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The objective of this study was to investigate the relationship of the polymorphism in Intron 7 G/C (rs 4253778) of the peroxisome
proliferator-activated receptor alpha (PPAR«) gene with the magnitude of changes in the body composition of an overweight and
obese population that underwent an aerobic training program. Fifty-eight previously inactive men and women, body mass index
(BMI) 31.5 + 2.8 kg/m?, 46.5% (n = 27) genotyped as CC genotype and 53.5% (n = 31) as CA+AA, underwent a 12-week aerobic
training (walking/running). Aerobic capacity (ergospirometry), body composition (DXA), and nutritional assessment were made
before and 48 h after the experimental protocol. Two-way ANOVA, chi-square test, and logistic regression were used (p < 0.05).
Twenty-seven volunteers (46.5%) were identified as CC genotype and 31 (53.5%) as CA+AA genotype. Time-group interaction
showed that there was no difference in these between two allele groups. However, differences in distribution of respondents or
nonresponders according to allele A were identified for fat mass (p < 0.003), percentage fat mass (p < 0.002), the waist (p < 0.009
), abdomen (p<0.000), and hip (p<0.001), this difference being independent for the fat mass. Meanwhile, sex, age, and
nutritional management have also been found to be influential factors. It is concluded that the PPAR« gene is involved in
varying body composition in response to an aerobic training program.

1. Introduction

Although obesity is considered a top public contemporary
health concern pointing to an increase in its prevalence, as
seen from 1999 to 2000 through 2017-2018, US obesity
prevalence increased from 30.5% to 42.4% [1], and weight
loss is still a big challenge, which can be noticed by the dis-

creet magnitude of weight loss seen in publications on this
subject. Systematic reviews and meta-analysis show clinically
discrete weight reduction ranging from 1.4 to 2.5kg of the
fat mass in a training program lasting 6 to 12 months [2,
3], in each of the original studies. However, there is an indi-
vidual variation considerably above these reported averages,
as results between -9.5 to +2.6kg [4], -10.2 to +1.7kg [5],
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-11.0 to +4.0kg fat mass (FM) [6], and -4.4 to +4.9kg FM
[7]. Although this variability is contested by the absence of
an adequate comparator sample [8], in a recent published
clinical trial [9], while the variation in the experimental
group was from -6 to +2.7kg; in the control group, it was
much smaller (-2.4 to +2.5kg).

Adherence to the training program and nutritional
behavior can be considered as intervening factors in individ-
ual variability in response to training [10], but these factors
have not been statistically analyzed in the data of these stud-
ies. Genetic factors may contribute, at least in part, to explain
individual differences in the obesogenic process [11, 12].
Among the genes that have been shown to influence body
composition, the peroxisome proliferator-activated receptor
(PPAR), composed of three subtypes: PPAR« involved in
glucose metabolism [12], PPARY related to lipid metabolism
[13], and PPARo more linked to energy balance [14]. In a
multicenter trial conducted with 3.234 participants, a variant
in PPARy was positively associated with body mass index
(BMI) and visceral adiposity [15]. The same was also demon-
strated for the Prol2Ala variant of PPARy [16]. Besides that,
in a genomic association study, which included 307 individ-
uals in the Chinese population, a variant (Thr394Thr) of
the PPAR«a gene was associated with central obesity, and
about 43.7% of AG genotyped patients were diabetic [17].
However, none of these studies involved physical training
and the slimming process.

In a previous study [18], we found that PPARy2 did not
influence exercise-induced weight loss, despite previous data
indicating that this gene is involved in adipocyte regulation,
growth, and differentiation [19]. On the other hand, the
receptor activated by peroxisome-a proliferators (PPAR«)
is most expressed in tissues such as liver, heart, skeletal mus-
cle, intestinal mucosa, and brown adipose tissue [20]. In
addition, PPAR« is the most involved of the PPAR family
in fatty acid metabolism, and its activation lowers lipid levels
[21]. However, also for this gene, its influence on exercise-
induced weight loss is not known. Considering the involve-
ment of PPAR« in lipid metabolism, we can raise the hypoth-
esis that this gene may specifically be involved in the lipolytic
process and, consequently, in weight loss induced by a phys-
ical training program. This would be particularly relevant
from the point of view of using physical training as a tool
to reduce obesity levels.

