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Purpose: The purpose of the present study was to identify the variability of blood pressure
response to a 10-week resistance training (RT) program in hypertensive and normotensive
elderly women.
Participants and methods: Twenty-seven untrained hypertensive and 12 normotensive
elderly women participated in the present study. A whole-body RT program was performed on
two nonconsecutive days per week for 10 weeks. The responsiveness of resting systolic blood
pressure (SBP) was determined based on the percent decline between the pre- and post-training
time points T1 and T4. The term responders were used to describe subjects who exhibited a
percent SBP decline $-2.58% and the term nonresponders for subjects who exhibited a percent
SBP decline ,-2.58%, respectively.
Results: Both the responders and nonresponders in the hypertensive group presented significant changes in SBP (-7.83 ± 5.70 mmHg vs 3.78 ± 7.42 mmHg), respectively. Moreover,
the responders and nonresponders in the normotensive group presented significant changes in
SBP as well (-8.58 ± 5.52 mmHg vs 5.71 ± 3.84 mmHg).
Conclusion: SBP presents a heterogeneous response to a controlled RT program in hypertensive and normotensive elderly women. A different modality of training and additional therapies
should be used for nonresponders in order to decrease resting SBP.
Keywords: resistance training, exercise, hypertension, responsiveness, elderly, obesity

Introduction
Hypertension is a modifiable risk factor for cardiovascular morbidity, with a 68%
prevalence in elderly persons.1 Resistance training (RT) is considered as an effective tool to decrease blood pressure (BP) as well as enhance muscle strength, power,
hypertrophy, localized endurance, motor performance, and bone mineral density.2–4
Nevertheless, some subjects may exhibit little or an unfavorable BP response to RT
as compared with the expected improvement.5
Recently, the premise that exercise always results in beneficial improvements in
health-related variables (eg, systolic blood pressure [SBP], fasting insulin, high-density
lipoprotein cholesterol, and triglycerides) has been challenged. Bouchard et al analyzed
data from six studies with a total of 1,687 adults.5 The percentage of individuals that
did not respond in the expected positive direction was 8.0%, 13.0%, 10%, and 12%
for fasting insulin, high-density lipoprotein cholesterol, triglycerides, and resting SBP,
respectively. These results could not be explained by prior health status, age, amount
of exercise, and drug–exercise interactions, confirming that some individuals may not
exhibit the expected positive improvements to consistent aerobic training.5 On the other
hand, postexercise acute BP decrease is claimed to promote cardiovascular protection
and is associated with chronic BP lowering.6 An important mechanism of positive BP
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lowering promoted by exercise might be explained by the
lower renal and muscle sympathetic nerve activity, lower
norepinephrine spillover, less renal and cardiac baroreflexes,
and lower heart rate variability.7,8
Loenneke et al retrospectively analyzed the BP response
of 74 adults from four separate studies and reported that
BP adaptation to regular exercise was not always uniform,
and some subjects presented a lack of responsiveness to
aerobic training.9 A key point raised by the author was that
this finding would not have been highlighted or discussed
when considering only the group means. To note, it is typical
to report only the mean and SD for a group and the analyzed
variable, when considerable individual variation may exist
in the response to an exercise stimulus.10–12
Regarding the variability in responsiveness to RT,
Machado and Willardson showed individuality in the creatine
kinase response, especially when shorter rest intervals were
utilized between sets.12 Similarly, Prestes et al showed that
in elderly women, there was individual variability in irisin,
interleukin-1 β, toll-like receptor-4, and brain-derived neurotrophic factor in response to RT.11 Although it is important
to report positive health-related responses to RT, it is also
important to consider the lesser studied cases in which a low
response or lack of response occurs. Presently, little is known
concerning the variability in BP response over the course of
an RT program. Therefore, the purpose of the present study
was to assess the variability in BP in elderly women following a 10-week RT program. We hypothesized that within a
sample of elderly women, consisting of both hypertensive
and normotensive subjects, there would be both responders
and nonresponders.

Participants and methods
Study design and sample
A total of 157 elderly women were assessed for eligibility;
104 were excluded (did not meet inclusion criteria) and
39 hypertensive and 14 normotensive women started the
RT program. All subjects were recruited on a voluntary basis
from the local community through posters and lectures about
the study. Each subject was interviewed and responded to a
medical history questionnaire and answered a questionnaire
about lifestyle information and use of medications. According
to the American College of Sports Medicine, subjects were
considered untrained because they had no previous experience with RT.3 After that, subjects were submitted to a resting
and exercise electrocardiogram, manual BP measurements,
body composition assessment via dual-energy X-ray absorptiometry, fitness functional tests, and orthopedic evaluation
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by an experienced physiotherapist before participation in the
study. Following the initial examination, subjects underwent
a 2-week familiarization period to practice the exercises that
comprised the RT program.
The characteristics of subject are presented in Tables 1
and 2, for the hypertensive and normotensive groups, respectively. Inclusion criteria for the hypertensive group and
for the normotensive group were as follows: women
age $60 years and body fat percentage $30% (according to
the recommendations of the National Institute of Diabetes and
Digestive and Kidney Diseases obesity was determined as a
cutoff point of 30% for women); subjects who self-reported
hypertension and had SBP and diastolic blood pressure (DBP)
below the threshold of hypertension stage 1 but were using
antihypertensive medications.13–15 Subjects were excluded
if they had a history of heart failure, valvular or congenital
disease, pacemaker implantation, osteoarticular disorders, if
they were smokers, or were consuming alcohol.
The present study was approved by the Institutional
Research Ethic Committee of Catholic University of Brasília
(protocol 45648115.8.0000.5650/2016). The study design
and employed procedures were in accordance with ethical
standards of the Helsinki Declaration. Each subject was
fully informed about the risks and benefits associated with
participation in the present study and they gave their written
informed consent.

