
and have proposed this as a more accurate indicator in
comparison with the BMI to predict obesity [3]. It is im-
portant to note that women are twice as likely to suffer
from severe obesity (BMI 235 Kg/m2) [4]. Furthermore,
the risk increases in postmenopausal women due to the
loss of estrogens, which cause an increment in adipose tis-
sue and a decrease of lean body mass [5].

There is considerable evidence regarding the import-
ance of physical activity (PA) in weight loss programs to
maintain a healthy weight and, in the long-term, to pre-
vent weight gain [6]. Also, some studies show that an in-
crease in (PA) provides comprehensive health benefits and
reduces the mortality rate associated with any cause, re-
gardless of the BMI [7]. Accordingly, specific physical ex-
ercise programs should be prescribed to help overweight
and obese patients to improve their health. Critical re-
views have written whereby the BMI was used as a marker
to establish a link between PA and weight loss [8—11].

However, the EPIC-PANACEA study, carried out in
Europe with a population of 405,819 subjects, [12] dem-
onstrated the existence of a reverse association between
PA, BMI, and abdominal adiposity. There is a consensus
whereby, to measure the success of any intervention in
programs for modifying the body composition, single in-
dicators like weight loss or BMI should not be used. Evi-
dence has shown that body weight per se cannot be
considered to be reliable [13]. Instead, parameters repre-
senting the quality of the weight loss, such as muscle
mass gain or body fat loss, should be used [14].

We accept that the body fat mass and the fat-free body
mass (FEM) will decrease proportionally during a weight
loss program [15]. However, when following a diet in
combination with PA, the results show that the FFM will
not suffer any changes or, in some cases, it will even in-
crease [16]. Therefore, in general, when following a diet
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with the sole purpose of losing weight, patients may feel
disappointed with the results, generating negative feel-
ings such as frustration and deception. As indicated else-
where, [17] a better understanding is needed to design
more practical interventions based on evidence. To
achieve this, educational activities, together with a diet
and a PA program, will help the patient understand the
benefits of weight loss on overall health.

An intervention proposal that includes dietary adapta-
tions and a PA program with a net caloric balance close
to zero will result in no changes (or minimum changes)
in the body weight of individuals with excess weight.
Nevertheless, the intervention will provoke a reduction
in BF compensated by an increase in FFM [18]. Among
the mechanisms that would explain the scant difference
in weight loss between people following a diet or a diet/
PA combination, other authors suggest that; 1) patients
increasing adaptation to the physical activity program,
which implies a lower energy expenditure over the time
[19]; and 2) that there is an increase in appetite as the
energy expenditure increases due to PA [20].

In summary, this research aims to evaluate the impact
of different physical activity levels on the BF, FEFM and
body weight in adult women with excess weight or obes-
ity that have followed the same dietary pattern.

Methods

Subjects

The sample was composed of 117 Caucasian healthy adult
female volunteers from the area of Andalucia (Spain) (age:
42.97 +10.84 yrs.; height: 161 + 0.07 cms; Weight: 82.56 +
14.46 kgs). All patients were recruited from two private
clinics, to which women went to lose weight.

The sample size was calculated using Fleiss equation,
for a power of 80%, a two-sided significance level of 95%
and expecting that 5% of the women who do not receive
exercise intervention lose weight while this figure will
reach 40% in those receiving exercise prescription (mod-
erate or high dose). Although sample resulted in 51 indi-
viduals (17 women per group: non-exercise, moderate
and a high dose of exercise), a size of 60 women (20 for
each group), was finally estimated, to mitigate the effect
of possible losses during this trial.

All the participants reported that they did not per-
form any particular physical activity, so they catego-
rized as sedentary. The initial study required
adulthood who classified as overweight or obese ac-
cording to the body mass index (BMI, calculated as
kg / m2) of >25) and that they should not be taking
a diet to lose weight at the time of the interview or
have been on a diet in the 6 months prior to recruit-
ment. People who met these criteria were invited to
attend a familiarization session, lasting approximately
1h, on an individual basis with a dietitian-
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nutritionist. In this session, patients provided infor-
mation about how to carry out the diet, as well as
pedagogical information about the healthy lifestyle
and food. At this time, a complete medical history
and informed consent recorded.

Women with the following pathologies or special
situations were excluded from the study: Type II dia-
betes, being or trying to be pregnant, being in a ma-
ternal lactation period, suffering from kidney failure,
being underage, presenting healthy weight (BMI < 25)
or receiving anti-depression pharmacological treat-
ment. On the other hand, the inclusion criteria were:
having a body fat percentage > 30, being sedentary,
and not having been submitted to a restrictive diet
in the 6 months before the beginning of the study.
The flow chart of the participants is shown in Fig. 1.
Those women who met the eligibility criteria were
scheduled for initial body measurements.

This study was approved by the bioethical commit-
tee of Cordoba University, in the Department of
Health at the Regional Government of Andalusia
(Act n°284, ref.4156).

Subject randomization
After obtaining the written informed consent, and
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assigned to one of three groups: control, moderate
physical activity, and intense physical activity group,
through standard computer-based procedures (ran-
dom number generator). After completing the tests,
subjects were randomly assigned to 1 of 3 experi-
mental groups: a control group that only follows a
hypocaloric diet without prescription of physical ac-
tivity (CON) (n=29) or a moderate training group
(MPA) that in addition to supporting the same diet,
is assigned to perform moderate physical activity
(n=25) and a group of intense physical activity
(IPA) (1 =27).

Testing sessions

The initial assessment was carried out in the 24-48h
before the beginning of the intervention. From this mo-
ment, an appointment was given to each patient. The
follow-up during the time of the study was carried out
after the overnight fast and always on the same day and
time of the week in order to minimized variability be-
tween sessions. The initial evaluation included a com-
pleted anthropometric study: height, total body weight,
body fat (BF), muscle mass (MM), and body water.
These parameters were all recorded in every weekly ses-
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Dietary intervention

Subjects were provided with customized dietary
plans designed by an experienced nutritionist
(A.H.R). The daily energy requirements were deter-
mined by estimating the energy expenditure as pre-
viously reported Harris-Benedict [21]:

(655.0955 + 9.5634 [Weight (kg)]
+ 1.8496 [Height (cm)] — 4.6756 Age (in years).