To elucidate this genetic involvement in exercise-
induced weight loss, the objective of this study was to inves-
tigate the relationship of the polymorphism in Intron 7 G/C
(rs 4253778) of the PPARwa gene with the magnitude of
changes in the body composition of an overweight and obese
population that underwent an aerobic training program
aimed at reducing body weight and relating sex, age, and
nutritional factors (consumption of proteins, fibers, carbo-
hydrates, and fat in the sixth week of intervention) as possi-
ble confounding variables.

2. Materials and Methods

This was a clinical trial with 58 adult men and women
(33.1 £ 7.6 years) who underwent a 12-week aerobic physical
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training program. The participants were categorized accord-
ing to the presence of the A allele, so that the statistical anal-
ysis was performed with two trained and genotyped groups
(CC, n=27,and CA+AA, n=31). To be eligible, participants
had to be adults (ages 20 to 45 years), previously classified as
insufficiently active (<150 minutes/week of moderate to
severe physical activity) as determined by the International
Physical Activity Questionnaire [22]; have a BMI of between
25 and 39.9 kg/m” for at least six months; have not changed
more than 2kg in the last three months; do not smoke or
consume alcohol (more than two doses/day); do not use
medicine, supplements, or thermogenic substances which
alter the metabolism; and do not have any diseases (diabetes,
coronary artery disease, or hormonal diseases); for women,
they should not be menopausal or present symptoms related
to the climacteric period. Those who missed two consecutive
weeks or 25% of the physical training program or who began
dietary intervention, physical exercise, or medication during
the program period, as well as those who were injured, were
excluded from the study.

The flowchart in Figure 1 shows the trajectory of recruit-
ing participants from the 630 interested parties who
responded to the invitation to participate in the study carried
out via social networks until the final samples, considering
the study’s eligibility and exclusion criteria.

The experimental protocol was approved by the Human
Research Ethics Committee of the Health Science Center
(CCS) of the Federal University of Paraiba (UFPB), Brazil,
under protocol number 1.981.304, and was registered at Clin-
icalTrials.gov (registration number: NCT03568773). All vol-
unteers who agreed to participate in the study provided
written consent after being clarified about procedures and
potential risks.

2.1. Study Design. Participants were involved in a 12-week
consecutive physical training program. Nutritional assess-
ment, ergospirometry and dual-energy X-ray absorptiometry
(DXA) were made before the program started, in the 6th
week and at the end of the program. Oral mucosa collection
was performed for subsequent genotyping (Figure 2).

2.2. DNA Extraction and Genotyping. Genomic DNA
extracted from the oral epithelial cells were obtained with a
3% sucrose wash of the participants in the experimental group.
Extracted DNA was washed with 70% alcohol and resus-
pended in 40 uL TE buffer (pH8.0) (25). Polymorphism in
Intron 7 G/C (rs 4253778) of the PPAR« gene was determined
by restriction fragment length polymerase-polymorphism
chain reaction (PCR-RFLP), followed by digestion through
the restriction enzyme Taql, generating the following
fragments: 266 bp (CC); 266, 216, and 50bp (CA); and 216
and 50bp (AA). PCR primers were as follows: the sequence
of forward is ACAATCACTCCTTAAATATGGTGG (24
bases); reverse is AAGTAGGGACAGACAGGACCAGTA
(24 bases). Cycling conditions were an initial denaturation of
95°C for 2 min, 30 cycles of denaturation 95°C/30 sec, anneal-
ing at 56°C/30 sec and extension at 72°C/30 sec, followed by a
final extension at 72° C for 5min.
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RT flow diagram.

2.3. Nutritional Control. Volunteers underwent a nutritional
assessment in order to monitor nutrition through the 24h
recall following a protocol suggested by the Dietary Recom-
mendation Intake [23] behavior throughout the study; it
was recommended to maintain the usual dietary patterns.
Nutritional assessments were carried out in triplicate, two
referring to days of the week and one referring to the week-
end. For calculations, AVANUTRI software was used, ver-
sion 4.0 (Avanutri & Nutricdo Computer Services, Trés
Rios, RJ, Brazil). This assessment was repeated in the sixth
and final week.

