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Giving Breath to Motor Neurons:
Noninvasive Mechanical Ventilation Slows

Disease Progression in Amyotrophic
Lateral Sclerosis
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Objective: Noninvasive mechanical ventilation (NIMV) improves amyotrophic lateral sclerosis (ALS) quality of life
and survival. However, data about its effect on disease progression are still lacking. Here, we test whether NIMV use
changed the rate of functional decline among ALS patients.
Methods: In this retrospective observational study, we included 448 ALS patients followed up at the ALS Center in
Turin, Italy, who underwent NIMV during the disease course. The primary outcome was the change in functional
decline after NIMV initiation adjusting for covariates. Functional decline was based on the nonrespiratory items of the
Amyotrophic Lateral Sclerosis Functional Rating Scale–Revised (ALSFRS-R).
Results: NIMV initiation resulted in a slower functional decline (mean improvement = 0.16 points per month, 95%
confidence interval = 0.12–0.19, p < 0.001), with consistent effects observed across various demographic factors,
including sex, age at diagnosis, and disease duration before NIMV initiation. This finding was replicated using the
PRO-ACT (Pooled Resource Open-Access ALS Clinical Trials) dataset. The favorable impact of NIMV on ALSFRS-R
progression was evident independently of disease stages. Notably, NIMV benefits were not dose-dependent but were
particularly prominent for nighttime respiratory support.
Interpretation: NIMV significantly influences the rate of motor progression in ALS, and this effect is not determined by
the nonlinearity of ALSFRS-R trajectory. The functional decline slowed following NIMV initiation, independently of the
site of disease onset or disease severity at the time of NIMV initiation. Our findings underscore the importance of
timely NIMV initiation for all ALS patients and highlight the need to consider NIMV-induced slowing of disease
progression when evaluating clinical trial outcomes.
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Amyotrophic lateral sclerosis (ALS) is a progressive
neurodegenerative disorder that causes disability and

death, usually because of respiratory failure within 3 years
of onset.1 A significant advance in the management of ALS
was the demonstration of the beneficial effects of noninva-
sive mechanical ventilation (NIMV) on patients’ survival
and quality of life.2 Therefore, the mechanical support of
respiratory function is now regarded as an essential compo-
nent of care.3–5 Although several studies have reported that
NIMV reduced the decline of pulmonary function, its
effect on patients’ functional outcome and motor progres-
sion is still controversial.6 Here, we evaluated whether respi-
ratory support slows the progression of functional decline
in a large cohort of ALS patients.

Patients and Methods
Study Population
All patients followed up at the ALS Center in Turin, Italy
and included in the Piedmont and Aosta Valley Register
for ALS (PARALS) from January 1, 2007 to December
31, 2019 were considered eligible. We included in the
study all ALS patients who underwent NIMV, reported
adequate adherence to respiratory support, and had avail-
able Amyotrophic Lateral Sclerosis Functional Rating
Scale–Revised (ALSFRS-R) follow-up data after the date
of NIMV initiation. The other characteristics of the
PARALS have been detailed elsewhere.7

Criteria for NIMV Initiation
The indication for NIMV was based on current guide-
lines.8,9 Briefly, patients initiated NIMV after pneumological
evaluation and if vital capacity was <80% to <50% of
predicted values; maximum inspiratory pressure was <40cm
to <60cm H2O; sudden nasal inspiratory pressure was
<40cm H2O; in nocturnal pulse oximetry, the percentage of
time spent at <90% was >5% or >10%; and in arterial blood
gas analysis, the partial pressure of CO2 was >45mmHg.

Main Variables and Outcomes
ALSFRS-R was collected for each patient at the ALS clinic
approximately every 2 to 3 months. For the analysis of
motor function, we only considered the nonrespiratory items
(items 1–9) of the ALSFRS-R (nonrespiratory ALSFRS-R).
Additionally, the decline rates of ALSFRS-R subdomains
were evaluated as secondary outcomes; the bulbar
ALSFRS-R was derived from items 1 to 3 of the ALSFRS-R
scale; the motor ALSFRS-R was calculated from items 4 to
9 (eMethods). Diagnosis of frontotemporal cognitive and
behavioral syndromes was based on cognitive assessments
and consensus criteria.10 Additionally, King11 and MiToS12

stages were calculated from ALSFRS-R scores (eMethods).
Clinical stage at the visit before NIMV initiation was used to

determine whether the ventilatory support benefits patients
across different functional stages of ALS. We defined early
disease stages as MiToS stage 0 and King stage 0 or 1;
MiToS stages ≥ 1 and King stages ≥ 2 were instead consid-
ered advanced disease stages. Age at symptoms onset, sex,
presence of cognitive impairment, and site of disease onset
were used as additional covariates.

