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Abstract

: Diabetes is one of the most important health problems in the world.
The aim of this study was to evaluate the response of a session of resistance exercise
with blood flow restriction (REBFR) to hemodynamic and hematological changes
in type 2 diabetic patients.

: Fifteen patients with type 2 diabetes performed knee
flexion and extension of the resistance exercise with and without BFR in two
sessions with intensity of 20% and 80% 1RM, respectively. Hemodynamic and
hematological changes were measured at before, immediately and 30 minutes after
exercise. Repeated analysis of variance was used to evaluate the effect of the
intervention on quantitative factors.

: The mean values of systolic and diastolic blood pressure and heart rate
values in both training sessions were not significantly different (P <0.05). The results
showed that there was no significant difference between WBC, RBC, HCT, Hb,
MCH, MCHC, MCV and PV indices between resistance exercise sessions with and
without BFR (P <0.05). According to the findings, the amount of RBC and Hb
increased significantly immediately after REBFR (P <0.05), which returned to
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resting levels after 30 minutes of recovery.

: Low-intensity REBFR due to no significant change in hemodynamic,
hematological and platelet parameters can be an effective and low-cost mechanism
in preventing cardiovascular disease in patients with type 2 diabetes and as a Non-
pharmacological treatment system and alternative to high-intensity resistance
exercise to prevent muscle atrophy, especially in clinical populations, especially
diabetics.
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Introduction

Hemoreology is a branch of biology that
specifically affects the blood and its interactions
with the effects on the blood. Blood is made up of
two parts, plasma (mainly water) and hematocrit
(HCT), all of which originate from bone marrow-
based stem cells. Blood hematocrits consisting of
white blood cells (WBC), red blood cells (RBCs)
and platelets (PLT) float in plasma.

There is little information on hematological
changes after resistance exercise with blood
flow restriction in clinical populations. On the
one hand, in diabetic patients, the natural
behavior of red blood cells, especially in blood
circulation, changes, and on the other hand,

high -intensity resistance exercise may
exacerbate this red blood cell behavior.
Therefore, due to the importance of

implementation of resistance exercise as a non
-pharmaceutical therapeutic system and the
prevention of muscle atrophy in these clinical
populations, the present study aimed to
investigate the effect of low -intensity
resistance exercise along with blood flow
restriction to hematological changes.

Methodology

Fifteen women with type 2 diabetes participated
in the study. Participants were screened and
consulted by a cardiologist for any heart condition
including ischemia, angina pectoris, arrhythmia,
heart failure, and abnormal ECG. Participants
received no more than two medicines at the time of
the study and did not receive insulin, antiplatelet
drugs such as aspirin, NSAID, and Clopidogrel.
Participants who had bone or joint problems (lower
back and knee), muscle injury, any other condition
that stopped them from doing exercise, a history of
specific infectious and immune disorders, smoking,
and alcohol consumption were excluded.
Participants completed a Medical History
Questionnaire as well as an informed consent form
after explaining the study protocols and having
understood the procedures. This study is carried out
conforming to the guidelines for the use of human
subjects in research as outlined in the current
Declaration of Helsinki and was approved by the
University Ethical Board
(IR.-KAUMS.REC.1399.035).
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Participants attended the laboratory in two
different sessions with one week intervening and
performed unilateral knee flexion and extension
exercises either with or without BFR in a
randomized, crossover design. Participants were
instructed to refrain from exercise for 48 h before
reporting to the laboratory for testing.

In each trial, after changing the attire,
participants rested in the sitting position for 20 min
where the first fasting blood sample was taken.
Thereafter, they had 5 min general warm-up and 2,
3 min static and dynamic stretching exercises for
thigh and leg muscles. After the general warm-up
and prior to the main exercise protocol, a specific
warm-up including knee flexion and extension (2
sets of 8 repetitions) with an unloaded machine and
a light load was performed. The resistance exercise
protocol consisted of 3 sets of 6 repetitions at 80%
of 1-RM for knee flexion and extension with the
dominant leg. Two minutes of rest was allowed
between sets and exercises. A second venous blood
sample was taken immediately after exercise.
Participants were then rested on the chair for 30 min
and at the end of this period (recovery), the third
blood sample was taken. At the end of each set, we
recorded heart rate and blood pressure. The second
exercise trial included performing 3 sets of 15
repetitions at 20% of 1-RM for knee flexion and
extension exercises with BFR. For the BFR
condition, a lower extremity pressure cuff (AS-027,
ABN Company, Indonesia) with a range of 406 to
660mm was placed around the most proximal
portion of the exercised leg and inflated to a pressure
of 150 mmHg. In this session, 30 s rest was given
between sets and exercises, and all measurements
were made similar to the exercise trial without BFR.