2.4. Body Composition. The volunteer was asked to lie on
his back for a full body scanner, using dual-energy X-ray
absorptiometry equipment—DXA equipment (LUNAR
ADVANCE DF+13.4038 Radiation (GE Lunar Corporation,
USA)); the guidelines and procedures of calibration provided
by the exams were performed considering the three-
compartment model, and its components were divided into
the lean tissue, adipose tissue, and bone tissue.



Additionally, circumference measurements were made
with a flexible and inextensible measuring tape, with a preci-
sion of 1.0mm (Sanny, Sdo Paulo, Brazil), with the volun-
teers in an orthostatic position, with the abdomen relaxed,
the arms parallel to the body and the feet together, with
the tape not compressing the skin and supported parallel
to the floor. Waist circumference was measured around the
abdomen, taking as reference the average distance between
the last floating rib and the iliac crest, abdomen (area with
greater abdomen perimeter), and hips (greater gluteal prom-
inence). These measurements took place at the preexperi-
ment moment and 48 hours after intervention. The women
were instructed to be in the postmenstrual period before
the evaluation.

2.5. Aerobic Capacity and Anaerobic Threshold. The ergos-
pirometry test was performed following the individualized
ramp protocol [24] with incremental loads at every 3 minutes
(Centurion-200 Micromed, Brazil) for determining the
maximum VO,. The test was performed by a qualified cardi-
ologist. Cardiac monitoring was performed through continu-
ous electrocardiographic tracing (ErgoPC Elite, Micromed,
Brazil), always through 13 leads. Blood pressure measure-
ment was performed with a properly calibrated mercury
column sphygmomanometer. Exhaled gas was measured
using a Metalyzer 3B-Cortex (Leipzig, Germany), which
was measured with each breath, associated with the ErgoPC
Elite (Micromed, Brazil), and VO, peak was considered as
the maximum consumption reached in the last seconds of
the exercise. Anaerobic limit (L1) was determined by the
agreement of two methods: the V-slope and the ventilatory
equivalent. Finally, the respiratory compensation point was
determined from the moment of sustained drop in the final
expiratory pressure of CO, (PEF CO,) and elevation of the
expiratory pressure of O, (PEF O,). For the interruption of
the test, we followed the protocol of [25].

2.6. Exercise Protocol. The exercise protocol is shown in
Table 1. After two weeks of adaptation with the modality,
participants completed 12 consecutive weeks of aerobic
training consisting of walking or running. Training prescrip-
tion was based on the aerobic (L1) and anaerobic (L2) thresh-
olds of each volunteer, according to the results obtained in
the ergospirometry test. Initially, the volunteers performed
two weeks of adaptation with two sessions/week of 20 to
40 min and intensity below L1 on the treadmill. Then, the
training protocol started, from the first to the fourth week;
the volunteers performed three sessions/week of 40 to 60
minutes, with intensity at L1. At the fifth week, the frequency
and duration of training remained and the intensity was
increased to between L1 and 1/2 L2. From the sixth to the
8th week, the training frequency was increased to five ses-
sions/week, with three sessions being held in the laboratory,
supervised by the researchers and the application, and two
volunteers chose the practice location and did it only with
the use of the application for smartphone, to ensure that
the training does not leave the zone. From the ninth to the
twelfth week, the training frequency and duration remained
and the intensity was increased to 1/2 L2 to L2.
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TaBLE 1: Exercise protocol.

Week Sessions/week Time (min) Intensity
2 2 20-40 <L1
1 3 40 L1
2-3 3 50 L1
4 3 60 L1
5 3 60 L1-1/2 L2
6-8 5 60 L1-1/2 12
9-12 5 60 1/2 L2-L2

<L1: below anaerobic threshold; L1: anaerobic threshold; L1-1/2 L2: between
anaerobic threshold and half the respiratory compensation point; 1/2 L2-L2:
half of respiratory compensation point and respiratory compensation point.

