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Abstract 23 

Blood flow restriction (BFR) training has been incorporated into a more common activity of daily 24 

exercise (e.g., yoga) in recent years. A combination of yoga and BFR, each of which elicits marked 25 

pressor responses by augmenting vascular resistance and/or skeletal muscle chemoreflex, may 26 

further increase blood pressure and myocardial oxygen demand.  Purpose: To determine the 27 

impact of a combination of yoga and BFR on hemodynamic responses. Methods: Twenty young 28 

healthy participants performed 20 yoga poses with and without BFR bands placed on both legs. 29 

Results:  At baseline, there were no significant differences in any of the variables between the 30 

BFR and non-BFR conditions.  Systolic and diastolic blood pressure and heart rate increased in 31 

response to the various yoga poses (p<0.01) but were not different between the BFR and non-BFR 32 

conditions. In general, hemodynamic responses were more pronounced during more difficult yoga.  33 

Rate-pressure products, an index of myocardial oxygen demand, increased significantly during 34 

yoga exercises with no significant differences between the two conditions.  Rating of perceived 35 

exertion (RPE) was not different between the conditions. Blood lactate concentration was 36 

significantly greater after performing yoga with BFR bands (p=0.007).  Cardio-ankle vascular 37 

index, an index of arterial stiffness, decreased similarly after yoga exercise in both conditions 38 

while flow-mediated dilation remained unchanged. Conclusion: The use of blood flow restriction 39 

bands in combination with yoga did not result in additive or synergistic hemodynamic and pressor 40 

responses.  41 

Keywords: exaggerated blood pressure response, isometric exercise, ischemia, endothelial 42 

function  43 
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Introduction 44 

Blood flow restriction training (BFR) is a cutting-edge training modality that works by 45 

placing blood flow restriction bands (or cuffs) on the proximal portion of the extremities (1). A 46 

pressurized air pump is then used to restrict venous outflow from the skeletal muscle while 47 

maintaining arterial inflow (2). Once blood flow of the skeletal muscle is sufficiently restricted, 48 

the combination of BFR and light exercise can produce exercise adaptations similar to high-49 

intensity exercise training (3, 4). As such, this exercise modality has important implications for 50 

time sensitive physiological improvements in populations who often cannot exercise at high 51 

intensity (5). There has been a growing interest in BFR as an auxiliary or complementary exercise 52 

(6), and BFR has been incorporated into a variety of exercise situations including walking, 53 

swimming, and yoga (6, 7).  54 

Blood flow restriction is known to elicit an exaggerated exercise-pressor response, 55 

increases in myocardial oxygen demand, and post-exercise reduction in endothelial function (2, 56 

7). This exaggerated blood pressure response is attributed to the artificial elevation in vascular 57 

resistance as well as the accumulation of metabolic byproducts, which induce exercise pressor 58 

response via chemoreflex stimulation (2). As BFR has been increasingly incorporated into a more 59 

common exercise (e.g., yoga), it is important to evaluate the potential hemodynamic effects when 60 

BFR was added to different exercise modalities. In this context, the combination of BFR and yoga 61 

warrants a particular concern. Yoga is a modality of exercise characterized by systemic isometric 62 

muscle contractions that are accompanied by marked pressor responses (8) and known to produce 63 

greater elevations in mean arterial pressure than dynamic exercise (9).   64 

Given that BFR and yoga independently elicit a marked exercise pressor response, we 65 

determined the impact of a combination of yoga and BFR on pressor and hemodynamic responses. 66 
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We hypothesized that the use of BFR during yoga will elicit marked elevations in blood pressure 67 

and myocardial oxygen demand as well as reductions in endothelial function.  68 

Methods 69 

Participants 70 

A total of 20 young, apparently healthy adults between the ages of 18 and 35 participated 71 

in this study (Table 1). Exclusion criteria included 1) smoking within the past 6 months; 2) 72 

uncontrolled hypertension; 3) a history of heart disease, peripheral artery disease, kidney disease, 73 

or other known cardiovascular problems; 4) a history of diabetes, gout, or other metabolic disease; 74 

5) obesity, defined as a body mass index (BMI) >30 kg/m2; 6) major surgeries or changes in health 75 

within the last 6 months; 7) have been told by physicians to refrain from exercise; and 8) vulnerable 76 

populations (pregnant women, children, unable to consent, etc.). The Institutional Review Board 77 

reviewed and approved this study, and all participants provided written informed consent.  The 78 

study was registered in the Clinicaltrials.gov (NCT03540147).   79 

Protocols 80 

Participants visited the laboratory on 2 separate occasions for 2 hours per visit. During the 81 

first visit, anthropometric measures of height, body weight, and body fatness were taken. Body 82 

fatness was estimated by using the 7-site skinfold technique with Lange skinfold calipers (Beta 83 

