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Glossary of abbreviations 45 

NMES = neuromuscular electrical stimulation 46 

POD = postoperative day 47 

KEIS = knee extensor isometric muscle strength 48 
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Central Picture 67 

 68 
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Central Picture Legend. Comparisons of primary outcomes between the intervention and 70 

control groups 71 
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Central message 78 

We performed a randomized, controlled trial to examine the effects of neuromuscular 79 

electrical stimulation in patients who underwent cardiovascular surgery. The results did not 80 

show positive effects. 81 

 82 

 83 

 84 

 85 

 86 

 87 

 88 

 89 

 90 

 91 

 92 

 93 

 94 

 95 

 96 

 97 

 98 

 99 



 

6 

 

Perspective statement  100 

As postoperative patients often have difficulty with sufficient voluntary muscle contraction, 101 

supplemental interventions to prevent muscle wasting immediately after surgery need to be 102 

developed. We performed a randomized, controlled trial to examine the effects of 103 

neuromuscular electrical stimulation in patients who underwent cardiovascular surgery, but 104 

we did not find any positive effects. 105 
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  Abstract 122 

Objectives 123 

A randomized, controlled trial was conducted to examine the effects of perioperative 124 

neuromuscular electrical stimulation on muscle proteolysis and physical function using 125 

blinded assessment of physical function. 126 

Methods 127 

Consecutive patients undergoing cardiovascular surgery were screened for eligibility as 128 

study subjects. Participants were randomly assigned to receive either neuromuscular 129 

electrical stimulation or the usual postoperative mobilization program. The intervention 130 

group received neuromuscular electrical stimulation on bilateral legs 8 times before and 131 

after surgery. The primary outcomes were the mean 3-methylhistidine concentration 132 

corrected for urinary creatinine content from baseline to postoperative day 6, and knee 133 

extensor isometric muscle strength on postoperative day 7. Secondary outcomes were usual 134 

walking speed and grip strength. Physical therapists blinded to patient allocation performed 135 

measurements of physical function. 136 

Results 137 

Of 498 consecutive patients screened for eligibility, 119 participants (intervention group, 138 

n=60; Control group, n=59) were enrolled. In the overall subjects, there were no differences 139 

in any outcomes between the intervention and control groups.  140 

Conclusions 141 

The results demonstrated no significant effects of neuromuscular electrical stimulation on 142 

muscle proteolysis and physical function after cardiovascular surgery, suggesting the need 143 
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to explore indications for neuromuscular electrical stimulation and to clarify the effects in 144 

terms of the dose-response relationship. 145 

 146 
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Introduction 166 

After cardiovascular surgery, muscle wasting is induced by systemic inflammation1. This 167 

acute inflammatory response accelerates protein catabolism and decreases protein synthesis, 168 

resulting in increased muscle proteolysis2,3. In addition, perioperative immobilization or 169 

physical inactivity also promotes muscle wasting4. Since this postoperative muscle wasting 170 

results in muscle weakness and functional decline, postoperative rehabilitation mainly aims 171 

to prevent muscle loss and weakness as well as postoperative complications. To avoid this, 172 

early mobilization has been introduced, but muscle proteolysis markedly accelerates within 173 

48 h after cardiovascular surgery5, and it is often difficult for postoperative patients to 174 

initiate sufficient muscle activities due to hemodynamic instability. Supplemental 175 

interventions to prevent muscle wasting immediately after surgery thus need to be 176 

developed. 177 

Neuromuscular electrical stimulation (NMES) is an intervention modality that can 178 

induce sufficient muscle contraction without the patient’s volitional efforts. Iwatsu and 179 

colleagues previously reported that NMES could be safely applied to patients even 180 

immediately after cardiovascular surgery6. In addition, a subsequent trial demonstrated 181 

favorable effects of NMES on skeletal muscle proteolysis and muscle weakness7. However, 182 

a cause-effect relationship has yet to be established because of the lack of randomization 183 

and blinded assessment of muscle strength.  184 

Therefore, a pilot randomized, controlled trial was performed to examine the effects 185 

of perioperative NMES on muscle proteolysis and physical function and to collect data for 186 

sample size calculation for future trials. 187 
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 188 

Methods 189 

Study design and participants 190 

The present study was conducted as a single-center, randomized study. Consecutive patients 191 

who underwent cardiovascular surgery at Nagoya Heart Center from May 2014 to 192 

September 2016 were approached. Exclusion criteria for this study included the following: 193 