The training took place in an open environment during
the months of March and April 2018, during which time
the city’s climate is stable (temperature between 24°C and
30°C throughout the year), with little precipitation (rain).
At the time of the sessions (between 6 am and 8 am), the tem-
perature was between 26°C and 28°C with relative humidity
of around 80%. These climatic conditions facilitated adher-
ence to the training program and the stress induced by the
sessions. All sessions were supervised by an exercise physiol-
ogist, and the heart rate was continuously monitored with
heart rate monitors (Polar®, model FT1 (Polar Electro Oy,
Kempele, Finland)). In addition, each volunteer used a
smartphone app to assess distance and training intensity
(Endomondo Sports Tracker, version 17.5.1).

2.7. Statistical Analysis. Data are presented as mean and stan-
dard deviation or the absolute values as variables. Data were
tested for normal distribution and homogeneity of variance
using Kolmogorov-Smirnov and Levene tests prior to the sta-
tistical analyses. Two-way ANOVA for repeated measures
(considering the time X allele interaction) to compare differ-
ences in body composition variables and nutritional data
between the absence (CC) and presence (CA+AA) of allele
A. additionally, a chi-square test was used to check possible
differences in the distribution of subjects in responders (that
reduced the body composition parameters evaluated) and
nonresponders (no variation or increase in the selected vari-
ables) in the function of the genotype (CC vs. CA+AA).
Finally, a binary logistic regression was performed to verify
the influence of possible confounding variables on weight
loss responses (sex, age, and nutritional factors during the
intervention). Data were analyzed using the statistical pack-
age SPSS Statistics (v.20, IBM SPSS, Chicago, IL, USA), and
the level of significance was set at p <0.05.

3. Results

The characteristics of the volunteers in this study are shown
in Table 2. From 58 volunteers who completed the training
protocol, 70.7% were women (n=41) and 46.5% (n=27)
were identified as the CC genotype and 53.5% (n=31) as
the CA+AA genotype. The CC group was composed of 10
(37%) subjects overweight and 10 and 17 (63%) obese, and
the CA+AA group was composed of 9 (29%) subjects
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TABLE 2: Baseline characteristics of participants according to the 7
G/C (rs 4253778) polymorphism of the PPAR« gene.

Variables CC Auele\S+AA p value
N (%) 27 (46.5%) 31 (53.5%)

Age (years) 31.6+7.4 34.4+77 0.14
PA (min/week) 742 +27.2 71.1+31.3 0.54
VO,max (mL/kg min) 28.5+5.7 29.1+6.3 0.69
Weight (kg) 84.6+11.0 85.3+11.7 0.78
BMI (kg/m?) 31.3+£2.6 31.7£3.1 0.67
LM (kg) 45.0+8.6 454+11.4 0.88
M (kg) 36.2+6.1 37.2+6.1 0.52
% FM 43.7+5.8 445+7.6 0.69
WC (cm) 92.5+8.1 94.0+7.8 0.51
Abdomen (cm) 104.3+7.4 106.1+7.5 0.34
HC (cm) 110.9+5.5 110.6 + 6.6 0.85
Nutrition

Energy (kcal) 1988.8 +542.6 1766.1 +561.1  0.13

Carbohydrate (g) 262.3+77.0 235.4 + 80.7 0.20
Lipids (g) 65.5+20.5 553+184  0.05°
Protein (g) 86.1+38.2 79.6 +35.8 0.49
Fibers (g) 14.9+6.2 13.8+6.7 0.53

Data are means + SD. N: number of participants; PA: physical activity; BMI:
body mass index; LM: lean mass; FM: fat mass; %FM: fat mass percentage;
WC: waist circumference; HC: hip circumference. *Between group-group
differences (one-way ANOVA) (p <0.05).

overweight and 22 (71%) obese. When the Hardy-Weinberg
Balance was calculated considering p <0.05, we observed
that the study sample is consistent with the expected distri-
bution (C = 70% and A = 30%) according to the allele fre-
quency of the European Centre d’Etude du Polymorphisme
Humain (45%) reported by the International HapMap Pro-
ject (http://www.hapmap). When comparing the genotypes,
they had similar characteristics in terms of age, level of phys-
ical activity compatible with the insufficiently active classifi-
cation [21], and aerobic capacity between regular and weak
according to Brazilian Society of Cardiology [26, 27]. When
comparing body composition data, differences were also
not found. In addition, the eating pattern was similar.

