
O R I G I N A L  R E S E A R C H

Short-Term Effect of Self-Selected Training Intensity 
on Ambulatory Blood Pressure in Hypertensive 
Older Women: A Randomized Controlled Trial

This article was published in the following Dove Press journal: 
Clinical Interventions in Aging

Júlio Sócrates 1 

Rodrigo Alberto Vieira  
Browne 1 

Geovani  
Araújo Dantas  
Macêdo 2 

Maria Beatriz Fonseca  
Araújo 3 

Ronildo Paulo-Pereira 3 

Ludmila Lucena Pereira  
Cabral 1 

Bruno Erick Barros Lucena 1 

Luiz Fernando Farias-Junior 4 

Eduardo Caldas Costa 1–3

1Graduate Program in Health Sciences, 
Federal University of Rio Grande do 
Norte, Natal, Brazil; 2Graduate Program 
in Physical Education, Federal University 
of Rio Grande do Norte, Natal, Brazil; 
3Department of Physical Education, 
Federal University of Rio Grande do 
Norte, Natal, Brazil; 4Graduate Program 
in Psychobiology, Federal University of 
Rio Grande do Norte, Natal, Brazil 

Purpose: To investigate the short-term effect of self-selected training intensity (SSTI) on 
ambulatory blood pressure (BP) in hypertensive older women.
Participants and Methods: This is a randomized, single-blind, two-arm, parallel-group 
controlled trial that included 40 medicated hypertensive older women (64.4±3.6 years; 
resting systolic 118±19 and diastolic BP 68±9 mmHg). SSTI intervention was performed 
three times per week, 30–50 minutes per session (n=20). The control group participated in 
health education meetings once per week (n=20). Ambulatory BP (primary outcome) and 
six-minute walking test performance (secondary outcome) were assessed at baseline and 
following 8 weeks of intervention. Heart rate (HR), rating of perceived exertion (RPE, 6–20), 
and affective valence (ie, feeling scale, −5/+5) were recorded during all SSTI sessions. 
Intention-to-treat and per-protocol analyses were used for data analyses.
Results: Fifteen participants from the SSTI group and 17 from the control group completed 
the study. No differences in ambulatory BP (24-h, awake, and asleep) were observed between 
SSTI and control groups (intention-to-treat and per-protocol analyses; p>0.05). The SSTI 
group showed a greater six-minute walking test performance than the control group in the 
intention-to-treat and per-protocol analyses (p<0.05). The participants exercised at 52±10% 
of HR reserve reported an RPE of 11±1 and an affective valence of 3.4±1.1 over the 8-week 
period.
Conclusion: SSTI is a feasible approach to induce a more active lifestyle and increase 
health-related fitness in hypertensive older women, although it does not improve BP control 
over a short-term period.
Keywords: exercise, hypertension, aging

Introduction
Hypertension is a major risk factor for premature mortality worldwide, being mainly 
associated with cardiovascular diseases.1 In the last four decades, the number of adults 
with hypertension increased from 594 million in 1975 to 1.1 billion in 2015. The 
increase of hypertension occurred mainly in low-income and middle-income 
countries.2 In addition, the hypertension care cascade (ie, hypertension awareness, 
treatment, and control) was worse in low- and middle-income than in high-income 
countries.3 It should be noted that the prevalence of hypertension is higher in older 
adults,1 especially in older women.4,5 Therefore, improvement in the hypertension care 
cascade is needed, especially at the blood pressure (BP) control level, in order to 
attenuate the risk of premature cardiovascular events and mortality.
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Physical exercise is a cornerstone of non-pharmacological 
approaches to reduce BP and improve hypertension control.6,7 

A recent network meta-analysis showed that the systolic BP- 
lowering effect of exercise training appears to be similar to 
antihypertensive medications among individuals with 
hypertension.8 Despite the well-known antihypertensive effect 
of regular exercise training, the SABE Survey (Health, 
Welfare and Aging Survey), which is a home-focused epide-
miological study in Brazil, revealed that 71.4% of hyperten-
sive older adults are inactive; ie, <150 minutes per week of 
moderate physical activity, and <75 minutes per week of 
vigorous physical activity.9 Thus, effort should be made to 
increase the participation and adherence of hypertensive older 
adults in regular physical exercise.

The traditional exercise prescription recommended by 
clinical hypertension guidelines have focused on the FITT 
principle (Frequency, Intensity, Time, and Type),6,7 using 
heart rate- (HR) and oxygen uptake-based (VO2) 
approaches for exercise intensity prescription and monitor-
ing. However, these methods are not accessible or easy to 
understand for most hypertensive older adults. It has been 
argued that self-selected exercise intensity may be an 
interesting option to increase participation and adherence 
to regular physical exercise,10 mainly due to its psycholo-
gical advantages such as higher perceived autonomy, self- 
efficacy, affective response, and lower perceived 
exertion.11–13 Self-selected exercise intensity is character-
ized when individuals choose their own exercise intensity 
according to their preferences.10 Older adults typically 
self-select an exercise intensity close to their ventilatory 
threshold,10,14 which is within the recommended range 
proposed for hypertensive patients. For example, the 
American College of Sports Medicine recommends an 
exercise intensity between 40% and 59% of VO2 reserve 
or HR reserve for hypertensive individuals.7

