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ABSTRACT
The aim of the present study was to evaluate the effects of 12 weeks of muscle power training (MPT) on
casual blood pressure (BP) (before and after each training session) and resting BP (pre- and post-training
program) in type 2 diabetes mellitus (T2DM) elderly.
Methods: Twelve T2DM elderly individuals (68.75 ± 7.83 years), non-insulin-dependents participated in
the present study and performed the MPT program twice a week. Casual BP was measured before and
after training sessions, and resting BP was measured 48 h before the first and 48 h after the last training
session.
Results: Significant decrease in casual systolic (SBP) (−7.08 ± 4.12 mm Hg [effect size [ES]: −1.42 to −0.11];
p < 0.01) and diastolic (DBP) BP (−3.14 ± 1.24 mm Hg [ES: −1.24 to −0.18]; p > 0.01) was found after
training sessions, without significant effect (p > 0.05) of the week along time or casual BP × week
interaction. No significant change in resting SBP (−5.08 ± 8.93 mm Hg [ES: −0.41]; p = 0.07) and DBP
(0.47 ± 6.06 mm Hg [ES: +0.11]; p = 0.79) was found.
Conclusion: MPT was able to reduce casual BP after training sessions. However, there was no significant
reduction in resting BP after MPT. Nevertheless, although not statistically significant, there were
important clinical reductions in resting SBP in T2DM elderly patients.
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Introduction

People living with type 2 diabetes mellitus (T2DM) are
increasing every year, and a substantial amount of people
affected are elderly (1,2). The T2DM is associated with high
blood pressure (BP) and increased risk of cardiovascular dis-
ease (3–5). In addition, elderly people with T2DM exhibit
greater neuromuscular impairment, such as loss of muscle
mass, muscle strength and power and in functional capacity
when compared to healthy elderly individuals (6–8).

It has been demonstrated that muscle power training
(MPT) is an effective strategy to mitigate age-related neuro-
muscular impairments in muscle mass, muscle strength and
power and in functional capacity of elderly individuals (9–12).
The MPT is associated with specific mechanical characteristics
such as the high-velocity concentric phase, low to moderate
loads and a submaximal repetitions number (9–12). These
training characteristics are associated with lower BP increases
during the exercise performance (13–15). Recently,
Miyamoto, Kamada, and Moritani (2017) reported a smaller
acute BP increase during a strength exercise performed at
high-velocity when compared to low velocity of contraction
(15). Thus, it is possible to speculate that MPT might be an
effective strategy to improve neuromuscular (i.e., muscle
mass, strength, and power) and functional parameters in

elderly people while inducing lower BP increases during the
training session. The acute and chronic effects of traditional
resistance training in T2DM individuals have been demon-
strated in previous studies (16–26). However, there is a lack of
information regarding the acute and chronic BP responses to
an MPT program in T2DM elderly individuals. The reduction
in BP levels induced by the exercise has a clinical importance,
especially because it contributes to lower exposure to the
damages and risks associated with higher BP values.

The T2DM is associated with neuromuscular and func-
tional impairments, and T2DM elderly individuals exhibit
increased risk of high BP and cardiovascular disease, there-
fore, it is possible that these individuals might benefit from an
MPT program by improving their neuromuscular and func-
tional performance while inducing reduced BP increases dur-
ing the exercise execution and reduced BP levels after the
training session. In addition, as a traditional resistance train-
ing program was able to induce a chronic alteration in BP
levels (16–22), it is possible to speculate that the MPT pro-
gram might also induce chronic decrease in BP levels. To the
best of the authors’ knowledge, no previous studies have
evaluated the acute and chronic effects of an MPT program
on BP in elderly with T2DM. Therefore, the aims of this study
were: (a) to evaluate the acute effects of MPT sessions on
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casual BP along 12 weeks of training and (b) to investigate the
effect of 12 weeks of MPT on resting BP in elderly with
T2DM. Our hypotheses were that MPT would induce signifi-
cant acute BP reduction following each training session and
a significant decrease in the resting BP after 12 weeks of
intervention.

Materials and methods

Experimental purpose

The purpose of the study was to compare the chronic effects
of 12 weeks of MPT in neuromuscular and functional para-
meters of T2DM elderly individuals. In the present study, the
acute (training sessions) and chronic effects (after 12 weeks of
training) of MPT in casual and resting BP of T2DM elderly
were verified. The present study is part of a randomized
clinical trial – Diabetes Resistance Training Adaptations in
Elderly (NCT02548000).