Time-group interaction analysis is shown in Table 3. Both
groups showed significant reductions in the variable’s fat mass,
percentage fat mass, and circumferences (waist, abdomen,
and hip). However, time-group interaction showed that there
was no difference in these reductions between two allele
groups. For weight and BMI, we observed that only the group
with allele A showed an intragroup reduction, but this differ-
ence was not maintained in the time-group interaction. As
for the lean mass, there was an increase only in the
intragroup for CC but also without differences in the time-
group interaction. Aerobic capacity showed a significant
increase after the intervention, with this improvement occur-
ring in both genotypic groups evaluated, and without differ-
ences between the groups.

Figure 3 shows that there were responders and nonre-
sponders for body composition variables. 38 volunteers
(62%) reduced body weight, while 22 volunteers (38%) did
not reduce or increase weight. The biggest weight reduction
was 6.2 kg, and the biggest increase was 4.7 kg. For percentage
fat mass, the biggest increase was 1.4% and the biggest reduc-
tion was 5.8%; meanwhile, fat mass had its biggest increase of
2.7 kg and biggest reduction of 5.9 kg. It is worth noting that a
variation related to lean mass can also be observed, with vol-
unteers gaining up to 3.6 kg and others reducing up to 3.1kg.

Although differences in the time x group interaction
were not found, when the volunteers were categorized as
responders and nonresponders, important differences in
responses to training were observed. Among the CC volun-
teers, it can be seen that 66.7% were respondents for fat mass,
while among the CA+AA volunteers, about 90.3% were
respondents. Differences can also be noted for the percentage
of fat (p<0.002) and circumferences [waist (p <0.009),
abdomen (p < 0.000), and hip (p <0.001)] (Table 4).

A multiple binary logistic regression to verify sex, age,
and nutritional factors (consumption of proteins, fibers, car-
bohydrates, and fat in the sixth week of intervention) as pos-
sible confounding variables was noted; the highest frequency
of distribution of the AA allele among subjects who were
responsive to reduction of fat mass was independent of these
confounding variables, while these variables were shown to
influence the percentage of fat mass and circumferences
(waist, abdomen, and hip), indicating that genetic influence
is not independent (Table 5).

4. Discussion

This study showed that the polymorphism in the PPAR«
gene does not influence the magnitude of weight loss induced
by an aerobic training program; however, it showed that the
weight loss responsiveness to the training program was
genetic-dependent. This dependence was not only genetic
because sex, age, and nutritional intake were also influential,
but the ability to respond to fat mass was independent of the
confounding factors that were considered.

Variability in magnitude of individual responses seen in
previous studies was also found in the present study. Mean-
while, some people reduced between 0.07 and 5.99 kg of the
fat mass and others increased this measure from 0.03 to
2.70kg; in previous studies, the results between -9.5 to
+2.6kg [4], -10.2 to +1.7kg [5], -11.0 to +4.0kg FM [6],
and -4.4 to +4.9kg FM [7] were observed.

Although the magnitude of weight loss in response to the
physical training program has been well demonstrated
through the mean, responsiveness to programs is relevant,
since it is notorious to identify people who are not able to lose
weight after physical training. While our data pointed to an
important prevalence of 38% of people who were unrespon-
sive to weight loss, this data has not been presented in previ-
ous studies (results presented only as mean and inferential
statistics) [8].

Although genetic factors can be easily suggested as possi-
ble causes of the variability in slimming responses and
responsiveness to training programs, this possibility has so
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TaBLE 3: Comparison between effect of training on aerobic capacity and body composition of people with allele C versus A.

