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Abstract - Aim: This quasi-experimental study, analyzes if periodized combined training's influence on plasma cyto-
kine levels, muscle strength, and cardiorespiratory fitness in physically active women with overweight and/or obesity 
over 50 years. Methods: The sample was composed of 33 physically active women who were randomly allocated to 
three groups: Non-Periodized (NP) (n = 11); Undulating Periodization (UP) (n = 9); and Flexible Undulating Period-
ization (FUP) (n = 13). This study was conducted for 17 weeks, which included adaptation (weeks 1-3), baseline testing 
(week 4), training program (weeks 5-16), and post-evaluation (week 17). The training frequency comprised of three 
weekly sessions, with 30 min of aerobic exercise and 45 min of strength exercises. The data were analyzed using 
descriptive statistics and analysis of variance. The level of significance was p ≤ 0.05. Results: No differences were 
observed in weight parameters, plasma levels of cytokines, and biochemical parameters in any group, before and after 
the completion of the training period. Participants demonstrated increase in strength of the upper limbs in the UP 
(p = 0.032) and FUP (p = 0.021) groups, an increase in aerobic fitness in the NP (p = 0.041) and UP (p = 0.005) groups, 
and an increase in the amount of time of vigorous activity per week in the NP group (p = 0.019). Conclusion: This 
study shows that periodized combined training in physically active women with overweight and/or obesity over 
50 years proved to be beneficial for all groups; although, the UP group exhibited better performance.  

Keywords: cytokines, resistance training, cardiorespiratory fitness, circuit-based exercise, aging.  

Introduction 

Obesity, a chronic non-communicable disease, contributes 
to the development of metabolic syndrome and adverse 
medical conditions, including type 2 diabetes and cardio-
vascular problems1. 

In the absence of overt disease, obesity is often asso-
ciated with increased levels of inflammatory markers and 
adipokines, as well as low-grade chronic systemic inflam-
mation that seems to increase with age2. However, regular 
exercise has demonstrated a protective effect against dis-
eases associated with this type of inflammation as well as 
in symptoms related to metabolic syndrome and 
sarcopenia3,4. Therefore, it is used as an adjuvant in the 
prevention and treatment of various diseases5. 

The anti-inflammatory effect of exercise is mediated 
by interleukin 6 (IL-6), which is generated and released 
when muscle fibers contract. The increase in plasma levels 

of IL-6 indirectly stimulates the synthesis of anti-inflam-
matory cytokines like interleukin 10 (IL-10), which inhi-
bits the production of proinflammatory cytokines like 
tumor necrosis factor-alpha (TNF-α)3,6. 

Studies point at the fact that women above the age of 
50 are more likely to be overweight or obese2 as a result of 
the natural aging process. Nevertheless, older persons are 
increasingly participating in cardiorespiratory fitness and 
strength exercises to keep themselves fit7, which can help 
prevent or control sarcopenia, body weight gain, and low- 
grade chronic systemic inflammation3,4. Additionally, 
when aerobic and strength exercises are performed in the 
same training session, they can be classified as combined 
training, that proves beneficial to one's health8. 

Additionally, periodization, i.e., general and com-
prehensive planning of available training time based on 
the desired outcome, can be feasible and beneficial to 
inactive adults and older persons seeking to improve their 
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health9. Therefore, this study observed the periodized 
combined training in three training groups: Non-Period-
ized (NP), Undulating Periodization (UP), and Flexible 
Undulating Periodization (FUP). In a NP model, there was 
no systematic variation in volume and intensity9. UP was 
characterized by more frequent changes in intensity and 
volume, which could be done weekly or daily, and these 
changes were visible in a period of 7-10 days9. FUP, simi-
lar to UP in terms of volume and intensity distribution, 
allowed the intensity and daily volume of the training load 
to be adjusted based on the individual's general state9. 

A combination of aerobic and strength training, for 
older persons, has more benefits in terms of increased 
aerobic fitness, strength, agility, and balance, and has 
been proven essential for healthy aging10. Several studies 
of periodized training in women, however, included 
interventions that focused solely on strength training and 
were targeted at the young adult population11. Studies 
conducted on women aged over 50 years -primarily for 
sedentary women-have mainly related periodization to 
strength training without correlating it with combined 
training, i.e., aerobic and strength training during the 
same session12. 

Therefore, based on the benefits that lifestyle 
changes can bring to the health of the older, impact of 
exercise on people's health, and to emphasize the 
reduction of the inflammatory state along with the 
improvement of physical fitness components, there is 
great interest in analyzing whether periodized combined 
training influences plasma levels of proinflammatory 
cytokines, muscle strength, and aerobic fitness in this 
population. However, few studies have evaluated the 
effect of different periodization in combined training in 
physically active overweight women over 50 years 
analyzing whether this kind of training influences 
plasma cytokine levels, muscle strength, and cardior-
espiratory fitness, since most studies are related only to 
combined training (but not periodized) or periodized 
training only related to strength exercises, and were 
carried out with men13,14; even when the target popu-
lation was women, young adults and sedentary women 
were examined, leaving out those that were overweight 
and/or obese15. 

