Article

Gerontology & Geriatric Medicine
Volume 5: 1-9

Impact of Moderate Aerobic © The Author(9) 2019

Article reuse guidelines:

Training on Physical Capacities of sagepub.com/journalspermissions

DOI: 10.1177/233372141985969 |

Hypertensive Obese Elderly %g;aggub~C°m’h°me’ggm

Raphael Miranda Ramos, GD', Hélio José Coelho-Junior, DSt*(,
Ricardo Yukio Asano, PhD?, Raul Cosme Ramos Prado, MSt*(®),
Rodrigo Silveira, MSt* (), Christiano Bertoldo Urtado, PhD?,
Leonardo Coelho Rabello de Lima, PhD*,

Samuel da Silva Aguiar, DSt’, Jonato Prestes, PhD®,

Alexandre Igor Araripe Medeiros, PhD®,

Bruno Rodrigues, PhD?,

and Claudio de Oliveira Assumpcao, PhD®

Abstract

The association of old age and chronic conditions, such as hypertension and obesity, can lead to larger decreases in the
physical capacities of elderly, compared with their healthy counterparts. Physical exercise has been demonstrated to be
efficient in postponing this phenomenon, mainly strength training. However, little is known about the effect of aerobic
training on this condition. The aim of this work was to investigate the impact of 12 weeks of moderate-intensity aerobic
training on the physical capacities of hypertensive obese older women. Aerobic power, lower limb muscle power,
upper limb muscle strength, endurance, and flexibility of 19 hypertensive obese elders were evaluated. Afterward,
patients were blindly randomized into control group (CG) and exercise group (EG). EG underwent three sessions/
week of 60 min of moderate-intensity aerobic training, during 12 weeks. EG showed increases in VO,,.,, compared
with CG (p = .03) and increases in flexibility compared with basal moment (+21.6%; p = .01) after 12 weeks, whereas
CG did not show any significant alterations. Moderate aerobic training is capable of inducing increases in maximal
aerobic power and flexibility in hypertensive obese elderly. However, other essential physical capacities associated
with independence in elderly people (i.e., muscle power and strength) were not responsive to this kind of protocol.
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Introduction Millan-Calenti et al., 2010; Sharma, Parashar, & Mazta,
2014; Vaitkevicius et al., 2002).

Even if aging process is an independent risk factor
for the development of functional impairment, some
chronic degenerative diseases (e.g., hypertension and
obesity)—generally associated with aging—can act as a

Aging process free of chronic degenerative diseases, also
termed senescence, is associated with morphological
(e.g., muscle atrophy; Coelho Junior et al., 2015; Janssen,
Baumgartner, Ross, Rosenberg, & Roubenoff, 2004;
Janssen, Heymsfield, Wang, & Ross, 2000) and neuro-
muscular (e.g., decrease in muscle strength [MS] and
muscle power [MP]; Bean et al., 2003; Lauretani et al., 'Universidade Anhanguera de Leme, Brasil
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trophic factor and increase the magnitude of impairment
of the organic system caused by aging. Indeed, evidence
in the literature demonstrates that obesity and hyperten-
sion during aging can cause a decrease in the capacity to
perform activities of daily living, and consequently,
physical disability, cognitive impairment, balance and
gait impairment, increase in fall risk, and early death
(Chien & Guo, 2014; Corona et al., 2014; Deschamps
et al., 2002; Hausdorff, Herman, Baltadjieva, Gurevich,
& Giladi, 2003; Rosano et al., 2011).

However, physical exercise, mainly strength training
(Assumpgao et al., 2008), seems to be a powerful tool to
increase physical capacities in older people (Prestes et al.,
2015). However, just few studies have been conducted on
the capacity of acrobic exercise to elicit this phenomenon,
mainly in pathological populations (i.e., hypertensive
obese elderly). Considering safety, moderate-intensity
aerobic exercise (MIE) has been recommended to be used
in the initial phases of exercise training programs designed
to improve health (Eckel et al., 2014; Pescatello et al.,
2004), which increase and highlight the need for studies
that verify this phenomenon.

