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Abstract This study was designed to compare the ef-
fects of linear periodization (LP) and undulating period-
ization (UP) on functional capacity, neuromuscular
function, body composition, and cytokines in elderly
sedentary women. We also aimed to identify the pres-
ence of high responders (HR), medium responders
(MR), and low responders (LR) for irisin, interleukin-1
beta (IL-1β), toll-like receptor-4 (TLR-4), and brain-
derived neurotrophic factor (BDNF) to resistance train-
ing (RT). Forty-nine elderly women were assigned to a
control group, LP, and UP scheme. Functional capacity,
body composition, maximal strength, irisin, TLR-4,
BDNF, and IL-1β were evaluated. Both periodization
models were effective in improving 45° leg press 1RM,
chair-stand, arm curl, and time-up and go tests, with no
significant differences in body composition and cyto-
kines. Furthermore, HR, MR, and LR were identified
for irisin, IL-1β, TLR-4, and BDNF, with differences
between groups and moments. This study provides ev-
idence that both periodization models were effective in

improving functional capacity and neuromuscular func-
tion, with no effect on body composition and cytokines
(probably as a consequence of the different responsive-
ness). Furthermore, for the first time, HR, MR, and LR
were identified for irisin, IL1-β, TLR-4, and BDNF in
response to RT.
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Introduction

Resistance training (RT) is a popular form of exercise
that is recommended by national health organizations
such as the American College of Sports Medicine
(ACSM) and the American Heart Association (AHA).
The body of knowledge from the literature examining
RT supports its inclusion in daily exercise regimens of
elderly populations. Moreover, RT can be performed
safely to prevent the loss of lean body mass associated
with sarcopenia, significantly increase muscle strength,
and improve performance (Kraemer et al. 2002a, b;
Westcott 2012). Additionally, RT has been shown to
reduce systemic inflammation [interleukin-1 beta (IL-
1β) and tumor necrosis factor-alpha (TNF-α)] and is
associated with lower CD14+ cell surface toll-like re-
ceptor-4 (TLR-4) expression that has a strong relation-
ship with the aging process (Gleeson et al. 2006; Prestes
et al. 2009c).

In order to maximize the benefits of RT, progressive
overload (gradual increase of stress placed on the body
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during RT) and variation (systematic alteration of the RT
program over time to allow for a training stimulus to
remain optimal) are necessary (Kraemer et al. 2002a, b).
One of the most commonly examined RT practices is
periodization, which includes planned variation and has
been shown to elicit better results as compared with
nonperiodized RT, especially in the long term (more
than 3 months) (Rhea and Alderman 2004).

The use of periodization in RT programs is not lim-
ited to elite athletes and has been a successful basis of
exercise prescription in individuals with different train-
ing backgrounds and ages (Kraemer et al. 2002a, b).
Prestes et al. (2009c) assessed the effects of linear peri-
odization (LP) or Bclassic^ model on cytokines and
muscle strength in sedentary elderly postmenopausal
women with a mean age of 63 years. The results dem-
onstrated a significant increase in bench press, 45° leg
press and standing arm curl maximal strength, while
systemic cytokines, such as resistin, leptin, and
interleukin-6 (IL-6), decreased after 16 weeks of train-
ing. To our knowledge, this is the only study to inves-
tigate the effects of planned variation during an RT
program on muscle strength and cytokines in elderly
women. Other studies have targeted only comparisons
between LP, undulating periodization (UP), and reverse
linear periodization (RLP) on muscle strength and body
composition in sedentary (de Lima et al. 2012) and
trained adult women (Prestes et al. 2009a).

In addition to the previously mentioned health-
related benefits, physical exercise represents a potential
auxiliary treatment to delay the onset of the neurode-
generative process. The neurophysiological hypothesis
includes the release and synthesis of several neurotroph-
ic factors that are associated with an improved cognitive
function, neurogenesis, angiogenesis, and plasticity
(Deslandes et al. 2009). Among blood biomarkers of
neuroprotection, brain-derived neurotrophic factor
(BDNF) has been widely investigated (Levinger et al.
2008; Coelho et al. 2012). However, the effects of
different RT periodization models and individual re-
sponsiveness of circulating BDNF in elderly women
remain to be determined.

A previous study (Coelho et al. 2012) evaluated the
effect of 10-week progressive RT on muscle strength
and circulating BDNF in 48 elderly women with a mean
age of 70 years randomly assigned to two groups
(nonfrail and frail individuals). The results demonstrated
that levels of BDNF were higher in nonfrail subjects
when compared with the frail group. Furthermore, the

RT intervention increased the levels of BDNF and was
effective in increasing muscle strength. Interestingly,
individual responsiveness to RT was reported.
Although, not divided into high and low responders, it
was shown that some subjects significantly increased
BDNF, while others did not (Coelho et al. 2012). This
might explain why despite increments in muscle
strength, some studies did not observe significant effects
of RT on circulating BDNF (Levinger et al. 2008). This
is a relevant topic, because results of studies are normal-
ly discussed at the basis of group means and not by
classification of responders and nonresponders, which
may lead to a misleading interpretation of results (Tajra
et al. 2014; Garcia et al. 2014; Loenneke et al. 2014).
Even though the presence of high and low responders
should receive attention, it is not known whether such
individuals can be detected for other important media-
tors, such as irisin, TLR-4, IL1-β, and BDNF, which
play important roles in insulin resistance, inflammation,
obesity (Oliveira et al. 2011; Pardo et al. 2014),
and neuroplasticity of the brain (Coelho et al.
2013).

