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Abstract—The aim of this study was to compare the acute effects of low-intensity (LI) resistance exercise (RE) with
continuous blood flow restriction (CBFR) and intermittent blood flow restriction (IBFR) on systolic blood pressure
(SBP), diastolic blood pressure (DBP), and mean arterial pressure (MAP). After a one-repetition maximum test, 10
normotensive recreationally trained men performed three experimental protocols. In the three RE protocols, increases
in SBP, DBP, and MAP were observed immediately after exercise, but the effect sizes (ESs) were greater for the LI
+ CBFR and high-intensity protocols. There were hypotensive effects on SBP, DBP, and MAP in all three protocols;
however, the effects on MAP lasted longer for the LI + IBFR and LI + CBFR protocols. These long-lasting hypotensive
effects on DBP and MAP occurred in all three protocols. Thus, we conclude that the post exercise hypotensive effects
on SBP, DBP, and MAP appear to occur in all three RE protocols, with the effect on SBP being longer in the LI + IBFR

and LI + CBFR protocols.

Keywords: kaatsu, vascular occlusion, hypotension, resistance training

Introduction

Traditional resistance exercises (REs) have been used to pro-
mote post exercise hypotension, which occurs as a result of the
reduced vascular resistance observed in these exercise protocols
13, The reduced vascular resistance is caused by an increase in
the endothelial substances and by reductions in the sympathetic
nervous system activity and cardiac output®. In addition, RE

enhances the development and maintenance of strength, mus-
cular endurance, power, and muscle hypertrophy*¢. However,
some individuals cannot be subjected to high-intensity (HI) RE
due to several health problems, and therefore, cannot train with
heavy loads (>70% one-repetition maximum [1RM]), which
are recommended for increasing strength and hypertrophy®.
Accordingly, low-intensity (LI) RE combined with blood flow
restriction (BFR) can be used for these individuals because
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this method uses low loads (20-30% 1RM) combined with a
tourniquet, which reduces the negative effect of heavy loads on
the joints”®. The strength and muscle mass gains obtained with
this method seem to be as effective as HI training”'?; in addition,
this method seems to be safe in terms of hemodynamics!'!'3.

Few studies have evaluated potential hypotensive effects
[systolic blood pressure (SBP), diastolic blood pressure (DBP),
and/or the mean arterial pressure (MAP)] after the application of
LI RE with continuous blood flow restriction (CBFR)'®!7 and
intermittent blood flow restriction (IBFR)'>!® alone. Among these
studies, only three have demonstrated hypotensive responses after
LIRE combined with BFR!>!%17, However, only Brandner, Kidgell,
and Warmington'® compared the hypotensive effect of CBFR and
IBFR RE (unilateral elbow flexion exercise trials). They found
no post exercise hypotension and presented some limitations that
may have affected the results, such as the amount of exercises
used, how they were performed (unilaterally or single-jointed),
and the different pressures used for the BFR. In addition, there are
few studies showing similar effects when CBFR and IBFR RE
were compared in terms of muscle activation, strength, and lean
mass?*?!. While both have benefits for strength and hypertrophy,
the best strategy for working with BFR, either in a single exercise
or in an exercise session, remains unknown. Thus, it would be
interesting to understand the stimuli in blood pressure to verify the
degree of change and observe what would be the safest method
of BFR (continuous vs. intermittent) in a RE session with BFR.
However, it is necessary to conduct studies in healthy populations
(e.g., youth and adults) with safe procedures and methods appro-
priate to later be extrapolated in special populations.

A literature search revealed that no study to date has in-
cluded analysis of the hypotensive response after a RE session
for the upper limbs with CBFR and IBFR. Accordingly, we
hypothesized that the hypotensive response observed after HI
exercises and after LI RE with CBFR and IBFR would be sim-
ilar. Therefore, the aim of this study was to compare the acute
effects of LI RE with CBFR and IBFR on SBP, DBP, and MAP
in normotensive recreationally trained men.