Participants

Twelve elderly men and women (prior control group; con-
venience sample) with T2DM (27) participated in 12 weeks
of MPT. Participants inclusion criteria were the diabetes
diagnosis by HbA1c values ≥6.5%, non-insulin users, body
mass index between 18.5 and 34.9 kg/m2, non-smokers,
untrained for at least six months prior to the study partici-
pation and all participants should have medical release
certificate for regular physical exercise. Exclusion criteria
were myocardial infarction (within past 6 months), any
unstable cardiovascular chronic condition, neuromuscular
disease, clinical depression and microvascular complications
due to T2DM. The participants were informed about pur-
pose, procedures, and risks of study participation, and writ-
ten informed consent was obtained from all participants. All
procedures were approved by the University Institutional
Review Board and conducted in accordance with the
Declaration of Helsinki.

Muscle power training

The MPT program was performed two times per week on
non-consecutive days over 12 weeks. Eight exercises were
performed in the following order: knee extension, pulldown,
knee flexion, elbow flexion, hip abduction, elbow extension,
hip adduction, and finished with abdominal exercise. Three
sets of each exercise were performed using 10–8, 8–6 and 6–4
repetitions in months 1, 2 and 3, respectively, accordingly to
the submaximal intensity, and 3 min of rest interval between
sets were allowed. The participants were instructed to perform
the concentric phase “as fast as possible” and the eccentric
phase over 2–3 s for all exercises (9–12). Care was taken to
not induce concentric muscular failure (i.e., maximal repeti-
tions) in any exercise performed. This procedure is recom-
mended for MPT and it avoids great increases in BP induced
by repetitions to failure (14). All training sessions were super-
vised by the same researches, and the participants were in
high supervisor-to-subjects ratio (1:2) (12).

Blood pressure assessment

The systolic (SBP) and diastolic (DBP) BP were measured with
an automatic arm BP monitor (OMRON, model HEM-7113) in
the left arm. The resting and casual BP were always verified in
the morning. The BP assessed before and after each training
session was defined as casual BP, and before and after 12 weeks
of MPT training was defined as resting BP. The casual BP was
measured before and after each training session after 5 min rest
in the seated position. For the analyses of the casual BP, it was
considered the mean value of the SBP and DBPmeasured before
and after training of the two training sessions of each week. We
chose to use this method in order to avoid any great differences
that could occur between two training sessions, which could
influence the possible effects of the MPT in casual BP. The
resting BP was evaluated at 48 h before the first training session
and at 48 h after the last training session after 10 min rest. All
measurements were performed by the same evaluator using the
same procedures. Participants were instructed to do not ingest
caffeinated products and absent from strenuous physical exer-
cise. In the last personal contact with the participants, they were
informed about the importance of caffeinated products and
strenuous exercises absences in moments previous the evalua-
tions. In addition, the participants were remembered by phone
call about these instructions 24 h prior the day of the assess-
ments. In addition, the participants were requested to weekly
inform about their medication intakes.

Data analysis

The results are expressed as a mean ± SD and 95% confidence
interval. The normality of the datawas assessed using the Shapiro–
Wilk test. To compare the main effects of casual BP (casual BP in
each week, between the 12 weeks and casual BP × week interac-
tion), a two-way analysis of variance (ANOVA) with repeated
measures was used. A paired sample t-test was used to compare
resting BP before and after 12 weeks of MPT. The effect size (ES)
was calculated according to Cohen, and values of 0.20 were con-
sidered small effect, 0.50 moderate effect and ≥0.80 large effect
(28). The level of significance was set at α < 0.05. All analyses were
performed in the Statistical Package for Social Science (SPSS)
software version 20.0.

