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Background: This retrospective, observational study of a routine clinical practice reports
the feasibility and efficiency of home-based pulmonary rehabilitation (PR), including transcutaneous neuromuscular electrical stimulation (NMES) or usual endurance physical exercise
(UEPE), on exercise tolerance, anxiety/depression, and health-related quality of life (HRQoL)
in patients with COPD.
Methods: Seventy-one patients with COPD participated in home-based PR with NMES (Group
NMES [GNMES]), while 117 patients participated in home-based PR with the UEPEs (Group UEPE
[GUEPE]). NMES was applied for 30 minutes twice a day, every day. The endurance exercises
in GUEPE began with a minimum 10-minute session at least 5 days a week, with the goal being
30–45 minutes per session. Three upper and lower limb muscle strengthening exercises lasting
10–15 minutes were also proposed to both the groups for daily practice. Moreover, PR in both
the groups included a weekly 90-minute session based on an educational needs assessment.
The sessions comprised endurance physical exercise for GUEPE, NMES for GNMES, resumption
of physical daily living activities, therapeutic patient education, and psychosocial support to
facilitate health behavior changes. Before and after PR, functional mobility and physical exercise
capacity, anxiety, depression, and HRQoL were evaluated at home.
Results: The study revealed that NMES significantly improved functional mobility (-18.8% in
GNMES and -20.6% in GUEPE), exercise capacity (+20.8% in GNMES and +21.8% in GUEPE), depression (-15.8% in GNMES and -30.1% in GUEPE), and overall HRQoL (-7.0% in GNMES and -18.5%
in GUEPE) in the patients with COPD, regardless of the group (GNMES or GUEPE) or severity of
airflow obstruction. Moreover, no significant difference was observed between the groups with
respect to these data (P.0.05).
Conclusion: Home-based PR including self-monitored NMES seems feasible and effective
for severely disabled COPD patients with severe exercise intolerance.
Keywords: pulmonary rehabilitation, global management program, severity of airflow obstruction, chronic obstructive pulmonary disease, NMES
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Patients with COPD are characterized by dyspnea and physical exercise intolerance,
which impair their ability to participate in physical activities and contribute to poor
health-related quality of life (HRQoL).1,2 The effectiveness of pulmonary rehabilitation (PR) for these patients has been amply demonstrated,3 regardless of where it is
performed (hospital, outpatient clinic, or home). A recent meta-analysis including
733 patients with COPD confirmed that home-based PR is a valuable intervention strategy to relieve dyspnea and improve exercise tolerance and HRQoL.4 Yet, to optimize
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self-care for these patients, a global management program is
recommended that combines physical exercise, therapeutic
patient education, and self-management.3,5 Although the
usual endurance physical exercises (UEPEs) are often part
of these global management programs,3 emerging therapies
like transcutaneous neuromuscular electrical stimulation
(NMES) can also be used.3,6
NMES involves the application of a low-level electrical
current to targeted muscles through surface cutaneous electrodes, which depolarizes the motor neurons and induces
involuntary muscle contractions.7 The main advantages of this
therapy are that it does not provoke dyspnea (which can reinforce sedentary lifestyles),8 it is useful for severely disabled
patients with COPD,9 and it can be used at home.10 NMES
may therefore have the potential to break the vicious circle of
negative emotions, unpleasant respiratory sensations, and poor
exercise performance. Neder et al showed that home-based
NMES for patients with “severe” or “very severe” COPD
improved muscle strength and endurance, exercise tolerance,
and perceived dyspnea during daily living activities.10 Homebased NMES is thus considered a nonpharmacological treatment for lower limb dysfunction and exercise intolerance in
patients with “severe” or “very severe” COPD.
To the best of the authors’ knowledge, only Napolis et al
assessed home-based NMES in patients with moderate
COPD.11 The authors reported no significant improvement
in quadriceps strength, symptom-limited peak oxygen
uptake, endurance, or 6-minute walking distance after this
home-based treatment in patients with “moderate” to “very
severe” airflow obstruction. The authors concluded that, contrary to previously reported data from more severe patients,
home-based NMES was not efficient for improving lower
limb dysfunction and exercise intolerance in the group as a
whole,11 thus suggesting a possible effect of COPD severity.
As previously indicated by Vivodtzev et al,7 success with
NMES may vary with disease severity, with less beneficial
effects in patients with “moderate” COPD compared with
patients more severely affected by the disease. However, the
effect of home-based NMES on HRQoL has not, yet, been
examined in patients with “moderate” airflow obstruction,
but only in “severe” or “very severe” COPD.10
This retrospective observational study of a routine clinical
practice was conducted in the north of France to compare
the effects of home-based PR including NMES and PR with
UEPE on exercise tolerance, anxiety/depression, and HRQoL
in patients with COPD. We hypothesized that home-based
NMES would be feasible and effective in improving exercise
tolerance, anxiety/depression, and HRQoL in patients with
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COPD, but that the degree of improvements would depend
on the disease severity.7