Considering the limited research comparing mea-
sures of neuromuscular adaptation, cytokines, and
myokines following models of RT periodization, this
study aimed to observe the effects of linear and undu-
lating periodization in elderly sedentary women. In ad-
dition, considering that participants will have different
responsiveness to one or more physiologic variables,
another objective was to examine differences between
participants categorized as high, medium, and low re-
sponders for cytokines and myokines in response to RT.
The initial hypothesis is that both periodization models
will be beneficial to improve strength and functional
capacity and that subjects will be identified as low,
medium, or high responders to irisin, IL1-β, TLR-4,
and BDNF.

Methods

Participants

Initially, 72 sedentary elderly women were recruited and
assigned into three groups: (a) a group that completed
16 weeks of RT with LP (n=32), (b) a group that
completed 16 weeks of RT with UP (n=30) and a
control group (n=10). A total of 49 subjects completed
all phases of the study and were included in the final
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analysis: LP (n=20), UP (n=19), and control group (n=
10) (see Fig. 1). Each participant completed a thorough
physical examination, including a medical history, rest-
ing and exercise electrocardiogram, blood pressure as-
sessment, anthropometric, and orthopaedic evaluation
prior to participation in the experimental protocols.
The inclusion criteria were as follows: female, sedentary
(American College of Sports Medicine 2009), body
mass index (BMI) ≤30.0 kg/m2, and age ≥60 years.
Participants with physical disabilities, diagnosis of

diabetes, cardiovascular diseases, hypertension (systolic
blood pressure >140 mmHg and diastolic blood
pressure >90 mmHg), smoking, drug/alcohol
abuse, and recent (last 2 years) use of hormonal
replacement were excluded from the trial .
Informed consent was obtained from all individual
participants included in the study. The protocol
was approved by the Catholic University of
Brasilia Research Ethics Committee for Human
Use (Protocol #235/2010).

Fig. 1 Flow diagram participants
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Anthropometrics and body composition

Anthropometric status was investigated by the follow-
ing measures: height (to the nearest 0.1 cm) and body
mass (to nearest 0.1 kg), and these were used to calcu-
late BMI (body mass/height2). All circumferences were
obtained in triplicate using a nonelastic tape measure
and averaged to determine the final reported circumfer-
ence. Waist, neck, and hip circumferences were mea-
sured. Waist circumference was measured with individ-
ual standing up in the midway point between last float-
ing rib and iliac crest; neck circumference was measured
with participant stand erect and your head positioned in
horizontal Frankfurt plane. The upper edge of the mea-
suring tape was placed just below the laryngeal promi-
nence and applied perpendicularly to the long axis of the
neck. Hip circumference was measured with the indi-
vidual standing up using the maximum circumference of
the hip. Percentage body fat (PBF) and fat-free mass
were determined by DEXA (General Electric-GEmodel
8548 BX1L, Lunar DPX type, software Encore 2005;
Rommelsdorf, Germany). The tests included a complete
body scan of the volunteers, in the supine position, with
the apparatus always regulated and operated by a tech-
nically trained professional. The legs were secured by
nonelastic straps at the knees and ankles, and the arms
were aligned along the trunk with the palms facing the
thighs. All metal objects were removed from the subject
before the scan.

Functional tests

Functional fitness was measured by the 6-min walk test,
30-s chair-stand, arm curl, and flexibility according to
the procedures of Jones and Rikli (2002). The 6-min
walk test was administered according to the guidelines
of the American Thoracic Society (2002). For the chair
stand up test, the subject started in a seated position and
was instructed to complete the highest number of squats
possible during 30 s. To complete the arm curl test, the
subject who sat on a chair was instructed to complete the
greatest number of repetitions possible during 30 s. The
timed-up and go test consisted of rising from a chair and
walking as fast as possible to a cone 3 m away, circling
around the cone, and returning to sit on the chair.
Flexibility was tested using a standard sit-and-reach
box by asking the subject to sit on the floor and bend
at the trunk with the upper limbs projected forward,
elbows extended up to the limit of its joint amplitude.

Strength assessments

One-repetition maximum (1 RM) tests for bench press,
45° leg press, and standing arm curl were used to deter-
mine the maximal strength. The 1 RM tests were com-
pleted on the same daywith a minimum of 10min of rest
between the tests in the following order: bench press, 45°
leg press, and arm curl. After a general warm-up (10 min
of low intensity treadmill running), subjects completed
eight repetitions with an estimated 50 % of 1 RM (ac-
cording to the loads estimated in the adaptation period).
After 1 min of rest, three repetitions with an estimated
70 % of 1 RM were performed. Three minutes later,
subsequent trials were performed for 1 RM with pro-
gressively heavier weights until the 1 RM was deter-
mined within three attempts, using 3- to 5-min rest
periods between trials. The range of motion and exercise
technique was standardized according to the descriptions
of Brown and Weir (2001). To guarantee stabilization of
1 RM prior to the beginning of training, the pretraining 1
RM was determined on two separate days with 3 days
between them. A higher interclass correlation was found
between the first and the second trial (bench press r=
0.95, 45° leg press r=0.98, and arm curl r=0.98).