Two previous studies from our group showed that hyper-
tensive older women self-select an exercise intensity between 
50% and 60% of HR reserve and report the exercise sessions 
as “light” and “pleasant”.15,16 In addition, Costa et al16 

showed that a single 30-minute self-selected exercise inten-
sity session elicited a reduction in ambulatory systolic (BP) 
in inactive hypertensive older women. The systolic post- 
exercise hypotension (PEH) of ~6 mmHg lasted up to a six- 
hour period and contributed to a reduction in the mean values 
of systolic BP in the 20-hour and awake periods. These 
results suggest that the self-selected exercise intensity has 
the potential to induce a BP-lowering effect following 
a regular exercise training period.17 However, to the best of 

our knowledge, there is a scarcity of studies investigating the 
chronic effect of a self-selected training intensity (SSTI) 
intervention on BP and fitness-related outcomes in hyperten-
sive older adults. Therefore, this study investigated the short- 
term chronic effect of a SSTI intervention on ambulatory BP 
(primary outcome) and six-minute walking test performance 
(secondary outcome) in inactive hypertensive older women. 
It was hypothesized that 8 weeks of SSTI would reduce 
ambulatory BP and improve the six-minute walking test 
performance in these individuals.

Participants and Methods
Trial Design
This is a randomized, single-blind, two-arm, parallel-group 
controlled trial designed to investigate the short-term chronic 
effect of a SSTI intervention on ambulatory BP in hyperten-
sive older women. This trial is reported in accordance with 
the CONSORT statement guidelines.17 All procedures 
related to this study were conducted at the Department of 
Physical Education and at the University Hospital Onofre 
Lopes from the Federal University of Rio Grande do Norte, 
Natal, RN, Brazil, between September 2018 and 
November 2019. All participants were informed about the 
study procedures and provided written informed consent. 
The study was carried out in line with the Declaration of 
Helsinki and was approved by the Institutional Ethics 
Committee (protocol 2.840.999/2018). The study was also 
registered in the Brazilian Clinical Trials Registry (http:// 
ensaiosclinicos.gov.br/; ID: RBR-3h5394).

Participants
A total of 40 community-dwelling hypertensive older 
women were included in this study (Figure 1). All partici-
pants were recruited from Natal, RN, Brazil, by advertise-
ments on radio, flyers, and e-flyers in social media 
(WhatsApp®, Instagram® and Facebook®). The inclusion 
criteria for the participants were: i) aged 60–75 years; ii) 
previous diagnosis of hypertension according to the 
Brazilian guidelines on hypertension;18 iii) currently tak-
ing antihypertensive medication(s); iv) body mass index 
(BMI) <35 kg/m2; v) being inactive; ie, less than 600 
MET/min/week of physical activities19 and <7500 steps 
per day;20 vi) no prior history of major cardiovascular 
disease or cardiovascular events (eg, acute myocardial 
infarction, stroke, coronary artery disease, arrhythmias, 
or peripheral vascular disease); vii) no osteomioarticular 
injury which limited the ability to perform exercise. The 
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exclusion criteria were: i) having pain or injury which 
limits their ability to exercise during the study; ii) changes 
in antihypertensive medication(s) during the study.

Procedures
All participants were screened at their first visit using the 
Physical Activity Readiness Questionnaire,21 medical history, 
medication use, and the initial physical activity level assess-
ment using an adapted version of the Minnesota Leisure Time 
Activities Questionnaire.19 A clinical examination provided 
body weight (kg), height (m), resting HR (bpm), and resting 
BP (mmHg) measurements. BMI was calculated as weight 
(kg) divided by height (m) squared. Resting HR was measured 
after 10 minutes of rest in a supine position in a calm and 

controlled room (24–26°C) using an HR monitor (Polar 
Electro®, Kempele, Finland). Resting BP was measured in 
a seated position using an oscillometric device (Omron® 

HEM-780-E, Kyoto, Japan) in triplicate with 1-minute inter-
vals between each measure. The average value of the last two 
measures was recorded. In the second visit, the participants 
performed the maximal graded exercise test with a cardiologist 
in order to exclude symptoms and electrocardiographical 
alterations suggestive of heart disease. In the third visit, the 
ambulatory BP of the participants during a 24-hour period was 
assessed. The participants then returned to the laboratory on 
the next day to remove the ambulatory BP monitoring device 
(CardioMAPA, Cardios®, Brazil) and to perform the six- 
minute walking test. Afterward, participants were fitted with 

Figure 1 Study flowchart.  
Abbreviation: SSTI, self-selected training intensity group.
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a wrist pedometer (Omron® HJ-321, Kyoto, Japan) to confirm 
their inactive physical activity level as assessed by the number 
of steps accumulated per day over a 1-week period. The 
participants returned to the laboratory 1 week later to remove 
the wrist pedometer and were randomly allocated to the SSTI 
or control group.