Materials and methods
Patients
Between 2012 and 2014, a home-based PR with NMES was
proposed to 71 patients with COPD experiencing dyspnea
during daily living activities (Group NMES: GNMES). NMES
was proposed when patient performance of a 6-minute
stepper test (6MST) was less than or equal to 250 strokes.
Patients with higher performances were offered home-based
PR with the UEPEs (Group UEPE: GUEPE). One hundred
and seventeen patients were eligible for this routine clinical
practice. Whatever the group, the patients chose home-based
PR because of preference and/or because no PR center was
nearby. COPD was confirmed in each patient by persistent
post-bronchodilator airflow limitation (forced expiratory
volume in 1 second/forced vital capacity: FEV1/FVC ,0.70),
according to Rabe et al.12 Exclusion criteria were dementia or
poorly controlled psychiatric illness, neurological sequelae, or
bone and joint diseases preventing physical activity. Patients
receiving long-term oxygen therapy and/or noninvasive ventilation and/or continuous positive airways pressure and/or with
multiple stable comorbidities were included in the study.
Moreover, six patients in GNMES were dropped from the program for the following reasons: death (n=2), exacerbation (n=2),
aggravation of ischemic heart disease (n=1), and deterioration of
the general status (n=1). For GUEPE, the dropouts included nine
patients. The reasons were: death (n=1), exacerbation (n=4),
lack of motivation (n=2), and hospitalization (n=2).
The study protocol was approved by the Observational
Research Protocol Evaluation Committee of the French
Language Society of Pulmonology, France. As the study data
was collected as part of a PR prior to this retrospective study
commencing the Observational Research Protocol Evaluation
Committee advised written informed consent did not need
to be obtained from the patients.

Global management program
The intervention program is detailed in Figure 1. Briefly,
as described elsewhere,5 this individual home-based PR
consisted of 90-minute sessions once a week based on an
educational needs assessment. It comprised endurance
physical exercise for GUEPE, NMES for GNMES and resumption of the physical activities of daily living, therapeutic
patient education, and psychosocial support to facilitate
health behavior changes for both the groups. Each weekly
session was conducted under the direct supervision of a
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Figure 1 Description of intervention program in patients performing rehabilitation with NMES or with UEPEs.
Abbreviations: UEPEs, usual endurance physical exercises; NMES, neuromuscular electrical stimulation.

team member, although patients were expected to continue
performing endurance physical exercise or NMES on their
own on the other days of the week, according to a personalized action plan. This home-based PR lasted for 6 weeks for
GNMES13 and 8 weeks for GUEPE.5,14
In GNMES, the patients self-administered NMES to the
bilateral quadriceps with surface electrodes. For practical reasons, NMES was administered only on a muscle.
Quadriceps was selected because deficits in strength of this
muscle are frequently observed in the patients with COPD.6
A portable, user-friendly, dual-channel NMES stimulator
was used (Cefar Rehab X2; DJO Incorporated, Guildford,
UK). Based on the practical recommendations of Gloeckl
et al,15 the NMES training program comprised: 1) a symmetrical biphasic square pulsed current at 50 Hz, 2) a duty
cycle of 5 seconds on and 8 seconds off, and 3) pulses of 300
microseconds. The patients increased the intensity up to the
maximum tolerated level. NMES was simultaneously applied
to both thighs for 30 minutes twice every day. The patients
were asked to lie down with the knees positioned at a fixed
angle (~45°) and not to contract the muscles during NMES.