Methods
Subjects

In total, 10 normotensive recreationally trained military men
(19 + 0.8 years old; 78.8 = 10.8 kg; 174.6 = 5.4 m; 25.7 £ 2.7
m*kg™') aged 18-21 years performed the three experimental pro-
tocols in random order. Those considered recreationally trained
had between 1 and 5 years of experience in strength training?.
The sample was selected by convenience; however, the subjects
included should be normotensive men aged between 18 and 30
years. The subjects were randomly divided to undergo the three
protocols after selection (crossover design). The exclusion criteria
were (1) individuals who responded “yes” to any of the Physical
Activity Readiness Questionnaire items?, (2) individuals who
missed one RE session, (3) individuals who had some type of
musculoskeletal injury of the upper limbs, and (4) smokers. After
being informed of the risks and benefits of the study, the subjects
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signed an informed consent form prepared in accordance with the
principles of the Declaration of Helsinki. The study was approved
by the local ethics committee (Protocol 0476/13).

Study Design

Anthropometric parameters and muscle strength were assessed
during the first visit to the laboratory. After this visit, the subjects
visited the laboratory on three different occasions 7296 hours apart.
During these visits, the subjects completed the three protocols in
random order (crossover design): (1) LI RE (20% 1RM) combined
with IBFR (LI + IBFR), (2) LI RE (20% 1RM) combined with
CBEFR (LI+CBFR),and (3) HIRE (80% 1RM). All three protocols
were performed at the same time of day to control diurnal blood
pressure variation. Blood pressure was measured before (resting);
immediately after; and then 15, 30, 45, and 60 min after performing
the RE protocols. Subjects were instructed to avoid exhausting exer-
cise, caffeine and chocolate intake, use of nutritional supplements,
and intake of alcoholic beverages during and after the effort sessions
and were advised to sleep at least 6 hours in the night before the
exercise session. In addition, subjects were instructed to maintain
the same eating habits during the study period and not to perform
the Valsalva maneuver during all RE sessions.

Procedures
Anthropometric Assessment

Height and body mass were measured to the nearest 0.5 cm
and 0.1 kg, respectively. A stadiometer and a balance scale (Filizola
scale, model 31; Sao Paulo, SP, Brazil) were used in the study.

IRM Test

The exercises were performed bilaterally and included the
bench press, lat pulldown, triceps extension, and biceps curl. The
subjects performed a warm-up set of 5—10 repetitions at 40-60%
of perceived maximum with a 1-min rest interval between the
sets. After the 1-min rest interval, the second set was performed
with three to five repetitions at 60-80% of the perceived maxi-
mum. The strength evaluation started after a 1-min rest interval
and measurement within five attempts. The load was adjusted
before each new attempt. Rest intervals between the attempts were
standardized at 3—5 min, with 20 min elapsed between different
exercises. The test was discontinued when the subject failed to
properly perform the movement, and the load moved in the last
successful attempt was then considered the maximum load. The
following strategies were adopted to reduce the margin of error in
data collection procedures: (1) all tests were performed at the same
time of day in each session; (2) standardized instructions were
given before the test so that each subject was aware of the entire
data collection routine; (3) the subject was instructed regarding
the proper technique to perform the exercise; and (4) all subjects
received standardized verbal encouragement during the tests.
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Assessment of Blood Pressure

Before and after each RE session, blood pressure was
measured using a stethoscope (3M Littmann® Cardiology;
3M, St. Paul, MN, USA) and an aneroid sphygmomanometer
(DuraShock™ Tycos®, Model DS-44; Welch Allyn, Skaneateles
Falls, NY). The cuff was completely wrapped around the right
arm, enclosing at least two-thirds of the upper arm. Blood pressure
flow measurements were performed 15 min immediately before
(two measures resting); immediately after exercise (post-30—45
s); and approximately 15 min (post-15), 30 min (post-30), 45
min (post-45), 60 min, and more than 60 min (post-60) after each
protocol. Immediately after the exercise session, the subject was
instructed to sit, then the standard tourniquet was removed and a
sphygmomanometer was placed for blood pressure measurement.
All measurements were performed by the same expert evaluator
according to the guidelines of the American Heart Association®.
MAP was calculated according to the equation

(SBP + 2DBP)/3

Determination of BFR

After the assessment of blood pressure using the sphygmo-
manometer, subjects remained seated and a standard sphygmo-
manometer was placed in the axillary fold region to measure
blood pressure (Riester Komprimeter pneumatic tourniquet for
hemostasis in the extremities) in the arm (width of 60 mm and
length of 470 mm) to verify blood pressure before starting each
protocol of CBFR and IBFR. The total BFR was set at 1.3 times
resting SBP'41%%5, The cuff was inflated and deflated between
sets. The mean pressures used throughout the entire exercise
protocols of IBFR and CBFR were 163.8 £ 10.5 mmHg and
160.9 + 12.9 mmHg, respectively.