The FUP model allowed participants to choose the 
order of sessions considering their daily physiological and 
psychological conditions, which gave them partial auton-
omy over the training program and might increase their 
motivation and effort input16. Thus, we hypothesized that 
the FUP model would achieve the best results related to 
the UP and NP models. 

Thus, this study aimed to analyze whether period-
ized combined training influences plasma cytokine levels, 
muscle strength, and cardiorespiratory fitness in physically 
active women with overweight and/or obesity over 
50 years. 

Methods 
This study was approved by the Research Ethics 

Committee, under the Brazilian National Health Council 
Resolution 466/2012, which regulates research involving 
human participants (CAAE: 56988216.2.0000.5393). All 
participants signed an informed consent form. 

Participants 
This was a quasi-experimental study, involving phy-

sically active overweight and/or obese women (body mass 
index (BMI) ≥ 25 kg/m2), between the age of 50-70 years. 
Data from a pilot study (n = 10 for each group) helped in 
determining the variability to calculate the size of the defi-
nitive sample, considering the power of the test to be 80% 
with a significance level of 5% (p < 0.05). 

The inclusion criteria comprised of active over-
weight and/or obese women with a BMI ≥ 25 kg/m2, aged 
between 50-70 years, who exercised regularly (a combina-
tion of strength and aerobic training) for at least six 
months for a minimum of 150 min per week, and were 
able to train as per the medical certification they provided. 
The study demanded them be available to participate in 
the School of Physical Education and Sport of Ribeirão 
Preto, University of São Paulo's “Physical Education Pro-
gram for the Elderly”. Exclusion criteria included the pre-
sence of any medical, psychological, or musculoskeletal 
conditions that could impair their performance in strength 
training and aerobic exercises; those suffering from 3 or 
more non-communicable diseases, concurrently; con-
secutive falls; and being unable to achieve a minimum fre-
quency of ≥70% participation in the training program17. 

The initial sample consisted of 55 women who 
attended the inclusion criteria. After baseline testing, par-
ticipants were randomly assigned, by sortition, into three 
groups: NP(n = 18, 32,7%), UP (n = 18, 32,7%), and FUP 
(n = 19, 34,6%) participants. 

Of the 55 participants in the training groups, 22 were 
excluded for the following reasons: dropped out due to 
pre-existing pain (n = 5), did not complete the ≥ 70% fre-
quency in training (n = 12), and did not have blood sam-
ples taken at baseline or in the post-evaluation (n = 5); 
thus, the final sample of this study consisted of 33 women 
who continued to be assigned into their previously defined 
groups: NP (n = 11, 33.3%), UP (n = 9, 27.3%), and FUP 
(n = 13, 39.4%). The average age of the three groups was 
60.8 ± 6.6 years. 

Training program 
The training program was conducted for 17 weeks, 

this study was divided into 4 phases: adaptation, pre-eva-
luation, intervention, and post-evaluation (Figure 1). 

During the first phase, participants went through a 
three-week adaptation period so they could get used to the 
biomechanics of the exercises that would be performed. In 
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this phase, aerobic and strength exercises that were similar 
to the training program were conducted. During the sec-
ond phase, baseline testing, clinical tests, and analyzes 
were performed (fourth week), the participants were ran-
domly assigned, by sortition, into three groups (NP, UP, 
and FUP). The intervention began during the third phase 
of the training program, which lasted 12 weeks (weeks 5- 
16). Post-evaluation began in the final phase of the pro-
gram and participants were reassessed for clinical tests 
and analysis (week17). 

The training program (intervention program) con-
sisted of 2 sets of 8 exercises plus 30 min of aerobic exer-
cise. Training sessions lasted for 1 hr 15 min, with 30 min 
of aerobic exercise on a treadmill or ergometer cycling and 
45 min of strength exercises. Three weekly sessions were 
scheduled and always occurred at the same time. Partici-
pants were grouped in such a way that, if in the first training 
session they started with aerobic exercise, in the second, 
they would start with strength exercises, vice versa. Alter-
nating the order in which exercises were performed made it 
possible to avoid bias in terms of strength gain. 

For all the groups, strength training intensity was 
gradually increased when the participants were able to 
smoothly perform more repetitions than the target zone 
(10-12 repetition maximum, RM, for example, using the 
maximum load to perform 10-12 repetitions until con-
centric failure). 

In strength training, in each training session, partici-
pants started on a different weight training machine from 
the eight previously selected ones, ensuring that there was 
no preference between the muscle groups, i.e., the 
sequence was performed from the smallest to the largest 
muscle group, vice versa, thus avoiding a possible bias in 
the strength gain, as the order of exercises can interfere in 
the increase in muscle strength18. Weight training 
machines were labeled 1 to 8: 1-inclined bench press with 
free bar; 2-leg curl; 3-leg extension; 4-horizontal leg 
press; 5-rower with open grip; 6-lat pull-down; 7-triceps 
on the cross over using the triangle device 8-biceps curl 
with dumbbells. 

In aerobic training, at the end of 30 min of exercise, 
the rating of perceived exertion (RPE) was used to verify 
that the exercise intensity was in line with the performed 
training. A frequency meter was used to check the relia-
bility of the RPE data. Heart rate reserve (HRR) was eligi-
ble as the first criterion, and RPE was considered mainly for 
subjects who used medicines that modulate heart rate. HRR 
was calculated as the maximum heart rate from the max-
imum cardiopulmonary exercise test and resting heart rate. 