RT procedures
The RT consisted of a periodized linear model.16 The
exercises performed were: machine leg press, machine
chest press, machine leg extension, machine low row, and
machine leg curl. The number of repetitions were reduced
(maintaining the minimal zone established for each cycle)
as the intensity increased. The periodization scheme was in
accordance and adapted with our previous research described
in detail elsewhere.16 The RT lasted 10 weeks, with two RT
sessions performed per week, with a minimum of 24 hours
between sessions. The mean duration of training sessions in
each mesocycle was 34 min (T1), 42 min (T2), 43 min (T3),
and 48 min (T4).
Subjects were instructed to lift and lower loads at a
constant velocity, taking ~2 sec for the concentric (muscle
shortening) and 2 sec for the eccentric phase (muscle
lengthening). All sessions were supervised by experienced
RT professionals with a high supervision ratio of 1:1 (coach
to participant ratio) to favor greater strength gains and for
safety.17 In the first 3 weeks, three sets of 12–14 repetition
maximum (RM) with a 60-sec rest interval were performed;
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Pretraining (T1)

113.77±10.78 (107.54–120.00)
70.51±6.02 (67.03–73.99)
74.31±10.34 (68.33–80.28)
–
64.82±11.34 (59.23–70.41)
1.53±0.04 (1.50–1.56)
27.40±3.99 (25.41–29.39)
38.22±6.66 (35.07–41.38)
27.28±5.31 (24.56–30.00)
25.00±5.11 (22.17–27.82)
1.94±0.44 (1.75–2.14)**
6.33±0.74 (5.94–6.68)
17.00±2.69 (15.72–18.31)
501.85±43.09 (478.35–527.38)
1.81±0.21 (1.70–1.92)**
1.16±0.18 (1.07–1.24)**
1.94±0.38 (1.73–2.15)**
1.58±0.25 (1.46–1.68)**
1.72±0.39 (1.54–1.88)**
49.53±8.77 (45.43–53.74)**
31.42±4.57 (28.99–34.01)**
52.61±9.99 (46.48–58.88)**
47.78±6.09 (39.85–45.83)**
46.42±8.64 (41.86–50.70)**

Pretraining (T1)
121.60±10.38 (115.60–127.60)
71.37±5.53 (68.17–74.56)
71.93±12.09 (64.95–78.92)
68.50±6.37 (64.82–72.11)
64.83±11.39 (59.24–70.42)
1.53±0.04 (1.50–1.56)
27.41±4.10 (25.42–29.41)
37.97±6.31 (34.82–41.13)
26.21±5.57 (23.49–28.93)
23.71±5.70 (20.88–26.54)
1.23±0.29 (1.03–1.42)
6.78±0.77 (6.38–7.12)
15.28±2.39 (14.01–16.60)
489.36±53.75 (465.85–514.89)
1.38±0.22 (1.28–1.49)
0.84±0.16 (0.76–0.92)
1.52±0.38 (1.32–1.72)
1.29±0.19 (1.17–1.40)
1.47±0.35 (1.29–1.64)
37.99±7.82 (34.04–42.02)
23.06±4.49 (20.63–25.65)
41.42±9.88 (35.52–47.39)
35.14±6.02 (32.12–38.19)
39.76±7.49 (35.20–44.03)

118.58±9.86 (112.62–124.54)
68.60±7.61 (64.00–73.20)
72.40±9.93 (67.01–77.80)
68.23±4.78 (65.34–71.12)
70.44±9.09 (64.64–76.24)
1.57±0.06 (1.53–1.10)
28.51±3.17 (25.45–30.58)
41.25±5.29 (37.98–44.52)
26.61±4.35 (23.78–29.44)
23.53±5.60 (20.60–26.47)
1.18±0.21 (0.97–1.38)
6.59±0.70 (6.23–7.01)
13.69±2.21 (12.32–15.01)
506.18±30.44 (479.64–530.54)
1.27±0.16 (1.16–1.38)
0.75±0.9 (0.66–0.83)
1.31±0.35 (1.10–1.52)
1.18±0.18 (1.07–1.30)
1.39±0.27 (1.22–1.58)
36.22±5.61 (32.02–40.32)
21.52±4.26 (18.83–24.04)
37.61±11.82 (31.38–43.73)
33.69±4.71 (30.52–36.73)
39.91±9.12 (35.48–44.65)

Nonresponders group (n=13)
Posttraining (T4)

Responders group (n=14)

Notes: *Values are expressed as mean, SD, and 95% CI for the mean. **Significant effect from pretraining (P,0.05).
Abbreviations: BMI, body mass index; RM, repetition maximum.

