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Exercise training program based on minimum
weekly frequencies: effects on blood pressure
and physical fitness In elderly hypertensive patients

Programa de exercicios fisicos baseado em frequéncia semanal minima: efeitos
na pressao arterial e aptidao fisica em idosos hipertensos

Wilson M. De Moraes'?, Pamella R. M. Souza®, Ménica H. N. P Pinheiro?, Maria C. Irigoyen®, Alessandra Medeiros*, Marcia K. Koike®

Abstract

Background: Exercise training (ET) can reduce blood pressure (BP) and prevent functional disability. However, the effects of low
volumes of training have been poorly studied, especially in elderly hypertensive patients. Objectives: To investigate the effects of a
multi-component ET program (aerobic training, strength, flexibility, and balance) on BP, physical fitness, and functional ability of elderly
hypertensive patients. Methods: Thirty-six elderly hypertensive patients with optimal clinical treatment underwent a multi-component
ET program: two 60-minute sessions a week for 12 weeks at a Basic Health Unit. Results: Compared to pre-training values, systolic
and diastolic BP were reduced by 3.6% and 1.2%, respectively (p<0.001), body mass index was reduced by 1.1% (p<0.001), and
peripheral blood glucose was reduced by 2.5% (p=0.002). There were improvements in all physical fithess domains: muscle strength
(chair-stand test and elbow flexor test; p<0.001), static balance test (unipedal stance test; p<0.029), aerobic capacity (stationary
gait test; p<0.001), except for flexibility (sit and reach test). Moreover, there was a reduction in the time required to perform two
functional ability tests: “put on sock” and “sit down, stand up, and move around the house” (p<0.001). Conclusions: Lower volumes
of ET improved BP, metabolic parameters, and physical fitness and reflected in the functional ability of elderly hypertensive patients.
Trial Registration RBR-2xgjh3.
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Resumo

Contextualizagao: O treinamento fisico (TF) é capaz de reduzir a presséo arterial (PA) e prevenir o declinio da capacidade funcional.
Entretanto, pouco tem sido estudado sobre os efeitos de menores volumes de treinamento em idosos com hipertensao arterial (HA).
Objetivos: Investigar os efeitos de um programa de TF multicomponente (treinamento aerdbico, forga, flexibilidade e equilibrio) na PA,
aptidéo fisica e capacidade funcional de idosos com HA. Métodos: Trinta e seis idosos com HA e tratamento clinico otimizado foram
submetidos a um programa de exercicios fisicos multicomponente, com duas sessdes semanais de 60 minutos cada, durante 12
semanas, em uma Unidade Bésica de Saude (UBS). Resultados: Comparados aos valores antes do TF, observou-se redugéo de 3,6%
da PA sistdlica (p<0,001), de 1,2% da PA diastdlica (p<0,001), de 1,1% do indice de massa corporal (IMC) (p<0,001) e de 2,5% da
glicemia periférica em jejum (p=0,002). Observou-se melhora em todos os dominios da aptid&o fisica, como forca muscular (testes
de levantar da cadeira e flexdo de cotovelos, p<0,001); equilibrio estatico (teste de apoio unipodal, p=0,029) capacidade aerébica
(teste de marcha estacionaria, p<0,001), com excecgao da flexibilidade (teste de sentar e alcancar). Além disso, houve redugao no
tempo utilizado para realizagéo de dois testes de avaliagéo da capacidade funcional, o de “cal¢ar meias” e o de “sentar, levantar-se
da cadeira e locomover-se pela casa” (p<0,001). Conclusdes: O TF com duas sessdes semanais em idosos hipertensos repercutiu na
melhora dos indicadores metabdlicos, da aptidao fisica e da capacidade funcional e atuou como auxiliar no controle da PA. Registro
de Ensaios Clinicos RBR-2xgjh3.
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Influence of exercise on blood pressure and physical fitness

Introduction

Arterial hypertension (AH) is a multi-causal and multi-
factorial syndrome characterized by high and sustained levels
of blood pressure (BP), associated with target-organ damage.
It is a major risk factor for coronary artery disease, stroke,
myocardial infarction, heart failure, and chronic renal failure,
considerably increasing the risk of cardiovascular mortality'”
Cardiovascular diseases are the main cause of death in
Brazil, posing a serious public health problem due to its high
morbidity and the high costs resulting from treatment and
complications®”.