A multiplier factor of 1.5 was applied to the value re-
sulted in the equation in those patients carrying out
physical activity [22]. During a period of 24 weeks, all
the patients followed a diet with the following distribu-
tion of macronutrients: 25-30% proteins, 40-45% carbo-
hydrates, and 30-35% fat. The moderated-fat restricted-
calorie Mediterranean diet is rich in vegetables and low
in red meat, with poultry and fish replacing beef and
lamb, with a goal of no more than 35% of calories from
fat. This diet is based on the recommendations of Will-
ett and Skerrett [23]. The diet was hypocaloric with a re-
duction of 500 kcal/day during the treatment period to
achieve a weekly weight loss of 400 g, an amount that is
a safe, achievable, and clinically meaningful goal for
weekly weight loss [24]. 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 regi-
men (REF) [25]. No vitamins or other nutritional com-
plements were prescribed. After being included in the
study, each woman participated in a 1-h seminar in
which the Dietitian-Nutritionist instructed them on how
to make a suitable selection of food and prepare it. The
menu proposed was valid for 1 week, and a new diet was
provided to each woman in the weekly follow up ap-
pointment. The energy and nutritional intake were eval-
uated by the program Dietowin® and the weighing
method (Dietowin 8.0, 2015) [26]. Continued nutritional
guidance was provided to the subjects at the time of
each training session by the research team to encourage
dietary adherence.

Exercise training intervention

To estimate the degree of physical and sedentary activity
at the beginning of the study, we used the extended ver-
sion of the International Physical Activity Questionnaire
(IPAQ-long), which is reliable and valid for estimating
physical activity and sitting-down time [27]. To adjust for
sedentary behavior and physical activities outside working
hours, the IPAQ-long was interview-administered at the
beginning of the study and repeated at the end of the
intervention. For the PA, the strata proposed by Matthews
were applied [28]. A pedometer was installed on the
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mobile phones of all patients (ACCUPEDO). Accupedo
uses the phone’s built-in accelerometer in its algorithm.
The application is designed to work regardless of whether
the phone is placed. Each woman was carefully informed
about how to wear the device during walking hours. The
app recorded all the steps executed during the day without
user intervention. The caloric cost of physical activity was
calculated based on the one metabolic equivalent (MET)
criteria, defined as the amount of oxygen consumed while
sitting at rest with a value of 3.5 ml O2 per kg body weight
x min. The MET concept represents a simple, practical,
and qu ickly understood the procedure for expressing the
energy cost of physical activities as a multiple of the rest-
ing metabolic rate [29].

Patients were allocated in one of three different train-
ing groups.

The CG was provided with information related to daily
recommended PA levels and information about the ben-
efits of walking regularly at least 30 min daily; approxi-
mately 5000 steps can be reached during this training
session. This level of physical activity can be considered
sedentary or o low level, that requires minimal move-
ment or energy expenditure (1-4 metabolic equivalent
units; METs) and is associated with sitting or lying down
during walking hours [30]. Patients in the MPA were
provided with the same information as the CG about the
benefits of walking. This group was prescribed to
achieve a goal-setting of 10,000 steps per day and were
informed that this value was equivalent to 60 min of
walking per day, that they had to reach a moderate-
vigorous rate, around 60% of VO2max [31]. Their heart
rate (HR) was calculated using the Karvonen formula,
[32] and the maximum HR was determined by the for-
mula: 220 — age (years). This level of physical activity
has a rate of 5-8 units of METs. For the IPA, the pa-
tients had to training sessions of intense physical activity
with an intensity between 60 and 80% of maximal
muscle strength three times a week [33]. During the 24
weeks lasted the study, the participants in the IPA group
were prescribed three BodyPump sessions weekly sup-
ported by free access to fitness club offering this exercise
during the intervention period.

BodyPump is a pre-choreographed and strengthening
workout session. Each session includes strength exer-
cises targeting specific muscle groups, and the partici-
pants exercise with a weight bar (1.25 kg), plates (1, 2.5
or 5kg), and a step. Each session includes between 800
and 1000 repetitions in the range of 50—100 repetitions
in each muscle group. There are 1-2min rest periods
between each track, used to change weights and prepare
for the next exercises [34]. Women did not walk the
BodyPump days, but the rest days of the week, they had
to walk 1h at the same intensity as the MPA group, to
unify the volume dedicated to the exercise in each
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group. The IPA group had a substantial caloric cost of
more than 8 METs.

The follow-up tests began during the first week of the
diet and physical activity assignment. The body compos-
ition was measured following an overnight fast, and the
subject was required to go to the center on the same day
of the week, at the same time, and to wear the same
clothes. Review appointments continued weekly until
week 24 when all the variables were collected.

Anthropometrics 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 throughout the time
by multifrequency electrical impedance (BWB-800A,
Tanita Corp. USA), previously validated [35]. 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 col-
lected in the control consultations were recorded and
compared to that in the first consultation, to evaluate
the changes produced. The independent variables re-
corded were: age (years), height (cm), weight (Kg) and
BMI (Kg/m?).

The anthropometric measurements were taken follow-
ing the recommendations of the standardized anthropom-
etry handbook, [36] and by professionals in order to
reduce the coefficient of variation. Each measurement was
taken 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 mean
and standard deviation, whereas the qualitative ones in
frequencies and percentages. To contrast, the goodness of
fit to a normal distribution of data coming from quantita-
tive variables, the Kolmogorov-Smirnov test corrected by
Lilliefors, was employed. To compare the bivariate hy-
pothesis, the 2-means Student’s t-test was applied, while
for the qualitative variables, the Chi-square test was used,
and the Fisher exact one when necessary. Likewise, for the
analysis of three or more means, the ANOVA repeated
means test was employed to evaluate the effects of the
intervention at the baseline moment, and 3 and 6 months,
and the correlation between the quantitative variables was
checked by the Pearson (r) coefficient of correlation. Fi-
nally, in the case of not meeting the normality or homo-
scedasticity criterion, the non-parametric versions of the
above tests were made.

Adjusted linear regressions were made for each vari-
able of the body composition (%BF and MM) and the
weight at the end of the study to estimate the Beta stan-
dardized coefficients of the physical activity in achieving
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the goals. To determine the goodness of fit of the
models, the standard error, the adjusted coefficient of
determination, the F statistics, the analysis of the linear-
ity, and the residues were analyzed.

For all the statistical analyses, an alpha error probabil-
ity of under 5% (p < 0.05) was accepted, and the interval
of confidence was calculated as being 95%. For the stat-
istical analysis, the computer programs IBM SPSS Statis-
tics version 22.0 were used.

Results

The women included in the study were of a mean age
42.97 +10.84 (BI95%: 40.17-45.77). With respect to their
body composition, in the first consultation, a mean weight
of 82.56 + 14.46 Kg (BI95%: 78.83—-86.30 Kg) was found, a
body fat percentage of 42.17 +550% (BI95%: 40.75—
43.59%); and a muscle mass of 44.71 +5.08 Kg (BI95%:
43.40-46.02 Kg). There were no significant differences in
the baseline data between the physical activity groups to
which each woman was randomly assigned (Table 1).

Analysis of related means in the modification of the body
composition at 3 and 6 months of intervention

At 3 months of treatment a significant reduction in the body
weight with respect to the baseline measurements was ob-
served, with the mean of 82.56 + 14.46 Kg (BI95%: 78.83—
86.30 Kg) dropping to 76.91 + 12.94 Kg (BI95%: 73.57-80.25
Kg) (p <0.001). This trend was maintained in the rest of the
anthropometric variables, producing a decrease in the BMI,
in the %BF and in the MM. On the other hand, the %W rose
from a mean of 43.11 +3.87% (BI95%: 42.11-44.11%) to
44.90 + 4.14% (BI95%: 43.81-45.97%) (Table 2).

