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Background: The survival time of amyotrophic lateral sclerosis (ALS) is greatly variable and protective or risk
effects of the potential survival predictors are controversial. Thus, we aim to undertake a comprehensive
meta-analysis of studies investigating non-genetic prognostic and survival factors in patients with ALS.
Methods: A search of relevant literature from PubMed, Embase, Cochrane library and other citations from 1°
January 1966 to 1°* December 020 was conducted. Random-effects models were conducted to pool the multi-
variable or adjusted hazard ratios (HR) by Stata MP 16.0. PROSPERO registration number: CRD42021256923.
Findings: A total of 5717 reports were identified, with 115 studies meeting pre-designed inclusion criteria
involving 55,169 ALS patients. Five dimensions, including demographic, environmental or lifestyle, clinical
manifestations, biochemical index, therapeutic factors or comorbidities were investigated. Twenty-five pre-
diction factors, including twenty non-intervenable and five intervenable factors, were associated with ALS
survival. Among them, NFL (HR:3.70, 6.80, in serum and CSF, respectively), FTD (HR:2.98), ALSFRS-R change
(HR:2.37), respiratory subtype (HR:2.20), executive dysfunction (HR:2.10) and age of onset (HR:1.03) were
superior predictors for poor prognosis, but pLMN or pUMN (HR:0.32), baseline ALSFRS-R score (HR:0.95),
duration (HR:0.96), diagnostic delay (HR:0.97) were superior predictors for a good prognosis. Our results did
not support the involvement of gender, education level, diabetes, hypertension, NIV, gastrostomy, and statins
in ALS survival.
Interpretation: Our study provided a comprehensive and quantitative index for assessing the prognosis for
ALS patients, and the identified non-intervenable or intervenable factors will facilitate the development of
treatment strategies for ALS.
Funding: This study was supported by the National Natural Science Fund of China (Grant No. 81971188), the
1.3.5 project for disciplines of excellence, West China Hospital, Sichuan University (Grant No.
2019HXFHO046), and the Science and Technology Bureau Fund of Sichuan Province (No. 2019YFS0216).
© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

neurodegenerative disorders, the survival time and associated factors
are usually a hotspot of studying for neurologists and a focus of the
attention for patients and their relatives.

Amyotrophic lateral sclerosis (ALS) is characterized by degenera-
tion of the upper and lower motor neurons and usually begins insidi-
ously with focal weakness but spreads ruthlessly to involve most
muscles [1,2]. Sporadic and familial are two primary classifications of
ALS. Familial ALS (FALS) occurs in about 5% to 10% of patients with
ALS, always due to dominant inheritance [1,3], whereas sporadic ALS
(SALS) includes all other patients with ALS [1]. As one of the fatal
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In general, most patients with ALS survive 2 to 5 years [4]. None-
theless, there were patients who live for 10 years and 20 years or
even longer [5]. Although the prognostic factors of ALS have been
wildly studied [6], these studies investigating the prediction of ALS
survival involve limited samples or factors, and the results are usually
not replicable with each other [7—12]. Till now, the most comprehen-
sive ALS survival prediction model consisted of only 10 non-interven-
able or well-proven clinical predicting factors [11], but they were
limited in that they did not encompass biochemical factors or com-
bined medical conditions. Furthermore, although there were well-
proven genetic factors associated with survival of ALS, such as
C9orf72 CAG2 repeats and UNC13A variants, less than 10% of sporadic
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Research in Context

Evidence before this study

Over the past decades, a great deal of attention has been
devoted to study the prognosis and survival factors for amyo-
trophic lateral sclerosis (ALS) and some factors have been iden-
tified to have a potential influence on ALS survival. Previous
meta-analyses assessed a limited number of prognosis factors
for ALS, but many predictors of ALS survival have not yet been
fully elucidated. A better and more comprehensive understand-
ing of factors that influences ALS prognosis is extremely urgent.
We searched PubMed, Embase, Cochrane library for English-
language cohort and case-control studies, published until
December 1st, 2020, that evaluated the hazard ratios of non-
genetic factors on ALS survival and preformed the quality
appraisal, bias analysis and heterogeneity assessment.

Added value of this study

From 115 studies involving 55,169 ALS patients, five dimen-
sions, including demographic, environmental or lifestyle, clini-
cal manifestations, biochemical index, therapeutic factors or
comorbidities were investigated. Twenty-five prediction factors
were associated with ALS survival. Among them, the superior
predictors for poor prognosis were neurofilament light chain
(NFL, both in serum and cerebrospinal fluid), frontotemporal
dementia (FTD), changes in amyotrophic lateral sclerosis func-
tional rating scale-revised (ALSFRS-R), respiratory subtype,
executive dysfunction and age at onset. But pure lower motor
neuron (pLMN) or pure upper motor neuron (pUMN), baseline
ALSFRS-R score, duration, diagnostic delay were superior pre-
dictors for a good prognosis. Other factors may have insufficient
evidence and our study did not support the involvement of
gender, education level, diabetes, hypertension, noninvasive
ventilation, gastrostomy, and statins in ALS survival

Implications of all the available evidence

This study provided a detailed summary of survival predictors
of ALS which were then graded. Our work may help guide
healthcare workers and ALS patients in scheduling disease
management and in guiding clinical trials design. However,
more high-quality observational studies and randomized clini-
cal trials are needed to elucidate the survival factors of ALS and
to try to delay the course of the disease or even cure it in the
future.