Basal systolic blood pressure (mmHg)
Basal diastolic blood pressure (mmHg)
Basal heart rate (bpm)
Age (years)
Body weight (kg)
Height (m)
BMI (kg/m²)
Body fat (%)
Right handgrip strength (kg)
Left handgrip strength (kg)
Relative handgrip strength (kg/IMC)
Time-up and go (s)
Chair stand (reps)
Six-minute walking test (m)
Relative leg press strength (kg/IMC)
Relative chest press strength (kg/IMC)
Relative leg extension strength (kg/IMC)
Relative low row strength (kg/IMC)
Relative leg curl strength (kg/IMC)
10 RM leg press (kg)
10 RM chest press (kg)
10 RM leg extension (kg)
10 RM low row (kg)
10 RM leg curl (kg)

Variable

Table 1 Pre- vs posttraining outcome measures for hypertensive elderly women*

122.36±8.11 (117.46–127.26)
72.13±6.83 (68.00–76.26)
73.62±10.20 (67.45–79.79)
–
69.83±9.41 (64.03–75.63)
1.58±0.07 (1.54–1.61)
27.99±3.43 (25.92–30.06)
40.76±4.94 (37.48–44.03)
27.69±4.90 (24.86–30.51)
24.92±4.55 (21.98–27.85)
1.90±0.43 (1.70–2.10)**
6.29±0.51 (5.93–6.70)
16.15±2.15 (14.78–17.47)**
492.05±50.04 (465.50–516.40)
1.69±0.13 (1.58–1.80)**
1.12±0.12 (1.04–1.21)**
1.79±0.33 (1.58–2.00)**
1.46±0.15 (1.35–1.58)**
1.74±0.21 (1.58–1.93)**
47.30±6.65 (43.11–51.40)**
31.53±5.15 (28.84–34.05)**
50.38±11.80 (44.15–56.50)**
40.76±4.93 (37.59–43.81)**
48.76±7.16 (44.33–53.50)**

Posttraining (T4)
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Pretraining (T1)

107.38±12.24 (92.17–122.58)
64.76±6.31 (56.93–72.60)
74.35±9.70 (62.30–86.39)
–
65.43±11.59 (51.02–79.83)
1.52±0.07 (1.44–1.61)
28.04±4.64 (22.28–33.80)
39.78±6.31 (31.93–47.62)
26.60±5.17 (20.17–33.02)
25.40±4.66 (19.60–31.19)
1.91±0.53 (1.25–2.57)
5.98±0.75 (5.04–6.93)
16.60±2.50 (13.48–19.71)**
494.72±83.83 (390.62–598.81)
2.03±0.18 (1.79–2.26)**
1.23±0.23 (0.94–1.52)**
1.72±0.18 (1.49–1.94)**
1.48±1.15 (1.29–1.66)**
1.70±0.29 (1.33–2.06)**
56.79±8.86 (45.78–67.79)**
34.00±4.18 (28.80–39.19)**
48.00±7.58 (38.58–57.41)**
41.00±4.18 (35.80–46.19)**
47.00±7.58 (35.58–56.41)**

Pretraining (T1)
115.96±13.28 (99.47–132.46)
64.00±8.35 (53.63–74.37)
70.80±10.53 (57.72–83.89)
71.60±2.60 (68.36–74.83)
65.07±11.94 (50.24–79.90)
1.53±0.07 (1.44–1.62)
27.67±4.73 (21.79–33.56)
38.42±6.19 (30.72–46.11)
27.20±5.21 (20.72–33.67)
24.40±4.33 (19.01–29.78)
1.25±0.32 (0.84–1.65)
6.38±0.94 (5.21–7.65)
14.60±3.28 (10.51–18.68)
498.16±50.43 (435.53–560.78)
1.59±0.20 (1.34–1.84)
0.80±0.21 (0.53–1.06)
1.36±0.26 (1.03–1.68)
1.23±0.18 (1.00–1.46)
1.46±0.32 (1.06–1.87)
43.79±7.74 (34.17–53.40)
21.79±4.31 (16.42–27.15)
37.19±7.26 (28.16–46.21)
33.60±2.19 (30.87–36.32)
39.99±7.89 (30.19–49.78)

109.15±10.13 (99.78–118.53)
68.11±7.07 (61.56–74.66)
79.96±14.57 (66.48–93.43)
69.71±9.72 (60.72–78.70)
67.80±16.25 (57.76–82.83)
1.58±0.05 (1.52–1.63)
27.09±5.88 (21.65–32.53)
36.30±7.28 (29.56–43.03)
26.57±4.72 (22.20–30.92)
24.57±4.72 (20.20–28.93)
1.24±0.20 (1.04–1.43)
6.35±0.69 (5.71–7.00)
15.42±3.30 (12.36–18.48)
490.85±30.67 (427.48–519.22)
1.40±0.28 (1.14–1.66)
0.81±0.14 (0.67–0.94)
1.31±0.31 (1.02–1.60)
1.28±0.18 (1.11–1.45)
1.38±0.18 (1.21–1.56)
37.85±10.00 (28.60–47.11)
21.41±3.78 (17.91–24.91)
35.28±10.67 (25.41–45.15)
33.85±2.73 (31.32–36.38)
36.99±5.86 (31.56–42.41)

Nonresponders group (n=7)
Posttraining (T4)

Responders group (n=5)

Notes: *Values are expressed as mean, SD, and 95% CI for the mean. **Significant effect from pretraining (P,0.05).
Abbreviations: BMI, body mass index; RM, repetition maximum.

