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Abstract.

BACKGROUND: Diabetes mellitus is a common disorder with the risk of vascular injury.

OBJECTIVE: The aim of this study was to compare the effects of low-intensity resistance exercise with blood flow restriction
versus high-intensity resistance exercise on platelet CD markers and indices in patients with type 2 diabetes.

METHODS: Fifteen female patients with type 2 diabetes (Mean = SD; age, 47.6 &= 7.2 yrs) randomly completed two resis-
tance exercise at an intensity corresponding to 20% and 80% of one-repetition maximum (1-RM), with and without blood
flow restriction (REgrr and RE), respectively. We measured markers of platelet activation (P-selectin, Gpllb/Illa, and CD42)
and platelet indices before and immediately after exercise, and after 30 min recovery.

RESULTS: Platelet count (PLT) and plateletcrit (PCT) increased in response to REggg more than the RE (p < 0.05), though,
no significant differences in PDW and MPV were observed (p <0.05). Although P-selectin (CD62P), CD61, CD41, and
CD42 were reduced following resistance exercise in both trials, these reductions were non-significant (p <0.05). Besides, no
significant between-group differences were found for platelet CD markers (p <0.05).

CONCLUSIONS: It is concluded that REggg induces thrombocytosis, but responses of platelet CD markers in patients with
type 2 diabetes are similar following low-intensity REggr and high-intensity RE.
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1. Introduction

Type 2 diabetes is a multifactorial disease that is caused by a combination of environmental and
genetic factors [1]. Diabetes is associated with altered platelet function, where platelet adhesion and
aggregation are increased by hyperglycemia and lead to thrombus formation [1, 2]. The increased risk
of thrombosis in patients with type 2 diabetes and metabolic syndrome is due to increases in platelet
aggregation, fibrinogen, coagulation factors, and fibrinolysis [3—6]. In patients with type 2 diabetes,
insulin resistance, hyperglycemia, and increased glycolysis are associated with increased platelet sen-
sitivity to platelet aggregation receptors [7], whereas, normal glucose concentration attenuates this
process [8]. In addition, diabetic ketoacidosis patients have an increased risk of arterial and venous
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thromboembolism and that clots formed during ketoacidosis with high glucose levels are very dense
and thrombogenic [9].

Regular exercise improves insulin sensitivity and reduces blood glucose levels in patients with type
2 diabetes [10, 11]. Although regular exercise reduces the major risk of thrombotic and cardiovascular
events [12], the risk of early heart attacks increases dramatically during acute vigorous exercise [13].
Resistance exercise increases platelet activity and function [14] in an intensity-related manner [15].

Although resistance exercise at an intensity greater than 70% of maximum strength increases muscle
size and strength in healthy individuals [16], patients often cannot complete resistance exercise at the
desired intensities. However, low-intensity resistance exercise with blood flow restriction (BFR) is
useful in physical rehabilitation programs to achieve a similar degree of muscle mass and strength
compared to high-intensity resistance exercise [17]. During BFR, a low-intensity resistive load in
combination with an external inflation cuff is used to partially occlude the underlying vasculature and
likely induces muscle hypoxia and metabolic stress [18].

Efficacy and patient safety associated with any rehabilitation program is a necessary concern for
health professionals [19]. Low-intensity resistance exercise with BFR induces lower physical stress
compared to traditional resistance exercise, which would further enhance safety. The concern regarding
the potential of BFR to increase the risk of thrombosis or thrombocytosis remains for some clinicians.
Although BFR causes a temporary reduction in blood flow in the exercising limb, it occurs for a
relatively short period, and blood flow is back to normal following cuff deflation.

Since BFR is presently a novel form of rehabilitation exercise and its safety remains an issue,
health, and sports medicine professionals do not include it in rehabilitation programs. Although, BFR
with acute resistance exercise does not activate the coagulation system in healthy subjects [20], the
safety and acute effects of low-intensity resistance exercise with BFR on thrombosis particularly in
patients with diabetes have not yet been addressed. Therefore, the purpose of the present study was
to determine the effect of an acute bout of low-intensity resistance exercise with BFR compared to
traditional high-intensity resistance exercise on the platelet indices and markers of platelet activation
and function.

