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Purpose: The aim of this study was to identify a blood-flow-restriction (BFR) endurance exercise protocol that maximizes metabolic
strain and minimizes muscle fatigue. Methods: Twelve healthy participants accomplished 5 different interval cycling endurance
exercises (2-min work, 1-min rest) in a randomized order: (1) control, low intensity with unrestricted blood flow (CON30); (2) low
intensity with intermittent BFR (i-BFR30, ~150 mm Hg): (3) low intensity with continuous BFR (¢c-BFR, ~100 mm Hg): (4) unloaded
cycling with i-BFRO (=150 mm Hg); and (5) high intensity (HI) with unrestricted blood flow. Force production, creatine kinase
activity, antioxidant markers, blood pH. and potassium (K*) were measured in a range of 5 minutes before and after each cycling
exercise protocol. Results: HI showed the highest reduction (A=-0.26 [0.05], d=5.6) on blood pH. Delta pH for ¢c-BRF30
(A=-0.02 [0.03]. d =0.8) and A pH for i-BRF30 (A =-0.04 [0.03], d = 1.6) were different from each other, and both were higher
compared with CON30 (A =0.03 [0.03]). There was significant before-to-after force loss following HI (A =55 [40] Nm™', d=15)
and ¢-BFR30 (A=27 [21] Nm™, d =0.7) protocols only, which were accompanied by significant increases in K" (H: A=0.94
[0.65] mmol-L™", d=1.8; c-BFR30: A=0.72 [0.85] mmol-L™", 4= 1.2). Moreover, all BFR conditions elicited slight increases in
plasma creatine kinase, but not for HI and CON30. Glutathione changes from before to after were significant for all BFR conditions
and HI, but not for CON30. Conclusions: The attenuation in fatigue-induced reductions in maximal force suggests that i-BFR
exercise could be preferable to c-BFR in improving exercise capacity, with considerably less biologic stress elicited from HI exercises.
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There is a growing interest in the mechanisms underlying
improvements in endurance training through the use of blood flow
restriction (BFR). However, the outcomes from endurance training
studies applying BFR are not consistent, likely due to the different
training and BFR protocols applied.! Considering these aspects, the
manipulations on the mode at which BFR is applied have likely the
main influence because characteristics like restriction pressure and
time under ischemia affect directly the physiological responses and
exercise tolerability. BFR applied continuously (c-BFR) through-
out the exercise session can extend the time exposure to hypoxia
and metabolic by-products, reducing oxygen stores in the muscle
tissue and possibly increasing the recruitment of type II muscle
fibers.? However, c-BFR increases perceived exertion and pain
during cycling exercise when compared with BFR applied inter-
mittently (i-BFR) using regular cuff deflations episodes to reestab-
lish free blood flow during the rest periods.’ i-BFR has been
applied during interval exercises,*=® allowing greater muscle deox-
ygenation through higher occlusion pressure.> Moreover, i-BFR is
more tolerable® and combined to low-intensity endurance exercise,
may increase acute signaling and gene response associated with ion
transport and mitochondrial adaptation in human skeletal muscle.®
To the best of our knowledge, de Oliveira et al* was the first
endurance BFR training study to apply a high-pressure restriction
(up to 200 mm Hg with 18-cm wide cuffs) using an i-BFR protocol.
In that study, training-induced changes provided by i-BFR were
compared with a standard high-intensity (HI) training protocol
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under non-BFR conditions. Following the low-intensity (40%
maximal oxygen uptake [VO,max]) i-BFR training, active healthy
individuals improved their aerobic fitness to a similar extent as HI
training (100%VO,max). Interestingly, only i-BFR training group
elicited simultaneous gains in maximal knee extension strength.*
Although c-BFR exercises were also able to induce improvements
in VO;max after endurance training,' the largest gains may be
obtained through ischemic reperfusion-related acute and chronic
responses induced by i-BFR.?*