Similarly, at 6 months, and globally, the participants
showed statistically significant variations both with the
measurements obtained in the first nutrition consult-
ation and with those taken at 3 months. In this sense, a
diminution in weight of the BMI (p < 0.001), in the %BF,
and an increase in the %W (p <0.001) were observed.
However, although the MM exhibited a significant drop
between the first moment and at 3 months (p <0.001),
there were no differences (p > 0.05) between those found
in the controls at 3 and 6 months.

Analysis of the evolution of the body composition in
terms of physical activity

The analysis of the variation in the body composition in
the different PA groups was made based on the percent-
age modifications between the measurements collected
in a basal manner at 3 and at 6 months.

Changes at 3 months of monitoring

At 3 months of monitoring, no significant differences
were found between these three activity groups with re-
gard to that referring to a reduction in weight or in the
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Characteristic Overall Sedentary Moderate Intense P-value
(n = 60)(£SD) (n=21)(£SD) (n =19)(xSD) (n =20)(+SD)

Age, years 42.97 +10.84 46.10 + 10.57 41.95+12.47 40.65 + 9.09 0.246
Height, cm 1.61+0.07 1.62 +0.06 1.60 + 0.07 1.61+0.07 0.702
Weight, kg 82.56 + 14.46 85.15 % 15.03 82.75 + 15.58 79.37 £ 12.84 0.413
BMI, kg/m? 31.83+5.32 32.65+5.75 32.21+£4.95 30.60 +5.24 0.443
%BF 4217 £5.50 42.35+5.46 42.58 +4.55 41.59 £ 6.52 0.844

MM, kg 44.71+5.08 46.07 +5.16 44.50+5.18 43.49+4.80 0.267

%W 43.11+3.87 42.81+3.75 42.78 +2.87 43.72+ 482 0.693

BMI. With respect to fat, a greater decrease in the
IPA group compared to the other two groups (p<
0.01) was observed. However, the fat loss among
those who followed a sedentary lifestyle and moder-
ate physical activity did not display significant differ-
ences (p=0.204). As for the MM, the value of the
latter fell notably in the above group of women, and
the difference found (p =0.204) was not significant.
However, the reduction in the IPA group was less
marked, the difference being significant with respect
to both groups (p <0.05) (Table 3).

Changes at 6 months of monitoring

The trend shown at 3 months was maintained at 6
months in all the anthropometric variables. As for
weight, a marked fall in weight was found in those
patients who carried out some type of moderate or

Table 2 Changes in body measurements at 3 months

intense PA compared to the sedentary ones (p<
0.001 and p<0.003, respectively). However, the
weight did not significantly vary between the groups
doing some type of physical activity (p =0.976). Simi-
lar behavior was observed in the BMI modification.

9pt?>The %BF decreased to a greater degree (- 16.31 +
591 (BI95%: —19.08 - -13.54), p <0.001) in the most ac-
tive women, this being the only activity group in which
MM was gained (0.99 +£4.96 (IC95% -1.33 — 3.31), p<
0.001), with no significant differences between those who
did not do any physical activity or did a moderate kind
(p =0.793) (Table 4).

Role of physical activity intensity in body composition
modification

The body composition study at 6 months revealed that
the impact of PA varied depending on which parameter

Characteristic Sedentary Moderate Intense P-value
(n =21)(£SD) (n =19)(£SD) (n =20)(£SD)
Weight, kg -5.61 +£3.15 -7.52 £2.33 -7.06 +2.88 0.088
BMI, kg/m? -1.89 £ 1.18 241 £0.84 -223+£1.13 0.295
%BF -3.96 + 3.48 -6.21 £2.95 -10.19 £5.11 <0.001*
MM -2.82 £3.19 -3.30 £2.02 -0.10 £4.46 <0.001*
%W 2.37 £2.21 3.68 £2.73 6.66 +5.36 <0.001*
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Table 3 Changes in body measurements at 6 months
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Characteristic Sedentary Moderate Intense P-value
(n=21)(xSD) [ (n=19)(*xSD) (n = 20)(+xSD)

Age, years -6.32 £ 2.68 -10.49 £+ 2.52 -10.10 £ 3.93 <0.001*

BMI, kg/m? -6.16 £ 2.43 -9.55 £ 3.97 -10.10 £ 6.39 <0.001*

%BF -3.56 + 3.13 -10.57 + 3.45 -16.31 £ 5.91 <0.001*

MM -3.66 £2.19 -3.23+£1.97 0.99 £ 4.96 <0.001*

%W 256+219 6.49 £ 3.16 10.46 + 6.32 <0.001*

of the anthropometric evaluation was analyzed. Thus, it
was decided to conduct a multivariant analysis by means
of a multiple linear regression in order to obtain fit
models that would determine the effect of the physical
activity (sedentary, moderate, intense) on each of the an-
thropometric variables through the calculation of stan-
dardized Beta coefficients.

In the fit models (Table 4) it is seen how 96.3% of the
weight variability at 6 months is explained by the initial
weight and the physical activity done, with no

Table 4 Multiple regression models

differences found between carrying out one that is mod-
erate or one that is intense (Bgang = — 0.138 and B4png. =
- 0.139, respectively).

However, the moderate and intense physical activities
behave differently in the BF modification and in the
MM.

With regard to BF modification, the intense activity
had a greater capacity (practically twofold) of diminish-
ing BF at 6 months (8404, = —0.436 vs. gana = -
0.231). This degree of PA also exerted a greater effect on

Dependent variable Models Standardized beta R? S.E. r P-value
coefficients
Weight at 6 months 8.514 — 3.742 (MPA) MPA -0.138 0.963 2.456 0.982 <0.001*
—3.726 (API) + 0.836
(initial weight) API -0.139
Initial weight 0.951
%BF (6 months) 2.403 —2.900 (MPA) MPA -0.231 0.896 1.901 0.949 <0.001*
—5.395 (API) + 0.908
(initial body fat) API -0.436
Initial body fat 0.848
MM (6 months) 3.949 + 0.077 (MPA) MPA 0.008 0.919 1.295 0.961 <0.001*
+1.751 (API) - 0.877
(initial muscle mass) API 0.182
Initial muscle 0.976
mass
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the increase in MM at the end of the intervention,
standing out above the moderate activity (8s¢.,q. = 0.182
vs. B8tana. = 0.008) (Fig. 2).