Experimental Sessions

Four bilateral REs were performed, including the bench
press (with conventional bar and calibrated rings), lat pull-down,
triceps extension, and biceps curl (on conventional machines).
Subjects performed three protocols in random order: four LI
REs (20% 1RM) combined with IBFR (LI + IBFR), four LI
REs (20% 1RM) combined with CBFR (LI + CBFR), and four
HI RE (80% 1RM). For the LI RE protocols with CBFR and
IBFR, the subjects completed 30 repetitions followed by 3 sets
of 15 repetitions (20% 1RM), with an interval of 30 s between
all sets and a 1-min interval between exercises while wearing a
standard sphygmomanometer that was placed on the upper arm
(proximal; width 60 mm and length 470 mm) for blood pressure
measurement (Riester Komprimeter pneumatic tourniquet for
hemostasis in the extremities). The cuff was deflated between
sets for the LI + IBFR protocol and maintained inflated between
sets for the LI + CBFR protocol. For the HI protocol, subjects
completed three sets of eight repetitions (80% 1RM) with 2-min
rest intervals between the sets and a 1-min rest interval between
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exercises. The velocity of the movement was controlled by a
metronome set at 3 s (1.5 s for the concentric muscular action
and 1.5 s for the eccentric muscular action).

Total Work Exercises

The total work (TW) performed was calculated by multi-
plying the total load, the sets, and the complete repetitions of
the four exercises for each protocol (load % sets x repetitions).

Statistical Analysis

The statistical analysis was initially performed using the
Shapiro—Wilk test for normality and Levene’s test for homo-
geneity of variances. The variables were normally distributed
and homogeneous (p > 0.05). The test of reproducibility was
performed between the first and second measurements of blood
pressure at rest before starting each protocol (intraclass cor-
relation coefficient [ICC]). A paired ¢-test was used to compare
the two BFR pressures used in the LI + IBFR and LI + CBFR
protocols, and one-way analysis of variance (ANOVA) with
the Bonferroni post hoc test was used to compare TW between
protocols. Two-way repeated-measures ANOVA (protocols [LI
+ IBFR vs. LI + CBFR vs. HI] x time [resting vs. immediately
after exercise vs. 15 min vs. 30 min vs. 45 min vs. 60 min])
followed by Bonferroni’s post hoc comparisons test was used
to analyze the possible differences in SBP, DBP, and MAP.
The ES was used to verify the magnitude (trivial <0.35, small
0.35-0.80, moderate 0.80—1.50, and large >1.5) of changes be-
tween assessments of the protocols?, and the percentage change
(A%) was used to express the possible differences between the
significant changes. The level of significance was set at p <0.05.
All statistical analyses were performed using the IBM SPSS
version 20.0 statistical software package (IBM, Armonk, NY).

Results

The blood pressure ICCs calculated by the researcher were as
follows: LI +IBFR =0.975, LI + CBFR = 0.966, and HI = 0.959.
All subjects completed the three exercise sessions. The paired #-test
revealed no significant differences between the two BFR pres-
sures used in the LI + IBFR vs. LI + CBFR protocol (p = 0.444).
Regarding TW (bench press, lat pulldown, triceps extension, and
biceps curl), there was a significant difference between the LI vs.
HI RE protocol (LI + IBFR and LI + CBFR [4131.0 + 608.2] vs.
HI[5598.7+836.7], p <0.001); however, there was no significant
difference between LI + IBFR and LI + CBFR (p = 1.000).