1) emergency cases; 2) renal dysfunction, defined as estimated glomerular filtrating rate 194 

< 30 ml/min/1.73 m2 before surgery; 3) chronic hemodialysis before surgery or patients 195 

who require new hemodialysis after surgery; 4) neurological dysfunction before or after 196 

surgery including postoperative delirium; or 5) disagreement with participation in the study.  197 

This study was approved by Nagoya Heart Center Ethics Committee (approval 198 

number: 8) and written informed consent was obtained from each patient for participation 199 

in this study. This study was registered in the University Hospital Medical Information 200 

Network (UMIN) center (Registration Number: UMIN000018542). 201 

 202 

Randomization and masking 203 

Participants were randomly assigned in a 1:1 ratio to undergo NMES after surgery or to 204 

receive the usual postoperative mobilization program using a computer-generated stratified 205 

block randomization (block sizes of 10). Randomization was performed using four strata 206 

based on two stratification factors: sex and planning of cardiopulmonary bypass, because 207 

cardiopulmonary bypass time was independently associated with muscle proteolysis8. 208 

Study participants were assigned to one of four strata according to their sex and planning of 209 
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cardiopulmonary bypass and then allocated to NMES or usual care. During the study period, 210 

off-pump surgery was planned for coronary artery bypass grafting, whereas 211 

cardiopulmonary bypass was planned for other cardiovascular surgeries including 212 

concomitant coronary artery bypass grafting. 213 

Study participants and physical therapists were not blinded to the group allocations; 214 

that is, this was an open-label trial. In contrast, measurements of physical function before 215 

and after surgery were performed by two examiners who worked outside of Nagoya Heart 216 

Center and were blinded to the group allocation; that is, blinded outcome assessment was 217 

performed regarding physical function. To maintain the blinded assessment, examiners 218 

were instructed not to discuss interventions with the participants, doctors, physical 219 

therapists, and the cardiac rehabilitation team. Additionally, assessments were performed 220 

after 5 PM at a time distant from the therapy intervention. All statistical analyses were 221 

conducted by examiners who worked outside our institution and were blinded to group 222 

allocation. 223 

 224 

Intervention  225 

Patients randomized to the intervention group underwent NMES on bilateral quadriceps 226 

femoris and triceps surae muscles for 3 days prior to surgery and daily from postoperative 227 

day (POD)1 to POD5 (total, 8 sessions). NMES was delivered to each patient by a physical 228 

therapist in the Department of Cardiac Rehabilitation at Nagoya Heart Center. NMES after 229 

surgery is shown in Video 1. During stimulation, self-adhering surface electrodes (62 × 62 230 

mm2) were placed on the vastus lateralis, vastus medialis, and triceps surae bilaterally after 231 
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cleaning the patient’s skin. A direct electrical current with a symmetric and biphasic square 232 

waveform was delivered for 0.4 seconds followed by a 0.6-second pause. Ten pulse trains 233 

(10 seconds) were delivered to each muscle with 30-second intervals and repeated for 30 234 

minutes of a session. The intensities of NMES were set at 10 and 20% of maximal 235 

voluntary contraction estimated by the degree of elevation of the stimulated leg. As Video 1 236 

shows, NMES to induce approximately 20% of maximal voluntary contraction provides 237 

full knee extension. Because, in our experiences, 30% of NMES-induced maximal 238 

voluntary contraction will bring muscle pain or soreness that patients cannot tolerate, we 239 

considered 20% of maximal voluntary contraction as an appropriate intensity to maintain 240 

knee extensor isometric strength (KEIS), a primary outcome, for postoperative patients who 241 

could not achieve sufficient voluntary muscle contraction. The repetitions of 242 

10%-10%-20% maximal voluntary contraction were set throughout the session. If the 243 

subjects suffered from wound pain due to NMES, the intensity was reduced to 244 

10%-10%-15% maximal voluntary contraction. The feasibility and safety of this NMES 245 

protocol in patients immediately after cardiovascular surgery were confirmed and reported 246 

elsewhere6.  247 

Patients in both groups underwent a postoperative rehabilitation program according 248 

to the guidelines of the Japanese Circulation Society, under the supervision of physical 249 

therapists. In Nagoya Heart Center, the early mobilization program began with dangling or 250 

standing up on POD1, walking around the bed or 100 m if possible on POD2, walking in 251 

the corridor 300 m or aerobic exercise training using a cycle ergometer on POD3. After 252 

independent walking in the ward, patients performed resistance training and aerobic 253 