Technology, Santa Cruz, CA).  Prior to all visits, participants fasted for a minimum of 4 hours, 84 

abstained from alcohol and caffeine for the previous 12 hours, and from strenuous physical activity 85 

for the previous 24 hours.  After 20 minutes of supine rest, baseline measurements consisting of 86 

blood pressure, heart rate, blood lactate, endothelial function, and arterial stiffness were taken.  87 

After baseline measurements, a randomized crossover study design was implemented, 88 

where participants acted as their own control and performed 21 yoga poses with blood flow 89 
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restriction bands (BFR) and without (non-BFR) bands placed on the upper thighs (BStrongTm, Park 90 

City, Utah). The 21 yoga poses were; 1) Baseline, standing at anatomical neutral, 2) Warrior I, 3) 91 

Warrior II, 4) Reversed warrior, 5) Extended side angle, 6) Forward fold, 7) Halfway lift, 8) High 92 

plank, 9) Up dog, 10) Down dog, 11) Wide-legged forward fold, 12) Goddess, 13) Crescent lunge, 93 

14) Half moon, 15) Chair pose, 16) Mountain pose, 17) Camel, 18) Easy pose, 19) Bridge pose, 94 

20) Happy baby, and 21) Savasana. The order of these sessions, with and without bands, were 95 

randomized between the visits. Each testing session was separated by at least 2-3 days to control 96 

for potential fatigue or training effects.  All yoga sessions were led by a certified yoga instructor. 97 

Blood pressure was measured continuously throughout the session using beat-by-beat, finger 98 

plethysmography (Portapress Finger Plethysmograph, Finapres Medical Systems BV, Amsterdam, 99 

Netherlands) as previously described (Miles et al. 2013).  Participants were asked to keep the hand 100 

with the finger plethysmography at heart level during the entire exercise session. Double products 101 

or rate pressure products were calculated by systolic blood pressure and heart rate.  Additionally, 102 

participants gave a rating of perceived exertion (RPE: the original Borg Scale) that corresponded 103 

to the perceived difficultly of the exercise task. Measurements were repeated immediately post 104 

yoga performance.  105 

Measurements 106 

Arterial stiffness was measured noninvasively using the cardio-ankle vascular index 107 

(CAVI) (Vasera, VS-1500AU, Fukuda Denshi Co., Ltd, Tokyo, Japan) as previously described 108 

(10). Blood pressure cuffs were placed on all 4 limbs for the measurements of blood pressure and 109 

arterial stiffness. CAVI score was calculated from the distance divided by transit time (the time 110 

delay between the two "foot" waveforms).   111 



 6 

Endothelial function was measured via flow-mediated dilation (FMD) technique (11) by 112 

measuring the brachial artery’s diameter increase following a brief period of occlusion using an 113 

automated diagnostic ultrasound system (UNEXEF-38G, UNEX Corp., Nagoya, Japan). After the 114 

acquisition of baseline diameter measurement of the brachial artery, the cuff was inflated to 50 115 

mmHg above resting systolic blood pressure for 5 minutes to occlude blood flow. After 5 minutes 116 

of occlusion, the cuff was deflated, and ultrasound-derived measurements of the brachial artery 117 

diameters were recorded for 2 minutes. FMD was measured additionally at 1-hour post exercise to 118 

evaluate residual hemodynamic effects.  FMD was calculated as a percent increase in brachial 119 

artery diameter at the post-blood flow occlusion compared with the pre-blood flow occlusion (11). 120 

Blood samples were taken using standard aseptic techniques; sterilizing the finger with an 121 

alcohol swab, followed by pricking a finger with a lancet and taking a 0.3 μL sample volume of 122 

blood. The blood sample is collected onto a testing strip that is inserted into a blood lactate meter 123 

(Blood Lactate Pro, Arkray; Kyoto, Japan).  124 

Statistical Analyses 125 

Two-way ANOVA with repeated measures was used to identify significant differences in 126 

hemodynamic variables during the yoga exercise. Independent t-test was used to compare blood 127 

lactate concentrations between BFR and non-BFR groups. Significance was set at p<0.05, and the 128 

data were reported as mean±SD.  129 

Results 130 

Table 1 presents selected characteristics of the study participants.  The participants were 131 

young, normotensive, and apparently healthy.   132 

There were no significant differences in baseline measures between the BFR and non-BFR 133 

conditions. Compared with the baseline, systolic blood pressure was significantly elevated in all 134 
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yoga poses (p<0.01) (Figure 1). Mean and diastolic blood pressure were also significantly elevated 135 

in most yoga poses.  There were no significant differences in any of blood pressure between non-136 