In Brazil, according to a recent survey by the Ministry of
Health, the prevalence of AH is greater than 50% among the
elderly population, which makes it the most prevalent chronic
disease in this segment of the population®. Population projec-
tions estimate that the elderly population will increase about
threefold between 2010 and 2030, growing from the current
13.2 million to 40 million people®. Thus, in the coming years, we
will have the challenge of living with an increasing number of
elderly, and possibly hypertensive, people, supporting the need
for more effective therapeutic approaches, both pharmacologi-
cal and non-pharmacological.

Exercise is part of the non-pharmacological conduct for AH
treatment as it can reduce pressure levels™® and the risk fac-
tors associated with AH, such as obesity, insulin resistance, and
dyslipidemia®*. Consequently, there is a considerable reduction
in costs with tests and medication’. Exercise programs are par-
ticularly important to elderly hypertensive patients because
they are subject not only to the effects of AH (e.g. the decline in
functional ability'**?) but also to physical limitations inherent
in advancing age'". Elderly hypertensive patients have an odds
ratio 4.2 times higher of developing functional limitations' or
they are 39% more likely to become dependent in activities of
daily living than normotensive people''.

There is evidence that the assumption of a more active
lifestyle is associated with the prevention or attenuation of
functional limitations, AH, and physical fitness™*. Therefore,
in addition to the effects on BP reduction and associated fac-
tors, exercise can prevent the decline in functional ability and
improve the performance of elderly people in daily activities,
thus improving quality of life even in the presence of a patho-
logical chronic condition'. Based on the main recommenda-
tions for the hypertensive population, the minimum weekly
frequency for exercise is three sessions, and higher the weekly
frequencyl®’, greater the benefit. In contrast to these recom-
mendations, the elderly are the most insufficiently active
part of the Brazilian population®, leading to the conclusion
that few elderly people with AH benefit from this therapeutic
approach.

In order for this population to actually benefit from the
effects of exercise training (ET), there must be adherence to
the programs. It is known that high amounts of ET are asso-
ciated with low adherence to exercise'. In contrast, studies
have shown that exercise programs with reduced frequency
(e.g. twice-weekly sessions) provide a significant reduction in
systolic BP (SBP) and diastolic BP (DBP)*"*. In addition, two
weekly exercise sessions are sufficient to promote improved
functional ability in elderly people'. The aim of the present
study was to assess the effects of an exercise program of twice-
weekly sessions for 12 weeks on the BP, physical fitness, and
functional ability of elderly hypertensive patients.

Methods

The study is characterized as a quasi-experimental non-
controlled study, and it was conducted with a group of elderly
participants (=60 years) diagnosed with AH, assisted at a Ba-
sic Health Unit (BHU) in the city of Fortaleza, CE, Brazil. The
data collection took place at the Luiza Tdvora Community
Center, belonging to the Secretariat for Social Action. Ini-
tially, 44 participants who attended the Community Center to
perform recreational activities were selected. All participants
received the necessary information about the study and filled
in and signed a consent form. The research protocol was ap-
proved by the Research Ethics Committee of Universidade
de Fortaleza (UNIFOR), Fortaleza, CE, Brazil, under protocol
number 120/2207.

The following exclusion criteria were established: less
than 80% participation in exercise sessions; participation
in another ET program; inability to understand the instruc-
tions due to cognitive problems; uncontrolled hyperten-
sion (>160/100 mmHg); reports of chest pain; dizziness or
discomfort; bone, muscle or joint problems or any other
previous condition that would preclude participation in the
exercise program. A structured questionnaire was used to
collect socioeconomic data, the existence of risk factors for
cardiovascular disease, and the presence of comorbidities.
The data were supplemented with information obtained from
individual registration forms from the BHU.