Basal systolic blood pressure (mmHg)
Basal diastolic blood pressure (mmHg)
Basal heart rate (bpm)
Age (years)
Body weight (kg)
Height (m)
BMI (kg/m²)
Body fat (%)
Right handgrip strength (kg)
Left handgrip strength (kg)
Relative handgrip strength (kg/IMC)
Time-up and go (s)
Chair stand (reps)
Six-minute walking test (m)
Relative leg press strength (kg/IMC)
Relative chest press strength (kg/IMC)
Relative leg extension strength (kg/IMC)
Relative low row strength (kg/IMC)
Relative leg curl strength (kg/IMC)
10 RM leg press (kg)
10 RM chest press (kg)
10 RM leg extension (kg)
10 RM low row (kg)
10 RM leg curl (kg)

Variable

Table 2 Pre- vs posttraining outcome measures for normotensive elderly women*

114.86±10.85 (104.82–124.91)
71.42±9.05 (63.05–79.80)
80.79±11.71 (69.95–91.63)
–
67.02±16.73 (51.55–82.50)
1.58±0.05 (1.53–1.63)
26.48±5.68 (21.22–31.74)
35.62±7.53 (28.65–42.59)
26.28±5.31 (21.37–31.20)
24.57±5.12 (19.82–29.31)
1.97±0.53 (1.48–2.47)
6.24±0.60 (5.68–6.80)
15.57±3.50 (12.32–18.81)**
502.14±44.54 (460.94–543.34)
1.90±0.33 (1.59–2.20)**
1.17±0.08 (1.03–1.19)**
1.80±0.36 (1.47–2.14)**
1.57±0.25 (1.33–1.80)**
1.76±0.20 (1.57–1.95)**
50.71±15.66 (36.23–65.19)**
29.28±4.49 (25.12–33.44)**
47.70±13.42 (35.29–60.12)**
40.71±5.34 (35.77–45.65)**
46.12±7.20 (39.46–52.79)**

Posttraining (T4)
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from weeks 4–6, three sets of 10–12 RM with a 80-sec rest
interval were performed; from weeks 7–8, three sets of
8–10 RM with a 100-sec rest interval were performed; and
from weeks 9–10, three sets of 6–8 RM with a 120-sec rest
interval were performed. When subjects performed more
than three repetitions in the third set beyond the RM zone
prescribed the loads were adjusted. During sessions, subjects
commonly reported tiredness and difficulty to complete the
proposed repetition range on the third set.
In all weeks, repetitions were performed close to concentric failure at the intensities indicated. The loads were
monitored in each session. The list and order of the used
exercises were as follows: 1) machine leg press; 2) machine
chest press; 3) machine leg extension; 4) machine low row;
and 5) machine leg curl. Training volume for each exercise
was calculated as the product of number of repetitions by the
load lifted. Moreover, during the 10 weeks of RT, volume
(P.0.05) and intensity (P.0.05) were equated for normotensive and hypertensive elderly women.

Ten-RM tests
The strength of upper and lower body was evaluated by
10-RM strength testing. After the 2-week familiarization
period, subjects were tested for a 10 RM for the following
exercises in this order: machine leg press, machine chest
press, machine leg extension, machine low row, and machine
leg curl (Righetto Fitness Equipment, SP, Brazil) with 5 min
rest between exercise tests. Subjects were advised to refrain
from any exercise other than activities of daily living for at
least 48 h before 10-RM testing. In brief, subjects warmed-up
on each exercise with 5–10 submaximal repetitions. Subjects performed 10 repetitions of increasing weight until
reaching a valid 10 RM. Two minutes of rest was provided
between attempts. All 10-RM tests were registered within
two attempts.

Two experienced RT professionals supervised the
tests. Furthermore, subjects were evaluated by an experienced physiotherapist before the 10-RM testing and study
participation. Previous studies from our research group demonstrated a high test and retest reliability for this type of test
r.0.97.11,18 All testing sessions were scheduled between the
hours of 8:00 AM and 10:00 AM (morning class group) and
1:00 PM and 3:00 PM (afternoon class group). Before each
training session, the correct use of hypertensive medications
and the risks associated with nonuse were reinforced.19 The
medication characteristics are presented in Table 3.

Functional tests and handgrip strength
The functional tests performed were: the 6-min walk test to
assess aerobic endurance by the number of meters completed in
a 30 meters distance; the 30-sec chair stand to asses lower body
strength by the number of full stands during 30 sec with arms
folded across; and timed-up-and-go test to determine dynamic
balance by the number of seconds to rise from seated position,
walk 3 meters, turn, and return to seated position on chair.20
Handgrip strength was evaluated using a handgrip hydraulic
dynamometer (SH5001; SAEHAN Corp®, South Korea). Three
measures on the right and left hand were obtained and the highest value was recorded. Verbal encouragement was used for all
subjects with 1-min rest intervals between measurements. To
calculate the relative handgrip strength, the highest reading from
each hand was divided by the subject’s body mass index (BMI).
In addition, previous research supported strength corrected for
BMI over absolute strength measures.21–24 Furthermore, relative
strength was calculated for all exercises used during RT program by dividing the 10 RM weight by the subject’s BMI.