Therefore, the aim of the present study was to record
the impact of 12 weeks of MIE on maximal aerobic
power (i.e., VO,,,,,), muscular flexibility, MP of lower
limbs, and resistance strength of upper limbs of hyper-
tensive obese elderly.

Materials and Methods

This is an experimental study with random distribution
of participants. This study was developed in accordance
with the Declaration of Helsinki, in Resolution 196/96
of the National Health Council. All subjects signed a
free consent form that explained the research objectives
and risks to their integrity during the study. This study
was approved by Ethics Committee of the Universidade
Anhanguera de Leme.

Subjects

Nineteen hypertensive obese adults comprised the sam-
ple of the present study.

The exclusion criteria were use of hormone replace-
ment and/or psychotropic drugs, cardiovascular disease
(e.g., acute myocardial infarction, stroke, peripheral arte-
rial disease, and transient ischemic disease), pulmonary
disease, neurological or psychiatric disease (e.g.,
Parkinson’s or Alzheimer’s disease), musculoskeletal
disorders, comorbidities associated with greater risk of
falls, or any condition that could impair performing the
sessions of exercise and evaluations. Eligibility for the
present study was based on the analysis of medical
records and the presence of a clinical diagnosis of hyper-
tension and obesity—body mass index >28 kg/m? (World
Health Organization, 2001), being present in all sessions
of exercise, and age >60 years. Before the beginning of

Table I. General Characteristics of Both Groups.

CG (n=825) EG (n=10;25) p

Age (years) 61.7+£0.8 605+ 0.2 26
Body mass (kg) 91.7 £ 10.1 81.8+49 .33
Height (cm) 168 + 0.3 163 £0.7 .20
BMI (kg/m?) 325+37 305+ 1.5 .56
VO, (Lmin™) 21.1 £10.2 273+ 11.0 24
Muscle power 10.7 £ 45 13.6 £3.9 .20
Muscle flexibility 113+£73 16.3 £9.7 .23
Muscular endurance 13.6 + 4.7 143 +76 8l

Note. M = SD. CG = control group; EG = exercise group;
BMI = body mass index.

the experiments, all patients underwent medical evalua-
tion and, posteriorly, were authorized to participate in the
physical exercise program. Table 1 shows the general
characteristics of the patients.

Procedures

After the achievement of anamnesis, body composition
measurement, and physical function evaluation, patients
were randomized and allocated into two groups: exer-
cise group (EG) and control group (CG). Physical func-
tion was evaluated before and after 12 weeks. All
volunteers were instructed to refrain from physical exer-
cise for 96 hr and from drinking coffee, alcohol, and
energy drinks during the 24 hr before the tests. Although
alimentary ingestion was not controlled, subjects were
instructed to maintain normal diet during the study
period. All evaluations occurred in the morning (07:00
a.m.-10:00 a.m.; pre and post protocol) and were per-
formed 120 hr before and after the beginning and end of
the physical exercise program, respectively.

Evaluations

Determination of VO,,,.. The determination of VO,,,.
was performed in two steps. A priori, after placing the
heart rate monitor (Oregon”, Brazil) on the left wrist, it
was required that the patients perform, as quickly as pos-
sible, four laps around the athletics track (i.e., 400 m) of
the university, totalizing 1,600 m (i.e., 1 mile inland)
(Almeida et al., 2010). Due to the impairment of physical
function generally present in this population, patients
were allowed to decrease the pace or even walk during
the performance of the test. Immediately after the end of
the test, the heart rate was recorded to be, posteriorly,
added in the final calculation.

Afterward, the calculation proposed by Pollock e
Wilmore (1993) was used for VO,,,, quantification,
which is VO,, .. = 6.952 + (0.0091 x W) —(0.0257 x A)
+(0.5955 x G) —(0.2240 x TT) — (0.0115 x HR), where
W = weight in pounds (weight in kg % 2.205), 4 = age in
years, G = gender (1 = male and 0 = female), 77 = time
expended to perform the test, and HR = heart rate
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immediately after the end of'the test (Pollock & Wilmore,
1993). During the performance of the test, all volunteers
received verbal encouragement. The final result is
expressed in liters per minute.