2. Materials and methods
2.1. Subjects

Fifteen women with type 2 diabetes (Mean & SD; age, 47.6 &= 7.2 yrs; height, 156.8 = 6.9 cm; weight,
69.7 4 13.8kg; BMI, 28.43 +5.39 kg/m?>; WHR, 0.86 £0.06) with no history of regular exercise
voluntarily participated in the study. Their mean fasting blood sugar was 172.5 £ 18.8 mg/dL. Par-
ticipants 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 pro-
tocols 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) and Registry of Clinical Trials
(IRCT20130901014540N2).
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2.2. Experimental design

Two preliminary sessions were designed to familiarize the participants with the correct techniques
for resistance exercises and to determine the maximal strength by using a one-repetition maximum
test (1-RM).

After familiarization with the exercise techniques, participants’ unilateral 1-RM for knee flexion
and extension was determined on a weight-training machine by using Brzycki’s method [21]. This
method is a submaximal estimation method and is preferred because it is safer and quicker than the
other methods. In this method, 1-RM is calculated based on the number of repetitions performed and
the amount of weight used. In this session, we measured participants’ weight (kg) and height (cm) to
the nearest 0.1 kg and 0.1 cm, respectively, on an automatic electronic scale (Seca - Germany).

After 1-RM determination, 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 addition, they were required to eat their dinner at 08:00
p.m., do not drink any fluid after midnight, and attend the laboratory in a fasting state. To avoid the
effects of time of day, all experimental sessions were performed at the same time of day (0900-1100 h).

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 660 mm 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.

2.3. Blood sampling and laboratory methods

Three venous blood samples (21 ml) from a brachial vein were drawn in a sitting position before
exercise (after 20 min rest), immediately after exercise, and after 30 min recovery. Two milliliters
of blood was transferred into the tubes containing ethylenediamine tetraacetic acid (k2EDTA) and
slowly mixed. Anicoagulated blood was used for measuring hematocrit (Hct) and hemoglobin (Hb),
platelet count (PLT), mean platelet volume (MPV), plateletcrit (PCT), and platelet distribution width
(PDW) by Coulter Counter (Sysmex, XE-2100L, Japan). In addition, 5 ml of blood was dispensed
into tubes containing citrate theophylline adenosine dipyridamole (CTAD) anticoagulant and slowly
mixed. Flow cytometry (Partec Cyflow, Germany) technique was used to measure P-selectin, Gpllb/Illa
(CD41, CD61), and CD42. We measured changes in platelet activity and response to agonists by
using the direct immunofluorescence techniques. The following fluorescein-isothiocyanate (FITC) and
phycoerythrin (PE)-conjugated monoclonal antibodies (MAbs) including anti-CD41-PE (clone P2),
anti-CD42b-PE (clone SZ2), and anti-CD62P-FITC (Clone CLB-Thromb/6) were all purchased from
Coulter-Immunotech Diagnostics (Krefeld, Germany). Plasma volume changes (PV) were calculated
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by using Hb and Hct values before and after exercise and according to the equations described by Dill
and Costill [22].

2.4. Statistical analysis

Data were analyzed using SPSS version 22 for Windows (IBM, Chicago, IL). The distributions of
data were checked for normality by using the Shapiro-Wilk test. We employed repeated measures of
ANOVA (2 conditions x 3 times) to compare the responses of platelet indices and markers of platelet
activation to resistance exercise with or without BFR. Paired -test was used to compare the plasma
volume changes in two trials. Differences between conditions were considered significant at P <0.05
and data are presented as means % SD.

3. Results

Statistical analysis of the data revealed a significant interaction for PLT (F, 3 =3.8, p=0.03). Platelet
counts increased in response to REgrr more than the resistance exercise without BFR. Immediately
after REgpr platelet count increased by 7.5% significantly (P <0.05) and returned to baseline level
after 30 min of recovery (Table 1), whereas, changes in PLT after resistance exercise without BFR
(1.2% increase) were non-significant. Similarly, changes in PCT following REgrr were significantly
(F2.28 =8.4, p=0.001) higher than the resistance exercise without BFR, and that post-hoc analyses
showed significant differences in response to exercise, not recovery (Table 1). However, neither a
significant interaction nor significant main effects of exercise (p >0.05) were observed for MPV and
PDW (Table 1). Plasma volume reduced by 4.7% and 2.4% following resistance exercise with and
without BFR, respectively. Plasma volume changes in response to exercise and recovery were not
significantly different between the two trials (p > 0.05).