International Journal of COPD 2016:11

In GUEPE, individual endurance exercise on a cycle
ergometer was performed at the target heart rate, initially in
10-minute sequences, at least 5 days per week, with the goal
of reaching 30–45 minutes per sequence, in one or several
sessions.5
For both groups, three upper and lower limb muscle
strengthening exercises were systematically proposed (with
instruction sheets), lasting 10–15 minutes per day, using
weights and dumbbells and/or elastic bands. Each exercise
comprised a series of ten repeated movements. A 1-minute
recovery period was observed between exercises. Warm-up
and stretching exercises were also recommended, together
with balance exercises whenever necessary. The patients
were encouraged to increase the duration of their daily living activities.
The patients were evaluated at home just before and after
the intervention period. The patients performed the timed
up-and-go test,16 which requires no specific equipment and
is easy to execute at home, to quantify functional mobility,
and the 6MST to evaluate physical exercise capacity. To
circumvent the environmental constraints of the 6-minute
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walking test, which is difficult to carry out in the patient’s
home, the 6MST was performed as previously described.17–19
This field exercise test is feasible for patients with pulmonary
disease,14,17,19 and it detects improved functional capacity
after PR in patients with COPD.5,19 The stepper (Go Sport,
Grenoble, France), with a step height fixed at 20 cm, was
placed near a wall to support patients if they became unbalanced or exhausted. During the 6MST, the patients could
freely regulate their stepping rate to reach the highest number
of strokes. At the end of the test, the number of strokes was
recorded. According to Grosbois et al, a minimal clinically
important difference (MCID) of 40 steps during 6MST has
been proposed.5
Each evaluation also included the administration of
three questionnaires (Hospital Anxiety and Depression
[HAD] questionnaire,20 Maugeri Foundation Respiratory
Failure [MRF-28] questionnaire,21,22 and the Visual Simplified Respiratory Questionnaire [VSRQ]).23 The HAD
questionnaire determined the patient’s psychological state
in terms of anxiety and depression.20 This questionnaire
has a total of 14 items (seven items for each psychological
state), with responses being scored on a scale of 0–3 (the
higher the score, the higher is the frequency). For both
scores (ie, anxiety and depression), a change of 1.5 units
or greater in magnitude was considered to be the threshold
for an MCID.24 The MRF-28 questionnaire is composed
of 28 items covering three theoretical components (“daily
activity”, “cognitive function”, and “invalidity”) and a total
score. Each item is answered as either “true” or “false” and
scored as 1 or 0, respectively.22 The components and total
score are then summed and expressed as a percentage of
the maximum possible score. The final scores range from
0 to 100, higher scores reflecting a higher degree of impairment.22 The MCID of MRF-28 is actually unknown.5,14 The
VSRQ is a valid and reliable questionnaire to assess HRQoL,
and it was especially developed for patients with COPD.23
It comprises eight visual analog scales ranging from 0 to
10, with a total score ranging from 0 to 80. A higher score
indicates better HRQoL. The MCID of VSRQ is equal to
3.4 units.23
The questionnaires and exercise tests were chosen in light
of recent studies in which home-based PR was evaluated in
patients with pulmonary disease.5,14

Statistical analysis
Data are reported as mean and standard deviation. For all
data, normal Gaussian distributions were verified by the
Shapiro–Wilk test and homogeneity of variance by the
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Levene test. When the data did not pass the test for normality
and/or homogeneity of variance, they were log-transformed.
For anthropometric and spirometric data, a general linear
model with a two-way design (Groups: GNMES vs GUEPE, and
severity of airflow limitation: moderate vs severe vs very
severe) was used to compare the groups and examine the
effect of the severity of airflow limitation. If significant
differences were obtained, a Bonferroni post hoc test was
conducted.
Given the initial difference in 6MST performance
between the groups, effects after the intervention period
were separately tested in each group (GNMES or GUEPE) from
the general linear model (severity of airflow limitation) for
repeated measures (before and after the intervention period).
The sphericity was checked by the Mauchley test, and when it
was not met, the significance of F-ratios was adjusted according to the Greenhouse–Geisser procedure or the Huyn–Feldt
procedure. When significant differences were obtained, a
Bonferroni post hoc test was conducted.
To compare the GNMES and GUEPE PRs, the data after
the intervention period were expressed in percentage of
baseline values, and then analyzed from the general linear
model with a two-way design (groups and severity). Significant differences were identified from the Bonferroni
post hoc test.
Statistical significance was set at P,0.05 and all analyses
were performed with the Statistical Package for the Social
Sciences (release 18.0; SPSS Inc., Chicago, IL, USA).