Resistance training

Participants completed 2 weeks of RT familiarization
before initiating the UP and LP RT programs, consisting
of one exercise for each main muscle group and two sets
of 15 submaximal repetitions. The periodization scheme
was based in a previous study from our laboratory
(Prestes et al. 2009b; Prestes et al. 2009c). After the
familiarization period, participants initiated the LP and
UP RT programs with two weekly sessions throughout
the 16-week treatment period. Training machines were
from Righetto Fitness Equipment (Sao Paulo, Brazil). A
qualified experienced RT professional carefully super-
vised all training sessions. The order of exercises during
RT sessions was as follows: bench press, 45° leg press,
seated low row, leg extension, leg curl, triceps pulley
extension, adduction and abduction machines, standing
arm curl, and seated calf raise. For all listed exercises,
three sets leading to concentric failure were performed,
and the number of repetitions and rest intervals between
sets and exercises were followed according to the inten-
sity prescribed for the training session. The mean dura-
tion to complete one repetition was 3–4 s and training
sessions lasted approximately 40–50min. Although diet
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was not controlled, the participants were encouraged to
maintain similar food ingestion during the intervention
period.

In the LP program, the four initial weeks consisted of
three sets of 12–14 RM, and from the fifth to the eighth
week, three sets of 10–12 RM were performed. Weeks
9–12 consisted of 8–10 RM and 13–16 weeks three sets
of 6–8 RM.

The overall training loads were equal between LP
and UP. However, in the UP group, training loads varied
in a daily basis. A different intensity for each training
session was adopted according to the following se-
quence during the 16 weeks: 12–14 RM, 10–12 RM,
8–10 RM, and 6–8 RM. The rest interval between sets
and exercises was as follows: 12–14 RM: 60 s; 10–12
RM: 80 s; 8–10 RM: 100 s; and 6–8 RM: 120 s. Both
testing and training sessions took place between 2 p.m.
and 3 p.m. after lunch and under a controlled standard-
ized temperature.

Subgrouping for high, medium, and low responders

High responders (HR) for irisin and BDNFwere defined
as a ΔIrisin and ΔBDNF increment >80th percentile
after training (>9.20 and 14.12 % for BDNF and irisin,
respectively), medium responder (MR) between 50th
and 80th percentile (2.80–9.20 % and −1.60–14.12 %
for BDNF and irisin, respectively) and low responders
(LR) as <50th percentile (<2.80 and <−1.60 % for
BDNF and irisin, respectively). High responders for
IL1-β and TLR-4 were defined as ΔIL1-β and ΔTLR-
4 decrement <25th percentile (−20.37 and −17.70 % for
IL1-β and TLR-4, respectively) after training, medium
responders between 25th and 80th percentile (−20.37–
6.74 % and −17.70–13.40 % for IL1-β and TLR-4,
respectively) and low responders as >80th percentile
(>6.74 and >13.40 % for IL1-β and TLR-4, respective-
ly). For the other systemic markers, the individual re-
sponsiveness was not determined. In this case, some
subjects presented undetectable measures.

Biochemical assays

Participants reported to the laboratory between 08:00–
10:00 a.m., after an overnight fast, and after blood
collection from the antecubital vein, samples were cen-
trifuged at room temperature at 2.500 rpm for 10 min.
All subjects were encouraged to avoid smoking, alco-
hol, and caffeine consumption, as well as unusual

physical activity. The serum was stored at 80 °C for
further analysis. Serum was analyzed for BDNF, IL-1β,
IL-1ra, IL-10, and IL-15 (R&D System Inc.,
Minneapolis, MN, USA), ir isin, and TLR-4
(MyBioSource Inc., San Diego, CA, USA). Systemic
blood markers were assessed by using commercially
available enzyme-linked immunosorbent assay
(ELISA) kits. All samples were determined in duplicate
to guarantee the precision of the results. The minimal
detectable doses for dosages were as follows: 184.38 pg/
mL BDNF, 0.92 pg/mL IL-1β, 2.31 pg/mL IL-1ra,
5.50 pg/mL IL-10, 5.23 pg/mL IL-15, 27.85 ng/mL
irisin, and 0.20 ng/mL TLR-4.

Statistical analyses

Considering a power of 80%, an alpha error of 0.05, and
assuming a standard deviation of 53 kg, the sample size
necessary to detect a mean increase of 45 kg on 45° leg
press was calculated to be 13 individuals in each exper-
imental group. For the analyses of normality and homo-
geneity, the Shapiro-Wilk and Levene tests were used,
respectively. To examine the functional fitness tests,
anthropometric, body composition, maximal strength,
and cytokine response to RT, an ANOVA [3×2,
groups×time (pre- and post-16 weeks)] was used.
When differences were indicated between groups, a
Hochberg Post Hoc test was applied. In the case of
non-normality, Kruskal-Wallis, Wilcoxon, and Mann-
Whitney analysis were applied. Bonferroni adjustment
was used for all analyses. The assumption of non-
normality was detected for BDNF, IL-1β, IL-1ra, IL-
10, and IL-15.

For effect size calculation, the following formulas
were applied (Rhea 2004).

Pre−Post ES ¼ Pre−test mean − Post−test meanð Þ=
pre−test SD: d ¼ ME − MCð Þ=SDC:

where ME=the mean of the experimental group,
MC=the mean of the control group, and SDC=the stan-
dard deviation of the control group (Rhea 2004). For
determination of the magnitude of effect sizes, we con-
sidered the following values for untrained individuals
(Rhea 2004). Trivial (<0.50), small (0.50–1.25), moder-
ate (1.25–1.9), and large (>2.0).