Physical Activity Level
An adapted version of the Minnesota Leisure Time 
Activities Questionnaire19 was used to identify inactive 
participants in the screening visit. Afterward, those identi-
fied as inactive (ie, <600 MET/min/week) were selected 
for the pedometer-measured physical activity level assess-
ment in order to confirm their inactive status. Pedometers 
(Omron®, HJ-321 Tri-Axis Alvita, USA) were individu-
ally adjusted for the participants based on their stride 
length, weight and height according to the manufacturer’s 
instructions. A total number of steps per day less than 
7500 was used as a criterion to determine participants as 
inactive.20 The participants returned to the laboratory 
1 week after the fourth screening visit to remove the 
wrist pedometer. Only participants classified as inactive 
in the Minnesota Leisure Time Activities Questionnaire19 

and who showed less than 7500 steps per day in the 
pedometer-measured physical activity level assessment 
were included in the study.

Maximal Graded Exercise Test
The participants performed a maximal graded exercise test 
on a motorized treadmill (Centurion 200, Micromed®, 
Brazil) to determine their HRmax and to exclude symptoms 
and electrocardiographical alterations suggestive of heart 
disease. Participants were continuously monitored with 
12-lead electrocardiography by a cardiologist during the 
maximal graded exercise test and during a five-minute 
recovery period. An incremental ramp protocol was per-
formed by the participants starting at a speed of 2.5 km/h 
and 4% grade with continuous increments to reach 5.5 km/ 
h and 14% grade at 10 minutes. The BP was measured 
every 2 minutes during and immediately following the end 
of the maximal graded exercise test by the auscultatory 
method. RPE was recorded every minute using Borg’s 
RPE scale (6–20).22 The graded exercise test was consid-
ered maximal when the participant reached an RPE > 17 
and HR within ± 10 bpm of age-predicted HRmax (220- 
age).23 For participants using a β-blocker, only RPE was 
used as a criterion of volitional exhaustion. Participants 

performed the maximal graded exercise test under their 
regular antihypertensive medication.

Six-Minute Walking Test
The six-minute walking test (6MWT) was conducted 
according to the procedures established by Rikli and 
Jones24 and was used as a proxy of cardiorespiratory 
fitness.25 A previous study showed that the walking dis-
tance covered in the 6MWT predicted maximal oxygen 
uptake (R2 = 0.76) obtained from a maximal cardiopul-
monary test, which is a “gold-standard” method to assess 
cardiorespiratory fitness.26 Therefore, we used the 6MWT 
as a proxy of cardiorespiratory fitness due to its feasibility 
and potential to provide valuable information in clinical 
practice.25

Ambulatory Blood Pressure Monitoring
Participants wore an ambulatory BP device (CardioMAPA, 
Cardios®, Brazil) on their non-dominant arm according to 
the Brazilian guidelines for ambulatory BP monitoring27 

over a 24-hour period. The device was programmed to 
measure BP every 15 minutes during their awake and 
every 30 minutes during their sleeping periods. 
A minimum of 16 and eight BP measurements during 
awake and sleeping periods, respectively, had to be suc-
cessfully recorded to be included in the analysis. 
Participants came back to the laboratory the following 
morning after each session so that the BP information 
could be downloaded to a computer. Data was recorded 
during the awake and sleeping periods defined according 
to each participant. The average values for each period 
were considered for data analysis (ie, 24-hour, awake, and 
asleep). In addition, BP load was calculated during the 24- 
hour period. This index is defined as the percentage of 
readings that exceeds the normal BP values in both awake 
and asleep periods. Systolic BP ≥ 135 and diastolic BP ≥ 
85 mmHg were considered abnormal in the awake period, 
while systolic BP ≥ 120 and diastolic BP ≥ 70 mmHg were 
considered abnormal in the asleep period. All procedures 
related to the ambulatory BP monitoring were explained to 
the participants at the health screening visit based on the 
Brazilian guidelines for ambulatory BP monitoring.27

Self-Selected Training Intensity 
Intervention
The SSTI occurred three times per week over 8 weeks. 
The duration of the SSTI sessions was increased from 
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week one (30 minutes) to week five (50 minutes); ie, 
5 minutes per week. The SSTI sessions had 50 minutes 
duration from week five to week eight. All SSTI sessions 
were performed in the afternoon between 4:00 and 6:00 
p.m. on a standard outdoor 400 m track. Participants’ BP 
was measured immediately prior to each SSTI session. 
They were allowed to exercise if their BP was lower 
than 160/105 mmHg.23 Participants were instructed to 
regulate their own pace before the SSTI sessions using 
the following statement and following the same proce-
dures of previous studies15,16 from our group: We would 
like that you exercise for [30, 35, 40, 45, or 50 minutes] at 
a pace of your own choosing. You can freely change the 
pace at any time during the exercise. Participants per-
formed a stretching routing and then warmed up for 5 min-
utes to adjust their pace before starting the SSTI session. 
Participants then cooled down afterwards for 5 minutes by 
walking at a slow pace. All participants were fitted with 
a HR monitor (Polar Electro®, Kempele, Finland) to moni-
tor HR responses during SSTI sessions. In addition, 
whole-body perceived exertion using Borg’s RPE scale 
(6–20)22 and affective valence using the Feeling Scale 
(−5/+5)28 were reported by participants every 10 minutes 
during the SSTI sessions over the eight-week period of 
intervention. All participants were individually instructed 
about the use of the Borg’s RPE scale and Feeling Scale 
prior to beginning the SSTI intervention. RPE was defined 
as subjective intensity of effort, strain, and/or fatigue felt 
during exercise.22 Low and high perceptual anchors for 
Borg’s RPE scale were established during the maximal 
graded exercise test. A rating of 6 (low anchor, “very, 
very light”) was assigned to the lowest exercise intensity, 
while a rating of 20 (high anchor, “very, very hard”) was 
assigned to the highest exercise intensity. The Feeling 
Scale is an 11-point bipolar scale ranging from +5 to −5. 
This scale presents verbal anchors: −5= very bad; −3= bad; 
−1= fairly bad; 0= neutral; +1 fairly good; +3= good; and 
+5= very good. The participants received standard instruc-
tions explaining the Feeling Scale according to Hardy and 
Rejeski.28 All SSTI sessions were performed individually 
in order to avoid interference on the self-selected pace, 
RPE and affective valence.