MP of lower limbs. Countermovement jump was per-
formed to evaluate leg power. In the initial position, the
volunteers stood on a jump platform (CEFISE® model
Jump System Pro), their feet remained approximately
parallel to the shoulder width, and their hands rested on
the hips. When instructed, the volunteers flexed their
knees at approximately 90° and jumped the maximum
height possible. The greatest of three attempts, which
were held at 3-min intervals, was considered for final
evaluation. The values are expressed in centimeters
(Hakkinen, Newton, et al., 1998; Ramirez-Campillo
etal., 2014).

Muscular flexibility. For evaluation of muscular flexibil-
ity, a sit and reach test was performed. In summary,
patients remained seated, with extended knees and the
underside of the foot in contact with the tool. After the
signal from the evaluator, the patient should move the
scalometer the maximum possible, but performing just a
trunk flexion. To avoid excessive movement, a researcher
applied slight pressure on the knees of the patients. The
highest value obtained in three attempts was considered
for analysis. The values are measured in centimeters
(Bertolla, Baroni, Cesar, Leal, & Oltramari, 2007; Mat-
sudo, 2005).

Muscular endurance. To evaluate muscle endurance, a
push-up test was performed. A priori, patients should
perform with their feet in parallel, abdominals con-
tracted, shoulder flexed and abducted, elbows straight,
and hands in full contact with the ground. After the sig-
nal, patients performed the largest number of repetitions
possible in 1 min. To register the repetition, the patients
should flex the elbow to ~90° and perform to full extent.
Different from men—who performed the test with knees
extended, without touching the floor—women remained
with the knees flexed and touching the floor. During the
performance of the test, patients received verbal encour-
agement (Pollock & Wilmore, 2009).

MIE. EG underwent 36 MIE sessions, which occurred 3
days per week, with a 48-hr minimal interval between
sessions along the 12 weeks. Exercise sessions were
composed of two moments: warm-up (10 min) and main
part (50 min). Warm-up comprised 5-min race technical
exercises (e.g., dribbling, skipping) and 5-min light jog-
ging. The main part was characterized by 50 min of an
MIE at 60% of maximal HR (HR,,,,). HR,,,, was deter-
mined by the following formula: 205 — (0.42 x age),
which was proposed by Sheffield, Holt, & Reeves
(1965). A cardiac monitor (Oregon®) was used to moni-
tor and ensure the required HR. All exercise sessions
occur at an athletics track of the sports laboratory.

A YO2 max (%)
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Figure 1. A(%) of VO,,.,, on CG and EG.

Note. CG = control group; EG = exercise group.

It is important to cite that a recent article of our group
showed that environment is one of the factors that can
interfere with the adherence of hypertensive patients in
physical exercise programs (Asano et al., 2016). Thus,
all experimental sessions were held in the athletics track
of the university sports lab.

CG. The CG maintained their regular habits of life dur-
ing the entire study period, without engaging in physical
exercise programs.

Statistical analysis. Data were analyzed by intention-to-
treat analysis. Wilcoxon and Levine tests were used to
calculate data normality and homogeneity, respectively.
Intragroup comparisons (Pre x Post A%) were per-
formed by paired Student’s 7 test. Comparisons between
the groups (CG x EQG) in the basal moment and after
intervention protocol were performed by unpaired Stu-
dent’s 7 test. Level of significance was 5% (p <.05), and
all procedures were performed using Statistical Package
for the Social Sciences version 20.0 (IBM Corp.,
Armonk, NY, USA). Effect size (ES) was defined to be
medium for values of Cohen’s d >0.2 but less than <0.5,
good for values between 0.5 and 0.8, and large for val-
ues >0.8. Level of significance was 5% (p <.05), and all
procedures were performed using Statistical Package for
the Social Sciences version 20.0 (IBM Corp.). The
power of the sample size was determined using G*Power
version 3.1.9.2 (27) for a power () of 0.80 and 6.0 (ES).