 

13 

 

exercises every day until discharge. 254 

 255 

Outcomes 256 

Primary outcomes in this study were the mean concentration of 3-methylhistidine 257 

concentration corrected for urinary creatinine (Cre) content (3-MH/Cre) from POD1 to 258 

POD6, and KEIS on POD7.  259 

KEIS is a key muscle function for resuming early daily activities in patients 260 

following cardiovascular surgery. In our previous study, the postoperative decrease in KEIS 261 

was correlated with the postoperative 3-MH/Cre level1, which is an objective measure of 262 

muscle proteolysis. By measuring KEIS and 3-MH/Cre as primary outcomes, the effects of 263 

NMES were explored in terms of both muscle function and muscle proteolysis. 264 

KEIS was measured using a hand-held dynamometer (µ-tas F1; Anima, Tokyo, 265 

Japan). The participant was positioned in a seated position with the knee and hip joints in 266 

90 of flexion. Two trials were completed for each leg, and the ratio of the strongest value 267 

to body weight was used for analysis. 268 

 The ratio of 3-MH to urinary Cre was used to normalize data for body mass 269 

differences among patients. Collection of 48-h urine samples was started from the 270 

beginning of the operation to POD6. All collected 48-h urine was stored in bottles 271 

containing hydrochloric acid to avoid uric hydrolysis by bacteria. After 48-h collection of 272 

urine, a sample was gathered from the bottle and stored at -80C until processing. The 273 

concentration of 3-MH was measured by high-performance liquid chromatography (SRL, 274 

Tokyo, Japan). The value of 3-MH and Cre in urine samples was multiplied by the 48-h 275 
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urine volume to produce a value for 48-h 3-MH/Cre excretion. The mean concentration of 276 

3-MH/Cre over 6 days after surgery was calculated using three 48 h urine samples (POD1-2, 277 

POD3-4, POD5-6) and used for the analysis. 278 

Usual walking speed and grip strength were also assessed as secondary outcomes. 279 

Usual walking speed was measured with a 10-m walk test9. The test was performed twice, 280 

using the faster result for analysis. Grip strength was measured using a digital dynamometer 281 

(JAMAR® Plus+ Digital Hand Dynamometer; Sammons Preston, Chicago, IL) set at the 282 

second handle position. Participants sat with the wrist in a neutral position and the elbow 283 

flexed at 90°. Grip strength was measured twice for each hand, and the highest value was 284 

used for analysis. NMES implemented to the unilateral leg has been reported to increase 285 

muscle strength in the contralateral, nonstimulated leg10,11. Added to this, a previous study 286 

has demonstrated that NMES improved the sum score of upper and lower extremity 287 

muscles in critically ill patients12. Furthermore, grip strength is particularly important in 288 

early mobilization postsurgical rehabilitation; therefore, grip strength was assessed as a 289 

secondary outcome in the present study. 290 

In this study, two physical therapists outside of Nagoya Heart Center who were 291 

blinded to patient allocations performed measurements of physical function before and after 292 

surgery. Prior to starting measurements, intra- and interclass correlation coefficients >0.9 293 

on each indicator were examined. 294 

 295 

Statistical analysis 296 

An examiner who worked outside of our institution and was not informed of group 297 
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allocation conducted all statistical analyses, as described before. 298 

The Wilk-Shapiro test was used to assess the normal distribution of data. 299 

Continuous variables are presented as means ±standard deviation, or as medians and 300 

interquartile range in cases of non-normal distributions. Categorical data are presented as 301 

percentages.  302 

The mean concentration of 3-MH/Cre over 6 days after surgery and physical 303 

function measured on POD7 were compared between the NMES group and the control 304 

group using Student’s t-test and the Mann-Whitney U test, as appropriate. All outcomes 305 

were assessed by intention-to-treat analysis. All statistical analysis was performed using 306 