The intention-to-treat principle was applied to the
analysis of the outcomes for all participants based on
their assigned treatment. In addition, the per-protocol
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analysis was conducted without participants who did not
attend or complete the final evaluations. There were no
differences between per protocol and intention-to-treat
analysis. An alpha level of ≤0.05 was considered signif-
icant, and P values were two-tailed. Data are reported as
mean±standard deviation (SD). All analyses were con-
ducted with SPSS version 18.0 (SPSS Inc., Chicago).
The sample power was calculated by the software
G*Power 3.1.6 (Faul et al. 2007).

Results

Functional capacity The UP group (F(2.59)=4.43, P=
0.016) performed higher chair stand repetitions as com-
pared with the control group. Both LP (F(2.59)=26.86,
P=0.001) and UP (F(2.59)=26.86, P=0.001) groups
presented higher arm curl repetitions as compared with
the control group CG before training. Additionally, LP
and UP groups displayed an increase in chair stand (P=
0.001) and arm curl repetitions (P=0.001) following
16 weeks of RT. The LP and UP groups presented an
increase in the repetitions for chair stand (F(2.56)=
24.48, P=0.001) and arm curl (F(2.56)=24.48, P=
0.001) as compared with the control group, while only
UP diminished the time to complete the time-up and go
test as compared with the control group (F(2.56)=3.72,
P=0.03) (Table 1).

Anthropometrics and body composition There were no
significant differences between groups (P>0.05) and
pretest versus posttest measures (P>0.05) for the an-
thropometric and body composition variables (Tables 2
and 3).

Maximal strength There were significant differences
between groups (F(2.117)=27.06, P=0.001) and pretest
versus posttest measures (F(1.117)=8.31, P=0.005) for
the 45° leg press. The UP (F(2.58)=8.71, P=0.001) and
LP (F(2.58)=8.71, P=0.001) presented a higher 45° leg
press strength as compared with the control group be-
fore training. Additionally, the LP (F(2.58)=18.53, P=
0.001) and UP (F(2.58)=18.53, P=0.001) groups in-
creased leg press muscle strength by a higher amount as
compared with the control group after 16 weeks of
training. Moreover, LP (P=0.001) and UP (P=0.001)
groups increased leg press strength as compared with
pretraining (Table 4).

Cytokines There were significant group differences
(F(2.89)=5.41, P=0.006), but not for pretest versus
posttest measures (F(1.89)=0.05, P=0.81) in irisin.
The LP group demonstrated higher levels of irisin as
compared with the control group before training
(F(2.47)=4.70, P=0.014) (Table 5).

There were no significant group (F(2.90)=2.82, P=
0.065) and pretest versus posttest measures (F(1.90)=
0.08, P=0.77) differences for TLR-4. There were no
significant group differences before training for BDNF
(H(2): 0.47, P=0.78), IL-1β (H(2): 5.4, P=0.06), IL-10
(H(2): 3.8, P=0.16), and IL-15 (H(2): 4.41, P=0.11),
while IL-1ra (H(2): 6.32, P=0.035) displayed a differ-
ence. However, following Bonferoni adjustment, the
difference became null.

Responders and nonresponders for cytokines There
were significant differences between groups for irisin
(H(2): 31.00, P=0.001), IL1-β (H(2): 29.57, P=0.001),
TLR-4 (H(2): 27.73, P=0.001), and BDNF (H(2):
22.50, P=0.001). The high responders for irisin demon-
strated a higher percent increase as compared with me-
dium (U=0.00, P=0.001) and low responders (U=0.00,
P=0.001) following 16 weeks of RT. The high and
medium responders increased the serum concentrations
of irisin after training (P=0.016 and P=0.010, respec-
tively), while the low responders decreased the serum
concentrations of irisin after training (P=0.001)
(Table 6).

For IL-1β, the high responders demonstrated a
higher percent decrease as compared with medium
(U=0.00, P=0.001) and low responders (U=0.00, P=
0.001) groups. The high and medium responders
displayed a significant decrease in IL-1β serum concen-
trations after training (P=0.004 for both), while the low
responders increased the serum concentrations of IL-1β
after training (P=0.008) (Table 6).

The TLR-4 decreased by a higher amount in the high
responders as compared with than medium (U=0.00,
P=0.001) and low responders (U=0.00, P=0.001).
Moreover, high responders significantly decreased the
serum concentrations of TLR-4 after training (P=
0.004), while there were no differences for the medium
responders (P=0.72). The low responders presented an
increase in TLR-4 serum concentrations (P=0.016)
(Table 6).

For BDNF, the high responders demonstrated a
higher percent increase as compared with medium
(U=0.00, P=0.001) and low responders (U=0.00, P=
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0.001). The high and medium responders increased the
serum concentrations of BDNF after training (P=0.008
and P=0.001, respectively), while the low responders
decreased the serum concentrations of BDNF after train-
ing (P=0.009) (Table 6).