Validation Cohort
We used the longitudinal ALSFRS-R data of patients
included in the Pooled Resource Open-Access ALS Clini-
cal Trials (PRO-ACT) database13 (version December
2022, available at https://ncri1.partners.org/ProACT) to
validate the effect and estimates of NIMV on functional
decline in an independent cohort.

Statistical Methods
To analyze longitudinal progression and changes of the func-
tional decline in ALS patients, we implemented univariate
and multivariable mixed-effects regression models (MERs),
with patients’ effect fitted as random. MERs advantages over
fixed-effects models are detailed in eMethods. Additionally,
we performed a sensitivity analysis using the generalized least
square regression, to assure the replicability of the results
adopting a different statistical methodology (eMethods,
eTable 1). Given the nonlinear nature of ALSFRS-R changes
over time, we carefully accounted for this phenomenon in
our analysis. First, we included disease staging (MiToS and
King) as covariates to mitigate potential confounding effects
arising from varying disease stages at the time of NIMV initi-
ation among subjects. Moreover, we further enhanced the
precision of our analysis by stratifying the study population
into early and advanced disease stages based on their MiToS
scores. This stratified analysis allowed us to explore potential
differences in NIMV-related ALSFRS-R trajectory changes
among individuals at different disease stages.

Cognitive status was included as a covariate to exclude
that cognitive dysfunction could affect the response to
NIMV; we additionally performed a separate analysis stratify-
ing patients based on the presence of cognitive impairment.
Furthermore, to address the impact of NIMV usage dura-
tion, we stratified patients into 3 distinct stages of NIMV
usage: intermittent use, continuous nightly use, and continu-
ous daily and nighttime use. This additional analysis pro-
vided critical insights into the potential benefits of respiratory
support at different phases of NIMV utilization in slowing
the progression of ALS.

Ethics Approval
This study was approved by the Comitato Etico Azienda
Ospedaliero-Universitaria Città della Salute e della Scienza,
Turin (#355732). All participants gave informed consent.
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Results
A total of 448 patients were included in this analysis.
Median age at disease diagnosis was 67.9 years (inter-
quartile range [IQR] = 61.1–73.9), with 28.3% of
patients with bulbar onset and 39.3% of patients with
cognitive impairment. Patients initiated NIMV after a
median 9 months (IQR = 2.32–19.2). Baseline demo-
graphic and disease characteristics of the patient cohort are
summarized in eTable 2, indicating that our analysis did
not exclude patients with a faster progression rate.

Effect of NIMV on Disease Progression
Longitudinal analysis revealed that initiating ventilatory support
was associated with a deceleration of disease progression
compared to the pre-NIMV period as measured by
nonrespiratory ALSFRS-R (mean improvement = 0.16
points per month, 95% confidence interval [CI]= 0.12 to
0.19, p < 0.001; eTable 3). This monthly slowing
remained significant in the multivariable analysis
(mean improvement = 0.16 points per month, 95%
CI = 0.13–0.19, p < 0.001; Figs 1 and 2).

Effect of NIMV according to Disease Stage
We performed additional analysis adjusting for disease
stage at the time of NIMV initiation; the results revealed that
NIMV usage reduced the rate of ALS progression regardless
of disease severity at the time of NIMV as evaluated by
either MiToS or King stage (mean improvement = 0.16
points per month, 95% CI = 0.13–0.19, p < 0.001; e-
Figure 1). A sensitivity analysis, stratifying patients into early
(MiToS stage = 0) and intermediate or advanced (MiToS
stages ≥ 1), demonstrated that NIMV initiation led to a

significant reduction in the rate of ALSFRS-R decline. This
beneficial effect was observed in both early stage patients
(mean improvement = 0.16 points per month, 95%
CI = 0.12–0.19, p < 0.001) and those in later stages of the
disease (mean improvement = 0.25 points per month, 95%
CI = 0.14–0.37, p < 0.001). This finding underscores the
potential of NIMV to slow disease progression regardless of
when it is initiated during the course of ALS.