SPSS version 22 (SPSS, Chicago, IL). 307 

 308 

Sample size calculation 309 

Although we reported the favorable effects of NMES on the decline in knee extensor and 310 

grip strength after cardiac surgery7, the results of that study may lead to overestimation of 311 

the effects of NMES because the study was conducted as a nonrandomized, controlled trial 312 

with an unblinded tester design. Therefore, sample size was not calculated, but the aim was 313 

to enroll as many patients as the previous study (60 patients per group) to confirm the 314 

effects of NMES and to serve as reference data for sample size calculations for future 315 

studies. 316 

We performed a post hoc power calculation after completing the present trial. The 317 

sample size was calculated to detect a difference in KEIS on POD7 (alpha=0.05, 318 

power=0.8). 319 
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 320 

Results 321 

Study participants 322 

The CONSORT diagram presenting patient flow through the study is presented in 323 

Figure 1. Of the 498 patients who underwent cardiovascular surgery during the study period, 324 

360 were excluded according to the exclusion criteria. As a result, 138 patients were 325 

enrolled in this study and underwent randomization: 68 were allocated to receive NMES 326 

plus the standard postoperative rehabilitation program, and 70 controls received only the 327 

standard rehabilitation program after surgery. After randomization, 19 patients dropped out 328 

for the following reasons: cancellation of operation (NMES, n=3; control, n=2); chose to 329 

decline after the operation (NMES, n=3; control, n=4); postoperative delirium (NMES, 330 

n=1; control, n=4); and postoperative hemodialysis (control, n=1). The reasons for 331 

declining were: refusal of 24-h urine collection (NMES, n=1; control, n=2); anxiety about 332 

the operation (NMES, n=1; control, n=1); and complaint of muscle discomfort induced by 333 

NMES (NMES, n=1). Finally, 119 patients (NMES group, n=60; Control group, n=59) 334 

were enrolled in the analysis after excluding patients lost to follow-up. The baseline 335 

characteristics of the study participants are shown in Table 1. All 119 participants were 336 

analyzed according to intention-to-treat analysis. The 60 subjects who were assigned to the 337 

NMES group received the NMES intervention as scheduled (number of sessions: 3 sessions 338 

before surgery and 5 sessions after surgery; duration for each muscle: 30-second intervals 339 

repeated for 30 minutes of a session). 340 

 341 
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Effects of NMES on primary and secondary outcomes 342 

A comparison of the mean concentrations of 3-MH/Cre over 6 days after surgery is 343 

presented in Figure 2. There was no significant difference in the mean 3-MH/Cre after 344 

surgery between the NMES and control groups (225.3 [204.0-248.3] µmol/g vs 227.3 345 

[206.3-259.9] µmol/g, p=0.531). Physical function measures on POD7 are shown in Figure 346 

3, and there were no differences between NMES and control (KEIS: 0.44±0.13 kgf/kg vs 347 

0.41±0.12 kgf/kg, p=0.149; usual walking speed: 1.04±0.24 m/sec vs 0.99±0.23 m/sec, 348 

p=0.294; grip strength: 29.1±10.5 kg vs 26.9±8.7 kg, p=0.213). A post hoc power 349 

calculation showed that 274 patients per group were calculated as the sample size needed to 350 

detect a difference in KEIS on POD7. 351 

 352 

Discussion 353 

The present randomized controlled trial was strictly designed to reduce potential biases 354 

using blinded outcome assessment of physical function and statistical analysis. However, 355 

contrary to our expectation, NMES did not provide any positive effects on study outcomes. 356 

NMES did not show significant effects on 3-MH and KEIS, as primary outcomes of this 357 

study, in the total patient population. Iwatsu and colleagues demonstrated that the value of 358 

urinary 3-MH/Cre peaked significantly earlier in the NMES group than in the non-NMES 359 

group7. In contrast, there was no difference in convergence of the 3-MH increase after 360 

surgery between the groups in the present study, suggesting that muscle proteolysis was not 361 

attenuated when analyzed in overall patients. Contrary to our expectations, postoperative 362 

KEIS likewise did not differ significantly between the NMES and control groups. In this 363 
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study, examiners who performed KEIS measurements were blinded to patient allocation. 364 

Favorable intra- and interclass correlation coefficients >0.9 were also provided prior to 365 

starting measurements. Therefore, compared to a prior nonrandomized trial7, the present 366 

randomized controlled trial is likely to provide more valid data regarding the effect of 367 