Discussion
Summary (overview)
This study aimed to assess the effect of varying intensity
of physical activity on body composition during an inter-
vention period of 6 months. The findings show that, when
incorporating an MPA program based on aerobic exer-
cises to a dietary regime, weight loss improves signifi-
cantly. Also, women’s body composition shows a definite
improvement. In this case, MPA raised the BF loss to -
6.21% (+ 2.95%) after 3 months, and to — 10.57% (+ 3.45%)
after 6 months. These losses are significantly higher than
those in the control group. However, the most significant
fat loss was achieved by the group performing IPA, which
showed a decrease of —16.31% (+ 5.91%) after 6 months.
It also found that, after a caloric restriction (CON), the
loss of MM reached up to — 3.66 + 2.19 kg after 6 months.
The intervention showed that the best intensity for car-
rying out PA is the intense one, due to its influence on
body composition. After 3 months, the MM loss was sig-
nificantly less than for the other groups (- 0.10 + 4.46 Kg).
More importantly, after 6 months, the group doing IPA
was the only one that gained MM (0.99 + 4.96 Kg). There-
fore, it is of interest to observe how a combination of aer-
obic and anaerobic training permits, not only to conserve
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but also to increase MM, which suggests that the weight
loss triggered by the IPA is of better quality than that pro-
duced by the rest of the interventions studied. In short,
the main results obtained demonstrate that weight loss is
significant in the short-term (3 months), when consuming
a hypocaloric diet (with an energy deficit of 500 kcal/day),
with no need of PA. However, weight loss in the mid-term
(6 months) will depend on incorporating measured and
controlled physical activity, irrespective of its typology or
intensity (moderate or intense).

Finally, it manifest that the body composition changes
in the short term when a diet and a physical activity plan
are followed (independently of the exercise intensity). It
is only through intense physical activity that a reduction
in the BF can achieve, together with maintenance or in-
crease in FFM. These two parameters are of great im-
portance to evaluate the quality of the weight loss.

Comparison with existing literature

Concerning body weight, it has been shown that a one-
off nutritional intervention may trigger a moderate loss
of weight (from 5 to 10%) in middle-aged adult women,
and in post-menopausal women =50 years, in compari-
son with their initial weight [37]. These data are in
agreement with the results presented in this study, in
which a weight reduction of 6.32 £ 2.68% found in the
control group after 6 months.

40|
20}
é 38 é
of 29

+13
o

-20|

Sedentary Moderate
Physical-activity level

Fig. 2 Modification of body composition at 24 weeks depending on the physical activity prescribed in combination with hypocaloric diet
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Other works focusing their analysis on the effective-
ness of PA together with caloric restrictions [38-41]
conclude that the difference in weight loss in the group
only following a diet is moderate (from 1 to 2 extra kg).
These results are similar to those found after the present
intervention, in which there were no significant differ-
ences in weight loss in the study groups after 3 months.

Contrary to findings presented by other authors [42], no
sustainable weight loss can ensure in adult women only
with negative caloric balances mediated by a caloric restric-
tion after 3 months. Furthermore, after 6 months, the
weight loss amongst the women who only followed the nu-
tritional intervention was significantly less, in comparison
with the women with a PA and a diet plan. These differ-
ences at 6 months, compared with those founds in previous
works, could be due to variations in the study design. All
groups, regardless of the PA prescribed, were equally sub-
mitted to a negative caloric balance induced by a caloric re-
striction of 500 kcal/day. This enabled evaluation of the
total body weight evolution with greater precision, unlike
other studies in which the energy balance was not rigor-
ously controlled [43, 44].. Also, there is evidence that
women, in contrast to men, show a greater need to com-
pensate their appetite after a caloric restriction, and that
this compensation is not closely related to doing acute ex-
ercise [45]. Therefore, we consider that monitoring and
controlling the dietary intake allows us a better understand-
ing of weight loss evolution in women.

During the intervention, it found that the MPA group
achieved the most considerable weight reduction during
the first 3 months, a trend that continued in the second
term. This finding confirms the conclusions of Mayer in
the 1950s, in which the activity intensity described as
“range of normal activity,” and which was recently rede-
fined by Blundell et al. as a “regulation area.” [46] Also,
we know that a lower level of energy expenditure (CON)
may imply a disconnection between intake and caloric
expenditure [47]. PA performs an essential part in regu-
lating satiety. This research has shown that a moderate-
intensity exercise program helps patients reach higher
levels of satiety than those with a sedentary lifestyle, thus
representing the ideal PA threshold for losing weight.

The MM gain has explained the smaller weight loss
produced by doing PA. Similar to findings from other
research, and this is due to strength exercise being a
stimulant of growth and muscular maintenance in adult
women, absorbing the weight loss [48-50].

Focusing the analysis on body composition, the women
submitted to caloric restriction lost their BF for a limited
time. After 3 months, BF loss in the control group was a
mean of —3.96% (+ 3.48%), corroborating with results
from other studies [51, 52]. However, at 6 months, there
was a recovery of BF in this group, with an overall reduc-
tion at the end of the intervention of — 3.56% (+ 3.13%).
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The explanation for this could be found in the afore-
mentioned “regulation area,” that relates adipose tissue
accumulation to the small amounts of energy expended.
Regular exercise at a tolerable threshold acts as an appe-
tite modulator and, as other investigations have shown,
in a reduced PA scenario the patient tends to eat in ex-
cess or an opportunistic manner [53, 54].

The loss of muscle mass after caloric restriction
(CON) that reached up to —3.66 +2.19 Kg at 6 months
was less pronounced amongst women who carried out
MPA, mitigating it to — 3.23 + 1.97 Kg at 6 months, with
a slight recovery of the MM lost at 3 months (- 3.66 +
1.97), similar to that reported by other authors [55].

These results are reaffirmed in the multivariant study.
Following the same caloric restriction dietary pattern,
the changes in body composition will depend on the
type of physical activity. Here, intense physical activity
achieved better results in BF loss (f$stand. = - 0,436) and
a gain in, or maintenance of, MM (f3stand. = 0,182) and
confirms the findings of other authors (Friedenreich
et al., 2011). Provided it is possible, intense physical ex-
ercise should be recommended in this group of women.

From this perspective, it is essential to emphasize the im-
portance of losing weight correctly, as defined by a reduc-
tion in body fat percentage with no impact on the MM.
Meanwhile, a loss of MM causes an increase in the risk of
suffering from sarcopenia [37]. That is to say, a quality
weight loss would enjoy the benefits of BF loss without the
risks of MM loss. Besides, evidence has shown that PA im-
proves behavior patterns that prevent the rebound effect
once the controlled intervention has ended [56].