NIMV Effects on Bulbar and Spinal Function
Analysis using spinal and bulbar ALSFRS-R subdomains
showed that NIMV determined a prominent deceleration
in motor function decline (mean improvement = 0.13,
95% CI = 0.11–0.15, p < 0.001), whereas it did show a
very small, even if significant, effect on bulbar symptom
progression (mean improvement = 0.03 points per
month, 95% CI = 0.02–0.04, p < 0.001; eFigure 2).
However, both patients with spinal and those with bulbar
disease onset experienced the NIMV-related progression
slowing (eFigure 3).

Effect of NIMV Usage Duration
Upon stratifying patients based on the duration of NIMV
usage, nighttime NIMV was linked to a deceleration in
motor function decline compared to no or intermittent

FIGURE 1: Forest plot summarizing multivariable linear mixed-
effects model’s fixed effects on nonrespiratory Amyotrophic
Lateral Sclerosis Functional Rating Scale–Revised (ALSFRS-R).
The main independent variable was noninvasive mechanical
ventilation (NIMV)-related monthly ALSFRS-R change, adjusted
for sex, age at diagnosis, diagnosis delay, and time to/from
NIMV initiation. **p ≤ 0.01, ***p ≤ 0.001.

FIGURE 2: Multivariable linear mixed-effects model’s predicted
values of nonrespiratory Amyotrophic Lateral Sclerosis
Functional Rating Scale–Revised (ALSFRS-R) according to time
from noninvasive mechanical ventilation (NIMV) initiation. The
red line represents the predicted values based on the scores of
the patients before NIMV initiation, whereas the green line
represents the predicted values based on the observations
after the start of NIMV. The dashed red line was also extended
for time points after NIMV initiation, representing the score
prediction in the case that the patients had not started NIMV.
Confidence intervals (gray area) were reported for both curves.
The difference in slope between the two prediction lines is
representative of the monthly effect of NIMV on disease
progression.
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NIMV usage (mean change = 0.08 points per month,
95% CI = 0.05–0.11, p < 0.001). However, these
benefits did not persist when NIMV usage became
continuous, as compared with nightly NIMV only
(mean change = �0.11 points per month, 95%
CI = �0.07 to �0.16, p < 0.001). These results strongly
suggest that the initial phases of NIMV usage are associated
with the most pronounced beneficial effects, but these
positive effects gradually diminish with the progression of
respiratory function decline.

Replication in the PRO-ACT Cohort
We observed a similar improvement in the ALSFRS-R rate
of decline associated with NIMV among patients included
in the PRO-ACT cohort (in multivariate analysis: mean
improvement = 0.15 points per month, 95% CI = 0.11–0.20,
p < 0.001), thus validating the association of NIMV with a
slower disease progression (eTables 7 and 8).

Discussion
Our study assessed the impact of NIMV initiation on
functional decline in a large Italian ALS cohort and found
that it reduced motor decline as measured by the
ALSFRS-R. To the best of our knowledge, this is the
first study to demonstrate that mechanical ventilation
slows ALS motor progression as measured with ALSFRS-R
(see Fig 2).6 Importantly, this positive NIMV-related effect
was observed across all disease stages, implying that early
initiation of NIMV could significantly benefit patients’
functional decline. NIMV especially helped preserve motor
functions (Fig 3) with a more pronounced effect on bulbar
onset patients (eFigure 3). Together, our data suggest that
NIMV benefits all ALS patients, independently of age, sex,
time to NIMV initiation, disease severity, and site of disease
onset (eTable 4). Notably, the presence of cognitive impair-
ment did not influence the improvement observed after
NIMV initiation.