Discussion

The purpose of this investigation was to determine
neuromuscular and cytokine differences between peri-
odization type (linear versus undulating) in elderly

women. In addition, a secondary aim was to utilize
plasma biomarkers to categorize individuals who can
be considered high responders, medium responders, and
low responders to a resistance-training program. Our
results revealed that both LP and UP were effective in
increasing lower limb muscle strength and functional
capacity (chair stand and arm curl tests), with no signif-
icant effects on body composition and cytokines.
Moreover, the UP group improved in the timed-up and
go test, while the LP group exhibited no significant
increase in this parameter following 16 weeks of RT.
To the best of knowledge, this was the first study to
categorize subjects into HR, MR, and LR, and as

Table 1 Functional fitness capacity for experimental and control groups

Variable Control LP UP
Mean±SD Mean±SD Mean±SD
95 % confidence interval for mean 95 % confidence interval for mean 95 % confidence interval for mean

Before training

Chair stand, reps 17.30±2.71 (15.36–19.23) 19.75±4.12 (18.01–21.48) 21.76±4.55 (18.87–23.64) †

Arm curl, reps 15.40±1.83 (14.08–16.71) 22.70±3.74 (21.12–24.29) † 24.68±3.55 (23.21–26.14) †

TUG, s 7.10±0.58 (6.56–7.64) 6.68±1.01 (6.25–7.11) 6.47±0.88 (6.10–6.83)

6-MWT, m 504.00±48.40 (469.37–538.62) 521.56±79.76 (487.88–555.24) 536.78±54.80 (514.15–559.40)

Flexibility, cm 23.08±7.01 (18.06–28.10) 23.70±8.71 (20.02–27.38) 22.44±6.89 (19.60–25.29)

After training

Chair stand, reps 17.33±2.87 (15.12–19.54) 24.50±4.55 (21.91–26.18) †* 24.40±3.18 (22.90–25.89) †*

Arm curl, reps 15.44±1.94 (13.95–16.93) 28.75±5.90 (25.98–31.51) †* 29.15±4.59 (27.00–31.29) †*

Tug, s 7.11±0.80 (6.48–7.73) 6.15±1.21 (5.58–6.72) 5.90±0.82 (5.51–6.29) †

6-MWT, m 501.66±50.74 (462.66–540.67) 546.13±67.58 (514.50–577.76) 536.02±64.19 (505.98–566.06)

Flexibility, cm 21.87±6.23 (17.08–26.66) 25.68±8.23 (21.82–29.53) 23.87±6.04 (21.04–26.69)

Prepost effect size

Chair stand, reps 0.01 (trivial) 0.93 (small) 0.61 (small)

Arm curl, reps 0.02 (trivial) 1.30 (moderate) 1.02 (small)

Tug, s 0.01 (trivial) 0.46 (trivial) 0.44 (trivial)

6-MWT, m 0.05 (trivial) 0.26 (trivial) 0.66 (trivial)

Flexibility, cm 0.17 (trivial) 0.16 (trivial) 0.22 (small)

Magnitude of changes between groups

LP vs. UP LP vs. control UP vs. control

Chair stand, reps 0.03 (trivial) 2.49 (large) 2.46 (large)

Arm curl, reps −0.08 (trivial) 6.86 (large) 7.06 (large)

Tug, s 0.30 (trivial) 1.2 (small) 1.51(moderate)

6-MWT, m 0.15 (trivial) 0.87 (small) 0.67 (small)

Flexibility, cm 0.29 (trivial) 0.61(small) 0.32 (trivial)

Data are expressed by means and SD

LP linear periodization training,UP undulating periodization training, TUG time-up and go test, 6-MWT 6-min walking test, reps repetitions

†Difference between LP or UP vs. control at the same time point (<0.05)

*Difference between pretraining vs. posttraining (<0.05)
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expected, we were able to identify individuals utilizing
irisin, IL1-β, TLR-4, and BDNF, confirming our initial
hypothesis.

The improvements in chair stand and timed-up and
go tests induced by both RT protocols are important
indicators of functional ability in elderly subjects. The
chair stand provides a reasonably valid indication of
lower body strength (Jones and Rikli 2002), and the
timed-up and go test is a simple screening test that is a
sensitive and predictive measure of fall risk among older
adults (Shumway-Cook et al. 2000).

The r e was no s i gn i f i c an t a l t e r a t i on i n
anthropometrics and body composition. These results
corroborate a previous study from Prestes et al. (2009b)
who compared the effects of daily UP and LP in 40
experienced RT men and found no significant changes
in body composition after 12 weeks of training.
Although the repetition maximum zones were similar
when compared with this study, the methodology and
increments for LP and UP were different. In addition,
contrary to Prestes et al. (2009b), this study used a more
sensitive method to evaluate changes in body composi-
tion. These results may be explained by the lack of a

more rigid dietetic control and the absence of combined
aerobic training. Furthermore, de Lima et al. (2012)
concluded that LP and UP performed with a high num-
ber of repetitions may be considered an appropriate
intervention for untrained young women, leading to
better improvements in body composition. However,
results depend on the periodization model, microcycle
duration, subject characteristics, training background,
volume, and intensities selected. Because of this, further
studies controlling for confounding variables are needed
to clarify the benefit of different periodization models in
elderly women.