Peripheral blood glucose, BP at rest, and body mass index
(BMI) were measured before and after the ET program. Glucose
was measured with an Accu-Chek Go® kit and BP levels, with a
Missouri® column sphygmomanometer and a Rappaport stetho-
scope®. The BP was measured with the participant in the sitting
position, and the mean of three measurements taken from the
left arm was considered for analysis. BMI was calculated by di-
viding the body weight in kilograms by the square of the height
in meters. The same variables were assessed 96 hours after the
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last exercise session (post-ET program measure) in order to
avoid the acute effects of the last session on the BP level.

Physical fitness was assessed through indicators of upper
and lower limb muscle strength, flexibility, balance, and aero-
bic capacity. Functional ability was assessed by tests that simu-
late movements and actions often carried out in everyday life.
For the time-dependent measures, a CASIO stopwatch model
HS-80TW-1DF was used.

Lower limb muscle strength was determined by the chair-
stand test (CST)", in which the participant sat on a chair with
a seat height of 43 cm, feet flat on the floor, and arms folded
across the chest. At the signal, the participant got up and then
sat again. Upper limb muscle strength was assessed by the el-
bow flexor test (EFT)Y. The participant sat on a chair, starting
with arms to the side, and performed elbow flexion and exten-
sion cycles holding a dumbbell weighing 2 kg (women) or 4 kg
(males). For the CST and EFT scores, we considered the highest
number of full cycles performed during a 30-second period.

Flexibility was assessed by the sit and reach test (SRT)"
and consisted of sitting on a chair with a seat height of 43 cm
and extending the knee of the dominant limb forward, with
the other knee flexed at 90°. At the signal, the participants
raised their arms, placed one hand over the other, and brought
their arms forward, trying to touch the toes of the extended
limb. Using a ruler, the distance (cm) between the hallux and
the farthest point reached by the hands was measured, with
zero being the end of the hallux. When the participants did
not exceed the hallux, the negative sign was added to the
score obtained; when the participants exceeded the hallux, a
positive sign was added.

Aerobic capacity was measured using the stationary gait
test (SGT)", in which the participant initiated knee flexion,
simulating gait while standing in place. Participants had to
bring the knees midway between the patella and the contralat-
eral iliac crest. The result was the total number of steps taken
during a 2-minute period.

Balance was assessed using the unipedal stance test (UST)
with eyes open'. The participants stood with hands on their
hips and gazing at a fixed point 2 meters ahead and, at the
signal, raised one foot up to the height of the opposite knee
and tried to maintain that position. The highest value of three
attempts was used, in seconds.

To assess functional ability, the sit down, stand up, and
move around the house test (SSMT) and the put on sock test
(PST)"were used. The SSMT consisted of walking around two
cones twice alternating turns to the right and to the left. The
shortest time taken to achieve the full itinerary, in seconds,
was used as a result. The PST consisted of the time, in seconds,
taken to put on one sock while sitting on a chair with a seat 40
cm in height and knees flexed.

All participants were familiarized with the motor tests prior
to the first assessment. The application of the tests was divided
between assessors who were not involved in the intervention.
The test-retest analysis showed an Intrarater Correlation Co-
efficient of 0.86 for DBP and 0.87 for SBP, with measurements
performed at two-day intervals at the same time and place.

The ET program consisted of twice-weekly sessions over a
period of 12 weeks. Of the initial 44 participants, 36 completed
the program. The participants were divided into two classes to
better control the performance of voluntary movements by the
trainers/instructors (three per session). The “multi-component”
sessions lasted approximately 60 minutes and were composed
of a warm-up period followed by stretching (10 minutes);
the main part (35 to 40 minutes) consisting of approximately
20 minutes of walking with the remaining time dedicated to
dance, alternating strength exercises with dumbbells and rods;
and finally, a cool-down activity with 10 minutes of stretching,

The sessions were conducted with moderate intensity ac-
cording to the Perceived Exertion Scale, which corresponds to
a score between 4 and 6 on a scale of 0 to 10 with 0 being the
lowest level of exertion. Some participants had to be trained to
understand the application of this scale. There was no change
in the pharmacological treatment regimen for participants
during the study, and they were referred to medical reassess-
ment after the program.