NMES on KEIS.  368 

The negative results may be explained by postoperative physical activity other than 369 

early mobilization after surgery that was not controlled in this study. Preoperative physical 370 

activity has reported to be independently associated with reduced prolonged length of stay 371 

in intensive care unit13. Additionally, the amount of postoperative physical activity 372 

negatively correlates with the length of hospital stay14. Some patients could be active in the 373 

postoperative phase, while others may not be, even though they were asked to expand their 374 

physical activities on the ward in this study. Physical activity can confound the results, 375 

although the subjects were randomly allocated. Dose-response is another issue to be 376 

considered. A meta-analysis showed a positive correlation between the volume of 377 

functional electrical stimulation and improvement in peak oxygen consumption in patients 378 

with heart failure15. Another recent meta-analysis in patients with heart failure also reported 379 

significant improvement in peak oxygen consumption and 6-min walk distance for studies 380 

with ≥30 h of total NMES intervention compared with <30 h16. The effects of NMES may 381 

thus depend on the “dose” of the intervention, and the dose-effect relationship will be an 382 

issue to explore for effective NMES in patients undergoing cardiovascular surgery.  383 

Additionally, the clinical indication for NMES is another issue to be examined. 384 

Using the present results, 274 patients per group were calculated as the sample size needed 385 
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to detect a difference in KEIS between the groups (alpha=0.05, power=0.8), which was a 386 

larger number than was expected. Based on this, it would take three to four-fold recruitment 387 

period that was needed in the present study and it seems not feasible. However, when 388 

focusing on particular patients, a possible indication for NMES may be identified that 389 

results in reduced sample size. The surgical stress of cardiopulmonary bypass is known as a 390 

factor that accelerates postoperative muscle proteolysis8. Preoperative diabetes may also 391 

increase muscle proteolysis after surgery, because perioperative hyperglycemia causes 392 

elevated inflammatory responses17. Frail patients are also known to be at risk for marked 393 

functional declines after surgery1,18, probably due to an increased chronic inflammatory 394 

state19 that may be further exacerbated by cardiac surgery. NMES is expected to attenuate 395 

postoperative muscle proteolysis and subsequent functional declines in patients with these 396 

factors. As reported previously6, there were also no harmful effects, such as marked 397 

increase in systolic blood pressure, heart rate, or pacemaker malfunction, except in one 398 

patient who dropped out due to muscle soreness, in the present study. This low rate of 399 

adverse events related to NMES may contribute to the development of a new perioperative 400 

management strategy in a particular patient population. Considering these points, we have 401 

launched a new randomized controlled trial focusing on elderly patients with diabetes 402 

mellitus based on the sample size calculation using a subgroup analysis of the present data 403 

(Trial no. UMIN000029940). 404 

Japan is becoming a super-aged society and the populations 65 and 75 years old 405 

accounted for 27.6% and 13.7%, respectively, in 201720. This aged population, together 406 

with advances in surgical techniques and perioperative management, has led to the 407 
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extension of surgical indications for geriatric patients. According to the latest national data 408 

reported by the Japanese Association for Thoracic Surgery, the prevalence of patients 70 409 

years old undergoing thoracic surgery was 53.4% in 2014, of whom 22.5% were 410 

octogenarian patients21. As the number of elderly patients increases, low physical function 411 

is expected to grow rapidly along with associated declines in short- and medium-term 412 

clinical outcomes and quality of life after cardiac surgery22-24. The effects of NMES on 413 

perioperative management of such high-risk patients should be studied in the future. 414 

This study has several limitations that merit discussion. The effect of urine 415 

collection immediately after surgery on 3-MH/Cre estimation may need to be discussed. 416 

Because postoperative 3-MH excretion increases within 24 hours and peaks at 72 hours, we 417 

need to collect all the 3-MH that spills over from skeletal muscle. However, sampling urine 418 

immediately after surgery may affect the accuracy of 3-MH estimation because of the 419 

effects of various factors induced by the operation on urine flow. Another limitation was 420 

that we calculated the mean concentration of 3-MH/Cre over six days after surgery. Iwatsu 421 

and colleagues demonstrated that the urinary 3-MH/Cre peaked earlier in the NMES 422 

group7; if a similar benefit occurred in this trial, it may not have been detected. 423 

Nevertheless, the results of the present study provide fundamental findings contributing to 424 

the step-by-step advance toward clinical application of NMES to perioperative patient care. 425 

In conclusion, the data of this pilot study did not show clear beneficial effects of 426 

NMES in patients who underwent cardiovascular surgery. Further trials need to be 427 

performed to explore indications for NMES based on patients’ characteristics and to 428 

examine the dose-response relationship. 429 
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Figure legends 540 

