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Background: Neuromuscular electrical stimulation (NMES) has been suggested as an alternative 
rehabilitative therapy to enhance exercise performance and skeletal muscle function in adult patients with 
chronic lung disease. However, the results of individual studies have been inconsistent. We performed a 
meta-analysis to evaluate the effectiveness of NMES with regard to increasing exercise capacity, quadriceps 
strength, muscle mass, cross-sectional area, and quality of life and decreasing dyspnea in adult patients with 
chronic lung disease.
Methods: A systematic search was conducted of the PubMed, Cochrane Library and EMBASE databases 
for randomized controlled trials (RCTs) published in English-language journals before January 2018. Data 
were extracted using standardized forms, and the weighted mean difference (WMD) or standardized mean 
difference (SMD) with 95% confidence intervals (CIs) was calculated.
Results: Eleven RCTs involving 368 patients were included in this meta-analysis. The pooled results showed 
that NMES significantly improved the 6-min walk distance (WMD: 37.93 m, 95% CI: 19.53–56.33 m;  
P<0.0001; P for heterogeneity =0.11; I2=47%) but not the incremental shuttle walk test (WMD: 18.18 m, 
95% CI: −79.41 to 115.77 m, P=0.72; P for heterogeneity <0.0001, I2=94%) or endurance shuttle walk test 
(ESWT) (WMD: 96.73 m, 95% CI: −45.58 to 239.03 m, P=0.18; P heterogeneity =0.22, I2=34%). Moreover, 
NMES was associated with a significant improvement in quadriceps strength (SMD: 1.14, 95% CI: 0.86–1.43, 
P<0.00001; P heterogeneity =0.02, I2=58%).
Conclusions: This systemic review and meta-analysis provided evidence supporting the beneficial role of 
NMES in improving exercise capacity in patients with chronic respiratory disease.
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Introduction

Chronic lung disease is one of the leading causes of 
morbidity and mortality worldwide and frequently results 
in exercise intolerance and peripheral muscle dysfunction 
that have been recognized as extrapulmonary involvement 
(1-3). Reduced exercise capacity and quadriceps weakness 
have adverse impacts on lung function and mortality (2-4). 
Pulmonary rehabilitation, including aerobic exercise and 
resistance training, can improve muscle function and the 
related clinical consequences (5,6). However, some adult 
patients with advanced progressive disease are unwilling or 
unable to perform whole-body exercise because of the high 
symptom burden or breathlessness, even at low levels of 
exertion.

Neuromuscular electrical stimulation (NMES) has been 
introduced as an alternative treatment to enhance lower limb 
muscle strength in healthy subjects (7) and is well tolerated 
by patients as a means of improving exercise capacity (8,9) 
and muscle function (10). However, these studies lack power 
and precision because of their small sample sizes, varying 
outcome measures, and inconclusive results (11,12). This 
meta-analysis aimed to assess the effect of NMES on exercise 
capacity, quadriceps strength and other clinical outcomes in 
adult patients with chronic lung disease.

Methods

Data sources and search strategy

This systematic review was conducted in accordance with 
the guidelines in the handbook of the Centre for Reviews 
and Dissemination. A computerized literature search was 
performed in the following databases up to January 2018: 
Medline/PubMed, EMBASE and the Cochrane Library. 
The following keywords were used: NMES and lung. 
The broad inclusion criteria for eligible articles were as 
follows: (I) population: patients with chronic lung disease; 
(II) intervention: NMES of the lower limbs, alone or in 
combination with other exercise programs; (III) comparison: 
NMES vs. any treatment including sham exercise programs 
or no treatment; and (IV) study design: randomized clinical 
trials. Articles in a language other than English, reviews, 
notes, editorials, qualitative studies, and congress abstracts 
were excluded.