Hemodynamic measurements
The SBP, DBP, and heart rate were measured before each
training session with an automatic oscillometric validated

Table 3 Disease and medication characteristics in the hypertensive group*
Disease and medications
Diabetes mellitus type 2
Medications
Angiotensin receptor blockers
Diuretics
β-blockers
Calcium channel antagonists
Angiotensin-converting enzyme inhibitors
Statins
Hypoglycemic medications

χ²

Responders (n=14)

Nonresponders (n=13)

Yes

No

Yes

No

3 (21.4)

11 (78.6)

2 (15.4)

11 (84.6)

1.00

5 (35.7)
9 (64.3)
4 (28.6)
0 (0.0)
5 (35.7)
4 (28.6)
3 (21.4)

9 (64.3)
5 (35.7)
10 (71.4)
14 (100)
9 (64.3)
10 (71.4)
11 (78.6)

8 (61.5)
6 (46.2)
3 (23.1)
1 (7.7)
3 (23.1)
3 (23.1)
2 (15.4)

(38.5)
7 (53.8)
10 (76.9)
12 (92.3)
10 (76.9)
10 (76.9)
11 (84.6)

0.257
0.449
1.00
0.481
0.678
1.00
1.00

Note: *Data presented as frequency and percentage values.

Clinical Interventions in Aging 2018:13

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

545

Dovepress

da Cunha Nascimento et al

device (model Microlife BP 3BTO-A; Microlife AG,
Espenstrasse, Widnau, Switzerland), considering the recommendations of Committee on Prevention, Detection, Evaluation, and treatment of High Blood Pressure in adults.25–27
The measurements were performed after 10 min of seated
rest in a quietly, controlled room temperature and cuff size
was adapted to the arm circumference of each subject.
All measurements of BP were taken between 8:00 AM
and 10:00 AM (morning class group) and 1:00 PM and
3:00 PM (afternoon class group). Before measurements,
subjects were advised to refrain from programmed
exercise and caffeine consumption.

Subgrouping
The term responders was used to describe subjects who
exhibited a percent SBP decline $-2.58% (50th percentile
or $-2.75 mmHg) and the term nonresponders for subjects
who exhibited a percent SBP decline ,-2.58% (50th percentile or ,-2.75 mmHg). Thus, the percent change between
SBP time points T4 and T1 was calculated and then used to
establish the cut points for two equal groups with the 50th
percentile. The 50th percentile was first calculated for the
hypertensive group by the exploratory analysis and also used
for the normotensive group as the standard cutoff value for
categorization. On the basis of this criterion, 14 and 5 of
hypertensive and normotensive subjects were classified as
responders and 13 and 7 of hypertensive and normotensive
subjects were classified as nonresponders. The cutoff value
of -2.58% was decided based on the exploratory analysis
of the data and dichotomization was applied based on the
number of the subjects.28 The responsiveness for SBP was
chosen because a decline of least 2 mmHg reduces the risk
for stroke and coronary artery disease, respectively.29,30 Furthermore, a clinical or case definition of high responders and
adverse responders for SBP does not exist, thus a clinical and
physiological criterion to define the SBP at which an individual would be considered a nonresponders needs further
evaluation, and one should be very cautious about giving
classification of individuals according to the magnitude of
their individual pre–post difference.31
It is important to note that we carried out the 10-week
RT program period in a subgroup of normotensive subjects
to reinforce the hypothesis raised by Bouchard et al that irrespective of prior health status and drug–exercise interactions,
a nonuniform BP response would occur.5

Statistical analysis
Data were expressed as means and SD. ShapiroWilk and Mauchly’ tests were applied to check for
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normality and sphericity, respectively. When the assumption
of sphericity was not met, the significance of F ratios was
adjusted according to the Greenhouse-Geisser correction.
A two-way mixed analysis of variance (2×4, groups × moments
[T1, T2, T3, and T4]) controlling for preintervention covariate
(time of training: morning and afternoon class groups) was
applied to determine the effect of responsiveness on hemodynamic, total volume training, and intensity, and a three-way
analysis of variance (3×2, factors [training time of the day,
groups and moments {pre- and post-10 weeks}]) was considered to compare the differences for height, body weight,
BMI, percent body fat, relative strength, absolute strength,
and functional fitness tests variables between groups and to
verify possible interactions between responsiveness*time
(pretraining and posttraining)*time of training (morning
class group and afternoon class group).27,32 When differences
were indicated, a simple analysis was used and a Bonferroni
post hoc test was applied. The differences between groups in
the percent changes from pre- to posttraining were analyzed
with independent t-test.
For the nonparametric variables (disease and medications), a χ2 for proportions with Fisher’s exact test (expected
cell frequencies less than five) was applied. For effect size,
we considered the following values of 0.01, 0.06, and
0.14 to indicate small, medium, or large effects for partial
eta squared.33 For data presentation, we followed the recommendations by Weissgerber et al, a total sample size of 27
subjects were required to achieve a power level of 0.96 for
SBP interaction. Considering an α-error of 0.05, effect size
of 0.51 (large), and partial eta squared of 0.20, an α level
of #0.05 was considered significant, and P-values were
two-tailed.34,35 All analyses were conducted with SPSS
version 18.0 (SPSS Inc., Chicago, IL, USA). The sample
power was calculated by the software G*Power 3.1.6.36 In
addition, GraphPad Prism 6.0 software was also used (San
Diego, CA, USA).