BFR and BFR conditions.  As shown in Figure 2, heart rate and double product increased 137 

significantly during yoga practices but no differences were found between the two conditions 138 

(p=0.542). In general, most hemodynamic responses were more pronounced during more difficult 139 

yoga postures.   140 

Rating of perceived exertion (RPE) was significantly greater throughout yoga practices 141 

than at baseline (p< 0.01).  RPE was not significantly different between the non-BFR and BFR 142 

conditions (p=0.404) (Figure 3). Blood lactate concentration increased significantly for both 143 

conditions after exercise (p<0.01) (Figure 4). However, the increase in blood lactate concentration 144 

was significantly greater after performing yoga with BFR bands (p=0.007).   145 

A measure of arterial stiffness, CAVI, decreased significantly and similarly after yoga 146 

practices in both conditions (p<0.01) (Figure 5). However, there were no differences in CAVI 147 

values between the BFR and non-BFR conditions. Flow-mediated dilation remained unchanged 148 

throughout the experimental protocol for both groups (p=0.877) (Figure 6).  There were no 149 

significant differences between sexes for any of the hemodynamic variables of interest; systolic 150 

blood pressure (p=0.568), diastolic blood pressure (p=0.757), heart rate (p=0.58), or mean arterial 151 

pressure (p=0.710). 152 

Discussion 153 

The present study investigated the hemodynamic responses induced by combining BFR 154 

and yoga exercise. We found that there were no further elevations in arterial blood pressure and 155 

myocardial oxygen demand when BFR was added to yoga practices. These results suggest that 156 
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BFR can be added to yoga without inducing exaggerated pressor and myocardial responses in 157 

young healthy adults.   158 

Yoga postures consist of systemic isometric contractions that are known to elicit marked 159 

increases in mean blood pressure that are not observed during dynamic exercise (8).  160 

Hemodynamic responses were more pronounced during more difficult yoga postures (e.g., 161 

Crescent lunge, Half moon, Chair pose, and Downward facing dog). Furthermore, myocardial 162 

oxygen demand as assessed by double product, also known as rate pressure product, were not 163 

elevated further with the application of BFR and were found to be intermediate during exercise.  164 

These results are consistent with the notion that BFR can be safely combined with yoga in 165 

healthy populations. 166 

The application of BFR on limbs could impair endothelial function presumably via 167 

ischemia-reperfusion injury upon cuff release.  Indeed this has been reported in acute BFR 168 

exercise studies using adapted blood pressure cuffs, which are rigid and may elicit different 169 

effects on the vaculature (7), although this is not a consistent finding (12). In the present study 170 

using yoga, we found that endothelial function as assessed by FMD did not change throughout 171 

the experimental periods and was not different between the conditions.  Similarly, a measure of 172 

arterial stiffness, CAVI, was not different between the conditions although CAVI decreased for 173 

both BFR and non-BFR conditions after an acute bout of yoga.  In addition to whole-body 174 

isometric contractions, yoga consists of a unique combination of stretching exercises and 175 

relaxation techniques.  Stretching exercise intervention has been associated with arterial 176 

destiffening (13), and flexibility is associated with arterial stiffness (14).  Additionally, 177 

relaxation could lead to reductions in arterial stiffness and improvements in endothelium-178 

dependent vasodilation via decreased sympathetic vasoconstrictor tones. 179 
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One of the proposed mechanisms of BFR for augmenting muscle hypertrophy is the greater 180 

production of lactic acidlactate and other metabolites that stimulate the release of growth 181 

hormone,e and insulin-like growth factors, and protein synthesis (15).  Blood lactate concentration 182 

was significantly greater after yoga with BFR. Greater concentrations of blood lactate have been 183 

observed in a number of previous BFR exercise studies (4, 16-18).  Our findings indicate that BFR 184 

can be applied to yoga while avoiding unfavorable hemodynamic responses and preserving the 185 

intended effects on muscle hypertrophy.    186 

An application of BFR during walking exercises has been associated with greater RPE (2, 187 

7, 19).  In the present study using yoga, there was no significant difference between the conditions 188 

in reported RPE throughout the exercise duration. One potential explanation is the use of different 189 

kinds of BFR cuffs.  A number of BFR cuffs made up of various materials and widths  have been 190 

used in the literature such as elastic knee wraps (20), elastic belts with a pneumatic bag inside (21), 191 

nylon pneumatic cuffs (22), or a traditional nylon blood pressure cuff (23). The type of blood flow 192 

restriction cuff has the potential to impact the degree of exaggerated blood pressure response. In 193 

previous studies using walking exercises (2, 7, 19), non-elastic wide rigid BFR cuffs (e.g., 194 