Data extraction

Two independent reviewers (Gong and Shen) separately 

extracted the data according to the inclusion criteria. Any 
disagreements between the reviewers were usually resolved 
by consensus. Discrepancies were resolved by a third 
independent reviewer (Jiang). Analytical data missing from 
the primary reports were requested from the authors. When 
the same population was reported in several publications, 
we only included the most informative article or the most 
complete study to avoid the duplication of information.

Types of outcome measures

Primary outcome
The primary outcome measure was exercise performance, 
which was mainly measured by the 6 min walk distance 
(6MWD), incremental shuttle walk test (ISWT), and 
endurance shuttle walk test (ESWT).

Secondary outcomes
(I)	 Quadriceps muscle strength was evaluated using an 

isokinetic strength test (peak torque) or maximal 
voluntary contraction following NMES.

(II)	 Muscle mass or cross-sectional area was measured.
(III)	 Health-related quality of life was measured.
(IV)	 Dyspnea was evaluated by the Borg scale daily or 

during or immediately after exercise.

Quality assessment and risk of bias assessment

The quality of the included studies was assessed using 
the Jadad scale (13). A score ≤2 indicated low quality, and 
a score ≥3 indicated high quality (14). This study was 
conducted in accordance with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
statement (15).

Statistical analysis

Revman5.1.0 (http://imscochrane.org/revman) was used 
to perform the meta-analysis. Differences were calculated 
as weighted mean differences (WMDs) or standardized 
mean differences (SMDs) with 95% confidence intervals 
(CI) for continuous outcomes. All measures were pooled 
across studies using a random effects model. Heterogeneity 
across studies was tested using the I2 statistic. Studies 
with I2 statistics of 25–50% were considered to have low 
heterogeneity, those with I2 statistics of 50–75% were 
considered to have moderate heterogeneity, and those with 
I2 statistics >75% were considered to have a high degree 

http://imscochrane.org/revman
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of heterogeneity (16). If I2 was >50%, a random effects 
model was used due to the higher degree of heterogeneity. 
Potential sources of heterogeneity were identified by 
sensitivity analyses conducted by omitting each study in turn 
and investigating the influence of each study on the overall 
pooled estimate. A subgroup analysis was also conducted 
based on different measurement indicators. Publication 
bias was not assessed because of the limited number (<10) 
of studies included in each analysis. P<0.05 was considered 
significant.

Results

Bibliographic search results

The initial search yielded 646 relevant articles. In total, 
605 studies were excluded based on the titles and abstracts 
for various reasons (reviews, nonrandomized studies, or 
not relevant to our analysis). In total, 41 studies were 
identified for full-text analysis. Following further analysis 
of the selected studies’ adherence to the inclusion criteria,  
11 RCTs were selected for this meta-analysis, and 30 studies 
were excluded from the final analyses. Figure 1 shows the 
different phases of the search process.

Study characteristics

The main characteristics of the 11 RCTs, of which 8 tested 
participants with COPD, 2 tested participants with non-

small cell lung cancer and 1 tested participants with cystic 
fibrosis (CF), included in the meta-analysis are presented 
in Table 1. The included studies were published between 
2002 and December 14, 2015. The sample size of the 
trials ranged from 14 to 120 (a total of 368, with 216 males 
and 152 females). The patients ranged in age from 28 to  
70 years old. Follow-up periods ranged from 4 to  
11 weeks. Five RCTs (9,21,23-25) reported 6MWDs and 
were pooled in the meta-analysis. Two studies provided 
data for the ISWT (17,26) and three studies provided data 
for the ESWT (18,22,26). All RCTs reported quadriceps 
muscle strength, but only eight provided the data (mean 
± standard deviation or standard error). Among those 
eight studies, five RCTs reported isokinetic peak torque 
(17,18,20,21,24), while the other three RCTs used other 
measures of force (e.g., in kilograms) (9,19,23). Two RCTs 
reported muscle mass (21,25) and CSA (9,22). A total of five 
studies reported dyspnea (21-24,26) and provided data on 
the patients’ quality of life (9,19,24-26).