Body composition
Previous studies reported that decreases in the MM were
restored overtime after weight loss interventions [57,
58]. Although the MM loss was lower than that of total
BF, muscle maintenance must be monitored and pre-
scribed even in weight loss programs. The subjects of
our study who had a sedentary or moderate exercise pre-
scription, that is, walking, lost muscle mass at the end of
the period. The explanation for this is that this kind of
PA seems insufficient for mobilizing and stimulating
muscle mass [59]. The group in our study that had an
intense physical exercise prescription, i.e., incorporating
resistance training, was the only one that showed a mass
muscle gain at 6 months. These results might evidence
that a combined program of aerobic and resistance-type
exercise helps to preserve muscle mass during weight
loss, results that matched those of a recent review [60].
Our findings reveal a significant body fat loss in the
prescription of PA; the higher the intensity of PA, the
greater the loss of fat at 6 months. While sedentary in-
struction implied a 3% fat loss at 6 months, the IPA sub-
jects reached 16%. Also, when analyzing the results
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among MPA and IPA subjects, we observed that they
lost an additional 6% of fat, while we did not find a sig-
nificant weight loss. Our results are consistent with the
existing literature [61]; although high-intensity training
did not improve the weight loss in an interval of 6
months compared to a lower intensity, the impact on
the fat loss was significant [62].

Strengths and limitations

For this clinical study, the sample size was 60 participants.
All of the patients were in a similar baseline in order to
undertake a better assessment at the end of the research.
To evaluate the changes and the importance of the physical
activity on the body composition, the study was based on
an exercise plan with two intensities (moderate and in-
tense). The study has limitations because the sample is lim-
ited to sedentary, overweight or obese, adult women. Thus,
further investigations should be necessary to clarify if these
results could extrapolate to men. Although the sample size
is similar to that used in previous works [63, 64], we carried
out a randomization procedure that led to balanced arms.
Also, a 20% attrition rate would expect at 6 months, and
the study saw a slightly higher rate of 25%. While attrition
was more significant than was intended, it is similar to ob-
served in several other physical activity weight-loss inter-
ventions [65, 66]. No differential attrition rates were found
between groups in the present study. To avoid the self-
report bias, previously documented [67], the data collection
records check out by the research staff in face-to-face con-
sultations weekly. A control without caloric restriction was
not added to this study because the effect of the diet was
not the primary objective to design this investigation, using
as a control group the sedentary one. To further investigate
how diet could affect behavior during a weight loss pro-
gram, a non-restricted group might be interesting.

Although a period of 6 months is considered to be ad-
equate to draw meaningful results and valuable conclu-
sions, future studies with longer monitoring periods will
be beneficial to confirm whether the trend regarding the
MPA and IPA has been maintained.

Lastly, it will also be beneficial for further research to
include a fourth group with no diet assigned. This will
help to assess whether body composition can improve in
the short, medium and long term with only PA.

Conclusion

Although it is common to prescribe a hypocaloric diet
to lose weight, this strategy is only useful for a short
period. It postulated in this study that a combination of
PA and controlled caloric restriction achieve a suitable
modification of body composition in overweight or
obese women. From the different levels of PA investi-
gated herein, it found that an intense level (IPA) was the
most effective for promoting body fat loss with a
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simultaneous maintenance/gain in MM. Therefore, pro-
vided that the patient is fit to participate in IPA, this
should be recommended for a weight loss program. Fur-
thermore, moderate-intensity PA, although less effective
at mitigating MM loss than IPA, was found to guarantee
a more significant decline in body fat than that obtained
by a one-off caloric restriction. These findings are of
interest to the Public Health sector, given that they have
highlighted that occasional caloric restriction strategies
in overweight or obese women will not be sufficient for
achieving mid- or long-term health objectives.

Abbreviations

9%BF: Body fat percentage; %W: Percentage of water; BF: Body fat; BMI: Body
mass index; CON: Control group; FFM: Fat-free mass; HR: Heart rate;

IPA: Intense physical activity group; MM: Muscle mass; MPA: Moderate
physical activity group; PA: Physical activity

Acknowledgments

We would like to thank all participants for agreeing to share their data and
experiences. We would also like to thank the Laboratory Vidal-Zambrano
health center for providing a comfortable work space.

Authors’ contributions

All' authors brainstormed to conceptualise this study. AHR and RML carried
out the quantitative and qualitative analyses respectively. AH drafted the
manuscript. FCM, GMR, MRS and RMR reviewed and made substantive
revisions to the manuscript at various stages. All authors read and approved
the final manuscript for submission.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

Written informed consent was obtained from all participants with the
questionnaire. The study protocol complies with the Declaration of Helsinki
for medical studies and has been approved by the Bioethical Committee of
Cordoba University and registered in the platform clinicaltrials.gov
(NCT03833791). This research also has the permission of the Cérdoba
Bioethical Committee, in the Department of Health at the Regional
Government of Andalusia (Act no. 284, ref. 4156).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Bromatology and Food Technology, University of Cérdoba,
Campus Rabanales, ed. Darwin - annex. Office of Dr. Rafael Moreno, 14071
Cordoba, ES, Spain. “Nursing department, University of Medicine and Nursing
of Cérdoba, Cérdoba, Spain. *Department of Occupational Health and Safety,
City of Cérdoba, Cérdoba, Spain.

Received: 13 November 2019 Accepted: 10 December 2019
Published online: 27 December 2019

References

1. Karpe F, Pinnick KE. Biology of upper-body and lower-body adipose tissue -
link to whole-body phenotypes. Nat Rev Endocrinol. 2015;11:90-100.
https://doi.org/10.1038/nrendo.2014.185.


http://clinicaltrials.gov
https://doi.org/10.1038/nrendo.2014.185

Hernandez-Reyes et al. BMC Women's Health

20.

21.

22.

23.

(2019) 19:167

Goyal A, Nimmakayala KR, Zonszein J. Is there a paradox in obesity? Cardiol
Rev. 2014;22(4):163-70. https://doi.org/10.1097/CRD.0000000000000004.
Bergman RN, Stefanovski D, Buchanan TA, et al. A better index of body adiposity.
Obesity (Silver Spring). 2011;19(5):1083-9. https//doiorg/10.1038/0by.2011.38.

Di Cesare M, Bentham J, Stevens GA, Zhou B, Danaei G, Lu Y, et al. Trends in
adult body-mass index in 200 countries from 1975 to 2014: A pooled
analysis of 1698 population-based measurement studies with 19.2 million
participants. Lancet. 2016;387(10026):1377-96. https://doi.org/10.1016/
S0140-6736 (16)30054-X.

Leeners B, Geary N, Tobler PN, Asarian L. Ovarian hormones and obesity. Hum
Reprod Update. 2017;23(3):300-21. https://doi.org/10.1093/humupd/dmw045.
Clark JE. Diet, exercise or diet with exercise: comparing the effectiveness of
treatment options for weight-loss and changes in fitness for adults (18-65
years old) who are overfat, or obese; systematic review and meta-analysis. J
Diabetes Metab Disord. 2015;14:31. https://doi.org/10.1186/540200-015-0154-1.
Barry VW, Baruth M, Beets MW, Durstine JL, Liu J, Blair SN. Fitness vs. fatness
on all-cause mortality: a meta-analysis. Prog. Cardiovasc. Dis. Elsevier. 2014;
56:382-90. https://doi.org/10.1016/j.pcad.2013.09.002.