Results

Participants characteristics

All participants (five males and seven females) completed the
12 weeks of MPT and the adherence to training sessions was
95.50%. The sample characteristics are reported in Table 1. Six
participants were hypertensive and other six were non-
hypertensive. Three hypertensive participants changed one
antihypertensive medication dose over 12 MPT weeks (beta
blocker reduction, angiotensin-converting enzyme inhibitor
increment, and angiotensin II receptor antagonists increment,
respectively). No adverse events of hypoglycemia or hypoten-
sion occurred during any MPT sessions and no discomfort
was reported during the training sessions.
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Casual blood pressure

Casual BP values are presented in Table 2. There were significant
reductions in casual SBP (p < 0.01) and DBP (p < 0.01) from pre-
to post-training of each of the 12 weeks ofMPT, but no significant
(p > 0.05) effect of the week along the MPT or casual BP × week
interaction (p > 0.05) was observed for SBP or DBP. The average
acute reduction observed after MPT sessions in casual SBP was
−7.08 ± 4.12 mm Hg (ES: −1.42 to −0.11), while for casual DBP
was −3.14 ± 1.24 mm Hg (ES: −1.24 to −0.18). When analyzing
only BP change from hypertensive participants, the casual SBP
decreased −7.96 ± 5.91 mm Hg, and DBP decreased −3.28 ±
1.92 mm Hg. For non-hypertensive participants, the mean
changes were −3.46 ± 4.06 mm Hg and −2.10 ± 1.08 mm Hg for
casual SBP andDBP, respectively. As shown in Table 2, there were

significant changes in SBP and DBP between pre and post-MPT
sessions with moderate to large ES in most of the weeks.

Resting blood pressure

The resting BP values are presented in Table 3, and the
individual chronic responses for resting SBP and DBP are
presented in Figure 1. After 12 weeks of MPT, there was no
significant change in resting SBP (p = 0.07; ES: −0.41) or DBP
(p = 0.79; ES: +0.11). The average change in resting SBP was
−5.08 ± 9.83 mm Hg and +0.47 ± 6.06 mm Hg for DBP.
Considering only hypertensive participants, the average
change for SBP was −8.89 ± 11.29 mm Hg and 0.00 ±
7.17 mm Hg for DBP. For the non-hypertensive participants,
the average change was −1.28 ± 3.67 and +0.94 ± 5.38 mm Hg
for SBP and DBP, respectively.

Discussion

The main finding of the present study was that significant
reductions in SBP and DBP were found immediately after an
MPT session with no differences within training weeks. In
addition, no significant alteration in resting BP was found
after 12 weeks of MPT and, although not statistically different
from the before training values, these reductions might be
considerate clinically relevant, especially in the hypertensive
participants. To the best of the authors’ knowledge, this was
the first study investigating the acute and chronic effects of an
MPT program on BP of the elderly with T2DM.

The results found in the present study for casual BP are in
agreement with previous studies that observed acute BP reduc-
tion after aerobic or traditional resistance training sessions in

Table 1. Characteristics of the sample (n = 12).

Mean ± SD

Age (years) 68.75 ± 7.83
Total Body Mass (kg) 73.23 ± 24.46
Height (cm) 160.48 ± 8.56
Body Mass Index (kg/m2) 28.22 ± 3.78
Glycemic Hemoglobin (%) 7.11 ± 0.83
Duration of Type 2 Diabetes Mellitus (years) 11.69 ± 7.39
Systolic Blood Pressure (mm Hg) 125.00 ± 15.20
Diastolic Blood Pressure (mm Hg) 68.28 ± 3.72
Medical Treatment (n)
Sulfonilureias 4
Metformin 10
Dipeptidyl peptidase-4 inhibitor 2
Sodium-glucose 2 cotransporter inhibitors 1
Diuretics 1
Angiotensin Converting Enzyme Inhibitors 3
Angiotensin II Receptor Antagonists 2
Antagonists of the Calcium Channels 2
Acetylsalicylic acid (aspirin) 6
Betablockers 2

Table 2. Casual systolic (SBP) and diastolic blood pressure (DBP) pre- and post-session over the weeks (n = 10).

Weeks of MPT

SBP
pre-session
(mm Hg)

SBP
post-session
(mm Hg)

SBP
change
(mm Hg) ES

DBP
pre-session (mm Hg)

DBP
post-session (mm Hg)

DBP
change
(mm Hg) ES

1 131.25 ± 12.93 124.30 ± 14.13* −6.95 ± 11.00
(−14.82 to 0.92)

−0.51 78.20 ± 3.21 73.65 ± 4.10* −4.55 ± 4.20
(−7.55 to −1.54)

−1.24

2 129.90 ± 17.38 123.50 ± 10.37* −9.40 ± 19.23
(−23.15 to 4.35)

−0.57 77.15 ± 5.43 74.25 ± 5.68* −2.90 ± 5.30
(−6.69 to 0.89)

−0.52

3 130.05 ± 14.12 124.85 ± 13.57* −5.20 ± 9.07
(−11.68 to 1.28)