Results

Table 1 shows the general characteristics of both groups
(i.e., CG and EG) in the basal moment. There were no
differences between the groups.

Figure 1 shows the A(%) results of VO,, ., on CG and
EG. The intragroup comparisons did not demonstrate sig-
nificant differences in CG (—10.5 + 15.4%; p = 15; ES =
0.19) and EG (+32.4 + 59.0%; p = .08; ES = 0.31).
However, Student’s ¢ test showed significant differences
between CG and EG after 12 weeks (p = .03).
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Figure 2. A(%) of muscle power on CG and EG.
Note. CG = control group; EG = exercise group.
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Figure 3. A(%) of muscle flexibility on CG and EG.

Note. CG = control group; EG = exercise group.

Figure 2 shows the A(%) results of MP on CG and
EG. The intragroup comparisons (CG =+19.3 + 22.7%;
p =24, ES=0.13; EG=+5.9 + 18.6%; p = .15; ES =
0.22) and between-group comparisons (p = .19) did not
show significant differences.

Figure 3 shows the A(%) results of muscle flexibility
on CG and EG. CG did not demonstrate significant dif-
ferences during 12 weeks (+29.7 £ 74.3%; p = .37, ES =
0.00). However, EG showed a significant increase in
flexibility after 12 weeks of MIE (+21.6 + 24.5%; p =
.01; ES = 0.39). There were no differences between
groups (p = .60).

Figure 4 shows the A(%) results of muscular resis-
tance on CG and EG. The intragroup comparisons (CG =
+5.2 £ 16.8%; p = .46; ES = 0.23; EG = +8.6 + 42.8%;
p = .50; ES = 0.19) and between-group comparisons
(p = .82) did not show significant differences.

Discussion

The aim of the present study was to record the impact of
12 weeks of MIE on VO,,,., muscular flexibility, MP of

Figure 4. A(%) of muscular resistance on CG and EG.
Note. CG = control group; EG = exercise group.

lower limbs, and resistance strength of upper limbs in
hypertensive obese elderly.

The main findings of the present study are that MIE
causes a significant increase in VO,,,,, and flexibility in
hypertensive obese elderly. The cardiorespiratory func-
tion, generally evaluated by VO,,,,, has shown negative
association with parameters associated with physiologi-
cal health, as patients with maximum cardiorespiratory
fitness show lower glucose levels and blood pressure
values (i.e., systolic and diastolic pressure) than patients
with low maximum cardiorespiratory fitness (Liu et al.,
2014; Sui et al., 2012). Moreover, data from longitudinal
experiments show that cardiorespiratory fitness presents
a dose-dependent negative association with all-cause
death, cardiovascular death, and cancer, even after
adjustment for cofactors (e.g., smoking, blood glucose,
and blood pressure; Blair et al., 1989).

Despite the lack of significant changes in intragroup
comparisons, Cohen’s d index—which represents ES—
shows medium classification to results of VO, in EG.
These results are probably due to the variation in sample
results and sample size, which causes more interference
in statistical test (i.e., Student’s ¢ test) than in ES
(Nakagawa & Cuthill, 2007). Indeed, the 95% confi-
dence interval of mean to VO, (i.e., 32.4%) changes
in EG represent variation of —5.0% to 69.9%.

Evidence in the scientific literature—from experi-
mental studies—corroborates with data of the present
study and shows the effectiveness of MIE in eliciting
changes in the maximal aerobic power of healthy elderly
(Blumenthal et al., 1989; Hagberg et al., 1989; Kohrt
et al., 1991; Park, Park, Kwon, Yoon, & Kim, 2003;
Seals, Hagberg, Hurley, Ehsani, & Holloszy, 1984;
Vaitkevicius et al., 2002).