Results
At baseline, FEV1 was 41.1%±18.4% and 40.7%±17.4% of
predicted FEV1 in GNMES and GUEPE, respectively. The severity of airflow limitation in GNMES and GUEPE was regarded as
“moderate” in 31.0% and 28.2% patients, “severe” in 31.0%
and 40.2% patients, and “very severe” in 38.0% and 31.6%
patients, respectively (Table 1). Three or more comorbidities
were found for 82% and 76% patients in GNMES and GUEPE,
respectively. The main comorbidities were cardiovascular
disease (hypertensive and ischemic heart disease, arrhythmia,
and peripheral artery disease), metabolic disease (obesity,
type 2 diabetes, and hypothyroidism), rheumatic disease
(osteoporosis and osteoarthritis), and anxiety and depression.
Patients were younger in GUEPE (P=0.034, Table 1). Moreover, the patients with severe COPD were older compared
with patients with moderate airflow limitation (P=0.027),
regardless of the group (GNMES or GUEPE). Body mass index
(BMI) was significantly lower in patients with very severe
COPD, regardless of the group (P,0.001).
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Variable
Sample size
Women (n)
Age (years)
LTOT (n)
CPAP (n)
LTOT and CPAP (n)
NIV (n)
LTOT and NIV (n)
BMI (kg⋅m-2)
FEV1 (L)
FEV1 (% predicted value)
FEV1/FVC

GUEPE

GNMES

Moderate

Severe

Very severe

All

Moderate

Severe

Very severe

All

33
15
62.6±11.2a
7
3
2
1
1
29.5±7.7
1.667±0.372d
63.5±9.2d
62.2±6.1d

47
20
65.0±9.9
19
1
2
0
12
27.6±7.5
1.030±0.282d
39.3±5.8d
51.0±10.2d

37
10
61.6±8.3
19
0
0
1
13
21.7±4.9c
0.636±0.176d
22.2±4.8d
38.5±8.7d

117
45
63.3±9.9
45
4
4
2
26
26.3±7.5
1.085±0.491
40.7±17.4
50.2±12.6

22
9
61.9±10.3a
5
5
0
1
8
30.6±10.3
1.701±0.450d
64.6±11.6d
64.1±8.4d

22
4
69.7±11.8
8
0
1
1
9
26.7±10.9
0.975±0.162d
37.8±4.6d
46.9±8.3d

27
4
67.3±7.8
13
0
0
0
12
22.0±6.5c
0.647±0.154d
24.9±5.3d
37.2±11.5d

71
17
66.4±10.3b
26
5
1
2
29
26.3±9.9
1.095±0.530
41.1±18.4
49.4±15.0

Notes: aSignificant difference between the patients with moderate and severe airflow limitation, independently of the intervention group (P,0.05); bsignificant difference
between the intervention groups, independently of severity of airflow limitation (P,0.05); csignificant difference between patients with very severe airflow limitation and
those with moderate or severe airflow limitation, independently of intervention group (P,0.001); dsignificant difference between patients with moderate, severe, and very
severe airflow limitation, independently of intervention group (P,0.05).
Abbreviations: LTOT, long-term oxygen therapy; CPAP, continuous positive airways pressure; NIV, noninvasive ventilation; BMI, body mass index; FEV1, forced expiratory
volume in 1 second; FVC, forced vital capacity.