Results
A total of 27 hypertensive and 12 normotensive elderly
women completed the study, and their adherence to the
training sessions was .90%. This was determined by
dividing the number of exercise sessions attended by the total
number of exercise sessions (20 sessions). Twelve subjects
from the hypertensive group dropped out before completion: 3 because of prior joint problems specific to the muscle
being trained during the first mesocycle (T1) and 9 because
their mean participation rate was ,90%. Two subjects from
normotensive group dropped out before completion because
their mean participation rate was ,90% (Figure 1).
Clinical Interventions in Aging 2018:13
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Hypertensive group results
There was no statistically significant three-way interaction
between responsiveness, time, (pretraining vs posttraining)
and time of training (morning class group vs afternoon class
group) (P.0.05) and no differences in general characteristics between responders and nonresponders (P.0.05).
However, differences within time points were verified
for both groups on relative handgrip strength (F[1.00,
46.00] = 53.56, P=0.001, η²=0.538), relative leg press
strength (F[1.00, 45.00] = 61.90, P=0.001, η²=0.579), chest
press (F[1.00, 46.00] = 66.93, P=0.001, η²=0.593), leg extension (F[1.00, 45.00] = 16.66, P=0.001, η²=0.270), low row
(F[1.00, 46.00] = 23.69, P=0.001, η²=0.340), and leg curl
(F[1.00, 46.00] = 10.57, P=0.002, η²=0.187).
Moreover, differences within time points were verified for both groups for the 10-RM leg press (F[1.00,
45.00] = 28.50, P=0.001, η²=0.388), chest press (F[1.00,
46.00] = 48.67, P=0.001, η²=0.514), leg extension (F[1.00,
45.00] = 13.19, P=0.001, η²=0227), low row (F[1.00, 46.00] =
20.75, P=0.001, η²=0.311), and leg curl (F[1.00, 46.00] =
10.75, P=0.002, η²=0.190). Conversely, only the nonresponders significantly improved on the chair stand test
between time points (P=0.001), whereas the responders
bordered on statistical significance (P=0.052) (Table 1).
Although, no differences between time points within
groups were identified for timed-up-and-go test, a tendency toward a statistically significant simple main effect
was observed (F[1.00, 46.00] = 3.82, P=0.057, η²=0.077)
(Table 1).

Hemodynamic variables in the
hypertensive group
There was a statistically significant effect for time (F[3.00,
72.00] = 2.95, P=0.038, partial η²=0.109), and interaction
between responsiveness and time on SPB levels (F[3.00,
72.00] = 6.70, P=0.001, partial η²=0.218), but no interaction between time of training (morning class and afternoon
class) and responsiveness (F[3.00, 72.00] = 1.14, P=0.338,
partial η²=0.00). The nonresponders displayed higher SBP
levels when compared with the responders at T4 (P=0.029).
Moreover, only the responders diminished SBP at T4
when compared to T1 (F[3.00, 39.00] = 6.02, P=0.002,
partial η²=0.317). While an increment was observed for
the nonresponders during the RT program, it was not
statistically significant (F[3.00, 36.00] = 2.08, P=0.119,
partial η²=0.148). Responders and nonresponders changed
SBP from T1 to T4 by -7.83 ± 5.70 mmHg (-6.40%) and
3.78 ± 7.42 mmHg (3.51%), respectively. The mean and
percent changes from T1 to T4 were different between groups
(P=0.001 and P=0.001, respectively) (Figure 2).
DBP of the subjects presented a statistically significant
effect of time (F[3.00, 72.00] = 6.02, P=0.001, partial η²=0.20),
with an interaction between responsiveness and time (F[3.00,
72.00] = 3.76, P=0.014, partial η²=0.135), and an interaction between time of training (morning class and afternoon
class) and responsiveness (F[3.00, 72.00] = 4.52, P=0.06,
partial η²=0.159). The nonresponders displayed a higher
DBP at T4 when compared with T1 (F[3.00, 36.00] = 3.57,
P=0.023, partial η²=0.229). Moreover, the afternoon class
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Figure 1 Scheme selection of the volunteers.
Abbreviation: RT, resistance training.
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Figure 2 BP and DBP response to resistance training in hypertensive elderly women.
Note: *Significantly different than the corresponding time point T1 (P,0.05), **significantly different between groups at the same time point (P,0.05), η² = eta squared,
n = number of subjects, T = mesocycle.
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure.

group presented a significantly low DBP at T2 (P=0.005)
and T4 (P=0.018) when compared with the morning class
group. After simple analysis, the simple main effect of time
and main effect between time of training and responsiveness
became null. The responders and nonresponders changed
DBP from T1 to T4 by -0.83 ± 2.14 mmHg (-1.22%) and
3.52 ± 3.58 mmHg (5.45%), respectively. The mean and
percent changes from T1 to T4 were different between groups
(P=0.001 and P=0.001, respectively) (Figure 2).

Normotensive group results
There was no statistically three-way interaction between
responsiveness, time (pretraining and posttraining) and time
of training (morning class group and afternoon class group)
(P.0.05) and no differences on general characteristics
between responders and nonresponders in normotensive
elderly women (P.0.05). Although, no differences between
groups were identified for relative leg press and chest press, a
tendency toward a statistically significant effect was observed
(F[1.00, 16.00] = 3.89, P=0.066, η²=0.196) and (F[1.00,
16.00] = 3.39, P=0.084, η²=0.175), respectively (Table 2).
However, differences between time points were verified for both groups on relative handgrip strength (F[1.00,
16.00] = 15.07, P=0.001, partial η²=0.485), relative leg
press strength (F[1.00, 16.00] = 22.92, P=0.001, partial
η²=0.589), chest press (F[1.00, 16.00] = 42.82, P=0.001,
partial η²=0.728), leg extension (F[1.00, 16.00] = 12.48,
P=0.003, partial η²=0.438), low row (F[1.00, 16.00] = 8.11,
P=0.012, partial η²=0.336), and leg curl (F[1.00, 16.00] =
8.91, P=0.009, partial η²=0.358) (Table 2).
Moreover, differences between time points were verified
for both groups on 10-RM leg press (F[1.00, 16.00] = 6.22,
P=0.024, partial η2=0.280), chest press (F[1.00, 16.00] =
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35.63, P=0.001, partial η2=0.690), leg extension (F[1.00,
16.00] = 6.20, P=0.024, partial η 2=0.279), low row
(F[1.00, 16.00] = 19.05, P=0.001, partial η2=0.544), and
leg curl (F[1.00, 16.00] = 7.18, P=0.016, partial η2=0.310)
(Table 2).