Our findings add to the well-known effects of NIMV
on patients’ survival and quality of life.2 In addition, they
have relevant clinical implications. First, because NIMV
slows the rate of motor decline, it is increasingly crucial to
perform regular respiratory evaluations even in patients
without overt respiratory symptoms and initiate NIMV
without delay when criteria are met.8,9 Additionally, dis-
cussing the direct disease-slowing effect with patients and
caregivers may enhance adherence to mechanical respiratory
support. Third, our findings should be carefully taken into
consideration in trial designs and analyses, where disease
progression is a major endpoint outcome.14 Because our
models demonstrated that the positive impact of respiratory
support is immediate, assessing NIMV as a potential
confounder should be recommended.

Although the positive effects of NIMV on survival and
quality of life are attributed to improved hypoventilation and
alleviation of dyspnea,15 the specific mechanism through
which NIMV affects motor function remains uncertain. It
has been proposed that NIMV usage reduces respiratory-
related energy expenditure by decreasing breathing work and
its consequent caloric burn, potentially ameliorating weight
loss and muscle wasting due to hypermetabolism. This
would, in turn, protect against further motor damage.16

Improved respiratory function alone may also enhance
patients’ ability to perform tasks evaluated by the ALS-FRS
scale and improve sleep quality, resulting in better overall
scores. The observation that nighttime usage was especially

FIGURE 3: Multivariable linear mixed-effects model’s
predicted values of motor (A) and bulbar (B) Amyotrophic
Lateral Sclerosis Functional Rating Scale–Revised (ALSFRS-R)
according to time from noninvasive mechanical ventilation
(NIMV) initiation. The red line represents the predicted
values based on the scores of the patients before NIMV,
whereas the green line represents the predicted values
based on the observations after the start of NIMV. The
dashed red line was also extended for time points after
NIMV initiation, representing the score prediction in the case
that the patients had not started NIMV. Confidence intervals
(gray area) were reported for both curves. The difference in
slope between the two prediction lines is representative of
the monthly effect of NIMV on disease progression.
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effective in reducing disease progression is consistent with
previous findings demonstrating that improved respira-
tory parameters lead to reduced daytime fatigue,
improved sleep, and enhanced quality of life. These
improvements may be promptly noticeable to patients,
although their effects may diminish over time. Consid-
ering that respiratory oligosymptomatic patients may
exhibit lower treatment adherence, it becomes crucial to
include in therapeutic discussions with patients the
information that early initiation of NIMV provides
direct disease-slowing benefits in addition to the
improvement in quality of life.

Our study has some limitations. First, because of
the observational setting, the quantitative effect of
NIMV on ALSFRS-R progression presented here is not
based on a randomized controlled trial. Nonetheless, we
employed a rigorous observational design and state-of-
the-art statistical methods for longitudinal data analysis,
offering more realistic and generalizable real-world data
from our large cohort with prospectively collected data.
Importantly, our empirical evidence is reinforced by the
replication in a different cohort, the PRO-ACT dataset,
which further bolsters our results’ generalizability and
validity. Second, the variability in ALSFRS-R trajecto-
ries and the floor effect of the ALSFRS-R are inherent
limitations in measuring ALS progression.17 However,
we implemented a model that predicted ALSFRS-R
using the measurement immediately prior in time and
included disease staging as a covariate to strengthen our
findings. The incorporation of MiToS and King staging
allowed us to account for baseline disease severity, pro-
viding a robust evaluation of mechanical ventilation’s
impact on ALSFRS-R scores and accounting for the
curvilinear changes observed in the ALSFRS-R. Our
findings suggest that the advantages of NIMV extend
from early stage patients to those in more advanced
stages and thus are not influenced by the plateauing of
the functional decline during ALS final stages. This
analysis highlights that NIMV may confer benefits even
when patients retain a relatively high level of function,
where changes in ALSFRS-R decline are initially more
challenging to detect; however, this initial stage is usu-
ally followed by more rapid deterioration, underscoring
the urgency of early treatment.

Moreover, initiating NIMV in early disease stages
holds clinical significance and adds to the ongoing debate
on the optimal timing of NIMV initiation. Our results
advocate for prompt NIMV initiation and emphasize the
importance of early diagnosis of respiratory symptoms
in ALS.

In conclusion, our longitudinal model and sensitivity
analyses provide compelling evidence of an association

between NIMV and disease slowing. Optimizing respira-
tory support through NIMV represents a significant
advancement in the effective care of ALS patients.
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