Control Group
The control group participated in group-based health edu-
cation meetings once per week over the 8 weeks of inter-
vention at the Department of Physical Education, Federal 
University of Rio Grande do Norte. Every education 

meeting had 60 minutes of duration and was conducted 
by two researchers (LLPC, MBFA). The topics of the 
education meetings covered basic knowledge about self- 
care in aging, healthy and unhealthy behaviors (eg hydra-
tion, sleep, alcohol intake, sedentary time), and prevention 
and management of non-communicable diseases (eg, 
hypertension, type 2 diabetes, signals and symptoms of 
cardiovascular events). Moreover, group dynamics, ludic 
activities and board games were also conducted during the 
meetings. The comparator of the SSTI intervention was 
health education because this is a usual care approach in 
public primary care settings in Brazil for hypertensive 
adults, in addition to the pharmacological treatment.

Sample Size and Randomization
Previous meta-analyses showed that a decrease of 5 mmHg 
in systolic BP provides a clinically meaningful risk reduc-
tion in cardiovascular diseases and mortality.29,30 A meta- 
analysis conducted by Sosner et al31 showed that aerobic 
exercise training reduces 24-hour ambulatory BP by 
4 mmHg; however, the magnitude of the BP-lowering effect 
is higher in individuals with pre- to established hyperten-
sion (ie, resting BP ≥ 130/85 mmHg). Based on these 
previous studies,29–31 a priori sample size calculation was 
conducted to provide sufficient power (1-β of 80% and 
alpha of 5%) for a reduction of 5 ± 5 mmHg in 24-hour 
ambulatory BP (primary outcome) in the SSTI group com-
pared to the control group. A total of 34 participants were 
needed to fulfill the study power (G*Power software, ver-
sion 3.1.9.2). Thus, considering a dropout rate of 20%, 40 
participants were recruited for the study. After all baseline 
assessments, a computer-based simple randomization 
(www.graphpad.com) was carried out to determine the allo-
cation of the participants to the SSTI (n = 20) or the control 
group (n = 20). This procedure was conducted by an inde-
pendent researcher (ECC) not involved in the recruitment, 
allocation, assessment (baseline and following 8 weeks), 
and SSTI intervention or health education meetings. 
Afterward, the 40 sequential codes from the randomization 
list were included in 40 opaque and closed envelopes. Thus, 
allocation concealment was implemented. In addition, 
blinded researchers (RAVB, LFFJ, GADM) conducted all 
procedures related to the assessments at baseline and fol-
lowing 8 weeks of intervention.

Statistical Analysis
Data normality was tested using the Shapiro–Wilk test, 
skewness and kurtosis (score-z: −1.96 to +1.96). Results 
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are expressed as mean ± SD and absolute and relative 
frequency. An independent t-test was used to compare 
the mean values of resting and ambulatory BP, 6MWT, 
pedometer-measured physical activity level, and anthropo-
metric measures at baseline. The Friedman test was used 
to compare HR reserve, RPE and affective valence during 
the SSTI sessions over the 8 weeks of intervention. 
Intention-to-treat and per-protocol analyses were con-
ducted for both primary and secondary outcomes. 
A generalized estimating equation (GEE) model was 
used to assess the group (2 factors: SSTI vs control) by 
time (2 factors: baseline vs eight weeks) interaction on 
primary (ambulatory BP) and secondary (6MWT perfor-
mance) outcomes. All GEE models used the gamma dis-
tribution with an identity link based on the goodness of fit, 
except for the BP load, which used a tweedie distribution 
with identity link. The goodness of fit of the models was 
verified by the normal Q–Q plot and Akaike information 
criterion. A two-tailed p < 0.05 was considered statistically 
significant for all analyses. Data analysis was performed 
using IBM SPSS Statistics for Win/v.25.0 (IBM Corp., 
Armonk, NY). Cohen’s ds for comparisons between- 
groups and Cohen’s dz for comparisons within-group 
were used to calculate the effect size (ES).32 The following 
criteria for the interpretation of the ES were adopted: 
<0.50, small; 0.50 to 0.79, medium; and ≥0.80, large.33