In the comparative analysis of SBP, significant differences
were found between LI + CBFR and HI at 15 and 30 min (p
=0.017 and p = 0.050, respectively). A significant increase in
SBP between resting and immediately after the exercises in all
protocols was observed (LI + IBFR, p < 0.001, A% = 24.6%,
ES =3.05; LI+ CBFR, p<0.001, A% = 35.7%, ES = 5.62; and
HI, p <0.001, A% = 35.2%, ES = 3.80). Significant reductions

Motriz, Rio Claro, v.22 n.3, p. 198-204, July/Sept. 2016



Continuous and intermittent blood flow restriction

were observed between resting and 45 min (p = 0.021, A% =
—6.8%, ES = 0.85) and between resting and 60 min (p = 0.003,
A% =—8.5%, ES = 1.05) in the LI + IBFR protocol. For the LI
+ CBFR protocol, a significant reduction was observed between
resting and 60 min (p = 0.003, A% = —8.3%, ES = 1.31). In
the HI protocol, significant reductions were observed between
resting and 15 min (p = 0.005, A% = —8.1%, ES = 0.88) and
between resting and 30 min (p = 0.022, A% =—-7.3%, ES=0.79)
(Table 1). In the LI + CBFR protocol, a significant reduction
was observed between resting and 60 min (p = 0.003, A% =
—8.3%, ES = 1.31). For the HI protocol, significant reductions
were observed between resting and 15 min (p = 0.005, A% =
—8.1%, ES = 0.88) and between resting and 30 min (p = 0.022,
A% =-7.3%, ES=0.79) (Table 1).

In the comparative analysis of DBP, significant increases
were observed between resting and immediately after exercise in
all protocols (LI +IBFR, p <0.001,A% =16.6%, ES=1.26; L1
+ CBFR, p <0.001,A% = 15.7%, ES=1.73; and HI p < 0.001,
A% =22.7%, ES =2.46). Significant reductions were observed

between resting and 60 min in all protocols (LI + IBFR, p =
0.004, A% = —10.8%, ES = 0.82; LI + CBFR, p = 0.001, A%
=—-12.7%, ES = 1.47; and HI, p = 0.014, A% = —8.8%, ES =
0.95), as shown in Table 2.

In the comparative analysis of MAP, a significant differ-
ence was observed between LI + CBFR and Al at 15 min (p =
0.033). The analysis of the different times revealed significant
increases between resting and immediately after exercise in
all protocols (LI + IBFR, p <0.001, A% = 20.3%, ES =2.03;
LI+ CBFR, p <0.001, A% = 24.4%, ES = 3.48; and HI, p <
0.001, A% = 28.1%, ES = 3.16). Significant reductions were
observed between resting and 60 min (p = 0.001, A% =—9.7%,
ES = 0.96) in the LI + IBFR protocol. For the LI + CBFR
protocol, there were significant reductions between resting
and 60 min (p <0.001, A% =—10.7%, ES = 1.52). For the HI
protocol, there were significant reductions between resting
and 15 min (p =0.013, A% =—7.1%, ES = 0.80) and between
resting and 60 min (p = 0.008, A% = —7.1%, ES = 0.80), as
shown in Table 3.

Table 1. Comparative analysis of systolic blood pressure in different study protocols.

Systolic Blood Pressure (mm Hg)

Immediately after

Protocols Resting exercise 15 minutes 30 minutes 45 minutes 60 minutes

LI+ IBFR 123.5+10.0 154.0+£21.7* 120.0+12.4 117.0+12.5 115.0+11.7* 113.0+14.9*

LI+ CBFR 126.0+8.0 171.0+17.9* 126.5+11.5% 123.5+12.0F 120.5+8.9 115.5+11.1*
HI 122.0+11.3 165.0+15.8* 112.0+£13.9* 113.04£9.4* 117.0+9.4 116.0£9.6

* Significant difference between resting and immediately after exercises, resting and 15 min, resting and 30 min, resting and 45 min, resting and 60 min

 Significant difference between LI + CBFR and HI

LI + IBFR = low-intensity resistance exercises combined with intermittent blood flow restriction; LI + CBFR = low-intensity resistance exercises combined with

continuous blood flow restriction; HI = high-intensity resistance exercises

Table 2. Comparative analysis of diastolic blood pressure between the study protocols.