Previous research attempted to identify key features of com-
bined endurance exercise and BFR that would elicit a high cardio-
pulmonary and metabolic strain (expected to provide a strong
training-induced adaptive stimulus), while minimizing the percep-
tion of effort.® In this way, Corvino et al* have compared the
physiological responses to low-intensity interval endurance cycling
performed with c-BFR (lower restriction pressure but longer time
under BFR) and i-BFR (higher restriction pressure but shorter time
under BFR). Since the longer occlusion time during c-BFR might
induce greater discomfort compared with i-BFR, c-BFR might be a
suboptimal approach to design BFR endurance training protocols.
Corvino et al® also demonstrated that the higher yet more tolerable
occlusion pressure from i-BFR increased muscle deoxygenation
when compared with c-BRF at the same exercise intensity. More-
over, similar muscle deoxygenation during i-BFR and high-inten-
sity exercises were found, despite substantial differences (60%) in
VO, between HI and i-BFR exercises.? Therefore, the intermittent,
high-pressure BFR may be more effective in eliciting adaptive
stimulus when compared with continuous, low-pressure BFR.
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Muscle Oxidative Capacity Is Reduced in Both
Upper and Lower Limbs in COPD
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ABSTRACT

ADAML, A., R. B. CORVINO, R. A. CALMELAT, J. PORSZASZ, R. CASABURI, and H. B. ROSSITER. Muscle Oxidative Capacity Is
Reduced in Both Upper and Lower Limbs in COPD. Med. Sci. Sports Exerc., Vol. 52, No. 10, pp. 20612068, 2020. Introduction: Skeletal
muscle atrophy, weakness, mitochondrial loss, and dysfunction are characteristics of chronic obstructive pulmonary disease (COPD). It re-
mains unclear whether muscle dysfunction occurs in both upper and lower limbs, because findings are inconsistent in the few studies where
upper and lower limb muscle performance properties were compared within an individual. This study determined whether muscle oxidative
capacity is low in upper and lower limbs of COPD patients compared with controls. Methods: Oxidative capacity of the forearm and medial
gastrocnemius was measured using near-infrared spectroscopy to determine the muscle O, consumption recovery rate constant (k, min™") in
20 COPD (Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2/3/4, n = 7/7/6) and 20 smokers with normal spirometry (CON).
Muscle & s linearly proportional to oxidative capacity. Steps per day and vector magnitude units per minute (VMU-min™") were assessed using
triaxial accelerometry. Differences between group and limb were assessed by two-way ANOVA. Results: There was a significant main effect
of group (F=11.2, n;: =0.13, P=0.001): k was lower in both upper and lower limb muscles in COPD (1.01 + 0.17 and 1.05 + 0.24 min™")
compared with CON (1.29 + 0.49 and 1.54 + 0.60 min™"). There was no effect on k of limb (F = 1.8, n,z, =0.02, P=0.18) or group-limb in-
teraction (P = 0.35). (VMU-min"") was significantly lower in COPD (—38%; P = 0.042). Steps per day did not differ between COPD
(4738 + 3194) and CON (6372 + 2107; P = 0.286), although the difference exceeded a clinically important threshold (>600-1100 steps
per day). Conclusions: Compared with CON, muscle oxidative capacity was lower in COPD in both upper (~20%) and lower (~30%) limbs.
These data suggest that mitochondrial loss in COPD is not isolated to locomotor muscles. Key Words: MITOCHONDRIA, NEAR-
INFRARED SPECTROSCOPY, EXERCISE INTOLERANCE, OXYGEN CONSUMPTION, INACTIVITY, DYSPNEA

keletal muscle dysfunction is one of the most important
extrapulmonary manifestations impairing quality-of-
life of patients with chronic obstructive pulmonary dis-
ease (COPD). Loss of muscle mass, strength and power, loss
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of type I (oxidative) muscle fibers, capillary rarefaction, mito-
chondrial loss, and mitochondrial dysfunction have each been
identified and seem to progress with COPD severity (1-6).
Investigations of muscle dysfunction in COPD typically fo-
cus on locomotor muscles, especially of the quadriceps, because
of their key role in ambulation, autonomy (7), and quality of life.
However, prevalence and progression of disease-associated
adaptations in upper limbs (UL) or trunk muscles are less well
characterized. Muscle dysfunction isolated to the lower limbs
(LL) within an individual implies causal mechanisms proxi-
mal to reduced locomotion, whereas dysfunction of both the
UL and LL suggests a wider range of systemic mechanisms
contributing to muscular impairments, for example, chronic
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