Results
Eight participants dropped out of the study (ie, five from the 
SSTI group and three from the control group). Six partici-
pants reported a lack of time to continue the study, one 
participant had a renal calculi crisis not related to the 
study, and one was excluded because they reported having 
knee pain in the second SSTI session. No more adverse 
events occurred over the 8 weeks of the SSTI intervention. 
The attendance rate of the SSTI sessions was 91.7%. 
Table 1 shows the characteristics of the participants 
included in the study. The participants had 9.4 ± 5.9 years 
of hypertension diagnosis. Regarding the antihypertensive 
medication use, 45% (n = 18) used only one medication, 
47% (n = 19) two medications, and 8% (n = 3) three or more 
medications. A total of 10 Caucasian, 8 Pardo, and 2 Black 
individuals were included in the SSTI group and 
9 Caucasian, 7 Pardo, and 4 Black individuals were 
included in the control group. No differences were observed 
for the pedometer-measured physical activity level between 
the groups at baseline (4213 ± 1665 vs 4603 ± 1520 steps/ 
day; p = 0.808; Cohen’s ds = 0.24).

Table 2 shows the HR, RPE, and affective valence 
during the SSTI sessions over the 8 weeks of intervention. 
No differences were found over the 8 weeks of interven-
tion in the HR, RPE and affective valence (p > 0.05). 
Participants exercised at an average of 52 ± 10% of HR 
reserve, reported an RPE of 11 ± 1 and an affective 
valence of 3.4 ± 1.1.

Table 3 shows the values of ambulatory BP at baseline 
and following the 8 weeks of intervention in the SSTI and 
control groups. Both intention-to-treat (n = 40) and per- 
protocol (n = 32) analyses revealed no significant differ-
ences in systolic and diastolic 24-hour, awake, and asleep 
BP between the SSTI and control groups (p > 0.05). There 
was no difference in systolic 24-hour BP load in the SSTI 
compared to the control group, both in the intention-to- 
treat analysis (p = 0.079) and per-protocol analysis 
(p = 0.076).

Figure 2 shows the individual 24-hour BP pre-post 
changes of participants with uncontrolled (ie, systolic BP 
≥ 130 mmHg; panel A) and controlled (ie, systolic BP < 
130 mmHg; panel B) ambulatory BP levels at baseline 
based on per-protocol analysis. All participants from the 
SSTI group with uncontrolled BP levels showed 
a reduction in the 24-hour systolic BP (from ~2 to ~6 

Table 1 Characteristics of the Self-Selected Training Intensity 
and Control Groups

Variables SSTI Control P-value

N 20 20

Age (years) 64.7 ± 3.3 64.2 ± 3.9 0.359

Weight (kg) 67.3 ± 11.8 73.4 ± 15.4 0.110

Height (cm) 153.4 ± 4.9 153.7 ± 6.1 0.342

Body Mass Index (kg/m2) 29.1 ± 5.6 31.1 ± 6.1 0.340

Six-Minute Walking Test (m) 467 ± 45 465 ± 67 0.710

Resting SBP (mmHg) 122 ± 20 114 ± 16 0.435

Resting DBP (mmHg) 70 ± 10 65 ± 8 0.884

Resting Heart Rate (bpm) 71 ± 7 74 ± 9 0.440

Maximal Heart Rate (bpm) 151 ± 16 142 ± 12 0.192

Heart Rate Reserve (bpm) 80 ± 17 68 ± 14 0.558

Antihypertensive medications, 

n (%)

Calcium Channel Blocker 2 (10%) 2 (10%)

Diuretics 7 (35%) 7 (35%)

Angiotensin Receptor 

Antagonists

12 (60%) 18 (90%)

Beta-Blocker 5 (25%) 4 (20%)

ACE Inhibitor 7 (35%) 1 (5%)

Note: Values expressed as mean ± SD or absolute and relative frequency (%). 
Abbreviations: ACE, angiotensin converting enzyme; DBP, diastolic blood pres-
sure; SBP, systolic blood pressure; SSTI, self-selected training intensity.
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mmHg). Considering the five participants from the control 
group with uncontrolled BP levels, one did not change the 
24-hour systolic BP, two showed an increase (~7 and ~14 

mmHg), and two showed a decrease (~9 and ~3 mmHg). 
Regarding the participants from the SSTI group with con-
trolled BP levels at baseline, 63.7% (n = 7) did not change 

Table 2 Heart Rate, Rating of Perceived Exertion and Affective Valence During the Self-Selected Training Intensity Sessions Over the 
Eight Weeks of Intervention

Self-Selected Training Intensity – Weeks P-value

1 2 3 4 5 6 7 8

HR Reserve (%) 55 ± 13 52 ± 14 54 ± 12 54 ± 12 54 ± 11 55 ± 12 52 ± 13 57 ±12 0.953
RPE (6–20) 11 ± 1 11 ± 1 11 ± 1 11 ± 1 11 ± 1 11 ± 1 11 ± 1 11 ± 1 0.999

Affect (−5/+5) 3.3 ± 0.8 3.2 ± 1.2 3.2 ± 0.8 3.2 ± 0.9 3.2 ± 0.8 3.3 ± 1.1 3.6 ± 0.9 3.5 ± 1.0 0.173

Note: Values expressed as mean ± SD. 
Abbreviations: HR, heart rate; RPE, rating of perceived exertion.