Training groups 
UP: In the strength training, the first session con-

sisted of 2 sets of 5 to 7 RM, the second session, 2 sets of 
10 to 12 RM, and the third session, 2 sets of 15 to 17 RM, 
providing different stimuli to the muscles so that strength 
training, hypertrophy, and muscle strength would 
improve9. In the aerobic training, intensities were 15 to 16 
(hard) in the RPE and/or 70% of the HHR on the first day, 
13 to 14 (somewhat hard) and/or 60% of the HHR on the 
second day, and 11 to 12 (light) and/or 50% of the HHR on 
the third day. 

FUP: Is similar to UP following the same protocol 
of 3 sessions but considering the individual's daily physio-
logical variation and mental conditions, allowing them to 
have some autonomy by choosing the order of their 
training9,16, i.e., as the order of sessions was not fixed, 
participants would choose the order of the three sessions 
they would perform. If in the first session of strength 
training, they decided to do 15 to 17 RM, in the next they 
would have the option of 5 to 7 RM or 10 to 12 RM (on 
the last training day of the week there was no option to 
choose). Aerobic training followed the same pattern: if in 
the first session, participants decided to perform the train-
ing with an intensity of 11 to 12 (light) in the RPE and/or 
50% of the HHR, in the next, they would have as an option 
13 to 14 (somewhat hard) and/or 60% of the HHR, and 15 
to 16 (hard) and/or 70% of the HHR. In the third session, 
there was no option to choose from. 

NP: There were no variations in volume and inten-
sity, maintaining a pattern of 10 to 12 RM in strength and 
aerobic training intensity of 13 to 14 (somewhat hard) in 
RPE (and/or 60% of the HHR). 

It was decided not to use a control group because the 
participants were already active and had been practicing 
regular exercises (strength and aerobic exercises) for at 
least six months for a minimum of 150 min per week. As 
already observed in the literature, the practice of regular 
exercise provides health benefits5,7,8,10. Thus, the NP 
group, in which there were no variations in volume and 
intensity, was used for comparison. 

Variables 
Sociodemographic and clinical data 

To analyze sociodemographic variables and the his-
tory of diseases, a questionnaire prepared by the research 
group was used. Regarding sociodemographic variables, 
the following were considered: name, gender, age, years 

Figure 1 - Experimental design: NP: Non-Periodized group; UP: Undulating Periodization Group; FUP: Flexible Undulating Periodization group. 
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of study and schooling level, and concerning the history of 
diseases, metabolic-related diseases such as hypertension, 
diabetes mellitus, and dyslipidemia self-reported by the 
participants were considered, as well as the medications 
used for these chronic non-communicable diseases. 

Body weight analysis 

The weight variables analyzed in the present study 
were body weight, body mass index (BMI), and waist cir-
cumference (WC). 

Bodyweight: it was expressed in kilograms (kg) and 
measured using a Camry digital scale. 

BMI: it was used the international classification of 
overweight and obesity for adults according to the BMI 
(European descendants) - overweight: 25 - 29.9 kg/m2 19. 

WC: It was evaluated using a tape measure for the 
circumference at the midpoint between the last costal arch 
and the iliac crest, and the obtained value was recorded in 
centimeters. The classification used for WC was one that 
presents a risk for the development of metabolic diseases 
in participants, with a value of ≥ 80 cm for women19,20. 

Blood analysis 

For the analysis of biochemical parameters were 
considered: fasting glucose, total cholesterol (TC), high- 
density lipoprotein (HDL) cholesterol, low-density lipo-
protein (LDL) cholesterol, and triglycerides (TG). To 
evaluate the inflammatory response of exercise were ana-
lyzed TNF-α, considered pro-inflammatory, and IL-6, 
considered pro- and anti-inflammatory. Cytokines were 
analyzed using the Enzyme-Linked Immunosorbent Assay 
method - ELISA, using commercial kits. The IL-6 cyto-
kine was analyzed using the R&D Systems kit (Minnea-
polis, MN, United States), and TNF-α was analyzed with 
the Biolegend kit (San Diego, CA, United States), as spe-
cified by the manufacturers. 

Physical tests 

Muscle strength: to assess maximal muscle strength, 
the estimate of the maximum dynamic load was utilized 
(prediction of 1RM) using the Brzycki equation21. The 
initial and final parameters of the participants’ strength 
were observed in the inclined bench press to measure 
strength in the upper limbs and in the horizontal leg press 
to measure strength in the lower limbs. Participants were 
instructed not to perform any other type of exercise before 
the test application. Before starting the test, a general 
warm-up was performed on an ergometer cycling for 
5 min. At the beginning of the test, 15 repetitions were 
performed with a light intensity on the weight training 
machine; then, a submaximal weight was selected accord-
ing to the load used in the adaptation phase, and partici-
pants were instructed to properly perform the most 
repetitions as possible. When participants managed to per-
form at least 2 and no more than 10 repetitions, the test 

stopped, and when they could perform more than 10 repe-
titions, after 3 min rest, the test was repeated with a higher 
load. Aerobic fitness: aerobic fitness was assessed using 
the 6-min walk test22. 