Hankinson AL, Daviglus ML, Bouchard C, et al. Maintaining a high physical
activity level over 20 years and weight gain. JAMA. 2010;304(23):2603-10.
https://doi.org/10.1001/jama.2010.1843.

Lee DC, Artero EG, Sui X, Blair SN. Mortality trends in the general
population: the importance of cardiorespiratory fitness. J Psychopharmacol.
2010;24(4 Suppl):27-35. https://doi.org/10.1177/2F1359786810382057.
Golubic R, Ekelund U, Wijndaele K, et al. Rate of weight gain predicts
change in physical activity levels: a longitudinal analysis of the EPIC-Norfolk
cohort. Int J Obes. 2012;37(3):404-9. https://doi.org/10.1038/2Fijo.2012.58.
Liu F, Wang W, Ma J, Sa R, Zhuang G. Different associations of sufficient and
vigorous physical activity with BMI in Northwest China. Sci Rep. 2018;8(1):
13120. https://doi.org/10.1038/541598-018-31227-6.

Besson H, Ekelund U, Luan J, May AM, Sharp S, Travier N, et al. A cross-
sectional analysis of physical activity and obesity indicators in European
participants of the EPIC-PANACEA study. Int J Obes. 2009;33:497-506.
https://doi.org/10.1038/ij0.2009.25.

Salari A, Shakiba M, Mahdavi-Roshan M, Gholipour M, Naghshbandi M,
Rajabi R. The association between various indices of obesity and severity of
atherosclerosis in adults in the north of Iran. Medicine (Baltimore). 2016;
95(50):5670. https://doi.org/10.1097/2FMD.0000000000005670.

Ghachem A, Paquin J, Brochu M, Dionne 1J. Should Waist Circumference
Cutoffs in the Context of Cardiometabolic Risk Factor Assessment be
Specific to Sex, Age, and BMI? Metab Syndr Relat Disord. 2018;16(7):366-74.
https://doi.org/10.1089/met.2017.0177.

Silva AM, Judice PB, Carraca EV, King N, Teixeira PJ, Sardinha LB. What is the
effect of diet and/or exercise interventions on behavioural compensation in
non-exercise physical activity and related energy expenditure of free-living
adults? A systematic review. Br J Nutr. 2018;119(12):1327-45. https://doi.org/
10.1017/5000711451800096X.

Myers CA, Johnson WD, Eamest CP, et al. Examination of mechanisms (E-MECHANIC)
of exercise-induced weight compensation: study protocol for a randomized controlled
trial. Trials. 2014;15:212. https//doiorg/10.1186/17456215-15-212.

Hall KD, Heymsfield SB, Kemnitz JW, Klein S, Schoeller DA, Speakman JR.
Energy balance and its components: implications for body weight regulation.
Am J Clin Nutr. 2012,95(4):989-94. https://doi.org/10.3945/2Fajcn.112.036350.
Trouwborst |, Verreijen A, Memelink R, et al. Exercise and nutrition strategies
to counteract Sarcopenic obesity. Nutrients. 2018;10(5):605. https://doi.org/
10.3390/nu10050605.

Sardeli AV, Komatsu TR, Mori MA, Géspari AF, Chacon-Mikahil MPT.
Resistance training prevents muscle loss induced by caloric restriction in
obese elderly individuals: a systematic review and meta-analysis. Nutrients.
2018;10(4):423. https://doi.org/10.3390/nu10040423.

Sumithran P, Prendergast LA, Delbridge E, Purcell K, et al. Long-term
persistence of hormonal adaptations to weight loss. N Engl J Med. 2011;
365:1597-604. https://doi.org/10.1056/NEJMoa1105816.

Harris JA, Benedict FG. A biometric study of human basal metabolism. Proc
Natl Acad Sci USA. 1918:4:370-3. https://doi.org/10.1073/pnas4.12.370.
Segal KR, Edano A, Abalos A, Albu J, Blando L, Tomas MB, et al. Effect of
exercise training on insulin sensitivity and glucose metabolism in lean,
obese, and diabetic men. J Appl Physiol. 1991;71(6):2402-11. https.//doi.org/
10.1152/jappl.1991.71.6.2402.

Willett WC, Skerrett PJ. Eat, drink, and be healthy: the Harvard Medical
School guide to healthy eating. New York: Simon & Schuster; 2001.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

Page 11 of 12

Byrne NM, Meerkin JD, Laukkanen R, Ross R, Fogelholm M, Hills AP. Weight
loss strategies for obese adults: personalized weight management program
vs. standard care. Obesity (Silver Spring). 2006;14(10):1777-88.

Schoenfeld BJ, Aragon AA, Wilborn CD, Krieger JW, Sonmez GT. Body composition
changes associated with fasted versus non-fasted aerobic exercise. J Int So Sports
Nutr. 2014;11. https//doiorg/10.1186/512970-014-0054-7 Article number: 54.
Dietowin® 8.0. ©1991-2015 Dietowin SL, Barcelona, Espafa. http://www.
dietowin.es/. Versién 8.0.

Hagstromer M, Oja P, Sjostrom M. The international physical activity
questionnaire (IPAQ): a study of concurrent and construct validity. Public
Health Nutr. 2007,9:755-62.

Matthews AE. Calibration of Accelerometer Output for Adults. Med Sci
Sports Exerc. 2005;37(11):5512-22.

Jetté M, Sidney K, Blimchen G. Metabolic equivalents (METS) in exercise
testing, exercise prescription, and evaluation of functional capacity. Clin
Cardiol. 1990;13:555-65. https://doi.org/10.1002/clc.4960130809.

Owen N, Healy GN, Matthews CE, Dunstan DW. Too much sitting: the
population health science of sedentary behavior. Exerc Sport Sci Rev. 2010;
38(3):105-13. https.//doi.org/10.1097/JES.0b013e3181e373a2.

Douglas JA, King JA, Clayton DJ, Jackson AP, Sargeant JA, Thackray AE,
Davies MJ, Stensel DJ. Acute effects of exercise on appetite, ad libitum
energy intake and appetite-regulatory hormones in lean and overweight/
obese men and women. Int J Obes. 2017;41(12):1737-44.

Karvonen J, Vuorimaa T. Heart rate and exercise intensity during sports
activities. Pract Appl Sports Med. 1988;5:303-11. https.//doi.org/10.2165/
00007256-198805050-00002.

Donnelly JE, Blair SN, Jakicic JM, Manore MM, Rankin JW, Smith BK.
American College of Sports Medicine position stand: appropriate physical
activity intervention on strategies for weight loss and prevention of weight
regain for adults. Med Sci Sports Exerc. 2009;41:459-71.

Les Mills International Web site. Available at: http://www.lesmills.com/
Accessed 01.07.19.