Using a similar exercise approach to the present
study, in 33 healthy elderly people, Blumenthal et al.
(1989) conducted a 30-min MIE (70% of HR reserve)
program, 3 days per week, for a period of 16 weeks. The
results showed that physical exercise elicited an increase
of 11.6% in maximal aerobic power in patients. These
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results are similar to those reported by Park et al. (2003),
in which sedentary older women underwent 12 weeks of
moderate aerobic training (50%-60% of HR reserve)
and observed 6.2% increase in maximal aerobic power.

In one of the few studies that investigated hyperten-
sive elderly patients—Vaitkevicius et al. (2002)—
patients underwent 6 months of an MIE (~75% FC_,,)
program. Elderly volunteers performed the aerobic
training in a treadmill or cycle ergometer, twice a week,
for 20 min. Results demonstrated that MIE elicited an
increase of 6.5% in maximal aerobic power.

Even if the studies showed an increase in maximal
aerobic power, there is a difference in magnitude between
the aforementioned studies and the present study. Data
from a meta-analytic regression, which evaluated 2,102
elderly people, showed that increase in maximal aerobic
power is positively related to the frequency of sessions in
the week and negatively to the initial condition of the
volunteers (Huang, Gibson, Tran, & Osness, 2005).
Furthermore, the volume of the session can be an inde-
pendent factor associated with the magnitude of increase
in maximal aerobic power (Algilani et al., 2014).

When evaluated together with the data of the present
study, it is possible to infer that the high volume per-
formed in the present study (i.e., 60 min) is the main
reason for the differences in the magnitude of the
increase in maximal aerobic power, in comparison with
other studies. Vaitkevicius et al. (2002), for example,
performed sessions with higher intensity (75% HR_,,,)
and time of intervention (i.e., 6 months). However, the
volume of the main part of the exercise session was ~12
min. Besides, despite the initial randomization of the
patients, different initial levels of aerobic capacity can
explain the dissimilarities and corroborate with the lack
of significant changes in hypothesis test.

Another important result of the present study was the
increase of 21.6% (ES, 0.39) in muscle flexibility in the
EG, in conjunction with the lack of alterations in the CG.
Evidence about the effect of aerobic training on muscle
flexibility is still limited, mainly in elderly, collaborating
to the absence of a consensus about the efficiency of this
kind of intervention on physical capacity and impairing
the discussion of the data (Fatouros et al., 2002; Marcinik,
Hodgdon, Mittleman, & O’Brien, 1985).

In a well-designed study, Fatouros et al. (2002) stud-
ied the impact of 16 weeks of physical exercise on mus-
cle flexibility of healthy elderly. The authors categorized
volunteers to four different groups: strength training,
aerobic exercise, concurrent (i.e., acrobic plus strength),
and the CG. Results showed that aerobic training per se
is not able to elicit significant changes in the sit and
reach test. However—when the strength training was
aggregated (i.e., concurrent training)—the magnitude of
increase in muscle flexibility was identical (21% vs.
20%) with the strength training (Fatouros et al., 2002).

Several authors suggest that an increase in strength
training—observed, predominantly, after strength train-
ing—can be one of the main factors that collaborate

with an increase in muscle flexibility (Correia, Menéses,
Aluisio, Cavalcante & Ritti-dias, 2014; Cyrino et al.,
2004; Fatouros et al., 2002), which was shown in a sys-
temic review (Correia et al., 2014). However, even if
this physical capacity was just in part evaluated in the
present study, data did not present significant alterations
in the EG (+8.6%, p = .82). Besides, about the data from
Fatouros et al. (2002), the researchers observed an
increase in MS of the lower limbs in aerobic EG; how-
ever, this increase did not reflect in muscle flexibility
(Fatouros et al., 2002).

Therefore, other mechanisms, such as increase in the
synthesis of collagen, decrease in the activity of muscle
spindle, and decrease in the activity of antagonist mus-
cle (co-contraction) during muscular activity, can be
associated with an increase in muscle flexibility
observed in the EG (Correia et al., 2014; Fatouros et al.,
2002; Hakkinen, Kallinen, et al., 1998). Anyway, it is
probable that both factors are responsible for the increase
in muscle flexibility.