Table 3 Ambulatory BP at Baseline and Following Eight Weeks of Intervention in the Self-Selected Training Intensity and Control Groups

Ambulatory BP SSTI 
ITT (n=20); PP (n=15)

ES Control 
ITT (n=20); PP (n=17)

ES P-value

Baseline 8 Week Baseline 8 Week β (95% Wald CI)

24-hour

Intention-to-Treat

SBP (mmHg) 124 ± 16 123 ± 15 0.19 123 ± 16 124 ± 17 0.14 −2.3 (−6.2 to 1.5) 0.240
DBP (mmHg) 69 ± 8 68 ± 7 0.25 67 ± 7 67 ± 8 0.00 −1.2 (−3.5 to 1.2) 0.333

Per protocol

SBP (mmHg) 122 ± 14 121 ± 12 0.16 122 ± 16 124 ± 18 0.25 −2.8 (−7.6 to 1.9) 0.241
DBP (mmHg) 69 ± 8 67 ± 8 0.46 67 ± 6 67 ± 8 0.00 −1.5 (−4.5 to 1.5) 0.298

Awake
Intention-to-Treat

SBP (mmHg) 125 ± 16 125 ± 15 0.00 124 ± 15 126 ± 17 0.25 −2.0 (−6.1 to 2.0) 0.326

DBP (mmHg) 71 ± 8 70 ± 8 0.25 68 ± 7 69 ± 5 0.00 −0.6 (−3.0 to 1.8) 0.626
Per protocol

SBP (mmHg) 123 ± 14 123 ± 12 0.00 124 ± 16 126 ± 18 0.23 −2.4 (−7.4 to 2.6) 0.344

DBP (mmHg) 70 ± 9 70 ± 8 0.00 69 ± 7 69 ± 8 0.00 −0.8 (−3.8 to 2.3) 0.615

Asleep

Intention-to-Treat
SBP (mmHg) 119 ± 15 116 ± 14 0.45 119 ± 18 119 ± 18 0.00 −2.8 (−7.4 to 1.9) 0.249

DBP (mmHg) 63 ± 8 60 ± 7 0.66 61 ± 7 61 ± 9 0.00 −2.0 (−5.3 to 1.2) 0.215

Per protocol
SBP (mmHg) 118 ± 14 115 ± 11 0.38 118 ± 18 118 ± 18 0.00 −3.6 (−9.3 to 2.1) 0.219

DBP (mmHg) 63 ± 9 59 ± 7 0.76 61 ± 7 60 ± 9 0.15 −2.8 (−6.7 to 1.1) 0.158

24-hour BP Load

Intention-to-Treat

SBP (%) 33 ± 34 30 ± 31 0.28 30 ± 33 34 ± 35 0.30 −6.5 (−13.7 to 0.7) 0.079
DBP (%) 15 ± 22 12 ± 16 0.23 12 ± 15 13 ± 17 0.10 −3.5 (−9.3 to 2.3) 0.237

Per protocol

SBP (%) 30 ± 32 26 ± 28 0.33 28 ± 32 33 ± 34 0.35 −8.1 (−17.0 to 0.9) 0.076
DBP (%) 14 ± 25 11 ± 16 0.28 11 ± 13 12 ± 16 0.09 −4.5 (−11.7 to 2.7) 0.223

Notes: Values expressed as mean ± SD and parameter estimates (β) and 95% Wald confidence interval (CI). ES: Cohen’s dz effect size (< 0.50, small; 0.50 to 0.79, medium; 
and ≥ 0.80, large). 
Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; ITT, intention-to-treat analysis; PP, per-protocol analysis; SBP, systolic blood pressure; SSTI, self-selected 
training intensity group.
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or reduced (from ~6 to ~9 mmHg) the 24-hour systolic BP, 
and 36.3% (n = 4) showed an increase. For the control 
group, 41.7% (n = 5) did not change or reduced (from ~3 
to ~8 mmHg) the 24-hour systolic BP and 58.3% (n = 7) 
showed an increase.

Table 4 shows the values of six-minute walking test 
performance at baseline and following the 8 weeks of 
intervention in the SSTI and control groups. Intention-to- 
treat and per-protocol analysis revealed a significantly 
greater performance in the SSTI compared to the control 
group (p < 0.05).

Discussion
The main findings of this study were: i) no changes in 
ambulatory BP occurred following 8 weeks of SSTI; ii) 
participants from the SSTI group improved their 6MWT 
performance; iii) the participants exercised at a moderate 
intensity (40–59% of HR reserve) over the eight-week 
intervention period, reported the SSTI sessions as “light” 
(RPE ~ 11) and “pleasant” (FS ~ 3.5), and showed an 
attendance rate >90%. Thus, our hypothesis that 8 weeks 
of SSTI would elicit a reduction on ambulatory BP was 
not confirmed. To the best of our knowledge, this is the 

Figure 2 Individual responses of 24-hour ambulatory systolic blood pressure (SBP) in the participants from the self-selected training intensity (SSTI) and control groups with 
(B) controlled (ie SBP < 130 mmHg) and (A) uncontrolled (ie SBP ≥ 130 mmHg) blood pressure levels at baseline.