Quality assessment and risk of bias assessment

Two investigators (Gong and Shen) agreed on every item 
of the Jadad score. The mean Jadad score was 3.6 (standard 
deviation =0.65). The risk of bias analysis showed that only 
three RCTs adequately reported the randomization protocol 
used (9,24,26), while five RCTs (9,20,24-26) described 
the method used to conceal the allocation of patients to 
treatments (Figure 2).

Potentially relevant publications 

identified from electronic database 

searches (n=646)

41 of full-text articles assessed 

for eligibility

Studies included in meta-analysis 

(n=11)

Excluded based on the title and 

abstract (n=605)

Reason for exclusion:

Duplicates (n=21) 

Not randomized controlled trial (n=5)

Conference abstract (n=1)

Insufficient data reported (n=3)

Figure 1 Search strategy and flow of participants in the meta-analysis.
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Meta-analysis of outcome measures

Primary outcomes: exercise capacity
The aggregated results from five studies (9,21,23-25) suggested 
that NMES was associated with the improvement of the 
6MWD (WMD 37.93 m; 95% CI: 19.53–56.33 m; P<0.0001; 
P for heterogeneity =0.11; I2=47%) (Figure 3). Two studies 
used the ISWT (17,26) as an outcome measure, and three 
studies (18,22,26) reported the ESWT. We failed to find 
statistically significant differences in the ISWT or ESWT 
between the NMES treatment group and the control group 
[ISWT 18.18 m (95% CI: −79.41 to 115.77 m; P=0.72, 
P heterogeneity <0.0001, I2=94%); ESWT (WMD 96.73 
m; 95% CI: −45.58 to 239.03 m; P=0.18, P heterogeneity 

=0.22, I2=34%)] (Figure 3). We did not perform sensitivity 
analyses because only two RCTs were included.

Secondary outcomes
Quadriceps muscle strength
Eight RCTs (9,17-21,23,24) reported quadriceps muscle 
strength, and these data were pooled in the current meta-
analysis. Considerable heterogeneity existed among the 
included studies (I2=58%), and we used a random effects 
model for the pooled analysis. The aggregate results 
suggested that NMES was associated with a significant 
improvement in quadriceps strength (SMD: 1.14; 95% CI: 
0.86–1.43; P<0.00001) (Figure 4). Removing the study by 
Sillen et al. [2014] (24), in which NMES was compared to 

Figure 2 Risk of bias analysis. (A) Risk of bias summary: judgments regarding each risk of bias item for each included RCT; (B) risk of bias 
graph: judgments regarding each risk of bias item presented as percentages across all included RCTs. RCTs, randomized controlled trials.
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resistance training, significantly decreased the heterogeneity 
(I2=6%) and the point estimate for effectiveness (SMD: 0.85, 
95% CI: 0.51–1.19).
Muscle mass and CSA
Two RCTs reported muscle mass (21,25) and CSA (9,22), 
and these data were pooled in the current study. The pooled 
results revealed that NMES was associated with an increase 
in muscle mass (SMD 0.95; 95% CI: 0.25–1.64; P=0.008; P 
for heterogeneity =0.37; I2=0%) and CSA (SMD 1.08; 95% 

CI: 0.56–1.59; P<0.0001; P for heterogeneity =0.01; I2=0.83) 
(Figure 5). The heterogeneity test was significant for CSA. 
We did not perform sensitivity analyses because only two 
RCTs were included.
Health-related quality of life
Five studies (9,19,24-26) reported health-related quality 
of life (SGRQ) following NMES. The overall mean 
difference (MD) for NMES compared to the control was 
−1.53 (95% CI: −7.54 to 4.48; P=0.62; P for heterogeneity 

Mean Difference
IV,Random,95%CIStudy or Subgroup

NMES Control
Mean SD Mean SDTotal Total Weight

3.1.1 6-minute walk distance(m)(6WMD)