The results of the study showed no significantdifference between responses of P-selectin to resistance
exercise with and without BFR (p > 0.05). In addition, no significant main effect of resistance exercise
was detected for P-selectin (Fig. 1).

Mean values of the CD61 receptor at rest, immediately after REgggr, and at the end of the recovery
period were 16.49 +1.07, 15.93 £1.00, and 16.01 £1.00 pwg/mL, respectively (Fig. 2). Neither a
significant main effect nor a significant session x time interaction was detected when CD61 values
were compared between two trials. However, within-group comparisons showed a significant (p =0.02)
reduction in CD61 following resistance exercise, which remained at the same level during recovery
(Fig. 2).

Table 1

Mean (£SD) values of platelet indices before and immediately after exercise, and after 30 min recovery with and without
BFR
REgrr RE
Before After Recovery Before After Recovery

PLT (1000/p.L) 294 +13 317 £ 15 302+ 14 317+17 32116 297+ 14
MPV (fl) 9.40£0.19 9.40£0.16 9.26£0.18 9.40£0.25 9.26+0.20 9.33+0.21
PCT (%) 0.213£0.007  0.253+£0.008**  0.217£0.008 0.215+£0.010 0.237+£0.014 0.211£0.010
PDW (%) 11.86 £0.40 11.93£0.35 11.93+0.35 11.60+0.42 11.66 +0.38 11.73+£0.39

PLT, platelet count; MPV, mean platelet volume; PCT, plateletcrit; PDW, platelet distribution width. *Indicates a significant
increase following exercise (p <0.05) and * indicates between-group significant difference (p <0.05).
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Fig. 1. Mean (£SD) values of P-selectin before (open bars) and immediately after exercise (grey bars), and after 30 min
recovery (solid bars) with and without BFR.
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Fig. 2. Mean (£SD) values of CD61 before (open bars) and immediately after exercise (grey bars), and after 30 min recovery
(solid bars) with and without BFR. Significant (p <0.05) difference between pre- and post-exercise is denoted by™*.

Mean values (£SD) of CD41 at rest, immediately after resistance exercise and recovery for BFR
and without BFR trials were 14.53 0.95, 14.25 £ 0.86, 14.30 £0.98 and 16.06 4= 1.32, 14.65 4+ 1.02,
15.14 + 0.98 pg/mL, respectively. The CD42 values (£SD) at rest, immediately after resistance exer-
cise and recovery for BFR and without BER trials were 12.63 +0.51t0 12.17 +0.31, 12.92 +0.42 and
14.28 +0.79, 13.44 £0.47, 14.57 ==1.13 pg/mL, respectively. Statistical analyses revealed neither a
significant main effect of exercise nor a significant session x time interactions for CD41 and CD42
(P>0.05).

4. Discussion

Numerous studies have been conducted to determine the acute effect of different endurance and
resistance exercise protocols on platelet variables [14, 23]. Previous studies have shown that vigorous
endurance and resistance exercise are associated with thrombocytosis [14, 23], possibly due to increased
platelet release from the spleen, bone marrow, and lungs [24]. We found increases in platelet count
and plateletcrit (percent of blood platelets) following exercise, and that the changes following REgrr
were higher than the resistance exercise alone. These findings confirm those of previous studies that
demonstrated increases in PLT following different resistance exercise protocols [15] and increases in
PLT under hypoxic conditions [25]. For example, PLT is increased following circuit resistance exercise
and different intensities of traditional resistance exercise [15]. In our study, low-intensity resistance
exercise combined with hypoxia resulted in higher increases in PLT. During vascular occlusion, the
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obstructive muscles are affected by oxygen depletion during exercise [26] and it is assumed that
anaerobic metabolism is more involved in the process of energy production during vascular occlusion
[26]. Therefore, hypoxia-induced changes in blood pH levels following the release of H ions during
activity, and increases in shear stress and catecholamine (result in fresh release of platelets from
marginal pools) might explain higher changes in PLT following exercise with BFR [26]. Although, we
did not measure lactate concentration in the present study, higher changes in REgpg might be attributed
to higher increases in lactate accumulation, which has been confirmed previously [27].