Physical activity levels 

To assess habitual physical activity levels and min of 
physical activity performed per week it was used the 
International Physical Activity Questionnaire (IPAQ)- 
Short Form23. Questions in this questionnaire are related 
to the time that the individual spends doing physical activ-
ity in the last week, and it classifies the individual as inac-
tive (sedentary), irregularly active (insufficiently active), 
active, and very active (highly active)23. 

The IPAQ-Short Form includes the four components 
of physical activity: physical activity at work, physical 
activity as a means of transport, physical activity at home 
(work, housework, and family care,) and leisure-time phy-
sical activity (sport and recreation), classified as walking, 
moderate and vigorous, according to the participants. The 
classification of physical activity level was obtained by 
adding the frequency and duration of all activities23. 

Data collection 
The following data collection procedures were 

assessed at the baseline testing (pre-evaluation), and after 
the training program was completed (post-evaluation): 
blood samples for analysis of biochemical parameters and 
cytokine levels; measurements of body weight, BMI, and 
WC; along with the estimate of maximum dynamic load 
test for upper and lower limbs; the 6-min walk test and 
IPAQ-Short Form. 

Statistical analysis 
Data were analyzed using descriptive statistics and 

analysis of variance. ANOVA is based on partitioning the 
total variance of a given response (dependent variable) 
into two parts: the first due to the regression model (in this 
case, between groups), and the second due to the residuals 
(errors) (within groups). The greater the gap between the 
group means in proportion to the first, the more evidence 
of the difference between the group means. This model 
assumes that its residuals have a normal distribution with a 
mean of 0 and constant variance. However, when this 
assumption was not met, a transformation was applied to 
the response variable. This procedure was performed 
using SAS® 9.4 software, using PROC GLM. For com-
parisons between groups 2 to 2 separated by time, ortho-
gonal contrasts based on the t distribution were used. 
When comparing groups and times, a 95% confidence 
interval (95% CI) was considered. In all analyses, a sig-
nificance level of 5% (p < 0.05) was used. To verify the 
association between qualitative variables, data were sub-
mitted to Fisher's exact test. 
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Results 
Concerning sociodemographic variables, partici-

pants were aged between 50 and 70 years and the mean 
age between the three groups was 60.8 ± 6.6 years. 
Regarding years of study, the mean between the three 
groups was 12.6 ± 4.9 years. As for the schooling level, it 
was found that 2 (6.0%) participants had an incomplete 
elementary school, 3 (9.1%) had completed elementary 
school, 2 (6.1%) had not completed high school, 12 
(36.4%) had complete high school, 12 (36.4%) complete 
higher education and 2 (6.0%) postgraduate studies. 

The presence of metabolic diseases was observed in 
26 participants (78.8%), and 57.6% (19 participants) had 
hypertension, 45.5% (15 participants) dyslipidemia, and 
15.2% (5 participants) diabetes mellitus, noting that they 
could present up to 3 diseases concurrently. 26 participants 
(78.8%) used medication: 57.6% (19 participants) used 
antihypertensive drugs; 27.3% (9 participants) used sta-
tins, fibrates for triglycerides, and omega 3; and 9.1% (3 
participants) used antihyperglycemic agents. Regarding 
the use of cigarettes, it was observed that only one partici-
pant was a smoker (3.0%). 

Regarding weight variables, when groups were com-
pared before and after the training period (time 1 or T1 vs. 
time 2 or T2, respectively), no significant differences were 
observed for body weight, BMI, or WC (Table 1). When 
the three groups were compared before the training period 
(time 1) and after the training period (time 2), also no sig-
nificant differences were observed for the variables body 
weight, BMI, and WC. 

In biochemical variables, when groups were com-
pared before and after training (time 1 vs. time 2), there 
was no significant difference in the values of fasting glu-
cose, TC, HDL, LDL, and TG (Table 2). 

When the three groups were compared before the 
training period (time 1), a significant difference was 

observed only in the fasting glucose variable of the UP 
group compared to the NP (NP vs. UP = 0.009; NP vs. 
FUP: p = 0.259; UP vs. FUP: p = 0.084). However, when 
the three groups were compared after the training period 
(time 2), no significant differences were observed in the 
biochemical variables. 

Regarding cytokine levels, when groups were com-
pared before and after training (time 1 vs. time 2), no sig-
nificant difference was observed in the levels of IL-6 and 
TNF-α (Table 3). 

When comparing the three groups before the training 
period (time 1), there were also no significant differences 
for IL-6 (NP vs. UP: p = 0.611; NP vs. FUP: p = 0.155; UP 
vs. FUP: p = 0.450) nor the TNF-α (NP vs. UP: p = 0.842; 
NP vs. FUP: p = 0.244; UP vs. FUP: p = 0.611). When 
comparing the three groups after the training period (time 
2), again, there were no significant differences for IL-6 
(NP vs. UP: p = 0.957; NP vs. FUP: p = 0.749; UP vs. 
FUP: p = 1.000); nor the TNF-α (NP vs. UP: p = 0.425; 
NP vs. FUP: p = 0.843; UP vs. FUP: p = 0.594). 