−0.38 77.80 ± 5.19 73.60 ± 6.10* −4.20 ± 2.61
(−6.07 to −2.32)

−0.74

4 130,90 ± 19.61 122.90 ± 11.17* −8.00 ± 15.79
(−19.30 to 3.30)

−0.52 76.80 ± 6.75 72.35 ± 6.81* −4.45 ± 4.81
(−7.89 to −1.00)

−0.66

5 132.00 ± 7.84 119.60 ± 10.01* − 12.40 ± 6.93
(−17.35 to −7.44)

−1.39 77.60 ± 5.73 73.15 ± 8.05* −4.45 ± 6.26
(−8.92 to 0.02)

−0.65

6 131.80 ± 12.59 120.60 ± 10.76* −11.20 ± 16.02
(−22.66 to 0.26)

−0.96 75.00 ± 7.09 72.20 ± 7.14* −2.80 ± 6.81
(−7.67 to 2.07)

−0.39

7 137.05 ± 11.08 123.55 ± 7.94* −13.50 ± 9.42
(−20.24 to −6.76)

−1.42 77.00 ± 8.87 72.50 ± 8.13* −4.50 ± 4.18
(−7.49 to −1.50)

−0.53

8 129.55 ± 14.80 124.85 ± 10.99* −4.70 ± 9.07
(−11.18 to 1.78)

−0.36 75.95 ± 9.42 74.20 ± 6.41* −1.75 ± 8.57
(−7.88 to 4.38)

−0.22

9 129.70 ± 12.64 127.35 ± 8.09* −2.35 ± 11.45
(−10.54 to 5.84)

−0.23 78.30 ± 7.68 75.45 ± 4.25* −2.85 ± 5.87
(−7.05 to 1.35)

−0.48

10 127.25 ± 17.15 125.45 ± 11.20* −1.80 ± 9.53
(−8.62 to 5.02)

−0.13 76.20 ± 5.68 75.05 ± 7.38* −1.15 ± 5.09
(−4.79 to 2.49)

−0.18

11 132.75 ± 14.17 124.65 ± 12.18* −8.10 ± 7.47
(−13.44 to −2.75)

−0.61 76.75 ± 8.29 74.95 ± 9.56* −1.80 ± 3.74
(−4.47 to 0.87)

−0.20

12 125.90 ± 9.45 124.60 ± 14.74* −1.30 ± 10.22
(−8.61 to 6.01)

−0.11 75.25 ± 9.71 72.95 ± 5.29* −2.30 ± 6.36
(−6.85 to 2.25)

−0.31

Mean ± SD and the 95% confidence interval values. *Significantly different from pre-exercise values. p < 0.05. MPT: muscle power training. ES: effect size (n = 12; values ≥0.8
were considered large, between 2.0 and 8.0 moderate and ≤0.2 small). Two participants were excluded from the two-way ANOVA because of missing data.
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T2DM individuals (23–25,29). Additionally, it is important to
point out that T2DM subjects might have a lower BP response
to an exercise session compared to healthy individuals (25,30);
thus, interventions that contribute to BP decrease in T2DM
people have been considered clinically relevant. Moreover,
a greater average reduction of BP was observed in the hyper-
tensive individuals than in non-hypertensive individuals.
Therefore, according to the results of the present study, elderly
individuals with T2DM in antihypertensive drug treatment can
benefit from the effects of MPT for acute reduction of BP.
These results are of great importance as it demonstrates that
the MPT used in the present study might be an interesting
training strategy as it contributes to lower exposure to the
damages and risks associated with higher BP values.

Regarding MPT and resting BP, only two studies that eval-
uated the chronic effects of training in resting BP were found
(31,32). In the study of Valls et al. (2014), no significant
changes in resting BP were observed after 12 weeks of MPT
(32). In another study, Kanegusuku et al. (2011) observed
a significant decrease in resting SBP for the MPT and for the
non-exercise groups after 16 weeks of intervention, whereas
DBP was not significantly changed. However, according to the
authors, these results possibly did not represent an effect of
training as these responses were similar between the training
and the non-training groups (31). Regarding traditional resis-
tance training (e.g., use of slow to moderate movement velo-
city), previous studies have observed a significant chronic
reduction in resting BP in T2DM individuals after exercise
interventions (11–22,26), while other studies did not (33–37).
It is worth noting that most of the studies that observed
a significant chronic effect of traditional resistance training on
resting BP in T2DM subjects used a higher weekly frequency of
training (i.e., three times) (17–19,22,26,33) and/or longer

intervention period (>12 weeks) (16–20,26,33). Moreover,
these studies used different protocols regarding volume (repeti-
tions x sets), intensity (% of maximum/load) and exercises
performed. Thus, it is possible that the distinctive characteris-
tics of the training program used in the present study and
previous studies that have observed chronic BP reduction
after traditional resistance training programs might have con-
tributed to the different results (38–41).