The maximum tolerated intensity level from NMES group
was 19.5±6.5 mA during the first week, and 30.1±10.9 mA
during the last week.
Timed up-and-go and 6MST performances were
improved after the intervention period in both the groups
(P#0.01, Tables 2 and 3). Moreover, the number of strokes
for the patients with moderate airflow limitation in GUEPE was
significantly higher than that observed in patients with severe

or very severe COPD (P,0.001, Table 3). For 6MST, the
number of responders was 62% and 57% in GNMES and GUEPE,
respectively (Figure 2). A significant reduction in the depression score was noted in both the groups (P,0.05, Tables 2
and 3), and the anxiety score was decreased in GUEPE after
the intervention period (P=0.001). The number of responders
was similar between the groups for anxiety (GNMES =45% vs
GUEPE =43%). However, this percentage was higher in GUEPE

Table 2 Comparison of psychological data, health-related quality of life, and performances before and after home-based pulmonary
rehabilitation in patients with COPD included in the group performing neuromuscular electrical stimulation (GNMES, n=71), according
to the severity of airflow limitation
Variable

Before intervention program

After intervention program

Moderate

Severe

Very severe

All

Moderate

Severe

Very severe

All

10.4±4.6
8.5±4.4

7.5±4.5
7.8±3.5

8.8±4.7
9.1±4.6

8.9±4.7
8.5±4.2

9.3±4.7
7.0±4.2

8.0±4.9
7.3±3.5

8.3±4.5
7.6±5.2

8.5±4.7
7.3±4.3a

49.6±28.5
31.3±42.8
64.0±28.7
57.5±20.0

61.8±25.7
23.8±34.0
77.1±17.1
73.8±21.6

63.7±29.4
28.8±33.7
71.0±22.9
56.2±29.2

58.4±28.1
27.9±36.5
70.8±23.5
62.7±24.9

47.3±26.6
38.8±43.3
63.0±32.6
51.3±25.0

54.5±25.9
28.6±31.9
62.9±28.5
58.3±26.7

59.1±27.5
22.5±31.3
67.0±31.3
66.3±26.0

53.6±26.7
29.9±35.9
64.3±30.4
58.6±26.2a

30.8±13.4

26.0±10.7

29.8±15.7

28.9±13.5

35.5±15.2

33.4±13.8

32.0±14.6

33.6±14.4a

12.9±7.2

12.8±3.9

15.4±12.1

13.8±8.5

12.1±5.3

10.8±4.4

11.9±4.5

11.6±4.7a

222±110

173±76

172±154

192±112

253±141

222±99

208±154

230±129a

HAD
Anxiety score (/21)
Depression score (/21)
MRF-28
Daily activity (score)
Cognitive function (score)
Invalidity (score)
Health-related quality of life (score)
VSRQ
Health-related quality of life (score)
TUG
Performance (s)
6MST
Performance (strokes)

Notes: Significant difference between before and after the intervention program, independently of severity of airflow limitation (P,0.05).
Abbreviations: HAD, Hospital Anxiety and Depression questionnaire; MRF-28, Maugeri Foundation Respiratory Failure questionnaire; VSRQ, Visual Simplified Respiratory
Questionnaire; TUG, timed up-and-go test; 6MST, 6-minute stepper test.
a
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Variable

Before intervention program
Moderate

Severe

Very severe

All

Moderate

Severe

Very severe

All

Anxiety score (/21)
Depression score (/21)
MRF-28
Daily activity (score)
Cognitive function (score)
Invalidity (score)
Health-related quality of life (score)
VSRQ
Health-related quality of life (score)
TUG
Performance (s)
6MST
Performance (strokes)