Regarding muscle strength, the studies comparing
linear and undulating perodization exhibited conflictant
results. Rhea et al. (2002) reported that UP induced a
higher percentage increase in bench press and leg press
muscle strength (28.78 and 55.78 %, respectively) than
LP (14.37 and 25.61 %, respectively) in young trained
individuals. However, De Lima et al. (2012) showed
that in sedentary young women, both LP and UP im-
proved absolute muscle strength without significant dif-
ferences between groups. However, a greater effect size
was found for the LP in leg press (2.99 versus 1.73),

Table 2 Anthropometry for experimental and control groups

Variable Control LP UP
Mean±SD Mean±SD Mean±SD
95 % confidence interval for mean 95 % confidence interval for mean 95 % confidence interval for mean

Before training

Age, years 66.90±7.56 69.20±6.05 65.52±4.72

Weight, kg 58.94±6.66 (54.17–63.70) 62.69±12.03 (57.72–67.65) 66.71±9.50 (62.60–70.80)

Height, m 1.52±0.05 (1.48–1.56) 1.52±0.06 (1.49–1.54) 1.52±0.05 (1.49–1.54)

BMI, kg/m2 25.11±3.43 (22.65–27.57) 27.06±3.78 (27.16–30.44) 28.80±3.78 (27.16–30.44)

Neck, cm 32.72±1.99 (31.29–34.14) 33.50±3.18 (32.19–34.81) 34.91±2.62 (33.77–36.04)

Waist, cm 77.44±10.13 (70.18–84.69) 84.99±12.29 (29.92–90.07) 85.98±9.73 (81.77–90.19)

Hip, cm 93.32±4.21 (90.30–96.33) 98.65±10.83 (94.18–103.12) 101.78±8.12 (98.26–105.29)

Waist-hip ratio, cm 0.82±0.07 (0.77–0.88) 0.86±0.07 (0.83–0.90) 0.84±0.06 (0.81–0.87)

After training

Weight, kg 58.80±7.05 (53.37–64.22) 60.79±12.52 (54.35–67.23) 69.33±11.09 (62.42–74.24)

Height, m 1.53±0.05 (1.49–1.57) 1.51±0.07 (1.47–1.54) 1.52±0.04 (1.50–1.55)

BMI, kg/m2 24.77±3.45 (22.11–27.42) 26.56±5.47 (23.75–29.37) 29.31±4.61 (26.85–31.77)

Neck, cm 32.41±1.84 ( 30.99–33.82) 32.42±3.27 (30.73–34.10) 34.28±2.12 (33.15–35.41)

Waist, cm 76.21±9.92 (68.57–83.84) 80.61±11.63 (74.64–86.59) 85.61±11.49 (79.49–91.74)

Hip, cm 93.11±4.41 (89.72–96.50) 93.26±18.79 (83.60–102.92) 101.82±10.07 (96.45–107.91)

Waist-hip ratio, cm 0.81±0.07 (0.75–0.87) 0.92±0.39 (0.72–1.12) 0.83±0.07 (0.80–0.87)

Data are expressed by means and SD

LP linear periodization training, UP undulating periodization training, BMI body mass index
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bench press (1.77 and 0.95), and biceps curl (1.30 and
1.19). In our study, both periodization models

significantly improved leg press muscle strength.
Although a small improvement was observed with

Table 4 Maximal strength variables for experimental and control groups

Variable Control LP UP
Mean±SD Mean±SD Mean±SD
95 % confidence interval for mean 95 % confidence interval for mean 95 % confidence interval for mean

Before training

45° Leg press, kg 55.80±14.96 (90.95–113.70) 107.60±52.85 (86.19–129.00) † 115.68±29.61 (104.45–127.90) †

Bench press, kg 24.17±5.01 (20.58–27.75) 23.20±5.48 (20.97–25.50) 25.02±4.93 (22.99–27.06)

Arm curl, kg 16.91±2.71 (14.96–18.85) 15.27±2.94 (14.06–16.49) 17.11±2.37 (14.96–18.85)

After training

45° Leg press, kg 54.44±15.20 (120.76–149.30) 158.42±52.62 (133.05–183.78) †* 150.35±47.01 (128.34–172.35) †*

Bench press, kg 23.77±5.09 (19.80–27.64) 26.31±5.06 (23.87–28.75) 26.38±5.16 (23.96–28.30)

Arm curl, kg 17.00±2.92 (16.80–14.80–19.19) 17.46±3.32 (15.81–19.12) 18.05±2.71 (16.74–19.36)

Pre-Post Effect size

45° Leg press, kg 0.09 (trivial) 0.96 (small) 1.17 (small)

Bench press, kg 0.07 (trivial) 0.56 (small) 0.27 (trivial)

Arm curl, kg 0.03 (trivial) 0.74 (small) 0.39 (trivial)

Magnitude of changes between groups

LP vs. UP LP vs. control UP vs. control

45° Leg press, kg 0.17 (small) 6.84 (large) 6.30 (large)

Bench press, kg −0.01 (small) 0.49 (trivial) 0.51 (small)

Arm curl, kg −0.21(small) 0.15 (small) 0.35 (trivial)

Data are expressed by means and SD

LP linear periodization training, UP undulating periodization training

†Difference between LP or UP vs. control at the same time point (<0.05)

*Difference between pretraining vs. posttraining (<0.05)

Table 3 Body composition for experimental and control groups

Variable Control LP UP
Mean±SD Mean±SD Mean±SD
95 % confidence interval for mean 95 % confidence interval for mean 95 % confidence interval for mean

Before Training

Body fat, % 37.76±6.03 (39.27–42.71) 40.62±6.39 (37.98–43.26) 42.65±6.83 (39.83–45.47)

Fat free mass,% 62.24±6.03 (57.91–66.56) 59.37±6.39 (56.73–62.01) 57.42±6.82 (54.60–60.23)