Regarding muscle strength, when groups were com-
pared before and after training (time 1 vs. time 2), the esti-
mate of the maximum dynamic load conducted in the 
inclined bench press showed a significant increase in 
strength of the upper limbs in the UP (p = 0.032) and FUP 
(p = 0.021) groups. However, the test performed on the leg 
press showed no significant difference in the strength of 
the lower limbs. 

When the three groups were compared before the 
training period (time 1), the estimate of the maximum 
dynamic load performed on the inclined bench press pre-
sented no significant differences in upper limbs strength 
(NP vs. UP: p = 0.911; NP vs. FUP: p = 0.701; UP vs. 
FUP: p = 0.780); nor in lower limbs strength performed on 
the leg press (NP vs. UP: p = 0.103; NP vs. FUP: 
p = 0.210; UP vs. FUP: p = 0.606). 

Table 1 - Distribution of the participants regarding weight variables, by physical training group and evaluation time.  

Variables Nonperiodization (NP) Undulating periodization (UP) Flexible undulating periodization (FUP)  

N = 11 N = 09 N = 13  

T1 T2 T1 T2 T1 T2  

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Bodyweight 73.8 (5.8) 73.0 (5.2) 74.8 (7.8) 75.7 (8.6) 75.8 (4.1) 76.0 (4.4) 

p-value 0.753 0.734 0.915     

BMI 28.6 (2.1) 28.3 (2.1) 28.7 (2.3) 29.0 (2.5) 29.8 (2.7) 30.0 (2.9) 

p-value 0.791 0.759 0.904     

WC 98.8 (8.7) 96.0 (7.2) 94.3 (6.5) 96.4 (6.7) 97.8 (8.1) 98.5 (6.5) 

p-value 0.360 0.538 0.803  
Legend: Bodyweight is expressed in kg; BMI is expressed in kg/m2; WC is expressed in cm.  
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When comparing the three groups after the training 
period (time 2), the estimate of the maximum dynamic 
load performed on the inclined bench press, showed no 
significant differences in upper limbs strength (NP vs. UP: 
p = 0.354; NP vs. FUP: p = 0.222; UP vs. FUP: p = 0.818). 
Nevertheless, a significant increase in lower limbs strength 
was observed in the leg press when the UP group was 
compared with the NP group, and when the FUP group 
was compared with the NP group (NP vs. UP: p = 0.016; 
NP vs. FUP: p = 0.035; UP vs. FUP: p = 0.609). 

Regarding aerobic fitness, when groups were com-
pared before and after training (time 1 vs. time 2), an 
increase in cardiorespiratory fitness was observed, with a 
significant difference for the NP group (p = 0.041) and the 
UP group (p = 0.005) (Table 4). When comparing the three 

groups before the training period (time 1), no significant 
differences were observed (NP vs. UP: p = 0.108; NP vs. 
FUP: p = 0.180; UP vs. FUP: p = 0.681). However, when 
comparing the three groups after the training period (time 
2), a significant improvement in cardiorespiratory fitness 
was observed in the 6-min walk test of the UP group com-
pared to the NP group (NP vs. UP: p = 0.009; NP vs. FUP: 
p = 0.404; UP vs. FUP: p = 0.050). 

According to the classification conducted with the 
IPAQ-Short Form by comparing data recorded before 
and after the training period (time 1 vs. time 2), there 
was a reduction in the number of participants categor-
ized as active, and an increase in the number of parti-
cipants classified as highly active in all three groups 
(Table 5). 

Table 3 - Distribution of the participants regarding IL-6 and TNF-α levels, by physical training group and evaluation time.  

Variables Nonperiodization (NP) Undulating periodization (UP) Flexible undulating periodization (FUP)  

N = 11 N = 09 N = 13  

T1 T2 T1 T2 T1 T2  

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

IL-6 (pg/mL) 3.5 (3.2) 4.6 (4.9) 4.6 (4.6) 4.4 (4.7) 3.8 (3.3) 3.3 (1.9) 

p-value 0.653 1.000 0.722     

TNF-α (pg/mL) 2.0 (1.2) 3.3 (3.2) 2.7 (2.4) 3.7 (2.0) 2.2 (2.1) 4.2 (4.4) 

p-value 0.469 0.258 0.211   

Table 2 - Distribution of the participants regarding biochemical variables, by physical training group and evaluation time.  

Variables Nonperiodization (NP) Undulating periodization (UP) Flexible undulating periodization (FUP)  

N = 11 N = 09 N = 13  

T1 T2 T1 T2 T1 T2  

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Biochemical variables       

Fasting glucose (mg/dL) 101.1 (12.3) 94.9 (6.8) 88.6 (5.0) 88.2 (7.6) 96.5 (13.3) 95.5 (12.0) 

p-value 0.149 0.933 0.809        

TC (mg/dL) 205.4 (33.7) 201.2 (39.4) 192.8 (34.6) 189.0 (35.8) 189.4 (35.7) 183.7 (38.5) 

p-value 0.778 0.824 0.682        

HDL (mg/dL) 52.7 (10.6) 49.5 (12.1) 51.6 (5.9) 51.4 (9.2) 47.2 (12.7) 44.9 (9.9) 

p-value 0.450 0.970 0.582        

LDL (mg/dL) 128.3 (28.4) 126.6 (34.7) 116.2 (30.1) 116.3 (28.8) 116.6 (29.7) 112.9 (36.7) 

p-value 0.897 0.995 0.764        

TG (mg/dL) 121.9 (41.8) 125.7 (36.3) 124.5 (45.4) 106.2 (41.1) 128.4 (66.7) 129.2 (59.4) 

p-value 0.854 0.441 0.968  

Legend: TC: total cholesterol; HDL: high-density lipoprotein cholesterol; LDL: low-density lipoprotein cholesterol; TG: triglycerides.  
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Regarding min of physical activities performed per 
week, when groups were compared before and after the 
training period (time 1 vs. time 2), no significant differ-
ences were observed in min of walking and moderate phy-
sical activity performed per week. However, it was 
observed a significant increase in min of vigorous physical 
activity performed per week in the NP group (p = 0.019) 
(Table 6). 