Heterogeneity: Tau² = 190.57; Chi² = 7.62, df = 4 (P = 0.11); I² = 47%
Test for overall effect: Z = 4.04 (P < 0.0001)

3.1.2 incremental shuttle walk test(m)(ISWT)

Heterogeneity: Tau² = 4663.52; Chi² = 16.73, df = 1 (P < 0.0001); I² = 94%
Test for overall effect: Z = 0.37 (P = 0.72)
3.1.3 Endurance shuttle walk test(m)(ESWT)

Heterogeneity: Tau² = 5466.14; Chi² = 3.02, df = 2 (P = 0.22); I² = 34%
Test for overall effect: Z = 1.33 (P = 0.18)

Maddocks 2009 -20 245 8 -159 222 8 1.00% 139.00 [-90.10, 368.10]
Tasdemir 2015 153 180 13 230 415 14 0.90% -77.00 [-315.39, 161.39]
Vivodtzev 2012 174 249 12 5 76 8 2.10% 169.00 [18.60, 319.40]
Subtotal (95% CI) 33 30 3.90% 96.73 [-45.58, 239.03]

Maddocks 2016 29.9 53.69 25 -5.7 37.51 27 15.70% 35.60 [10.24, 60.96]
Sillen 2014 66 40 41 29 12 40 17.70% 37.00 [24.20, 49.80]
Vieira 2014 75.6 42.23 11 0.8 44.75 9 13.10% 74.80 [36.36, 113.24]
Vivodtzev 2006 63 40 12 30 38 8 13.80% 33.00 [-1.72, 67.72]
Vivodtzev 2013 -22 48.6 7 21 96.1 7 6.60% -43.00[-122.78, 36.78]
Subtotal (95% CI) 96 91 67.00% 37.93 [19.53, 56.33]

Bourjeily-Habr2002 68.8 53.18 9 0 23.97 9 11.30% 68.80 [30.69, 106.91]
Tasdemir 2015 38.4 41.8 13 69.2 33.6 14 13.00% -30.80 [-59.54, -2.06]
Subtotal (95% CI) 22 23 24.30% 18.18 [-79.41, 115.77]

Total (95% CI) 151 144 100.00% 33.12 [7.51, 58.73]
Heterogeneity: Tau² = 919.19; Chi² = 35.54, df = 9 (P < 0.0001); I² = 75%
Test for overall effect: Z = 2.53 (P = 0.01)
Test for subgroup differences: Chi² = 0.81, df = 2 (P = 0.67), I² = 0%

Favours control Favours NMES
-200  -100           100   200

Mean Difference
IV,Random,95%CI

Figure 3 A forest plot of the meta-analysis of RCT comparing NMES with the control group for the change in exercise performance as 
analyzed by the random effects model. Each block represents a study, and the area of each block is proportional to the precision of the mean 
treatment effect in that study. The horizontal line represents the 95% confidence interval (CI) for the treatment effect. The center of the 
diamond is the average treatment effect across studies, and the width of the diamond denotes its 95% CI. RCT, randomized controlled 
trial; NMES, neuromuscular electrical stimulation; 6MWD, 6-min walking distance; ISWT, increment shuttle walk test; ESWT, endurance 
shuttle walk test.

Bourjeily-Habr2002 10.5 6.63 9 3.9 7.55 9 8.30% 0.88 [-0.10, 1.86]
Maddocks 2009 7.4 10.3 8 -2 9 8 7.30% 0.92 [-0.13, 1.97]
Maddocks 2013 -0.1 3.12 13 -2.1 4.41 12 12.50% 0.51 [-0.29, 1.31]
Maddocks 2016 3.43 5.48 25 0.3 4.63 27 25.80% 0.61 [0.05, 1.17]
Neder 2002 27.4 32.4 9 5.2 14.47 6 6.80% 0.78 [-0.31, 1.86]
Sillen 2014 10.8 2.9 41 6.1 2 40 29.00% 1.86 [1.34, 2.39]
Vivodtzev 2006 97 31 9 36 35 8 5.90% 1.76 [0.59, 2.93]
vivodtzev 2013 6 5 7 -2 2 7 4.40% 1.97 [0.61, 3.32]