Variables CC (n=27) CA+AA (n=31)
Baseline After A Baseline After A

VO,max (mLkg’l) 28.5+£5.7 33.2+6.9" 4.7+3.9 29.1+6.3 36.5+10.9" 73+7.1
Weight (kg) 84.6 +11.0 84.0+12.0 -0.6+2.9 85.3+11.7 84.1+11.2% -1.2+£23
BMI (kg/mz) 31.3+2.6 31.1+2.8 -0.2+1.3 31.7+3.1 31.2+3.2" -0.5+£09
LM (kg) 45.0+8.6 45.7 + 8.6" +0.7+1.3 45.4+11.4 458 +11.1 +0.4+1.6
M (kg) 36.2+6.1 351+7.1% -1.1+23 37.2+6.1 35.7+6.7" -1.5+1.7
%EM (%) 43.7+5.8 42.6 £5.8" -1.1+1.5 445+7.6 43.2+8.2" -13+15
WC (cm) 92.5+8.1 91.0+84" -1.5+£35 94.0+7.8 91.7+7.9" -23+2.1
Abdomen (cm) 104.3+7.4 101.5+8.6" -2.8+3.6 106.1+7.5 101.9+7.7" -4.2+34
HC (cm) 110.9+5.5 108.8 +5.6" -2.8+£2.5 110.6 + 6.6 107.8 +6.9" -2.8+2.5

Data are means + SD. BMI: body mass index; LM: lean mass; FM: fat mass;

%FM: fat mass percentage; WC: waist circumference; HC: hip circumference. *
Intragroup differences vs. baseline (pairwise Student’s t-test) (p < 0.05). Differences in time x group interaction were not found (two-way ANOVA) (p <0.05).
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FiGure 3: Interindividual difference in the variation of the participants’ body composition after intervention. Data are (a) weight, (b) lean

mass, (c) fat mass, and (d) fat mass percentage.
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TaBLE 4: Distribution test between the polymorphism in Intron 7 G/C (rs 4253778) of the PPAR« gene and responders and nonresponders to

weight loss training program.

Variables CCn (%) PPARO‘C A+AA 1 (%) McNemar test RR (95% IC)
0.150 0.80 (0.27-2.31)
Aweight Responders 16 (59.3) 20 (64.5)
Nonresponders 11 (40.7) 11 (35.5)
0.200 0.92 (0.32-2.63)
ABMI Responders 16 (59.3) 19 (61.3)
Nonresponders 11 (40.7) 12 (38.7)
0.122 1.44 (0.49-4.21)
ALM Responders 18 (66.7) 18 (33.3)
Nonresponders 9 (58.1) 13 (41.9)
0.003 0.21 (0.05-0.90)
AFM Responders 18 (66.7) 28 (90.3)
Nonresponders 9 (33.3) 3(9.7)
0.002 0.68 (0.19-2.36)
A %EM Responders 20 (74.1) 25 (80.6)
Nonresponders 7 (25.9) 6 (19.4)
0.009 0.48 (0.14-1.59)
AWC Responders 18 (66.7) 25 (80.6)
Nonresponders 9 (33.3) 6 (19.4)
0.000 0.84 (0.21-3.30)
Aabdomen Responders 22 (81.5) 26 (83.9)
Nonresponders 5(18.5) 5(16.1)
0.001 0.42 (0.10-1.64)
AHC Responders 20 (74.1) 27 (87.1)
Nonresponders 7 (25.9) 4 (12.9)

Data are frequency of responders (who obtained some weight loss) and nonresponders (who did not lose weight or increased any variable related to weight loss).
N: number of participants; A: variation between pre- and postintervention; BMI: body index mass; FM: fat mass; %FM: fat mass percentage; WC: waist

circumference; HC: hip circumference. Chi-square test (McNemar test).

TAaBLE 5: Logistic regression model verifying the influence of sex,
age, and nutritional factors between Intron 7 G/C polymorphism
(rs 4253778) and body composition.

B p RR (95% IC)

M -3226+1.150  0.005 0.04 (0.004-0.378)
%EM -0.788+0.796 0322 0.455 (0.095-2.165)
wC ~950 +£0.719 0.187 0.387 (0.95-1.584)
Abdomen  -0.161+0.824 0845  0.851 (0.169-4.280)
HC ~1.289+0.896  0.150  0.276 (0.048-1.595)

Dependent variable. A: variation between pre- and postintervention; FM: fat
mass; %FM: fat mass percentage; WC: waist circumference; HC: hip
circumference. Independent variables: G/C polymorphism, sex, age, and
nutritional factors (ingestion carbohydrates, fat, proteins, and fibers in the
sixth week of intervention). For each body composition variable, a separate
model was made.

far been scarcely investigated. After mapping the human
genome, broad association studies (GWAS) have managed
to identify a variety of genes involved in the etiology of obe-
sity, among them MCA4R, FTO, and PPAR family genes [28].