Table 4 Six-Minute Walking Test Performance at Baseline and Following Eight Weeks of Intervention in the Self-Selected Training 
Intensity and Control Groups

SSTI 
ITT (n=20); PP (n=15)

ES Control 
ITT (n=20); PP (n=17)

ES β (95% Wald CI) P-value

Baseline 8 Week Baseline 8 Week

Intention-to-Treat

Distance (m) 467 ± 45 482 ± 46 0.49 465 ± 67 459 ± 76 0.43 20 (1 to 40) 0.040

Per protocol
Distance (m) 472 ± 48 491 ± 47 0.55 454 ± 62 447 ± 72 0.19 26 (2 to 50) 0.031

Notes: Values expressed as mean ± SD and parameter estimates (β) and 95% Wald confidence interval (CI). ES: Cohen’s dz effect size (< 0.50, small; 0.50 to 0.79, medium; 
and ≥ 0.80, large). 
Abbreviations: ITT, intention-to-treat analysis; PP, per-protocol analysis; SSTI, self-selected training intensity group.
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first randomized controlled trial that has investigated the 
short-term chronic effect of a SSTI intervention on ambu-
latory BP in hypertensive older women.

Our research group has previously shown that a single 
30-minute SSTI session reduced ~6 mmHg of ambulatory 
systolic BP in the first 6 hours post-exercise, which elicited 
a decrease in mean values of ambulatory BP in 20-hour and 
awake periods.16 Therefore, a SSTI session elicits an ambu-
latory PEH, which plays a role in attenuating the overload 
imposed on the cardiovascular system during daily activ-
ities in hypertensive individuals, and as a consequence can 
contribute to reduce the risk of acute cardiovascular events. 
The magnitude and duration of PEH elicited by a single 
exercise session provides insight into the future chronic BP- 
lowering effect following a regular exercise training period. 
It is argued that repeated PEH over an exercise training 
period contributes to a chronic reduction in BP.17 This can 
occur as a simple superimposition of a temporal summation 
of this acute effect or as a combination with morphological 
and functional adaptation over time,34 for example, in the 
hemodynamic determinants of the BP (ie, cardiac output 
and peripheral vascular resistance) and its regulatory 
mechanisms.

However, similarly to what occurs with PEH,17 it seems 
that factors such as the participants’ characteristics may 
influence the occurrence (or not) of a chronic BP-lowering 
effect and benefits on the mechanisms related to the hemo-
dynamic determinants of the BP control. Considering both 
intention-to-treat and per-protocol analyses, no significant 
changes in ambulatory BP (ie, 24-hour, awake and asleep 
periods) occurred following 8 weeks of SSTI. Regarding 
the baseline BP levels of the participants, 70% had con-
trolled 24-hour ambulatory BP levels (~115/66 mmHg) and 
30% had uncontrolled BP levels (~143/78 mmHg). 
Previous meta-analyses clearly showed that the BP level 
pre-intervention influences the magnitude of BP-lowering 
effect, both for resting35 and ambulatory BP.31 Cornelissen 
et al35 and Sosner et al31 showed that the magnitude of a BP- 
lowering effect following an aerobic exercise training inter-
vention is greater in individuals with higher BP levels 
compared to those with optimal BP levels. A recent network 
meta-analysis involving more than 10,000 participants in 
exercise training interventions confirmed these previous 
findings.8 Considering the individual responses of those 
who concluded the 8 weeks of SSTI, all participants with 
uncontrolled BP level in our study showed a reduction in the 
24-hour systolic BP (from ~2 to ~6 mmHg). In addition, 
63.7% (n = 7) of those with controlled BP level did not 

change or reduced their 24-hour systolic BP. This scenario 
was different for the control group, considering both parti-
cipants with uncontrolled (40% increased BP; n = 2) and 
controlled (58.3% increased BP; n = 7) BP level. Our 
findings seem to support previous studies that have shown 
a more consistent BP-lowering effect following an exercise 
training intervention in individuals with higher BP 
levels.31,35 Thus, we do not rule out the possibility that 
a short-term SSTI-based intervention elicits better BP con-
trol in hypertensive older women with uncontrolled BP 
levels. Future randomized controlled trials, including only 
hypertensive older individuals with uncontrolled BP levels, 
should be conducted in order to confirm (or not) this 
assumption.

A reduction of 5 mmHg in BP unequivocally decreases 
the risk of cardiovascular diseases and mortality.29,30 