Total (95% CI) 121 117 100.00% 1.14 [0.86, 1.43]

Study or Subgroup
NMES Control Std. Mean Difference

IV,Random,95%CIMean Mean SDTotal WeightSD Total

Heterogeneity: Chi² = 16.53, df = 7 (P = 0.02); I² = 58%
Test for overall effect: Z = 7.93 (P < 0.00001) Favours control Favours NMES

-2        -1       0        1        2

Std. Mean Difference
IV,Random,95%CI

Figure 4 Meta-analysis of RCTs evaluating the effects of NMES on quadriceps muscle strength by the random effects model. RCT, 
randomized controlled trial; NMES, neuromuscular electrical stimulation. 
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<0.0001; I2=84%) (Figure 6). When the RCT by Vieira et al. 
[2014] (25), the only RCT in which the total SGRQ score 
improved in the NMES group, was omitted, the value of 
the WMD for health-related quality of life was 0.99 (95% 
CI: −0.07 to 2.04; P=0.07; P heterogeneity =0.65, I2=0%).
Breathlessness
Two studies (21,24) reported breathlessness in daily life, and 
four studies (21-23,26) reported breathlessness using the 
Borg scale during exercise following NMES. The pooled 
results suggested that NMES was not associated with a 
significantly reduced dyspnea score in daily life (WMD 
−0.70; 95% CI: −2.05 to 0.66; P=0.31; P for heterogeneity 
=0.010; I2=85%) or during exercise (WMD −0.62; 95% CI: 
−1.66 to 0.42; P=0.24; P for heterogeneity =0.29; I2=20%) 
(Figure 7).

Discussion

This current systematic review compiled evidence from 
a large number of RCTs and assessed the effectiveness of 
NMES in adult patients with chronic lung disease. Our 

principal finding is that NMES significantly improves 
exercise capacity and quadriceps muscle strength, which 
suggests that NMES has positive effects in adult patients 
with chronic lung disease. More high-quality RCTs, with 
low risk of bias and adequate sample sizes, are required to 
confirm its effects.

Although heterogeneity existed among the pooled 
studies, we can draw some conclusions from this systematic 
review. Our results showed that NMES improved exercise 
performance (6MWD: WMD 37.93 m; 95% CI: 19.53–
56.33 m) and quadriceps muscle strength (SMD: 1.14; 
95% CI: 0.86–1.43) compared with the control group. 
Inconsistent with this improvement in muscle strength 
following NMES, this updated review indicated that no 
significant differences were found between NMES and the 
control group in terms of muscle mass, CSA, dyspnea and 
SGRQ. Breathlessness and SGRQ consistently improve 
with pulmonary rehabilitation (27,28). The discordance 
between the overall improvement in muscle and exercise 
capacity after NMES and the lack of improvement in 
patient-reported outcomes including breathlessness and 

5.1.1 muscle mass
Vieira 2014 3.8 2.76 11 0.2 2.66 9 17.70% 1.27 [0.29, 2.25]
Vivodtzev 2006 0.95 0.58 9 0.03 1.94 8 17.70% 0.63 [-0.35, 1.61]
Subtotal (95% CI) 20 17 35.40% 0.95 [0.25, 1.64]
Heterogeneity: Chi² = 0.82, df = 1 (P = 0.37); I² = 0%
Test for overall effect: Z = 2.67 (P = 0.008)

5.1.2 muscle CSA
Maddocks 2016 73.3 78.4 25 3.7 94.7 27 53.40% 0.79 [0.22, 1.35]
Vivodtzev 2012 573 398 12 -674 591 8 11.20% 2.48 [1.24, 3.71]
Subtotal (95% CI) 37 35 64.60% 1.08 [0.56, 1.59]
Heterogeneity: Chi² = 5.92, df = 1 (P = 0.01); I² = 83%
Test for overall effect: Z = 4.10 (P < 0.0001)