Hemodynamic variables for normotensive
group
There was no statistically significant effect of time (F[3.00,
27.00] = 0.97, P=0.418, partial η²=0.098), no interaction
between time of training (morning class and afternoon class)
and responsiveness (F[3.00, 27.00] = 0.51, P=0.67, partial
η2=0.054), but an interaction between responsiveness and
time on SBP levels (F[3.00, 27.00] = 10.69, P=0.001, partial
η²=0.543), was verified. However, when analyzed by interaction, after simple analysis, differences between responders
became null. Responders and nonresponders changed SBP
from T1 to T4 by -8.58 ± 5.52 mmHg (-7.32%) and 5.71 ±
3.84 mmHg (5.25%), respectively. The mean and percent
changes from T1 to T4 were different between groups
(P=0.001 and P=0.001, respectively) (Figure 3).
DBP of normotensive subjects showed no statistically
significant effect of time (F[3.00, 27.00] = 1.43, P=0.25,
partial η²=0.138), no interaction between time of training
(morning class and afternoon class) and responsiveness
(F[3.00, 27.00] = 0.58, P=0.63, partial η²=0.061), and
no interaction between responsiveness and time on DBP
levels (F[3.00, 27.00] = 1.07, P=0.37, partial η²=0.378).
Responders and nonresponders changed DBP from T1 to
T4 by -0.76 ± 6.04 mmHg (1.98%) and 3.31 ± 3.59 mmHg
(4.75%), respectively. The mean and percent changes from
T1 to T4 were not different between groups (P=0.379 and
P=0.538, respectively) (Figure 3).
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Figure 3 SBP and DBP response to resistance training in normotensive elderly women.
Note: η² = eta squared, n = number of subjects, T = mesocycle.
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure.

No significant between-responders group differences
were noted for intensity nor when controlling time of
training (morning class and afternoon class) as covariate.
(Figures 4 and 5 for hypertensive and normotensive groups,
respectively). Similarly, no significant between-responders
group differences were noted for total training volume nor
when controlling time of training (morning class and afternoon class) as covariate. (Figures 6 and 7 for hypertensive
and normotensive groups, respectively).
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To the authors’ knowledge, this was the first study to
assess SBP response variability in elderly hypertensive and

normotensive women following a periodized RT program.
The present findings demonstrated that the SBP response
between elderly hypertensive and normotensive women was
not always in the antihypertensive direction. These results
show that not all subjects will benefit from RT as an antihypertensive lifestyle therapy.2,4,30
With respect to the BP measurements, both the responders and nonresponders in the hypertensive group presented
significant changes in SBP (-7.83 ± 5.70 mmHg vs
3.78 ± 7.42 mmHg), respectively. Moreover, the responders
and nonresponders in the normotensive group presented
significant changes in SBP (-8.58 ± 5.52 mmHg vs
5.71 ± 3.84 mmHg), respectively. Additionally, a significant
improvement in the 30-sec chair stand test and strength for
all exercises was observed between time points.
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Figure 4 Training load (kg) behavior during resistance training in hypertensive elderly women.
Note: *Significantly different than the corresponding time point T1 (P,0.05), η² = eta squared, n = number of subjects, T = mesocycle.