However, the amount of changes in PLT following resistance exercise in our study was less than
the previous resistance exercise studies [14, 15] that might be due to low load or volume of exercise
(sets x reps x amount of weight). In our study, two exercises including knee flexion and extension
were employed in both trials. In our study, resistance exercise resulted in no significant changes in
MPYV and PDW that are consistent with findings of our earlier resistance exercise studies [14, 15].

Furthermore, we found that P-selectin (CD62P), a marker of platelet activation, did not increase
immediately after exercise and no effect of BFR with exercise was found. These findings support those
of Petridou et al. [28] who did not find any changes in the concentration of P-selectin after resistance
exercise; whereas, the study by Smith et al. [29] reported a decreasing trend in P-selectin immediately
after high-intensity eccentric resistance exercise. Increased hypoxia induces adenosine accumulation
through intracellular ATP depletion, increased intracellular AMP, and activation of hypoxia-induced
factor la (HIF-1a), which, stimulates CD39 and CD73 expression, endothelial cell membrane-bound
enzymes that hydrolyze extracellular ATP to AMP [30, 31]. AMP is an anti-thrombotic and anti-platelet
activator [32], which inhibits the P-selectin expression and GPIIb/llla activity (integrin allbf3). On
the other hand, hypoxic conditions lead to endothelial NO production [33], which in turn, activates
the guanilyl cyclase signaling pathway in platelets. Therefore, these two hypoxia-dependent pathways
might lead to the inhibition of platelet activation signaling pathways [34].

Both endurance and resistance exercise with restriction of blood flow increase eNOS expression and
NO release, which stimulates cGMP activation [35]. This process results in the reduction of platelet
adhesion and activation at the endothelial surface [36] and inhibition of growth factors activity released
from cells and platelets [37].

Platelet microparticles (PMPs) are known as potential markers of thrombosis [38]. In line with the
findings of the present study for CD41, CD42, CD61, and CD62p, Bittencourt et al. [39]. showed that
the microparticles in professional runners did not increase after intense exercise. Similarly, some other
studies [39, 40] found no changes in PMP and EMP (endothelial microparticles) levels even following
high-intensity (100% power) exercise. Previous studies have demonstrated that P-selectin increases
following exercise [41, 42] in an intensity related manner [41], and it has also been proven that changes
in CD62P are highly dependent on shear stress [43]. In the present study, there were no differences
between responses of blood pressure to two exercise protocols, and probably these two protocols have
not resulted in high shear stress. During exercise, increases in cardiac output and blood flow to the
exercising muscles elicit an increase in shear stress [44], which affects endothelial function [45]. On
the other hand, high shear stress induces changes in the expression of platelet membrane glycoproteins
such as PAC1, CD62P, GPIb/IX, and GPIIb/IIIa. Platelets are activated by high shear stress directly
and independently [46], and the activation may be mediated by these glycoproteins. Therefore, the
lack of changes in P-selectin and platelet microparticles in the present study might be attributed to the
low volume/load of the resistance exercise in both trials that might have not been able to induce high
shear stress.

Itisrecognized that there are limitations to the results of the present study. For example, only the acute
effects of resistance exercise with blood flow restriction on platelet activation and function in patients
with type 2 diabetes were examined. Further studies are needed to determine the chronic effects of
REggr on platelet activation and function. Another limitation of the present study was that the resistance
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exercise volume was low and only two exercises (knee flexion and extension with the dominant leg)
were involved. Probably lack of the resistance exercise effect on platelet activation markers might be
attributed to the low load and volume of the resistance exercise. Therefore, further studies are warranted
to shed some more lights on this by employing different combinations of resistance exercise volume
and intensity.

In summary, the present study revealed that low-intensity RE with blood flow restriction results in
higher thrombocytosis compared to traditional high-intensity resistance exercise in patients with type
2 diabetes, and that platelet activation did not occur with this exercise modality probably because of
the load and volume of RE which was low in comparisons to previous studies. Since, low-intensity
RE with BFR affected on platelet activation markers similar to high-intensity RE, and that it induced
higher thrombocytosis, using light intensity RE with BFR is not suggested for patients with diabetes
and finally prescribing the RE is not advised until further studies clarify this.
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