However, it should be noted that a reduction in BP of 
a lower magnitude than 5 mmHg may be clinically mean-
ingful. For example, a 2 mmHg BP reduction is sufficient to 
reduce the mortality risk by stroke in 6%, coronary heart 
disease in 4%, and all-cause mortality in 3%.36 As all parti-
cipants from the SSTI group with uncontrolled BP had 
a reduction in 24-hour systolic BP of at least 2 mmHg, it 
seems reasonable to assume that these individuals improved 
their cardiovascular disease risk profile following the 
8 weeks of the exercise training intervention. In addition, 
the participants accumulated 150 minutes per week of mod-
erate-vigorous aerobic exercise from week five to eight of the 
SSTI, meeting the threshold recommended by the American 
College of Sports Medicine7 and most hypertension 
guidelines.37,38 A longitudinal study conducted by Brown 
et al39 involving 10,665 middle-aged and older adults with 
a mean follow-up of 8.6 years revealed that those who were 
inactive with controlled BP levels among medicated hyper-
tensive individuals had a 42% higher risk of all-cause mor-
tality than their active peers. Inactive individuals with 
uncontrolled BP levels had a 55% higher risk of all-cause 
mortality than the active individuals with controlled BP 
levels. Active individuals with uncontrolled BP levels 
showed a trend (p = 0.08) of 17% higher risk of all-cause 
mortality compared to their peers with controlled BP levels. 
These data reinforce the protective role of regular exercise 
against all-cause mortality in medicated hypertensive mid-
dle-aged and older individuals, independent of their BP status 
(ie, controlled or uncontrolled). The SSTI, which is a simple, 
low-cost, and feasible approach for “real world” settings, 
may be a viable way to induce an active lifestyle in 
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hypertensive older individuals and potentially reduce their 
risk of mortality.

It was observed an increase of 6MWT performance (the 
secondary outcome of the present study) in the SSTI group 
compared to control group following 8 weeks of intervention. 
This result suggests an improvement in cardiorespiratory fit-
ness and, as a consequence, a potential cardioprotective benefit 
in the participants from the SSTI group. Previous studies have 
shown a strong correlation between the distance covered in the 
6MWT and the maximal oxygen uptake obtained from 
a maximal cardiopulmonary exercise, which is a “gold stan-
dard” method to determine cardiorespiratory fitness in differ-
ent populations, including older adults with and without 
known cardiovascular disease.40–42 In the present study, the 
participants exercised within the moderate-intensity domain 
(ie, 40–59% of HR reserve) over the 8 weeks of SSTI. 
Moderate-intensity aerobic exercise is recommended to 
improve cardiorespiratory fitness in older adults,43 which 
seems to explain the improvements in the 6MWT performance 
observed in the SSTI group. Future studies should determine 
the effect of SSTI on cardiorespiratory fitness using 
a cardiopulmonary exercise test, given the clinical importance 
of this outcome for the cardiovascular health; ie, an increase of 
1 metabolic equivalent (MET) in cardiorespiratory fitness is 
associated with a 10% to 20% decrease in mortality rates.25

The participants showed a consistent HR (52 ± 10% of 
HR reserve), RPE (11 ± 1), and affective valence (3.4 ± 1.1) 
during the exercise sessions over the 8 weeks of SSTI. 
Overall, these responses indicate that the inactive hyperten-
sive older women exercised within a moderate intensity and 
reported the exercise sessions as “light” and “pleasant”. In 
addition, they showed a high attendance rate to the exercise 
sessions (91.7%). These findings confirm the results of two 
previous studies from our research group which showed 
similar HR, RPE, and affective valence patterns during a -
single16 and two SSTI sessions15 separated by a one-week 
interval. The consistent positive affective valence over the 
SSTI sessions may be partially attributed to the magnitude 
of the metabolic stress imposed on the organism of the 
participants. Considering the HR and RPE responses, the 
participants probably self-selected an exercise intensity 
close but below their ventilatory or lactate threshold or the 
onset of blood lactate accumulation, which is consistent with 
the dual-mode theory. This theory postulates that when the 
individuals exercise at a moderate intensity (below the ven-
tilatory threshold) they report a positive affective valence.13 

In addition, the outdoor environment also contributes to 
a more positive affective valence due to a more dissociative 

attentional focus during exercise.44 Taken together, SSTI 
outdoors seems to be a feasible approach to encourage 
a more active lifestyle in hypertensive older women. From 
a practical perspective, SSTI should be considered in pri-
mary care and clinical settings both for physical activity 
counseling interventions and structured exercise programs 
delivered to hypertensive older women.

This study has limitations that should be mentioned. First, 
most participants from our sample had well-controlled ambu-
latory BP levels, which limits understanding the effect of 
SSTI in hypertensive older women with uncontrolled BP 
levels. Second, although we instructed the participants to 
maintain the physical activity pattern in their daily routine, 
we did not objectively assess this aspect. Therefore, it is not 
possible to determine whether the SSTI group or control 
group changed their physical activity level over the 8 weeks 
of intervention. Third, the participants were not familiarized 
with the ambulatory BP device, which can have elicited an 
alert reaction to wearing this device for the first time.45

Conclusion
Eight weeks of SSTI does not reduce 24-hour ambulatory BP 
in medicated hypertensive older women. However, SSTI 
increases the 6MWT performance in these individuals, 
which suggests improvement in cardiorespiratory fitness 
and a potential cardioprotective effect. Hypertensive older 
women self-select an exercise intensity within the recom-
mendations of the clinical hypertension guidelines (ie, mod-
erate-vigorous intensity), report the exercise sessions as 
“light” and “pleasant” and show a high attendance rate to 
the SSTI intervention. Future studies should consider inves-
tigating the long-term effect of SSTI on ambulatory BP and 
other cardiovascular- and fitness-related outcomes in hyper-
tensive older patients.
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