Body fat, kg 21.38±5.65 (17.34–25.42) 25.46±7.78 (22.24–28.67) 27.65±7.76 (24.44–30.85)

Fat free mass, kg 34.22±2.52 (32.42–36.03) 34.90±4.53 (33.03–36.77) 36.02±3.44 (34.60–37.45)

After Training

Body fat, % 37.87±6.39 (32.96–42.79) 40.01±5.47 (37.29–42.74) 42.11±7.77 (38.57–45.66)

Fat-free mass, % 62.12±6.39 (57.20–67.03) 59.98±5.47 (57.26–62.70) 57.88±7.77 (54.33–61.42)

Body fat, kg 21.47±5.98 (16.87–26.07) 23.67±7.29 (20.05 -27.30) 27.76±8.68 (23.81–3.71)

Fat-free mass, kg 34.09±2.64 (32.06–36.12) 34.35±5.83 (31.44–37.25) 36.62±3.25 (35.14–38.11)

Data are expressed by means and SD

LP linear periodization training, UP undulating periodization training
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regard to the upper body exercises, no statistically sig-
nificant differences were found. Effect size was of great-
er magnitude for UP (1.17) than LP (0.96) in the leg
press, while LP had greater effect size in the bench press
(0.56 and 0.27) and arm curl (0.74 and 0.39) as com-
pared with UP. The difference between studies may be
related with periodization methodology and the subjects
analyzed. Rhea et al. (2002) used trained individuals and
maximum repetition zone between 4 and 8 maximal
repetitions. De lima et al. (2012) used sedentary young
women and maximum repetition zone between 15 and
30 maximal repetitions, and our study used older wom-
en and maximum repetition zone between 6 and 14
maximal repetitions. It is important to note that this
difference between training approached makes the com-
parison between studies difficult.

A previous study using the same LP scheme and
older women (Prestes et al. 2009c) revealed a significant
increase in bench press, 45° leg press, and standing arm
curl strength after 16 weeks of RT. When comparing the
delta increment and effect size (ES), the study of Prestes

et al. (2009c) demonstrated a 22, 29, and 9 % increment
with an ES of 1.25 (moderate), 8.96 (large), and 4.42
(large) for bench press, 45° leg press, and standing arm
curl, respectively. However, this study demonstrated a
13, 47, and 14 % increment with an ES of 0.56 (small),
0.96 (small), and 0.74 (small) for the same exercises.
One can hypothesize that these differences would be
attributed to a higher variability within subjects in this
study as compared with the study of Prestes et al.
(2009c).

This was the first study to compare the effects of LP
and UP on cytokines in elderly women. The results
revealed that regardless of the periodization model, RT
was not effective in changing irisin, TLR-4, BDNF,
IL1-β, IL1-ra, IL-10, and IL-15 when all subjects were
analyzed together. The results were somewhat different
from the initial expectation, but according to Machado
and Willardson (2010), trained individuals tend to ex-
hibit a disproportionate increase in serum creatine ki-
nase (CK) activity after an RT bout (consisting of three
sets of 10 RM for the chest press, cable pulldown, biceps

Table 5 Cytokines of experimental and control groups

Variable Control LP UP
Mean±SD Mean±SD Mean±SD
95 % confidence interval for mean 95 % confidence interval for mean 95 % confidence interval for mean

Before training

Irisin, ng/mL 169.62±36.55 (143.47–195.77) 230.00±55.88 (203.19–257.06) † 202.10±52.30 (176.89–227.31)

TLR-4, ng/mL 9.54±5.45 (5.74–13.54) 7.80±4.61 (5.34–10.26) 6.69±4.40 (4.57–8.81)

BDNF‡, pg/mL 1433.18±361.42 1530.13±159.24 1540.57±107.46

IL-1β‡, pg/mL 31.06±38.79 6.83±16.27 15.73±27.85

IL-1ra‡, pg/mL 110.85±272.20 149.32±276.56 1411.18±1365.79

IL-10‡, pg/mL 74.94±49.48 1664.89±1439.63 2538.22±1937.41

IL-15‡, pg/mL 12.03±11.12 230.16±369.67 280.74±280.23

After training

Irisin, ng/mL 173.64±36.35 (145.70–201.59) 217.49±53.55 (191.68–243.31) 202.23±76.94 (165.14–239.32)

TLR4, ng/mL 9.46±5.75 (5.04–13.88) 7.21±5.50 (4.33–10.09) 6.24±4.59 (4.02–8.45)

BDNF‡, pg/mL 1473.20±359.08 1528.72±148.73 1689.28±234.54

IL-1 β‡, pg/mL 43.78±45.14 6.55±15.58 15.21±27.65

IL-1ra‡, pg/mL 123.65±288.08 156.44±202.87 1015.80±1311.87

IL-10‡, pg/mL 102.17±21.21 1139.33±1342.02 2112.67±1600.71

IL-15‡, pg/mL 14.30±12.43 175.46±267.04 267.23±265.91

Data are expressed by means and SD

LP linear periodization training,UP undulating periodization training, TLR-4 tool-like receptor-4, BDNF brain-derived neurotrophic factor,
IL-1β interleukin-1 beta, IL-1ra interleukin-1 receptor antagonist, IL-10 interleukin-10, IL-15 interleukin-15

†Difference between LP vs. control at the same time point (<0.05)

‡These variables are not normally distributed
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curl, triceps extension, leg extension, and prone leg curl
with either 1- or 3-min rest intervals between sets).
These individuals have been defined as HR and LR.
This is a relevant topic because results of most RT
studies are typically reported and discussed in terms of
group means, and not by the classification of responders
and nonresponders.