When the three groups were compared before the 
training period (time 1), no significant differences were 
observed in min of walking, min of moderate physical 
activity, or min of vigorous physical activity performed 
per week. Nevertheless, when comparing the three groups 
after the training period (time 2), there was a significant 
improvement in min of vigorous physical activity per-
formed per week in the NP group compared to the FUP 

group (NP vs. UP: p = 0.658; NP vs. FUP: p = 0.044; UP 
vs. FUP: p = 0.144). 

Discussion 
This study assessed the periodized combined train-

ing to analyze whether this kind of training influences 
plasma cytokine levels, muscle strength, and cardior-
espiratory fitness in physically active women with over-
weight and/or obesity over 50 years. Results did not 
confirm our hypothesis that the FUP model would achieve 
superior results related to the UP model and NP model. 
When comparing results before and after the training pro-
gram, we observed that both UP and FUP groups pre-
sented an increase in strength of the upper limbs, NP and 
UP groups showed an increase in aerobic fitness, and the 

Table 5 - Classification of the physical activity level of the participants as measured using the IPAQ-Short Form, by physical training group and evalua-
tion time.  

Variables Nonperiodization (NP) Undulating periodization (UP) Flexible undulating periodization (FUP)  

N = 11 N = 09 N = 13  

T1 T2 T1 T2 T1 T2  

N (%) N (%) N (%) N (%) N (%) N (%) 

Classification       

Irregularly active 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (7.7) 0 (0.0) 

Active 8 (72.7) 3 (27.3) 7 (77.8) 6 (66.7) 10 (76.9) 7 (53.8) 

Highly active 3 (27.3) 8 (72.7) 2 (22.2) 3 (33.3) 2 (15.4) 6 (46.2)  
Legend: Fisher's exact test was applied to T1 for frequency, and the association test for the physical activity level variable: p-value = 0.9490; Fisher's 
exact test was applied to T2 for frequency, and the association test for the physical activity level variable: p-value = 0.2297.  

Table 4 - Evaluation of the participants’ strength as measured by the maximum dynamic load with the inclined bench press and leg press and assessment 
of aerobic fitness as measured in the 6-min walk test, by physical training group and evaluation time.  

Variables Nonperiodization (NP) Undulating periodization (UP) Flexible undulating periodization (POF)  

T1 T2 T1 T2 T1 T2 

MDL: Bench press N = 8 N = 8 N = 9 N = 7 N = 10 N = 9  

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)  

24.8 (4.0) 28.4 (6.4) 25.1 (5.8) 30.9 (5.9) 25.8 (3.5) 31.5 (7.3) 

p-value 0.180 0.032 0.021        

MDL: Leg press N = 8 N = 8 N = 8 N = 8 N = 11 N = 11  

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)  

123.8 (19.6) 128.5 (15.5) 142.2 (20.3) 156.0 (23.4) 136.8 (28.0) 150.7 (27.2) 

p-value 0.673 0.215 0.146        

Aerobic fitness: 6-min walk test N = 11 N = 11 N = 09 N = 09 N = 13 N = 13  

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)  

551.8 (47.3) 600.5 (49.6) 591.8 (34.3) 665.2 (71.2) 582.2 (58.6) 618.9 (64.1) 

p-value                 0.041                 0.005                 0.085  

Legend: MDL (maximum dynamic load) is expressed in kg; Aerobic fitness-6-min walk test is expressed in min.  
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NP group presented an increase in min of vigorous activity 
carried out weekly. In general, all groups benefited from 
the exercise training program, and the UP group exhibited 
better performance. 

In this study, the 12-week periodized combined 
training program did not affect weight parameters when 
groups were compared before and after training (time 1 vs. 
time 2). Although all participants have reached the mini-
mum frequency requirement of 70%, the absence of a 
reduction in body weight, BMI, and WC can be related to 
the maintenance of inadequate dietary habits, since it was 
not conducted nutritional follow-up for participants. 
Nutritional follow-up was not performed in this study, 
however, it was expected that the participants were aware 
and had maintained healthy eating habits on their own, 
since they were starting a training program in which body 
measurements, blood tests, and the inflammatory response 
would be assessed, in addition to physical tests related to 
strength and cardiorespiratory fitness. 

In obese people age 65 and above, a diet or a diet 
combined with exercises resulted in a loss of body weight 
of about 10%, however, no weight loss was observed in 
the group that did only exercises24, corroborating the find-
ings of this study. Additionally, a study that evaluated, 
among other parameters, the effect of combined training 
on body weight in women age 35 with metabolic syn-
drome, also did not observe a reduction in this variable, 
even though the participants were younger15. 