Diastolic Blood Pressure (mm Hg)

Immediately after

Protocols Resting exercise 15 minutes 30 minutes 45 minutes 60 minutes
LI +IBFR 78.0+10.3 91.0+8.7* 75.549.5 75.0£10.8 74.5+11.6 69.5£12.1%*
LI+ CBFR 82.547.1 95.5+6.4%* 81.0+8.7 79.0+7.3 77.0+9.4 72.0£7.5%

HI 79.0+7.3 97.0+9.4* 74.0+8.4 78.0+8.3 78.0£7.8 72.0+7.8%*

*Significant difference between resting and immediately after exercise, resting and 60 min

LI + IBFR = low-intensity resistance exercises combined with intermittent blood flow restriction; LI + CBFR = low-intensity resistance exercises combined with

continuous blood flow restriction; HI = high-intensity resistance exercises.

Table 3. Comparative analysis of mean arterial pressure between the study protocols.

Mean Arterial Pressure (mm Hg)

Immediately

Protocols Resting after exercise 15 minutes 30 minutes 45 minutes 60 minutes
LI+ IBFR 93.1£9.4 112.0+12.3* 90.3+9.7 89.0+£10.3 87.9+11.2 84.0+12.3*
LI+ CBFR 96.9+6.8 120.6£9.1%* 96.1+8.8+ 93.8+7.5 91.44+8.9 86.5+7.7*

HI 93.3+8.3 119.6+9.7* 86.6+9.6* 89.6+6.7 90.9+7.7 86.6+6.8*

* Significant difference between resting and immediately after exercise, resting and 15 min, resting and 60 min

T Significant difference between LI + CBFR and HI

LI+ IBFR = low-intensity resistance exercises combined with intermittent blood flow restriction; LI + CBFR = low-intensity resistance exercises combined with

continuous blood flow restriction; HI = high-intensity resistance exercises.
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Discussion

In this study, we compared the acute effects of RE combined
with CBFR and IBFR on SBP, DBP, and MAP in military men.
To our knowledge, this study involves the first comparison of
the hypotensive responses elicited by upper limb exercises done
with CBFR or IBFR. The main findings of this study are (1) the
three RE protocols increased SBP, DBP, and MAP immediately
after exercises; and (2) hypotensive responses (changes in SBP,
DBP, and MAP) were observed in the three protocols without
significant differences between them. However, the effects on
SBP were longer in the LI+ IBFR and LI + CBFR protocols.

Acute increases in SBP, DBP, and MAP were observed
in the three protocols without significant differences between
them, but a smaller magnitude was observed in the LI + IBFR
protocol than in the other protocols. These increases may have
occurred because IBFR promotes lower levels of muscle pain
than CBFR?" which could cause less tension on the muscles in-
volved. The acute findings of the study conducted by Brandner,
Kidgell, Warmington' comparing CBFR and IBFR were different
from those in the present study. Those authors reported a higher
magnitude in the LI + IBFR protocol, a result that may have been
due to the pressure used in IBFR (151 mmHg), which was much
higher than the pressure used in CBFR (91 mmHg). However,
other studies corroborate our findings. Previous studies reported
increases in blood pressure immediately after application of LI
RE combined with CBFR.'*!32¢ This increase in blood pressure
shown in previous studies and in the present study may occur
because CBFR potentiates elevations in muscle sympathetic
nerve activity, heart rate, and MAP?’. In contrast, a previous study
has found no significant differences in SBP, DBP, and MAP in
the IBFR protocol®. This finding may have been due to several
factors, including the low pressure of the BFR (100 mmHg) used
in their protocol, no vascular occlusion (BFR) between sets, and
the use of only two single-joint exercises of the lower limbs.

The HI protocol promoted a faster hypotensive response
(SBP and MAP) that started 15 min after the end of the exercises.
An explanation of this finding is that the TW of the HI protocol
was significantly higher than in other protocols. Indeed, it has
been stated that TW plays an important role in the hypotensive
response®®3’. These findings are in agreement with previous
studies'>!", that detected hypotensive responses after LI RE
combined with CBFR or IBFR. In contrast to other studies''31?