9.8±4.8
7.6±4.0

10.3±4.8
8.2±4.4

10.7±4.6
8.7±4.1

10.3±4.7
8.2±4.2

8.5±4.5
5.5±4.4

9.3±5.0
6.6±4.3

9.4±4.2
6.6±4.2

9.1±4.6a
6.3±4.3a

46.2±26.5
40.6±39.5
51.3±31.7b
64.1±22.8

54.1±28.8
33.7±38.8
63.5±29.6
63.6±22.2

61.1±29.2
28.1±38.0
71.3±32.5
56.2±27.1

53.8±28.6
34.1±38.7
62.2±31.8
61.6±23.9

33.8±27.9
32.8±33.9
31.3±33.3b
48.4±21.9

45.6±27.4
25.0±34.2
56.5±34.3
54.3±21.9

52.3±27.5
29.7±34.5
51.9±33.6
52.3±29.5

44.1±28.3a
28.6±34.0
47.8±35.2a
52.0±24.3a

37.9±15.9b

27.5±15.8

26.8±14.3

30.2±16.0

44.5±18.0b

34.7±15.4

35.6±16.7

37.8±17.0a

9.3±5.7

11.3±5.2

10.3±3.4

10.4±4.8

7.9±4.7

9.2±3.6

8.6±3.0

8.6±3.8a

414±173b

283±123

260±115

318±152

449±170b

341±133

316±133

368±154a

Notes: aSignificant difference between before and after the intervention program, independently of severity of airflow limitation (P,0.05); bsignificant difference between
patients with moderate airflow limitation and those with severe or very severe airflow limitation (P,0.05).
Abbreviations: HAD, Hospital Anxiety and Depression questionnaire; MRF-28, Maugeri Foundation Respiratory Failure questionnaire; VSRQ, Visual Simplified Respiratory
Questionnaire; TUG, timed up-and-go test; 6MST, 6-minute stepper test.

compared to GNMES for depression (50% vs 45%, Figure 2).
Although overall HRQoL was significantly improved in
GNMES and GUEPE (P,0.05, Tables 2 and 3), only the scores
from two subscales of the MRF-28 (quality of life in daily
activity and invalidity) in GUEPE were reduced (P,0.05), with
a lower invalidity score for patients with moderate COPD
(P,0.05). For the VSRQ, the HRQoL improved in both the
groups (P,0.05), with similar number of responders in GNMES
and GUEPE (66% for both groups, Figure 2).
Table 4 compares the changes in HRQoL and performances between the groups (GNMES and GUEPE) according
to the severity of airflow limitation. The reduction in the
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Figure 2 Percentage of responders after the intervention program in the groups
performing the usual physical exercises (white bar) and neuromuscular electrical
stimulation (black bar).
Abbreviations: VSRQ, Visual Simplified Respiratory Questionnaire; 6MST, 6-minute
stepper test.
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Table 3 Comparison of psychological data, health-related quality of life, and performances before and after home-based pulmonary
rehabilitation in patients with COPD included in the group performing the usual endurance physical exercises (GUEPE, n=117), according
to the severity of airflow limitation
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invalidity score of MRF-28 was significantly greater in
GUEPE than in GNMES (P=0.020). No other significant difference was noted for HRQoL or performances between the
groups (Table 4).

Discussion
The current study shows that NMES during home-based PR
is feasible and effective, and can significantly improve timed
up-and-go and 6MST performances, depression, and overall
HRQoL in COPD patients with severe exercise intolerance,
regardless of the severity of airflow obstruction.
In line with most previous studies, our results showed
that NMES at home improves exercise tolerance8,10,13,25 and
HRQoL in a large population with COPD,8,10 including
patients with moderate airflow obstruction. Napolis et al
reported no significant effect of home-based NMES on exercise tolerance in 30 patients with moderate to very severe
airflow obstruction,11 which led to the hypothesis that
responses might differ according to the COPD severity. Our
results did not confirm this finding. However, in addition to
including a larger sample, the discrepancies between our
findings and those of Napolis et al might be explained by
the population characteristics of our study,11 since GNMES
included only patients with severe exercise intolerance (performing #250 strokes in 6MST). Thus, the current results
suggest that NMES may be recommended even to COPD
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Table 4 Evolution (in percentage) of psychological data, health-related quality of life, and performances before and after home-based
pulmonary rehabilitation in patients with COPD included in the group performing the usual endurance physical exercises (GUEPE) or
neuromuscular electrical stimulation (GNMES), according to the severity of airflow limitation
Variable

GUEPE

GNMES

Moderate

Severe

Very severe

All

Moderate

Severe

Very severe

All

-16.2
-38.3

-10.0
-24.3

-14.1
-31.4

-13.0
-30.1

-11.6
-20.0

6.3

-6.3
-21.1

-4.3
-15.8

-36.7
-23.8
-63.9
-32.4

-18.6
-34.8
-12.4
-17.1

-16.8
5.4

-4.9
19.3

-13.4
16.8

-1.6
-12.1

-22.6
-26.6

-7.8
-28.0
-6.0
15.2

-9.0
6.7

-37.4
-7.5

-22.0
-19.2
-30.1
-18.5

14.9

20.6

24.7

20.1

13.4

22.1

6.8

13.8

-17.8

-22.7

-20.8

-20.6

-6.7

-18.6

-29.5

-18.8

7.2

28.8

26.3

21.8

15.2

28.8

17.6

20.8

HAD
Anxiety score (%)
Depression score (%)
MRF-28
Daily activity (%)
Cognitive function (%)
Invalidity (%)
Health-related quality of life (%)
VSRQ
Health-related quality of life (%)
TUG
Performance (%)
6MST
Performance (%)