Clinical Interventions in Aging 2018:13

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

549

Dovepress
Q 
Ș 




5HVSRQGHUV 1RQUHVSRQGHUV




5HVSRQGHUV 1RQUHVSRQGHUV
Q 
Ș 




Q 
Ș 



Q 
Ș 




5HVSRQGHUV 1RQUHVSRQGHUV
Q 
Ș 




5HVSRQGHUV 1RQUHVSRQGHUV

5HVSRQGHUV 1RQUHVSRQGHUV
7

7

Q 
Ș 







Q 
Ș 

/HJFXUO NJ

/RZURZ NJ



Q 
Ș 



Q 
Ș 

/HJH[WHQVLRQ NJ



Q 
Ș 

&KHVWSUHVV NJ

/HJSUHVV NJ

da Cunha Nascimento et al

7

7

Figure 5 Training load (kg) behavior during resistance training in normotensive elderly women.
Note: *Significantly different than the corresponding time point T1 (P,0.05), η² = eta squared, n = number of subjects, T = mesocycle.
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when compared with the morning class from the same group
(trained between 8:00 AM and 10:00 AM). Nevertheless,
time of day was introduced as a covariate in the present study
and no interactions in responsiveness were observed.
Another important factor is that SBP reductions have
been shown to be greater for individuals with higher baseline
SBP.2 However, in the present study, there was no significant
difference between groups in baseline SBP. This suggests
that starting values might not necessarily determine the
beneficial response to training.9 Moreover, Bouchard et al5
reinforced that a lack of responsiveness in BP following
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A relevant question is whether such relations between
RT and lack of response in BP improvement were affected
by time of day. Jones et al evaluated the BP reactivity index
to investigate whether the BP response to everyday physical
activities changed during the normal sleep-wake cycle.32 The
highest reactivity of SBP and DBP was observed between
8:00 AM and 10:00 AM. In addition, the morning increase
in BP was present irrespective of BP status (normotensive
or hypertensive group).32 This is in line with our study,
because the afternoon class from the hypertensive group
presented a significantly lower DBP response at T2 and T4
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Figure 6 Total training volume behavior during resistance training in hypertensive elderly women.
Note: *Significantly different than the corresponding time point T1 (P,0.05), η² = eta squared, n = number of subjects, T = mesocycle.
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Figure 7 Total training volume behavior during resistance training in normotensive elderly women.
Note: *Significantly different than the corresponding time point T1 (P,0.05), **significantly different than the corresponding time point T3 (P,0.05). η² = eta squared,
n = number of subjects, T = mesocycle.

exercise training could not be explained by prior health status,
age, amount of exercise imposed, and drug–exercise interactions. Although, mechanisms for the lack of responsiveness
are unknown, the present study reinforces the suggestions
of Bouchard et al, and further research is required to clarify
the potential molecular mechanisms that may account for the
lack of improvement in BP from an RT program.5 Between
the possible mechanisms involved in BP decrease following
RT, lower renal and muscle sympathetic nerve activity, lower
norepinephrine spillover, less renal and cardiac baroreflexes,
and lower heart rate variability may contribute.7,8
It is also possible that intensity and volume could
affect responsiveness.31 Previous research comparing low
(1 set of 13 repetitions with 50% of 1 RM) vs high intensity (1 set of 8 repetitions with 80% of 1 RM) RT in adults
aged 60–85 years37 demonstrated that resting SBP and mean
blood pressure were significantly lower in the high intensity
protocol compared to the low intensity group after training.
However, no significant between-groups differences were
observed for intensity and total training volume in the present
study. Furthermore, Brito et al evaluated the effect of two RT
sessions with different volumes on postexercise hypotension
in hypertensive elderly subjects. Subjects completed 1 set of
exercises with 50% of 1 RM and exercises with 3 sets at 50%
of 1 RM. The results demonstrated that the reduction in SBP,
DBP, and mean BP was superior in the recovery period after
a higher volume of training.38
The lack of BP responsiveness to an RT program
might be influenced by external factors such as nutritional
Clinical Interventions in Aging 2018:13

status.39 Moreover, Moreira et al demonstrated that elderly
hypertensive subjects carrying the D/D genotype of the
angiotensin-converting enzyme (ACE) presented an impaired
(increase) BP response following an aerobic exercise session,
especially during sleep.40 In addition, an impaired release of
nitric oxide, and higher activity of sympathetic tone during
the 24 h postexercise recovery period was also observed.
Finally, the time taken to return to resting homeostasis after
a training session (eg, vagal-related heart variability), might
differ between high and adverse responders.39 Thus, further
research is required to clarify the effect of nutritional, ACE
polymorphism, and exercise recovery on the variability in
BP response to an RT program.s
Although, some subjects did not respond positively in
terms of their BP response, the observed increase in muscle
strength and functional fitness tests promoted by RT would
facilitate better performance in daily living activities in
elderly subjects. In addition, a higher level of muscle strength
appears to protect hypertensive subjects against all-cause
mortality.41 Although, the BP response to an RT program
was different between responders and nonresponders, not all
subjects who are low BP responders to RT will necessarily
be nonresponders to aerobic or combined training, and this
issue requires further investigation.39
It is important to note that the present study has some
limitations. First, lack of nutritional control. Second, measures of ACE-D/D genotypes that are more prone for higher
plasma activity and angiotensin production, and oxidative
stress variables measures that are responsible for endothelial
submit your manuscript | www.dovepress.com
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dysfunction. Third, assessment of the RT effects on arterial
stiffness in normotensive and hypertensive elderly subjects
by noninvasive techniques such as echo-Doppler, which
could explain the BP variability, were observed in the present
study. Furthermore, we cannot affirm that hypertensive
subjects enrolled in our study were at hypertensive stage 1
category as the hypertensive medications can promote an SBP
and DBP below the threshold classification and finally the
present study was lacking from a control group.27,42–45
Another important limitation of our study is that, the
classification of individuals as responders and nonresponders differs considerably, and one way of establishing
responsiveness is by the use of subjects according to the
magnitude of their individual prepost difference, as used
in our study and previous research.10–12,46 However, we are
aware that this intuitive approach of using 50th percentile
by our research group might present a shortcoming. The
percentile used to define the SBP at which an individual
would be considered a responder and nonresponder needs
further evaluation.
The increase in BP with aging is a contributor to the
development of hypertension and cardiovascular disease,
this study supports RT as a nonpharmacological therapy
in the management of BP control, both in normotensive
and hypertensive elderly women. The results of the present
study provide compelling evidence that some hypertensive
and normotensive elderly women will present a variable
BP response to RT. So, considering the inconclusive nature
and the sparse data about the variability in BP response,
we still encourage the use of RT for health promotion,
antihypertensive therapy, and protection against all-cause
mortality in hypertensive individuals.2,4,41 Nonetheless, it
is important that individuals with a nonresponse pattern
must be identified. For nonresponders to RT, the practitioner may change the exercise type, because not all subjects
who are classified as low RT responders will exhibit a
lack of responsiveness to another exercise modality.
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