Therefore, upon analyzing the methodological procedures
according to the body segment used in the exercises and the
subjects of the studies, it seems that the greatest magnitude of
hypotension occurs in the following scenarios: in individuals
who performed RE combined with IBFR in the upper and
lower limbs (agonist-antagonist)'?, in hypertensive individuals
who performed RE combined with CBFR (lower limbs)'¢, and
in apparently healthy young individuals who performed RE
combined with CBFR at40% 1RM (upper limbs)'”. However, it
was also observed that the hypotensive response did not occur in
apparently healthy young subjects who performed LI RE (<30%
I1RM) with CBFR and IBFR in single body segments'. On the
other hand, loads <30% 1RM are able to promote hypotensive
responses after LI RE with CBFR in hypertensive individuals'®.
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Additionally, it seems that performing exercises for upper
and lower limbs in the same session can promote greater hypo-
tensive effects than the effects after exercises performed with
only one segment, which can be associated with the amount
of muscle mass involved®'. Thus, the lower blood pressure ob-
served in the present study (using exercises for upper limbs and
trunk) may have occurred due to the larger amount of muscle
mass involved leading to increased nitric oxide production via
endothelial shear stress, which then plays an important role in
protecting vascular tone®>¥,

In the study performed by Brandner, Kidgell, Warmington'?,
the first group of investigators who compared the effects of
CBFR or IBFR RE (unilateral elbow flexion exercises) on hy-
potension, no significant hypotensive responses were observed.
Some methodological limitations might explain these findings.
These authors compared the effects of upper limb RE on hypo-
tensive responses (5, 20, 40, and 60 min post exercise) in four
different conditions: HI (80% 1RM, four sets of six to eight
repetitions with an interval of 150 s between sets), LI without
BFR (20% IRM, 4 sets, with 30 repetitions in the first set and
15 repetitions in the second, third, and fourth sets; an interval
of 30 s between sets), and two LI protocols with application of
either CBFR (91 mmHg) or IBFR (151 mmHg) using a cuff
with a width of 10.5 cm. The use of only a single-joint exercise
(arm flexion) that was performed unilaterally and at different
pressures for CBFR (80% resting SBP) and IBFR (130% resting
SBP) might explain the lack of hypotensive responses in both
BFR protocols. Because of the methodological procedures used,
these results are not similar to the results of the present study,
where bilateral and multi-joint exercises and not significantly
different pressures for CBFR and IBFR were used. Another point
worth mentioning is that our training volume was greater than
the one used by Brandner, Kidgell, Warmington'®. In addition,
our study has good practical application because four exercises
were used, which is similar to a training session.

The faster reduction in SBP observed in the LI + IBFR pro-
tocol may have occurred due to the release of the cuff between
the sets, which may have promoted reactive hyperemia and
shear stress more often than CBFR. These factors, in turn, could
increase the production of nitric oxide synthase, the enzyme
responsible for the conversion of L-arginine to nitric oxide, a
small, electrically neutral molecule capable of promoting pos-
itive changes in the endothelium?®, but with less discomfort?!
and lower blood pressure changes, as observed in the present
study. This protocol can be an excellent option for hypertensive
individuals, as the increase in muscle activation?® and gains in
muscle strength and lean body mass?' are similar between CBFR
and IBFR. In addition, Takano'# mentioned that the decrease in
venous return promoted by the RE performed with BFR causes
areduction in cardiac preload during exercise, which may be an
excellent strategy for people with vascular diseases.

Conclusions

The post exercise hypotensive responses occurred in all three
protocols (changes in SBP, DBP, and MAP), with longer effects
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on SBP observed in the LI + IBFR and LI + CBFR protocols,
although they were faster in the HI protocol. The LI + IBFR
protocol appears to have a smaller effect than the other protocols
in increasing SBP, DBP, and MAP immediately after exercise.
Therefore, it is important to conduct further experiments in nor-
motensive and hypertensive subjects to address both acute and
chronic hypotensive responses, particularly involving different
BFR pressures and different cuff sizes.
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