Lower glycemic control and longer duration of the T2DM
may indicate greater exposure to hyperglycemia damage and,
therefore, have an impact on the acute and chronic BP changes
after training (24,30,42–44). Thus, differences between studies
regarding these variables might also have contributed to the
different results. Previous studies have emphasized the greater
reduction of BP after exercise, especially observed in indivi-
duals with higher initial BP values (≥130/≥80 mm Hg)
(40,45,46). It is possible that the mean initial BP observed in
the participants of the present study (<130/<80 mm Hg) might
have contributed to the absence of a statistically significant
chronic benefit after MPT in resting BP.

It is important to observe that BP reductions are more
commonly observed following aerobic training programs
and some studies show no chronic BP reductions after
resistance exercise on T2DM people (33–37, 46). However,
considering that the performance of strength exercises such
as MPT is also extremely necessary for older adults, due to
documented neuromuscular and functional benefits of these
interventions (9–12), it is important to have the knowledge
about the possible effects of an MPT on BP besides the
neuromuscular and functional benefits that have been
already documented (10–12). Although there was no statis-
tical reduction in resting BP after 12 weeks of MPT, the
present study exhibits important clinical perspectives. The
mean change observed in the present study for resting SBP
is highly relevant since an SBP change of 5 mm Hg and
2 mm Hg in DPB are associated with a lower risk for
cerebrovascular (−14% and −15%, respectively) and cardio-
vascular disease (−9% and −6%, respectively) (47,48).
Moreover, individuals with T2DM with high SBP values
have a higher risk for cardiovascular disease than indivi-
duals with lower SBP values (49,50), and in the present
study, the hypertensive individuals showed greater
decreases after the MPT sessions. Therefore, even minor
changes in resting BP might be of great clinical relevance
for this population.

Table 3. Resting blood pressure pre and post-training (n = 12).

Pre-training Post-training Mean change p ES

Systolic
Blood
Pressure
(mm Hg)

125.00 ± 15.1 119.92 ± 9.83 −5.08 ± 8.93
(−10.75 to 0.59)

0.07 −0.41

Diastolic
Blood
Pressure
(mm Hg)

68.28 ± 3.72 68.75 ± 5.12 0.47 ± 6.06
(−3.37 to 4.32)

0.79 +0.11

Mean ± SD and the 95% confidence interval values. ES: effect size (values ≥0.8
were considered large, between 2.0 and 8.0 moderate and ≤0.2 small).

Figure 1. Individual responses of resting systolic blood pressure (SBP) (a) and resting diastolic blood pressure (DBP) (b) pre and post-training.
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Possible limitations of the present study are the small
number of participants and absence of a control group.
However, it is noteworthy that this is the first study investi-
gating the acute and chronic effects of MPT in BP in elderly
people with T2DM. In addition, the present results show
important changes in BP after MPT sessions, especially in
hypertensive individuals and that this training model may be
beneficial for BP control in elderly individuals with T2DM.

Conclusion and future directions

In summary, the MPT intervention used in the present study
was able to induce significant reductions in casual BP after
training sessions during 12 weeks of intervention, without
differences within the training weeks. However, there was no
significant chronic effect induced by MPT on resting SBP and
DBP. Nevertheless, important clinical reductions of BP were
observed for elderly patients with T2DM, especially in the
hypertensive individuals. From a practical point of view, MPT
might be recommended as a training intervention, as it induces
acute reductions in the SBP and DBP. In addition, these results
are important as this type of intervention (i.e., MPT) is also
able to induce significant neuromuscular and functional
enhancements in elderly diabetic individuals. Further studies
might investigate MPT programs using higher weekly training
frequency (>3 training session per week) and longer training
duration (>12 weeks) to elucidate if MPT with different char-
acteristics than the present study might induce different
chronic BP adaptations in the elderly individuals with T2DM.
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