Total (95% CI) 57 52 100.00% 1.03 [0.62, 1.45]
Heterogeneity: Chi² = 6.83, df = 3 (P = 0.08); I² = 56%
Test for overall effect: Z = 4.89 (P < 0.00001)
Test for subgroup differences: Chi² = 0.09, df = 1 (P = 0.77), I² = 0%

Std. Mean Difference
IV,Random,95%CIStudy or Subgroup

NMES Control
Mean SD Mean SDTotal Total Weight

Favours control Favours NMES
-4         -2         0          2          4

Std. Mean Difference
IV,Random,95%CI

Figure 5 Meta-analysis of RCTs evaluating the effects of NMES on muscle mass and CSA by the random effects model. RCT, randomized 
controlled trial; NMES, neuromuscular electrical stimulation. CSA, cross-sectional area.

Maddocks 2013 8 22.9 13 -8 36.2 12 5.30% 16.00 [-7.97, 39.97]
Maddocks 2016 0.22 9.18 25 0.07 8.35 27 28.50% 0.15 [-4.63, 4.93]
Sillen 2014 -10.4 2.4 39 -11 2.5 40 34.40% 1.00 [-0.08, 2.08]
Tasdemir 2015 -31.7 62.1 13 -29 65.3 14 1.50% -2.50 [-50.56, 45.56]
Vieira 2014 -11 4.79 11 -2 4.07 9 30.30% -9.00 [-12.88, -5.12]

Mean Difference
IV,Random,95%CIStudy or Subgroup

NMES Control
Mean SD Mean SDTotal Total Weight

Total (95% CI) 101 102 100.00% -1.53 [-7.54, 4.48]
Heterogeneity: Tau² = 27.07; Chi² = 25.31, df = 4 (P < 0.0001); I² = 84%
Test for overall effect: Z = 0.50 (P = 0.62)

Favours control Favours NMES
-50       -25           0          25         50            

Mean Difference
IV,Random,95%CI

Figure 6 A forest plot of meta-analysis of RCTs comparing NMES with the control group for the change in the quality of life as analyzed by 
the random effects model. RCT, randomized controlled trial; NMES, neuromuscular electrical stimulation.
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SGRQ may be explained as follows: first, patient-reported 
outcomes are influenced by many other factors (29); second, 
extended follow-up might demonstrate a beneficial effect 
of NMES on breathlessness and SGRQ (28); and third, 
because of the limited number of high-quality RCTs, 
further investigation is needed to demonstrate the true 
effect of NMES.

When interpreting clinical measures, it is necessary 
to compare the results with minimal clinically important 
differences (MCID). The change in 6MWD was higher 
than the latest MCID (≥26 m) (30). Unfortunately, the 
clinical relevance of this change in quadriceps strength and 
other clinical outcomes is unclear (31).

Our findings corroborate the results of three previous 
systematic reviews about the use of NMES in COPD or 
chronic heart failure patients. Vivodtzev 2008 (32) examined 
five RCTs conducted with people with COPD, and Sillen 
2009 (33) included a total of 14 studies (9 with patients 
with chronic heart failure; 5 with patients with COPD) and 
revealed that NMES improved skeletal muscle function and 
exercise capacity, which was in accordance with our results. 
Compared with the other recent review (34), the major 
strengths of our meta-analysis are as follows: first, a larger 
number of pooled studies and participants were included, 
and the target population was not the same. Second, more 
outcome endpoints (dyspnea, muscle mass and CSA) 
were reported. Third, we used exercise performance as 
the primary outcome. However, Pan 2014 (12) concluded 
that evidence to support the positive effect of NMES on 
the quadriceps strength in patients with COPD was not 
adequate. The meta-analysis by Pan included only two 

studies and four studies evaluating the effects of NMES 
on exercise capacity and skeletal muscle function, 
respectively, which may be a possible cause of these 
inconsistent results.