Central Picture. Comparisons of primary outcomes between the intervention and control 541 

groups.  542 

 543 

Figure 1. CONSORT diagram presenting participant flow through the study. 544 

NMES, neuromuscular electrical stimulation. 545 

 546 

Figure 2. Comparison of mean concentration of 3-methylhistidine/creatinine over six days 547 

after surgery between the intervention and control groups. The upper and lower borders of 548 

the box represent the upper and lower quartiles. The middle horizontal line represents the 549 

median. The upper and lower whiskers represent the maximum and minimum values of 550 

non-outliers. Extra dots represent outliers. 551 

 552 

Figure 3. Comparisons of indicators of physical function at seven days after surgery 553 

between the intervention and control groups. The upper and lower borders of the box 554 

represent the upper and lower quartiles. The middle horizontal line represents the median. 555 

The upper and lower whiskers represent the maximum and minimum values of non-outliers. 556 

Extra dots represent outliers. 557 

 558 

Video legends 559 

Video 1. Neuromuscular electrical stimulation after surgery. 560 

Ten pulse trains (10 seconds) are delivered to each muscle with 30-second intervals and 561 
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repeated for 30 minutes of a session. The intensities of neuromuscular electrical stimulation 562 

were set at 10 and 20 % of maximal voluntary contraction, which was estimated by the 563 

degree of elevation of the stimulated leg (full knee extension approximately equals 20% of 564 

maximal voluntary contraction). Repetitions of 10%-10%-20% maximal voluntary 565 

contraction were set throughout the session. In this video, ten times of 10% maximal 566 

voluntary contraction are demonstrated followed by ten times of 20% maximal voluntary 567 

contraction for knee extensor muscles. When applied, the patients’ ankle is fixed by putting 568 

a 5-kg sandbag on the ankle. 569 

 570 
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Tables 584 

Table 1. Characteristics of the study participants 585 

  NMES (n=60) Control (n=59) 

Age yo 67 [55-74] 70 [61-77] 

Men n (%) 39 (66.1) 37 (61.7) 

Body mass index kg/m2 22.5 [20.4-24.8] 22.3 [20.4-24.9] 

Comorbidities    

Hypertension n(%) 28(46.7) 26(44.1) 

Diabetes n (%) 16 (27.1) 15 (25.0) 

Dyslipidemia n (%) 37 (61.7) 33(55.9) 

Serous Creatinine  0.89±0.23 0.89±2.1 

Hematocrit % 41.4±3.9 40.4±4.7 

Preoperative echocardiogram    

  LV diameter in diastole mm 49.5±9.1 50.6±9.4 

  LV diameter in systole mm 32 [27-41] 33 [29-38] 

  LV Ejection Fraction % 62 [49-68] 61 [52-66] 

Pre-operative medications    

  ACE/ARB n (%) 31(51.7) 24(40.7) 

  Beta blocker n (%) 20(33.3) 22(37.3) 

  Calcium blocker n (%) 13(21.7) 12(20.3) 

  Diuretics n (%) 23(38.3) 20(33.9) 

  Statin n (%) 29(48.3) 18(31.0) 

Operation time min 212 [166-261] 194 [168-239] 

Cardiopulmonary bypass n (%) 47 (79.7) 45 (75.0) 

Cardiopulmonary bypass time min 108 [85-178] 109 [81-159] 

Aortic cross-clamp time min 94.6  ± 57.8  84.4  ± 37.7  
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Operative procedure    

Coronary artery bypass grafting n (%) 19 (32.2) 22 (36.7) 

Valvular n (%) 44 (74.6) 44 (73.3) 

Thoracic Aorta n (%) 4 (6.8) 2 (3.3) 

3-MH/Cre μmol/g 182.8 [160.1-202.9] 192.9 [171.9-209.3] 

KEIS 
%body 

weight 
0.50  ± 0.14  0.45  ± 0.14  

Grip strength kg 32.4  ± 10.9  30.0  ± 8.2  

Walking speed m/sec 1.19  ± 0.23  1.15  ± 0.23  

 586 

Continuous variables are shown by mean±standard deviation or median [interquartile 587 

range] 588 

LV, left ventricle; ACE, angiotensin converting enzyme inhibitor; ARB, angiotensin II 589 

receptor antagonist; 3-MH, 3-methylhistidine; Cre, creatinine; KEIS, knee extensor 590 

isometric strength; NMES, neuromuscular electrical stimulation 591 
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