Results

The mean blood pressure of systole and diastolic
blood pressure in both exercise sessions was not
significantly different with and without blood flow
restriction (P >0.05). The mean blood pressure of

systole and diastolic blood pressure in the knee
extension exercise at rest and immediately after the
third set in resistance exercise with and without
blood flow restriction had no significant changes (P
>0.05). Comparison of systolic blood pressure in the
knee flexion exercise and with restriction of blood

flow increased at rest and immediately after the end
of the third set, which was statistically significant (P
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<0.05). Systolic blood pressure increased in the rest
of the knee flexion exercise without blood flow
restriction, and immediately after the end of the third
set, which was statistically significant (P <0.05).
Comparison of diastolic blood pressure values at the
time of blood flow restriction and knee flexion
exercise had significant changes at the end of the
third set compared to the rest period (P <0.05).
Average diastolic blood pressure at the time of
implementation of knee flexion exercise and
without blood flow restriction from rest time to
immediate after the third set did not significantly
change (P >0.05).

Research results showed that there was no
significant difference between resistance exercise
sessions with and without blood flow restriction in
WBC, RBC, HCT, HB, MCH, MCHC, MCV and
PV indicators (P >0.05). According to the findings,

the value of RBC and HB immediately after
resistance exercise with blood flow restriction, from
4.95+ 0.61 to 5.06+0.55 and from 13.54+1.43 to
13.94+1.22 increased significantly (P <0.05), which
returned to rest after 30 minutes of recovery and
eliminating the response effect. The WBC index
increased immediately after the resistance exercise
without blood flow restriction from 6.56+1.14 to
7.09+1.40 but was not significant (P >0.05); But

after 30 minutes of recovery, there was a significant
decrease (P <0.05). The MCV index was
significantly reduced 30 minutes after resistance
exercise with blood flow restriction (83.91+5.71 to
82.55+3.99) (P <0.05). Plasma volume decreased by
4.7 % and 2.4 %, respectively, but between two
ways of resisting activity was not statistically
significant (P >0.05).

Discussion

The results of the present study showed that
systole and diastolic blood pressure were the same
as both exercise sessions. One of the reasons for the
same results of the average blood pressure of the two
exercise methods can be to integrate training load
(intensity and volume of exercise). On the other
hand, the performance of high -intensity exercise
causes the release of ANP, which can adjust blood
pressure. Accordingly, it can be concluded that the
changes in blood pressure in two exercise methods
are equal. Measuring blood pressure during a
resistance exercise can be useful to prevent adverse
hypertension and reduce cardiovascular risk,
especially in patients with hypertension. During
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resistance exercise, blood pressure increases
according to the intensity of exercise. In fact, with
the onset of resistance exercise, the increase in
sympathetic stimulation, plasma catecholamine and
decreased parasympathetic activity increase blood
pressure and it increases with increasing exercise
intensity.

According to the research findings, the number of
red blood cells (RBC) and hemoglobin (HB)
increased immediately after resistance exercise
with blood flow restriction. In line with the
findings of our study, studies that examined
hematological responses to resistance exercise
showed that a resistance exercise session would
significantly increase RBC and HB levels, which
are transient in response to resistance exercise,
and after 30 Recovery minutes back to the pre -
exercise level. Exposure to hypoxia is recognized
as an important factor that can cause multiple
changes in metabolic and physiological levels.
This may have adverse effects on some
rheological and blood behavioral parameters that
can directly affect the oxygen supply to the tissue.
Along with our findings, Ahmadinezad et al.
(2005) showed an increase in the number of RBC
and HB, which increased all of these transient
rheological parameters and returned to the
previous level by the end of recovery. On the
other hand, the increase in RBC in the blood can
result in the release of the RBC stored in the
spleen, which results in an increase in blood HB
per unit volume.

Conclusion

The overall trend of the research shows that a
session of blood flow restriction compared to
traditional resistance activity shows similar
results in the amount of hemodynamic and
hematological indices in diabetic patients; there
have been no significant changes in these
indicators. On the other hand, as studies have
shown that resistance activity in a traditional way
compared to resistance activity with blood flow
limitation (due to low load and volume) results in
increased  platelet  activity.  Therefore,
implementation of low -intensity resistance
exercise and with limited blood flow due to the
lack of significant change in hemodynamic,
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hematological and platelets can be effective and
low -cost mechanisms in  preventing
cardiovascular disease in patients with type 2
diabetes and as a diabetes, as this study showed
the results of resistance exercise with low -
intensity and blood flow restriction similar to
traditional resistance exercises.
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