The results were analyzed using SigmaStat for Windows
(Systat Software Inc., version 3.10). The clinical and sociode-
mographic characteristics are expressed in absolute frequency
and/or relative frequency. Metabolic, physical fitness, and
functional ability indicators are expressed as mean=standard
deviation or median (interquartile interval). After the Kolmog-
orov-Smirnov normality test, the pre- and post-ET moments
were compared using the Student paired t test or the Wilcoxon
signed rank test. The physical fitness tests were compared with
reference values of “normality” by gender and age**'. The sig-
nificance level of p<0.05 was adopted. Simple linear regression
analysis was used to investigate associations between the level
of initial BP and the reduction in BP after ET.

Results

Thirty-six participants who completed the protocol were an-
alyzed. The mean age was 69.3 years, and 11 (30.6%) participants
were male. Regarding the associated risk factors or comorbidi-
ties, 16 participants (44.4%) had some type of dyslipidemia; 17
(47.2%) were obese (BMI>27 kg/m?); eight (22.2%) had diabetes
mellitus type 2; four (8.9%) suffered from alcoholism; and six
(13.3%) were smokers. The clinical and sociodemographic char-
acteristics of the participants are described in Table 1.
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Compared to the pre-ET program period, there was a reduc-
tion of 1.4% in body mass (p<0.001) in 30 participants (83%) and
a reduction of about 4.8% in fasting blood glucose (p=0.002) in
28 participants (78%). The mean values for body mass, BMIL and
blood glucose are shown in Table 2. At the end of the ET program,
32 participants (89%) showed a reduction of about 6 mmHg
in SBP (p<0.001), and 23 (64%) showed a reduction of about
2 mmHg in DBP (p<0.001) (Figure 1). The change in the levels
of SBP and DBP correlated with baseline SBP and DBP, respec-
tively, suggesting that the higher the SBP and DBP, the greater

Table 1. Sociodemographic and clinical characteristics of participants
of a twice-weekly exercise program.

. Absolute Relative fre-
Variables
frequency (n)  quency (%)
Pharmacologic Treatment
ACEls 34 88.9
Beta blockers 8 22.2
Diuretics 11 30.6
Calcium channel blockers 2 56
Statins 11 30.6
Aspirin 4 111
Oral hypoglycemic drugs 8 22.2
Educational level
Illiterate 14 38.9
Elementary school 22 61.9
Income!
<1 MW 26 76.5
Between 1and 2 MW 7 20.6
>3 MW 1 29

ACEls=angiotensin-converting enzyme inhibitors; MW=minimum wage; ' Two participants
chose not to disclose their income; data concerning income n=34.

the effects on these variables with the exercise training (Figure
2). Although SBP and DBP correlated positively and linearly with
body mass in the pre-exercise period (r=0.34, p=0.04; r=0.43 and
p=0.009, respectively), this correlation was not maintained in the
changes in these variables after the intervention.

The data for the physical capacity assessed pre- and
post-ET program are shown in Table 2. ET promoted an in-
crease (p<0.001) in the performance of upper and lower limb
muscle strength motor tests, expressed by the increase in the
number of repetitions achieved in the CST and in the EFT. At
the beginning of the protocol, 21 participants (58.3%) were in-
cluded in the reference standards of normality for gender and
age in the CST and in the EFT and, at the end of the protocol,
this number increased to 26 (72.2%).

The ET did not affect flexibility, estimated by the SRT.
Initially, only 22 participants (61.1%) were below the refer-
ence values, and this frequency remained the same after the
intervention. There was improvement in aerobic capacity
(p<0.001) and balance (p=0.029), demonstrated by the in-
crease in the number of steps and by the duration of unipedal
stance, respectively. For the UST and SGT, 16 participants
(44.4%) showed results within normality reference values, ris-
ing to 24 (66.7%) at the end of the protocol for the SGT and 20
(55.6%) for the UST.