Schubert MM, Seay RF, Spain KK, Clarke HE, Taylor JK. Reliability and validity of
various laboratory methods of body composition assessment in young adults.
Clin Physiol Funct Imaging. 2019;39:150-9. https//doi.org/10.1111/cpf.12550.
Callaway CW, Chumlea WC, Bouchard C, Himes JH, Lohman TG, Martin AD, et al.
Circumferences. In: Lohman TG, Roche AF, Martorell R, editors. Anthropometric
standardization reference manual. Champaign: Human Kinetics Books; 1991. p. 44-5.
Weinheimer EM, Sands LP, Campbell WW. A systematic review of the separate
and combined effects of energy restriction and exercise on fat-free mass in
middle-aged and older adults: implications for sarcopenic obesity. Nutr Rev.
2010;68(7):375-88. https//doi.org/10.1111/j.1753-4887.2010.00298 x.

King AC, Tribble DL. The role of exercise in weight regulation in nonathletes. Sports
Med. 1991;11:331-49. https.//doi.org/10.2165/00007256-199111050-00004.

Shaw KA, Gennat HC, O'Rourke P, Del Mar C. Exercise for overweight or
obesity. Cochrane Database Syst Rev. 2006. https://doi.org/10.1002/
14651858.CD003817.pub3 Issue 4. Art. No.: CD003817.

Mekary RA, Feskanich D, Malspeis S, Hu FB, Willett WC, Field AE. Physical
activity patterns and prevention of weight gain in premenopausal women.
Int J Obes. 2009;33(9):1039-47. https://doi.org/10.1038/ij0.2009.127.

Merlotti C, Ceriani V, Morabito A, Pontiroli AE. Subcutaneous fat loss is
greater than visceral fat loss with diet and exercise, weight-loss promoting
drugs and bariatric surgery: a critical review and meta-analysis. Int J Obes.
2017,41:672-82. https://doi.org/10.1038/ij0.2017.31.

Foster-Schubert KE, Alfano CM, Duggan CR, et al. Effect of diet and exercise,
alone or combined, on weight and body composition in overweight-to-
obese postmenopausal women. Obesity (Silver Spring). 2011,20(8):1628-38.
https://doi.org/10.1038/0by.2011.76.

Thomas DM, Bouchard C, Church T, et al. Why do individuals not lose more weight
from an exercise intervention at a defined dose? An energy balance analysis. Obes
Rev. 2012;13(10):835-47. https//doiorg/10.1111/2Fj.1467-789X201201012x.
Cameron JD, Goldfield GS, Riou M-E, Finlayson GS, Blundell JE, Doucet E.
Energy depletion by diet or aerobic exercise alone: impact of energy deficit
modality on appetite parameters. Am J Clin Nutr. 2016;103(4):1008-16.
https://doi.org/10.3945/ajcn.115.115584.

Alajmi N, Deighton K, King JA, et al. Appetite and energy intake responses
to acute energy deficits in females versus males. Med Sci Sports Exerc. 2016;
48(3):412-20. https://doi.org/10.1249/MSS.0000000000000793.

Blundell JE, Caudwell P, Gibbons C, et al. Role of resting metabolic rate and
energy expenditure in hunger and appetite control: a new formulation. Dis
Model Mech. 2012;5(5):608-13. https;//doi.org/10.1242/dmm.009837.


https://doi.org/10.1097/CRD.0000000000000004
https://doi.org/10.1038/oby.2011.38
https://doi.org/10.1016/S0140-6736
https://doi.org/10.1016/S0140-6736
https://doi.org/10.1093/humupd/dmw045
https://doi.org/10.1186/s40200-015-0154-1
https://doi.org/10.1016/j.pcad.2013.09.002
https://doi.org/10.1001/jama.2010.1843
https://doi.org/10.1177/2F1359786810382057
https://doi.org/10.1038/2Fijo.2012.58
https://doi.org/10.1038/s41598-018-31227-6
https://doi.org/10.1038/ijo.2009.25
https://doi.org/10.1097/2FMD.0000000000005670
https://doi.org/10.1089/met.2017.0177
https://doi.org/10.1017/S000711451800096X
https://doi.org/10.1017/S000711451800096X
https://doi.org/10.1186/1745-6215-15-212
https://doi.org/10.3945/2Fajcn.112.036350
https://doi.org/10.3390/nu10050605
https://doi.org/10.3390/nu10050605
https://doi.org/10.3390/nu10040423
https://doi.org/10.1056/NEJMoa1105816
https://doi.org/10.1073/pnas.4.12.370
https://doi.org/10.1152/jappl.1991.71.6.2402
https://doi.org/10.1152/jappl.1991.71.6.2402
https://doi.org/10.1186/s12970-014-0054-7
http://www.dietowin.es/
http://www.dietowin.es/
https://doi.org/10.1002/clc.4960130809
https://doi.org/10.1097/JES.0b013e3181e373a2
https://doi.org/10.2165/00007256-198805050-00002
https://doi.org/10.2165/00007256-198805050-00002
http://www.lesmills.com/
https://doi.org/10.1111/cpf.12550
https://doi.org/10.1111/j.1753-4887.2010.00298.x
https://doi.org/10.2165/00007256-199111050-00004
https://doi.org/10.1002/14651858.CD003817.pub3
https://doi.org/10.1002/14651858.CD003817.pub3
https://doi.org/10.1038/ijo.2009.127
https://doi.org/10.1038/ijo.2017.31
https://doi.org/10.1038/oby.2011.76
https://doi.org/10.1111/2Fj.1467-789X.2012.01012.x
https://doi.org/10.3945/ajcn.115.115584
https://doi.org/10.1249/MSS.0000000000000793
https://doi.org/10.1242/dmm.009837

Hernandez-Reyes et al. BMC Women's Health

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

(2019) 19:167

Harrington DM, Martin CK, Ravussin E, Katzmarzyk PT. Activity related energy
expenditure, appetite and energy intake: potential implications for weight
management. Appetite. 2013,67:1-7. https.//doiorg/10.1016/jappet.2013.03.005.
Charette SL, McEvoy L, Pyka G, Snow-Harter C, Guido D, Wiswell RA, Marcus
R. Muscle hypertrophy response to resistance training in older women. J
Appl Physiol. 1991:70.5.1912-6. https.//doi.org/10.1152/jappl.1991.70.5.1912.
Russ DW, Gregg-Cornell K, Conaway MJ, Clark BC. Evolving concepts on the
age-related changes in "muscle quality". J Cachexia Sarcopenia Muscle.
2012;3(2):95-109. https://doi.org/10.1007/2Fs13539-011-0054-2.

Borde R, Hortobdgyi T, Granacher U. Dose-response relationships of resistance
training in healthy old adults: a systematic review and meta-analysis. Sports
Med. 2015;45(12):1693-720. https//doi.org/10.1007/540279-015-0385-9.
Christiansen T, Paulsen SK, Bruun JM, Pedersen SB, Richelsen B. Exercise
training versus diet-induced weight-loss on metabolic risk factors and
inflammatory markers in obese subjects: a 12-week randomized
intervention study. Am J Physiol Endocrinol Metab. 2010;298:E824-31.
https://doi.org/10.1152/ajpend0.00574.2009.