Although the participants in this study did not 
show changes in weight variables, it was observed in all 
groups that they evolved from active to highly active, 
according to the classification of the IPAQ-Short Form, a 
change that can be considered beneficial to health. 
According to the recommendation of the American Col-
lege of Sports Medicine/American Heart Association, to 
promote and maintain adults’ and older people's health, 

training must emphasize 150 min/week of aerobic exer-
cise at moderate intensity for at least 30 min, five times 
a week, or 60-75 min/week of high-intensity aerobic 
exercise for at least 20 min, three times a week. Addi-
tionally, muscle strengthening exercises should also be 
performed at least twice a week to maintain or increase 
strength25,26. The findings of the present study corrobo-
rate these recommendations. 

Regarding biochemical variables, when groups were 
compared before and after the training program (time 1 vs. 
time 2), no significant difference was observed in the 
values of fasting glucose, TC, HDL, LDL, and triglycer-
ides. It is noted that despite the difference observed 
between the NP and UP groups at time 1, these values 
were within the normal parameters27. In agreement with 
the present data, one study did not observe statistical dif-
ferences in biochemical parameters after 12 weeks of 
combined training28, and another study, after 21 weeks of 
combined training compared to aerobic training or 
strength training alone, neither observed any changes in 
blood lipids, blood pressure or serum glucose and insulin 
between groups29. 

Concerning cytokine concentrations, no significant 
differences were observed in IL-6 and TNF-α levels when 
groups were compared before and after the training period 
(time 1 vs. time 2), and neither when the three groups were 
compared to each other after the training period (time 2). 
The fact that participants were already physically active 
before the training period may have influenced the out-
come, as the anti-inflammatory effect of the exercise 
might have already been reached, and there is a possibility 
that different results would have been achieved if the 
study had evaluated sedentary participants13. However, 
even though no positive results were observed, the partici-
pants probably benefited from the training, as exercise 
exerts an anti-inflammatory effect on the body. 

Table 6 - Distribution of the participants according to the min of physical activities performed per week as evaluated using the IPAQ-Short Form, by 
physical training group, and evaluation time.  

Variables Nonperiodization (NP) Undulating periodization (UP) Flexible undulating periodization (FUP)  

N = 11 N = 09 N = 13  

T1 T2 T1 T2 T1 T2  

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Walk 281.8 (250.0) 301.8 (238.7) 277.8 (202.0) 455.6 (501.0) 397.7 (779.0) 348.5 (298.1) 

p-value 0.912 0.377 0.768        

Moderate PA 538.6 (535.9) 480.0 (576.5) 460.0 (278.6) 516.7 (524.0) 414.6 (326.3) 376.6 (342.9) 

p-value 0.745 0.776 0.818        

Vigorous PA 57.3 (70.3) 200.9 (194.9) 82.2 (75.6) 172.9 (236.1) 86.2 (158.7) 82.9 (79.7) 

p-value 0.019 0.175 0.953  
Legend: The results refer to the min spent performing physical activity per week; PA: physical activity.  
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The effect of exercise on inflammatory response is 
well established in the literature3,4,30. This effect can be 
attributed to an anti-inflammatory response that is partially 
mediated by muscle-derived IL-6. The IL-6 physiological 
concentrations stimulate an increase in the circulating 
levels of anti-inflammatory cytokines, such as IL-10, and 
inhibit the production of the proinflammatory cytokine 
TNF-α3. Additionally, IL-6 stimulates lipolysis in adipose 
tissue and fat oxidation3 and increases hepatic glucose 
production during exercise (gluconeogenesis)31. There is 
strong evidence that an increase in acute IL-6 circulating 
levels improves fat oxidation, glucose absorption triggered 
by insulin, and has anti-inflammatory effects6. The anti- 
inflammatory effects of exercise may protect against insu-
lin resistance induced by TNF-α, as it is suggested that 
regular exercise induces the suppression of this cytokine3. 

Corroborating the findings of the current study 
regarding cytokine concentrations, a 10-week study of 
combined training conducted in women with metabolic 
syndrome did not report significant differences in IL-6 
levels after the training program15. In addition, a 16-week 
study conducted with overweight men showed that moder-
ate to high-intensity strength training and combined train-
ing did not result in a reduction in TNF-α and IL-6 
concentrations14. 

In this study, regarding muscle strength, it was 
observed that UP and FUP groups had an increase in upper 
limbs strength when compared before and after the train-
ing period (time 1 vs. time 2). And when the three groups 
were compared to each other at time 2, the UP and FUP 
groups showed a greater increase in lower limbs than the 
NP group. Alternatively, there was no significant increase 
in muscle strength of the lower limbs in the maximum 
dynamic load test evaluated in the leg press, when groups 
were compared before and after the training period (time 
1 vs. time 2). However, it was probably because the lower 
limb muscles are used more daily, and already have a cer-
tain degree of trainability compared to the muscles of the 
upper limb. Nevertheless, regarding muscle strength, it 
can be said that the UP and FUP groups benefited more 
with the type of training conducted, as they had increased 
strength in the upper limbs when groups were compared 
before and after the training period and increased strength 
in the lower limbs when the three groups were compared 
at time 2. The NP group did not show an increase in mus-
cle strength, neither in the comparison before and after the 
training period nor in the comparison between the groups. 