Also, in the present study, there were no observed sig-
nificant alterations in MP and muscular endurance. MP
and MS have been extensively associated with the capac-
ity of elderly population to perform the activities of daily
living (i.e., get out of bed, cooking, sweeping the floor,
walking to the market), corroborating strongly with them
autonomy and independence, avoiding institutionaliza-
tion (Lauretani et al., 2003; Reid et al., 2012; Reid &
Fielding, 2012; Sallinen et al., 2010). Furthermore, main-
taining MP—mainly of the lower limbs—during aging
can aid in preventing falls, due its capacity to elicit fast
muscle contraction (Bean et al., 2003; Izquierdo, Aguado,
Gonzalez, Lopez, & Hakkinen, 1999).

In fact, evidence in the literature did not corroborate
with the capacity of aerobic training to cause an increase
in MS and MP in elderly (Chodzko-Zajko et al., 2009;
Klitgaard et al., 1990). Klitgaard et al. (1990), for exam-
ple, analyzed elderly who have been performing aerobic
exercise in the last 20 years and observed that the MS of
these volunteers was similar to that displayed by seden-
tary elderly and lower than that by sedentary young.

Since the 1970s, evidence in the literature has dem-
onstrated the selectivity of MIE in causing adaptations
of low-twitch muscle fibers, with distance runners
showing a high percentage of this kind of muscle fibers
(Costill et al., 1976; Hawley, 2002). This phenomenon
may have collaborated with the lack of changes in phys-
ical capacities (i.e., MS and MP) observed in the present
study, because increase in MS is associated with the
intensity of physical training (Kalapotharakos et al.,
2004; Raymond, Bramley-Tzerefos, Jeffs, Winter, &
Holland, 2013; Steib, Schoene, & Pfeifer, 2010).

In the present study, the moderate intensity and
long duration of physical exercise sessions lead to pre-
dominantly recruitment of type I fibers—which pres-
ent low capacity to generate tension—being incapable
to elicit the necessary stimulus to cause neuromuscu-
lar (e.g., increase in the recruitment of motor units,
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activation of agonists during concentric action) and
morphological adaptations (e.g., increase in muscular
cross-sectional area) associated with an increase in
MS (Hawley, 2002).

Moreover, the stimulus from aerobic training was not
enough to cause changes in muscular endurance. However,
due the pathological condition of this group, it was thought
that if aerobic training could collaborate with the improve-
ment in physical mobility, volunteers could show an
increase in the performance of the activities of daily life
and, consequently, present an increase in MS. However,
the experiment did not confirm this hypothesis.

Regarding MP, it is dependent on the specificity of
muscle contraction, as programs aimed at increasing this
physical capacity should compose concentric contrac-
tions performed as fast as possible, avoiding fatigue
(Correa et al., 2012; Nogueira et al., 2009; Wallerstein
et al., 2012), which did not occur in the present study.
Besides, MP can also show an increase in response to
improvement in MS (Fielding et al., 2002), which,
newly, did not occur.

However, although other studies have been con-
ducted in a similar way (Ramos et al., 2018) and despite
the interesting results of the present study, some limita-
tions such as the sample size—although small was
believed that due to experimental design adopted the
statistics used is enough to cause some inferences
(Bujang & Adnan, 2016; Simel, Samsa, & Matchar,
1991; Sullivan & Feinn, 2012), the short time of inter-
vention, the limited number of evaluations, and just one
group of intervention should be considered. Such limita-
tions also leave a path for further research that may
improve future studies for this population.

Nevertheless, the present study showed that 12 weeks
of moderate-intensity aerobic training performed in an
open field and using a simple method to exercise pre-
scription and control cause an increase in VO,, . and
muscle flexibility in hypertensive obese elderly. This
result seems to be important, as both capacities are
related to a positive prognosis in this population.

Conclusion

It is possible to conclude that hypertensive obese elderly
who underwent 12 weeks of MIE did not show signifi-
cant difference in MP and muscular resistance. But this
training protocol shows a strategy to increase VO,,..
and muscle flexibility in this population.
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