The improvement in functional ability was verified by the
reduction in the time taken in the PST and in the SSMT (Figure
3), with changes of 16.3% for the PST (p<0.001) and 2% for the
SSMT (p<0.001). In the PST, 35 participants (97.2%) improved
their performance and 28 (77.8%) in the SSMT. Throughout the
intervention period, there were no reports of accident or injury
by the participants.

Table 2. Effects of exercise program on anthropometric characteristics, blood glucose concentration, and physical ability of elderly participants with
hypertension treated at a Basic Health Unit in Fortaleza, CE, Brazil, 2007-2008.

Parameters Pre Post p value
Body mass (kg) 72.1+10.4 71.2+10.1 <0.001
BMI (kg/m?) 27.9+4.2 27 6+4.1 <0.001
Blood glucose (mg/dL) 104.6+16.5 101.6+13.8 0.002
Physical ability
Muscle strength

CST (repetitions) 10.0 (8.5-11.0) 11.0(9.0-12.0) <0.001

EFT (repetitions) 12.5 (11.0-14.0) 14.0 (12.5-15.5) <0.001
Flexibility

SRT (centimeters) -2.85 [(-4.25)-(-1.60)] -2.90 [(-4.20)-(-1.40)] NS
Aerobic capacity

SGT (number of steps) 73.9+10.8 78.3+9.8 <0.001
Balance

UST (seconds) 8.7+3.4 9.2+31 0.029

BMI=Body mass index; CST=chair-stand test; EFT=elbow flexor test; SRT=sit and reach test; SGT=Stationary gait test; UST=unipedal stance test; NS=Non-significant (p>0.05); data
analyzed using the paired ttest and shown as mean=SD or analyzed using the Wilcoxon signed rank test and shown as median values (interquartile intervals).
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Figure 1. Blood pressure levels in elderly hypertensive participants undergoing a twice-weekly exercise program.
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Figure 2. Correlation between baseline and absolute changes to systolic blood pressure (SBP, mmHg, y=25.518-0.219x, r=0.507, p=0.002, panel
A) and diastolic blood pressure (DBP, mmHg, y=20.103-0.256x, r=0.762, p<0.001, panel B) in elderly participants with hypertension (n=36) after a

12-week exercise program.
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Figure 3. Performance in functional ability tests before and after a twice-weekly exercise program.
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Discussion

The results demonstrated that a multi-component ET
program with reduced weekly frequency can contribute
to the reduction in BMI, blood glucose, and BP and can
improve the physical fitness and functional ability of el-
derly hypertensive patients under pharmacological treat-
ment. AH is a significant risk factor for cardiovascular
disease, affecting more frequently the elderly population’.
It is characterized by various metabolic dysfunctions'* and
usually accompanied by obesity***. Some of the hypoten-
sive mechanisms of ET are indirect, such as reduction in
body weight and blood glucose levels’, which in the pres-
ent study was small but significant. The reduction found
in the peripheral blood glucose after intervention was
similar to that found in a ET protocol with a greater num-
ber of weekly sessions?, and even other programs with a
higher volume of ET did not reduce the anthropometric
parameters®®.

Although elderly participants with hypertension had a
lower BP reduction after ET compared to young and middle-
aged individuals, there was the benefit of the hypotensive
effect of exercise®. This effect is well known, but there is
no consensus on the optimum amount of exercise to induce
greater hypotensive effects. Some studies have shown that
ET, even with a reduced frequency of only twice a week or
volumes less than 120 minutes a week, promotes a mean re-
duction of 2.8 and 2.2 mmHg in SBP and DBP, respectively®.
Furthermore, no additional hypotensive effect is observed
when participants exercise more than 60 minutes per week".
Our results corroborate these findings, considering that the
volume of two training sessions in our protocol amounted
to about 120 minutes per week.

In addition to indirect effects, such as improvement in
glucose metabolism and body mass reduction, the ET causes
areduction in peripheral vascular resistance, cardiac output,
sympathetic nerve activity, plasma volume, and endothelial
function’. These may be the mechanisms responsible for
hypotension, the magnitude of which depends on the initial
levels of SBP and DBP, therefore the higher the initial BP
levels, the greater the reductions obtained™**". The results
of our study confirm this assertion. It should also be empha-
sized that the reduction in BP during this period may have
suffered interference from other factors, such as emotional
state, diet, and proper use of medication.