However, at least as far as we know, few studies have verified
the genetic influence on weight loss, specifically exercise-
induced weight loss.

Our laboratory has been trying to identify causal factors
for this variability and prevalence of responsiveness. In a pre-
vious study, we tested PPARy and found no influence of this
gene on the responses obtained after a continuous aerobic
training program [18]. However, PPAR is a family with
PPARa, PPARYy, and PPARGo, so that, following this previous
study, we decided to check the PPAR« gene, since this gene is
the most involved of the PPAR family in the fatty acid metab-
olism, and its activation lowers lipid levels [21]. In fact, this is
the first time that it has been demonstrated that some gene
influences the occurrence of weight loss induced by a training
program, where it was demonstrated that carriers of the allele
A have a higher frequency of people who have shown them-
selves to be responsive. We found evident associations that
the genotype influences the frequency of distribution between
responders and nonresponders for an aerobic training pro-
gram in the variables FM, %FM, CC, abdomen, and HC.

Statistical procedures showed this difference in response
from the A allele only for the frequency of responsiveness



(Table 4), but not in the magnitude of weight loss (Table 3).
However, it was noted that despite the lack of difference in
the time-group interaction, allele A patients had a greater
descriptive response to all weight loss-associated variables.
Therefore, we do not rule out that the presence of the PPAR«
allele A also influences magnitude. We therefore suggest
studies with a larger sample size to better test this possibility.

Although our data shows that there is a genetic participa-
tion in this process, this participation does not seem to work
alone, since most of the associations found (%FM, WC,
abdomen, and HC) were not maintained, due to confounding
factors such as sex, age, and nutritional factors (consumption
of proteins, fibers, carbohydrates, and fat in the sixth week of
intervention). In fact, the literature presents some factors that
influence the responses found by physical exercise, such as
genetic, physiological, environmental, and ethnic factors, in
addition to age, training history, level of physical activity,
and social formation [29]. Therefore, the data from the pres-
ent study, while demonstrating consistently the influence of
this polymorphism in the responsiveness to weight loss, also
corroborate the fact that environmental influence has a
determining role in this process [30].

It is known that the activation of PPAR« positively regu-
lates the expressions of several enzymes involved in mito-
chondrial f-oxidation and peroxisome and in microsomal
w-oxidation, as well as in the transcriptional regulation of
genes necessary to maintain redox balance during fatty oxi-
dative acid catabolism [31]. In addition, PPAR« is largely
related to molecular actions in lipid metabolism and inflam-
mation and is involved not only in glucose and lipid metab-
olism but also in inflammation modulation pathways [32].
With regard to physical exercise, the regulation of the expres-
sion of this gene can increase the oxidative capacity of skele-
tal muscle in relation to endurance training [33]; thus, this
gene is often found in athletes of this modality [34].

Considering that exercise-induced weight loss and its
magnitude are already well defined in several previous stud-
ies, our data add the information that responsiveness to the
training program is something that must be considered and
that genetic and environmental factors determine differences
in individual responses, even in the face of a sample made
homogeneous before the inclusion criteria. Our data provide
ways for health professionals to advance in their work, start-
ing from the classic intervention and evaluating the results
for a second moment of the intervention, where causal fac-
tors or the absence of weight loss can be identified and reme-
died, when possible, in order to restore the individual weight
loss capacity, pointing out that managing nutritional intake
and genetic characteristics is an initial path for this second
intervention.

5. Conclusion

This study showed that people with CC allele in the PPAR«
gene have less responsiveness to weight loss induced by a
physical training program, while people with CA and AA
alleles have 26% higher weight loss. However, our data
showed that this dependence was not only genetic because
sex, age, and nutritional intake were also influential.
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Data Availability

The data of this study are available from the corresponding
author upon reasonable request.

Additional Points

Highlights. (i) The polymorphism in the PPAR« gene influ-
ences the weight loss induced by twelve weeks of physical
training with aerobic exercises. (ii) Responsiveness to the
training program is something that must be considered,
and genetic and environmental factors determine differences
in individual responses.
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