Combined training has been shown to enhance aero-
bic fitness and strength in older adults8,32,33, and training 
periodization is a feasible and effective option for inactive 
adults and older persons aiming to improve their health 
conditions9,12, as well as those in various stages of physi-
cal fitness and even those in rehabilitation34. 

Consequently, in terms of aerobic fitness, the results 
of this study revealed that the NP and UP groups presented 

increased cardiorespiratory fitness when compared before 
and after the training period (time 1 vs. time 2). In addi-
tion, when the three groups were compared to each other 
at time 2, the UP group showed a significant improvement 
in cardiorespiratory fitness when compared to the NP 
group. Thus, the NP and UP groups benefited from their 
training program, as they had an increase in cardior-
espiratory fitness when groups were compared before and 
after the training period (time 1 vs. time 2), and the UP 
group also showed an increase in cardiorespiratory fitness 
when the three groups were compared at time 2. Corro-
borating the findings of this study, an investigation 
observed that 21-week of aerobic training, strength train-
ing, or combined training led to specific improvements 
already expected in physical fitness (neuromuscular and 
cardiorespiratory) in healthy middle-aged and older 
women29. 

Therefore, it is important to mention that some stu-
dies have shown that combined training does not prejudice 
the development of aerobic fitness and can even enhance 
it8,35. However, other studies have suggested that this type 
of training seems to impair strength gains and muscle 
hypertrophy when compared exclusively with strength 
training36,37. 

In this sense, a study that compared the effects of 16 
weeks of strength training and combined training on mus-
cle strength in middle-aged postmenopausal women, not 
physically active, observed an increase in maximum 
strength of the upper and lower limbs of both training 
groups, with no difference between them. There was an 
increase in VO2 peak only for the combined training. It 
was concluded that the combined training, conducted 
under the minimum aerobic training recommendations of 
the American College of Sports Medicine, did not influ-
ence maximum strength in postmenopausal middle-aged 
women35. These results corroborate with the findings of 
the present study in terms of strength and aerobic fitness, 
remembering that in this study, women are physically 
active, and the order of exercises was inverted at each 
training session so that there was no influence on the 
results regarding the strength or aerobic fitness. 

Periodization in physical training is usually eval-
uated in athletes, however, studies show that the prescrip-
tion of periodized training can be feasible and beneficial 
for inactive adults as well as older adults, aiming at 
improving health conditions9,12. Therefore, this study 
assessed not only periodized training but periodized com-
bined training to analyze whether this kind of training 
influences plasma cytokine levels, muscle strength, and 
cardiorespiratory fitness in physically active women with 
overweight and/or obesity over 50 years. 

It is important to note that in this study, the positive 
results observed in some groups in both muscle strength 
and aerobic fitness indicate that health-related benefits 
were referring to the 12-week periodized combined train-
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ing. This training program showed participants that they 
can work with load variations in strength training and 
carry out an aerobic activity at a greater intensity than they 
were accustomed to; moreover, improvements can be an 
incentive for them to continue to carry out exercises after 
the end of the program training. 

However, one of the limitations of this study was the 
small sample size which may have negatively influenced 
the results. Nevertheless, more robust effects could not 
have been observed because the participants were already 
physically active before the beginning of the training pro-
gram, and have gone through an adaptation period to 
familiarize themselves with the exercises that would be 
conducted during the training program, before the first 
assessment. Probably different results would have been 
observed if the participants were sedentary. Another point 
that can be considered a limitation is that we did not ana-
lyze hormone replacement. 

It is worth noting that the differences between the 
types of training conducted, i.e., the total duration of the 
training program, the number of sets per week, the volume 
of strength training, the intensity of aerobic training, and 
even in the case of having conducted a periodized training, 
the kind of periodization that was applied, made it impos-
sible for a comparison to other studies. It is suggested that 
further studies on periodized combined training in physi-
cally active overweight and/or obese women over 50 
years; be conducted with larger populations and with 
nutritional monitoring. 

Conclusion 
Based on the findings of this study, although no sig-

nificant differences were found in weight, biochemical and 
inflammatory variables in any of the groups when they 
were compared before and after training (time 1 vs. time 
2), it was observed that the UP and FUP groups showed an 
increase in upper-limb strength, and the NP and UP groups 
showed an increase in aerobic fitness, while the NP group 
showed an increase in the min of vigorous activity per-
formed per week. Therefore, it was concluded that the 
periodized combined training did not influence plasma 
cytokine levels on physically active women with over-
weight and/or obesity over 50 years, but was efficient in 
improving upper limbs strength of the UP and FUP 
groups, besides improving cardiorespiratory fitness of the 
NP and UP groups and increasing the min of vigorous 
activity conducted per week by the NP group when the 
groups were compared before and after the training pro-
gram. It can be said that periodized combined training in 
physically active women with overweight and/or obesity 
proved to be beneficial for all groups and that the UP 
group benefited more in terms of the type of training con-
ducted, as it showed an increase in upper limbs strength 

and aerobic fitness in the comparison before and after the 
training program. 
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