Several limitations of our meta-analysis should be 
mentioned. First, some studies did not report the main 
endpoint, and more high-quality studies are needed to 
improve the reliability of the results. Second, the pooled 
estimate effects for quadriceps muscle strength have 
significant heterogeneity because some clinical differences 
among the participants existed and the intervention 
protocols were not the same. Third, regarding patient 
selection, only three articles that did not evaluate COPD 
(one investigating patients with CF and two investigating 
patients with lung cancer) were included in the meta-
analysis, which, to a certain extent, may compromise the 
external validity. Fourth, the exercise protocols were not 
all the same, and the assessment of dyspnea should be 
considered with great care. Finally, the language of the 
pooled studies was limited to English, and missing data may 
be a possible source of publication bias.

Based on the current results, the present study provides 
evidence regarding the effectiveness of NMES for pulmonary 
rehabilitation. First, NMES protocols varied widely, and 
future studies should move beyond testing methodological 
standards (for example, optimal NMES protocol and the 
dosage of NMES). Second, long-term longitudinal follow-up 
data are needed to better understand the effects of NMES. 
Third, understanding the detailed biochemical mechanisms 
underlying the functional improvements following NMES 
requires further investigation.

Mean Difference
IV,Random,95%CIStudy or Subgroup

NMES Control
Mean SD Mean SDTotal Total Weight

7.1.1 dyspnea in daily life
Sillen 2014 -0.9 0.2 41 -0.8 0.2 40 35.70% -0.10 [-0.19, -0.01]
Vivodtzev 2006 -1.7 1 9 -0.2 1.2 8 20.80% -1.50 [-2.56, -0.44]
Subtotal (95% CI) 50 48 56.50% -0.70 [-2.05, 0.66]
Heterogeneity: Tau² = 0.83; Chi² = 6.69, df = 1 (P = 0.010); I² = 85%
Test for overall effect: Z = 1.01 (P = 0.31)

7.1.2 dyspnea during exercise
Tasdemir 2015 0 0.91 13 0 2.38 14 16.50% 0.00 [-1.34, 1.34]
Vivodtzev 2006 -0.5 2.3 9 1 1.2 8 12.30% -1.50 [-3.22, 0.22]
Vivodtzev 2012 -1.2 2.11 7 0.88 3 7 6.20% -2.08 [-4.80, 0.64]
vivodtzev 2013 -0.1 2.9 12 -0.5 2.14 8 8.60% 0.40 [-1.81, 2.61]
Subtotal (95% CI) 41 37 43.50% -0.62 [-1.66, 0.42]
Heterogeneity: Tau² = 0.23; Chi² = 3.75, df = 3 (P = 0.29); I² = 20%
Test for overall effect: Z = 1.17 (P = 0.24)

Total (95% CI) 91 85 100.00% -0.63 [-1.37, 0.12]
Heterogeneity: Tau² = 0.40; Chi² = 11.45, df = 5 (P = 0.04); I² = 56%
Test for overall effect: Z = 1.65 (P = 0.10)
Test for subgroup differences: Chi² = 0.01, df = 1 (P = 0.93), I² = 0%
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-4        -2         0        2         4
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Figure 7 Meta-analysis results summarizing the effects of NMES on dyspnea as analyzed by the random effects model. RCT, randomized 
controlled trial; NMES, neuromuscular electrical stimulation.
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Conclusions

In summary, the current meta-analysis showed that NMES 
was beneficial for the management of patients with chronic 
lung disease because it improves physical activity and lower 
limb muscle function. More multicenter RCTs with large 
sample sizes and longer follow-up periods are encouraged 
to further confirm this conclusion and to investigate the 
impact of NMES on patients with chronic respiratory 
disease.
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