Hokanson) were used.  However, pneumatically-controlled, narrow elastic BFR bands (e.g., 195 

original Kaatsu, B-strong) were used in the present study.  Narrow elastic bands  allow for muscle 196 

expansion during contraction which enables blood to flow past the site of venous occlusion block 197 

whereas non-elastic wide rigid cuffs constantly compress the working muscle resulting in partial 198 

which facilitates arterial occlusion and can cause a variable rise in blood pressure responses (2, 199 

24). 200 

 This study contained a number of limitations. Hemodynamic responses to exercise may 201 

vary between demographics and clinical diseases such as older hypertensive adults. The lack of 202 
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significant difference between BFR and non-BFR conditions may be due to the young and healthy 203 

nature of the participants used in the present study.   Stroke volume, cardiac output, and total 204 

peripheral resistance were not obtained in this study. However, total peripheral resistance may not 205 

have been significantly different between the two conditions which may explain the lack of 206 

significant difference in hemodynamic responses.  207 

Conclusion 208 

The use of blood flow restriction bands in combination with systemic isometric exercise 209 

like yoga did not result in marked hemodynamic and pressor responses in young healthy 210 

normotensive adults. 211 
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Figure Legends 280 

Figure 1. Changes in arterial blood pressure during yoga poses with blood flow restriction 281 

(BFR) or without (non-BFR). Yoga poses were 1) Baseline, standing at anatomical neutral, 2) 282 

Warrior I, 3) Warrior II, 4) Reversed warrior, 5) Extended side angle, 6) Forward fold, 7) 283 

Halfway lift, 8) High plank, 9) Up dog, 10) Down dog, 11) Wide-legged forward fold, 12) 284 

Goddess, 13) Crescent lunge, 14) Half moon, 15) Chair pose, 16) Mountain pose, 17) Camel, 18) 285 

Easy pose, 19) Bridge pose, 20) Happy baby, and 21) Savasana. Systolic blood pressure was 286 

elevated above baseline in all yoga poses (p<0.01). Mean and diastolic blood pressure were 287 

elevated in all yoga poses except for poses 2 and 16 for mean blood pressure and poses 2, 16, 18, 288 

20 and 21 for diastolic blood pressure (p<0.01). Data are means±SD. 289 

 290 

Figure 2. Changes in heart rate and double products during yoga poses with blood flow 291 

restriction (BFR) or without (non-BFR). Yoga Poses were 1) Baseline, standing at anatomical 292 

neutral, 2) Warrior I, 3) Warrior II, 4) Reversed warrior, 5) Extended side angle, 6) Forward fold, 293 

7) Halfway lift, 8) High plank, 9) Up dog, 10) Down dog, 11) Wide-legged forward fold, 12) 294 

Goddess, 13) Crescent lunge, 14) Half moon, 15) Chair pose, 16) Mountain pose, 17) Camel, 18) 295 

Easy pose, 19) Bridge pose, 20) Happy baby, and 21) Savasana. All values were significantly 296 

elevated (p<0.05) from baseline except for poses 6, 7, 19, 20, and 21. Data are means±SD. 297 

 298 

Figure 3. Rating of perceived exertion (RPE) during yoga exercise with blood flow restriction 299 

(BFR) or without (non-BFR).  Data are means±SD. * p<0.01 vs. Baseline. 300 

 301 
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Figure 4. Blood lactate concentrations before and after yoga exercises with blood flow 302 

restriction (BFR) and without (non-BFR). * p<0.01 vs. Pre, † p<0.01 vs. non-BFR. Data are 303 

means±SD. 304 

 305 

Figure 5. Cardio-ankle vascular index (CAVI), an index of arterial stiffness, and flow-mediated 306 

dilation (FMD), an index of endothelium-mediated vasodilation, before and after yoga exercises 307 

with blood flow restriction (BFR) and without (non-BFR).  * p<0.05 vs Pre. Data are means±SD. 308 

  309 
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Table 1.  Selected Participant Characteristics  

Variable Mean ± SD 

Men/Women (n) 

Age (years) 

10/10 

23 ± 4 

Height (cm) 173 ± 10 

Body Weight (kg) 71 ± 10 

BMI (kg/m2) 23.7 ± 4.2 

Systolic Blood Pressure (mmHg) 117 ± 7 

Diastolic Blood Pressure (mmHg) 68 ± 7 

Heart Rate (bpm) 

CAVI (AU) 

FMD (%) 

60 ± 9 

5.4 ±0.1 

7.17 ± 2.64 
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