Ho SS, Dhaliwal SS, Hills AP, Pal S. The effect of 12 weeks of aerobic,
resistance or combination exercise training on cardiovascular risk factors in
the overweight and obese in a randomized trial. BMC Public Health. 2012;
12:704. Published 2012 Aug 28. https.//doi.org/10.1186/1471-2458-12-704.
Bryant EJ, King NA, Blundell JE. Disinhibition: its effects on appetite and
weight regulation. Obes Rev. 2008,9(5):409-19. https://doi.org/10.1111/j.
1467-789X.2007.00426 .

Shook RP, Hand GA, Drenowatz C, et al. Low levels of physical activity are
associated with dysregulation of energy intake and fat mass gain over 1 year.
Am J Clin Nutr. 2015;102(6):1332-8. https://doi.org/10.3945/ajcn.115.115360.
Chomentowski P, Dubé JJ, Amati F, et al. Moderate exercise attenuates the
loss of skeletal muscle mass that occurs with intentional caloric restriction-
induced weight loss in older, overweight to obese adults. J Gerontol A Biol
Sci Med Sci. 2009,64(5):575-80. https://doi.org/10.1093/gerona/glp007.
Milsom VA, Middleton KM, Perri MG. Successful long-term weight loss
maintenance in a rural population. Clin Interv Aging. 2011,6:303-9. https://
doi.org/10.2147/CIA.S25389.

Bosy-Westphal A, Schautz B, Lagerpusch M, Pourhassan M, Braun W, Goele K, et al.
Effect of weight loss and regain on adipose tissue distribution, composition of lean
mass and resting energy expenditure in young overweight and obese adullts. Int J
Obes. 2013;37:1371-7. https//doiorg/10.1038/j0.2013.1.

Gallagher D, Kelley D, Thornton J, Boxt L, Pi-Sunyer X, Lipkin E, et al.
Changes in skeletal muscle and organ size after a weight-loss intervention
in overweight and obese type 2 diabetic patients. Am J Clin Nutr. 2017;105:
78-84. https://doi.org/10.3945/ajcn.116.139188.

Tanaka N, Murakami H, Aiba N, Morita A, Watanabe S, Miyachi M. Effects of
1-year weight loss intervention on abdominal skeletal muscle mass in
Japanese overweight men and women. Asia Pac J Clin Nutr. 2019;28(1):72-
8. https://doi.org/10.6133/apjcn.201903_28(1).0011.

Cava E, Yeat N, Mittendorfer B. Preserving healthy muscle during weight
loss. Adv Nutr. 2017;8(3):511-9. https;//doi.org/10.3945/an.116.014506.

Swift D, Johannsen N, Lavie C, Earnest C, Church T. The role of exercise and
physical activity in weight loss and maintenance. Prog Cardiovasc Dis. 2014;
56(4):441-7. https;//doi.org/10.1016/j.pcad.2013.09.012.

Donnelly J, Honas J, Smith BK, Smith B, Mayo M, Gibson C, et al. Aerobic
exercise alone results in clinically significant weight loss for men and
women: Midwest exercise Trial-2. Obesity (Silver Spring). 2013;21:E219-28.
https://doi.org/10.1002/0by.20145.

Kerksick C, Thomas A, Campbell B, Taylor L, Wilborn C, Marcello B, et al.
Effects of a popular exercise and weight loss program on weight loss, body
composition, energy expenditure and health in obese women. Nutr Metab.
2009,6:23. https://doi.org/10.1186/1743-7075-6-23.

Nordby P, Auerbach PL, Rosenkilde M, Kristiansen L, Thomasen JR, Rygaard
L, Groth R, Brandt N, Helge JW, Richter EA, Ploug T, Stallknecht B. Endurance
training per se increases metabolic health in young, moderately overweight
men. Obesity. 2012;20:2202-12. https://doi.org/10.1038/0by.2012.70.
Turner-McGrievy GM, Wilcox S, Boutté A, et al. The Dietary Intervention to
Enhance Tracking with Mobile Devices (DIET Mobile) Study: A 6-Month
Randomized Weight Loss Trial [published correction appears in Obesity
(Silver Spring). 2017 Dec;25(12 ):2156-2157]. Obesity (Silver Spring). 2017;
25(8):1336-42. https;//doi.org/10.1002/0by.21889.

Holliday A, Burgin A, Fernandez EV, Fenton SAM, Thielecke F, Blannin AK.
Points-based physical activity: a novel approach to facilitate changes in
body composition in inactive women with overweight and obesity. BMC

67.

Page 12 of 12

Public Health. 2018;18(1):261. Published 2018 Feb 17. https://doi.org/10.
1186/512889-018-5125-2.

Helmerhorst H, Brage S, Warren J, Besson H, Ekelund U. A systematic review
of reliability and objective criterion-related validity of physical activity
questionnaires. Int J Behav Nutr Phys Act. 2012,9:103. https://doi.org/10.
1186/1479-5868-9-103.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1016/j.appet.2013.03.005
https://doi.org/10.1152/jappl.1991.70.5.1912
https://doi.org/10.1007/2Fs13539-011-0054-2
https://doi.org/10.1007/s40279-015-0385-9
https://doi.org/10.1152/ajpendo.00574.2009
https://doi.org/10.1186/1471-2458-12-704
https://doi.org/10.1111/j.1467-789X.2007.00426.x
https://doi.org/10.1111/j.1467-789X.2007.00426.x
https://doi.org/10.3945/ajcn.115.115360
https://doi.org/10.1093/gerona/glp007
https://doi.org/10.2147/CIA.S25389
https://doi.org/10.2147/CIA.S25389
https://doi.org/10.1038/ijo.2013.1
https://doi.org/10.3945/ajcn.116.139188
https://doi.org/10.6133/apjcn.201903_28(1).0011
https://doi.org/10.3945/an.116.014506
https://doi.org/10.1016/j.pcad.2013.09.012
https://doi.org/10.1002/oby.20145
https://doi.org/10.1186/1743-7075-6-23
https://doi.org/10.1038/oby.2012.70
https://doi.org/10.1002/oby.21889
https://doi.org/10.1186/s12889-018-5125-2
https://doi.org/10.1186/s12889-018-5125-2
https://doi.org/10.1186/1479-5868-9-103
https://doi.org/10.1186/1479-5868-9-103

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Subjects
	Subject randomization
	Testing sessions
	Dietary intervention
	Exercise training intervention
	Anthropometrics and body composition measurements
	Statistical analyses

	Results
	Analysis of related means in the modification of the body composition at 3 and 6 months of intervention
	Analysis of the evolution of the body composition in terms of physical activity
	Changes at 3 months of monitoring
	Changes at 6 months of monitoring

	Role of physical activity intensity in body composition modification

	Discussion
	Summary (overview)
	Comparison with existing literature
	Body composition
	Strengths and limitations

	Conclusion
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