-4.8

Notes: Significant difference between the intervention groups, independently of severity of airflow limitation (P,0.05).
Abbreviations: HAD, Hospital Anxiety and Depression questionnaire; MRF-28, Maugeri Foundation Respiratory Failure questionnaire; VSRQ, Visual Simplified Respiratory
Questionnaire; TUG, timed up-and-go test; 6MST, 6-minute stepper test.
a

patients with severe exercise intolerance regardless of the
airflow obstruction or the value of BMI.
Our results showed no significant difference between
GNMES and GUEPE in the improvement of performances or
HRQoL (except the invalidity score of the MRF-28) during
home-based PR. Consequently, self-monitored NMES
seemed to be as effective as the UEPEs for these COPD
patients. Nevertheless, NMES’s main advantage is that it is
feasible for severely disabled individuals,9 who are unable
to endure exercise. It should be kept in mind that GNMES
performed both NMES and voluntary strengthening exercises (similarly to GUEPE), two training modalities known to
increase strength but through different neural mechanisms.26
In healthy human skeletal muscles, the neural adaptations
induced by NMES seem to be mainly supraspinal, rather
than the spinal and supraspinal adaptations from voluntary
strengthening exercises.
In severely disabled patients with COPD (performance ,400 m in 6-minute walking test), Vivodtzev et al
showed an increase in muscle strength and endurance (on
the quadriceps and calf muscles) after an NMES program
(improved by +11% and +37%, respectively; P,0.03).13 They
also noted a nonsignificant increase in the walking distance
during an endurance shuttle test (+174 m; P=0.08). Even
more interesting, the authors noted that NMES increased the
mid-thigh and calf muscle cross-sectional areas (improved
by +6% and +6%, respectively; P,0.05). Furthermore,
the atrogin-1 protein content was downregulated after the
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NMES program, whereas the 70 kDa ribosomal S6 kinase
content was upregulated. Collectively, these major findings
suggest that NMES reduces muscle protein degradation and
enhances protein synthesis, which promotes a net gain in
muscle mass. As the lower limb muscles are particularly
vulnerable to atrophy in COPD,6 NMES should be recommended especially to severely disabled patients as a way to
gain muscle mass.
It has been well documented that home-based PR is an
equivalent alternative to hospital-based PR in patients with
COPD.3,4,14,27,28 Our study revealed that a personal educational
intervention including either self-monitored and home-based
PR with NMES (GNMES) or the UEPEs (GUEPE) was efficient
to improve exercise tolerance and HRQoL. However, based
on the literature, we optimized patient care by also including
weekly self-management sessions 5,29 and motivational
interviews.5,30 It has been shown that self-management
increases program engagement, improves HRQoL, reduces
respiratory-related and all-cause hospital admissions, and
even improves dyspnea,31–33 and that motivational interviews
are more efficient when performed individually and repeatedly.34 This global management program combining NMES,
therapeutic patient education, and self-management was also
effective in COPD patients with lower exercise tolerance,
regardless of the COPD severity.
The main limit of the current experimentation concerns
the study design. This retrospective and observational study
focused on a routine clinical practice in real life. Patients
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were thus not randomized and they were distributed into
GNMES or GUEPE based on their performance in the 6MST.
The patients in GNMES thus had lower exercise intolerance
(performing #250 strokes in 6MST) than those in GUEPE.
A controlled trial randomized for physical capacity regardless of the COPD severity is recommended to confirm our
results. Moreover, because of the retrospective nature of the
data analysis, it was not possible to evaluate the compliance
of patients in both the groups. A prospective controlled randomized trial would have been better.

Conclusion
The current observational study, in the “real life”, reveals that
NMES significantly improves exercise tolerance, depression,
and overall HRQoL in patients with COPD, regardless of the
severity of airflow obstruction. Home-based PR including
self-monitored NMES seems to be feasible and effective
in severely disabled individuals who are unable to perform
the UEPEs.
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