In addition, Machado and Willardson (2010) report-
ed that an accepted definition of HR and LR currently
does not exist in the literature, and that the mechanisms
responsible for the disproportionate response in HR are
not clearly understood. In fact, motivated by this find-
ing, our research group reported that elderly individuals
classified as HR experienced greater CK and
interleukin-6 responses to an acute eccentric resistance
exercise session (consisting of seven sets of 10 repeti-
tions at 110 % of 10RM, with 3-min rest intervals
between sets) (Tajra et al. 2014).

To note, adverse responses to exercise can be found
for strength (Garcia et al. 2014), hemodynamic
variables (Loenneke et al. 2014), plasma fasting
insulin, plasma triglycerides, and plasma high
density-lipoprotein variables (Bouchard et al.
2012). Because of this, this phenomenon of ‘high
responders’ and ‘low responders’ may provide a
helpful insight into the mechanisms responsible for

training adaptations and methods of training pre-
scription (Mann et al. 2014).

Irisin release is induced by exercise in mice and
humans (Bostrom et al. 2012; Pardo et al. 2014).
While an increase in irisin level elevates energy expen-
diture in mice, it is accompanied by no changes in
movement or food intake. The increase in energy ex-
penditure induced by irisin has been associated with
improvements in clinical aspects of obesity and meta-
bolic disorders (Bostrom et al. 2012). Based on the
previously reported literature, we speculated that HR
for irisin in the current investigation would have a
greater decrement in body fat compared to MR and
LR groups, but found no differences between groups
(data not shown). Future studies that are specifically
directed toward this research question are needed to
clarify this hypothesis.

Interleukin 1 beta (IL1-β) is a protein released from
blood monocytes and adipose tissue in response to
infectious or inflammatory stimuli (Cannon et al.
1989). High responders were verified for this protein
and for TLR-4; however, it is premature to speculate that
these subjects are more susceptible to infections.
Nevertheless, future studies should investigate if being
an HR for BDNF would delay the onset of neurodegen-
erative processes as compared with LR.

Table 6 Responders and nonresponders for cytokines and myokines

Responders for ΔIrisin Before training
Mean±SD

After training
Mean±SD

Δ%

High (n=7) 170.71±64.87 251.60±36.59 47.38†*

Medium (n=12) 219.20±52.35 233.79±59.86 6.65*

Low (n=19) 226.30±60.67 176.63±68.93 −21.94*
Responders for ΔIL-1β
High (n=9) 3.66±2.31 2.65 ±1.81 −27.59†*
Medium (n=18) 14.87±27.64 14.06±26.25 −5.44*
Low (n=9) 10.72±22.62 11.83±24.37 10.35*

Responders for ΔTLR-4
High (n=9) 7.85±4.78 5.33±4.01 −32,10†*
Medium (n=19) 6.21±3.12 6.04±2.84 −2,73
Low (n=7) 9.04±6.75 11.11±8.36 22,89*

Responders for ΔBDNF
High (n=8) 1344.47±352.77 1629.27±112.09 22,09†*

Medium (n=12) 1591.25±221.62 1660.08±227.83 4,32*

Low (n=18) 1627.10±223.18 1565.95±230.92 −3,75*

†Difference between high vs. medium and low (<0.05)

*Difference between pretraining vs. posttraining (<0.05)
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It should be noted that not all subjects who are
classified as nonresponders for one blood parameter will
necessarily be nonresponders for other markers (Mann
et al. 2014). For example, the same individual that was
an HR for irisin in the present study was also an LR for
BDNF. These are important findings because the iden-
tification of subjects at risk for an adverse condition (ex.
Alzheimer) can be potentially made with greater preci-
sion. Additionally, at risk individuals may be offered
guidance for reducing disease consequences or increas-
ing benefits through exercise by changing the prescrip-
tion according to their individual responsiveness to
training. The present study has some limitations that
should be considered, such as genetic variability of the
population analyzed, lack of more precise control of
nongenetic determinants of training responses (ex. sleep
and stress and nutritional status), and overload control
(volume load and volume index) between periodiza-
tions. In addition, participants were only separated for
responsiveness, independently of periodization training
mode. So, the individual responsiveness for one inflam-
matory marker might be related to the mode of period-
ization applied. Therefore, further evidence supporting
the role of a standardized training intervention, as sup-
ported by Mann et al. (2014), will provide helpful
insights into mechanisms of training adaptation and
methods of training prescription. Although baseline
values might contribute to differences in responsiveness
to exercise, a high interindividual variability is consis-
tently reported by training studies, even within homog-
enous groups of previously untrained subjects and after
fully compliant and supervised training (Hecksteden
et al. 2015).

Conclusions

This study suggests that both periodization models
were effective in improving functional capacity
and lower limb strength, with no significant effects
on body composition and cytokines, when the
whole group was analyzed, reinforcing the clinical
importance of RT for elderly women. Furthermore,
for the first time, high responders and low re-
sponders were identified for irisin, IL-1β, TLR-4,
and BDNF. This different responsiveness may
avoid misleading interpretation of results in re-
search and also in the future, may help to individ-
ualize training prescription to optimize results.
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