First, it is interesting to note that the results of motor
tests showed that a reasonable number of elderly partici-
pants had results below the reference values for gender and
age and with lower mean values than elderly participants
without AH'**. However, these results were similar to or

slightly lower than the results from other studies involv-
ing elderly patients with AH***, which suggests that AH is
a chronic condition that can be associated with decreased
motor capacity and physical fitness. Second, it is also in-
teresting that the exercise protocol was effective in quan-
titatively improving the performance of muscle strength,
balance, and aerobic capacity tests, as well as increasing the
frequency of participants who achieved the range of refer-
ence values for muscle strength and aerobic capacity®.

The fact that flexibility did not show a clear improve-
ment can be justified by the low volume of training specific
to this physical capacity, far below the training performed
by Monteiro et al.** who dedicated 30 minutes of each ses-
sion, three times a week, to flexibility training in hyperten-
sive elderly participants in a BHU. Considering that one
of the objectives of our study was to have only two weekly
sessions, the solution would be to dedicate more time to
flexibility training. Systematic exercise programs based
on strength, balance, and walking activities decreased the
incidence of falls®, a frequent problem among the elderly.
The improvement in muscle strength and static balance
after the intervention was probably due to the fact that the
exercise protocol included muscle strength exercises and
dance activities, in which balance skills are implicit.

The stationary gait test (SGT) was used in the present
study to assess aerobic capacity and was chosen because
it can be applied in a small room without expensive equip-
ment. The SGT also showed a positive correlation with
other tests for the same estimate®. Other studies have found
significant improvements in aerobic capacity with exercise
in elderly participants with AH"?, which may result from
several factors including improvement in cardiac output,
increased peripheral blood flow and/or improvement in
musculoskeletal metabolism’.

Given that elderly patients with less muscle strength,
aerobic capacity, flexibility, and balance have more difficulty
performing daily tasks'*'¢'*%, two motor tests were used to
compare the maximum capacity of task performance with
everyday activities and to determine whether the improve-
ment in these physical skills could have an effect on func-
tional ability. The first test was the PST, which emphasizes
personal care based on the participant’s ability to put on
socks. It was not common for the population of the present
study to wear socks in a tropical climate, but it became nor-
mal because it was necessary for exercise. The second test
was the SSMT, which emphasizes activities of locomotion,
simulating the actions of sitting, standing up from a chair,
and walking around the house®.

Training improved the results of both tests, most promi-
nently the PST. No studies were found involving elderly
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patients with AH that applied these tests, however Cosme,
Okuma, and Mochizuki*" showed that elderly individuals
who exercise regularly have excellent performance in the PST
and the SSMT, showing that ET can have a positive impact
on these skills as occurred in our study. The improvement
in task performance times may have direct implications for
the functional ability of the elderly, considering that some
activities can become extremely complex such as putting
on a sock® or crossing a busy road due to slower gait and
reduced safety at road-crossings™.

The use of ambulatory blood pressure monitoring
(ABPM) could have provided more reliable BP measures;
however, the intrarater coefficients for SBP and DBP indi-
cated reproducibility. Other limiting factors of our study
were the lack of prescription of exercise based on cardiopul-
monary exercise tests and the lack of a control group, which
hampered comprehensive comparative analysis. Neverthe-
less, we should consider, on one hand, the absence of local
conditions for sophisticated tests and, on the other hand,
the practicality of the program location, which the elderly
participants already frequented and which may have con-
tributed to the high commitment to the ET program (82%
of the participants completed the protocol). This aspect is
particularly interesting given that the studied sample had a
low level of education, a limiting factor to the recognition of
the importance of exercise and adherence to hypertensive
treatments®.
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investigated frequently, most of them conducted in envi-
ronments such as hospitals and clinics that allow stricter
control over the participants, however very little has been
investigated on the inclusion of programs in community
settings such as the BHU. The few attempts to that effect
showed promising results***,

In summary, the results suggest that a multi-component
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