ALS may have genetic mutations [13] and specific genes tend to simi-
lar special clinical manifestations [14—16]. To avoid such confound-
ing factors, studies exclusively investigating genetic factors for
survival of ALS were not included in this meta-analysis.

The predictors of ALS have not yet been fully clarified. A better
and more comprehensive understanding of factors that influence ALS
outcomes is essential to guide healthcare workers and patients in
scheduling therapeutic interventions and to guide clinical trials
design [17]. Hence, the aim of this study was to identify non-genetic
factors associated with ALS outcomes through a meta-analysis of
observational studies.

2. Methods
2.1. Search strategy and selection criteria

We followed the recommendations of the PRISMA (2009) guide-
lines for meta-analysis [18,19]. PubMed, Embase, and Cochrane

library were searched from Jan 1,1966 to Dec 1, 2020 by terms
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“amyotrophic lateral sclerosis”, “motor neuron disease”, “Lou Geh-
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rig's disease”, “Gehrig Disease” and “prognosis*”, “progress*”, “sur-
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vival”, “outcome”, “mortality”, “death”, “hazards” for case-control or
cohort studies by limiting “retrospective”, “prospective”, “cohort”,
“case-control”, “consecutive” or “case control” in title or abstract. We
also considered additional publications from reference lists of reports
that were fully read. Previous survival researches in ALS usually use
composite events as endpoints comprising both death and respira-
tory events [20,21]. In this research, survival was defined as time
between the onset of symptoms and noninvasive ventilation (NIV)
for more than 23 hours per day, or tracheostomy or death. The inclu-
sion criteria are as follows: 1) Case-control or cohort studies pub-
lished in English; 2) The literature reported factors on ALS survival
outcome; 3) the articles’ context or supplementary materials should
directly provide adjusted hazard ratio and 95% confidence intervals
(CIs) through multivariate Cox hazard proportional model or other
multivariate analysis; 4) As for the same reported factor, there must
be at least three studies, considering only two studies may result in a
more unreliable result; 5) To avoid repeated inclusion, only the larg-
est sample size data were extracted for the same team’s research on
the same factor. We excluded these articles that only considered
gene-related ALS or that didn't distinguish ALS from other motor
neuron diseases (MNDs), such as progressive muscular atrophy
(PMA), primary lateral sclerosis (PLS), and progressive bulbar palsy
(PBP). The detailed flow chart was shown in Fig. 1 and bibliographies
of relevant original studies were hand searched. Literature selection
was performed by two investigators (WMS, YPC), and if there were
any discrepancies, the conclusion would be determined by the third
researcher (YFC). A protocol was registered with PROSPERO, registra-
tion number: CRD42021256923.

2.2. Data extraction

The nationality of ALS patients, the sample size of ALS cases, and
the resulting adjusted hazard ratios and 95%CI were extracted. If a
paper had multiple HRs for the same factor, we only included the
results with the most adjustment variables. The data of following fac-
tors were extracted, including age at onset, gender, marital status,
education level, duration, diagnostic delay, body mass index (BMI),
smoking(current and former smoking), creatine kinase(CK in serum,
creatinine in serum, neurofilament light chain (NFL, in serum and
cerebrospinal fluid), albumin in serum, non-specific dementia, fron-
totemporal dementia (FTD), executive dysfunction, diabetes, hyper-
tension, NIV, gastrostomy, statins, riluzole, multidisciplinary care,
onset site, subtype, diagnostic level, amyotrophic lateral sclerosis
functional rating scale-revised (ALSFRS-R), ALSFRS-R change, forced
vital capacity (FVC), vital capacity (VC), manual muscle test score
(MMT)). Except ALSFRS-R change which was time dependent, all the
remaining variables were considered at diagnosis or at enrollment. In
addition, since some identical factors (including age at onset, BMI,
ALSFRS-R, duration, FVC, VC, MMT, ALSFRS-R change, diagnostic
delay, CK, creatinine, NFL, and albumin) can be considered as both a
continuous and categorical variable, we chose a type that is easy to
merge for extraction, but three of them (FVC, ALSFRS-R change and
diagnostic delay), which have enough literatures to conduct meta-
analysis both for continuous and categorical variable according to the
above mentioned criterion, were analyzed by two ways to verify
whether the results were in the same direction. Finally, to avoid mis-
takes and bias, two authors extracted data separately (WMS, YPC),
and a third (Z]) verified the data.

2.3. Quality appraisal

The articles were appraised by two reviewers (WMS,YPC) accord-
ing to the Newcastle—Ottawa Scale (NOS) [22]. And a score of 6 or
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Figure 1. flowchart of literature selection

Abbr. ALS: amyotrophic lateral sclerosis; HR: hazard ratio; CI: confidence interval;Figure 2 pool analysis of demographic factors and environmental and lifestyle factors

above was considered to be of high quality. Similarly, in the event of
disagreement, the two quality evaluators reached a consensus after
consulting a third co-author (Z)).

2.4. Statistical analysis

After considering interstudy variability, the adjusted hazard ratio
(HR) and 95% confidence interval (CI) were log-transformed and
effected using the random-effects model. We roundly explored the
survival factors of ALS from the following five aspects: demographic,
environmental or lifestyle, clinical manifestations, biochemical index,
therapeutic factors or comorbidities. Heterogeneity was assessed by
Q test and quantified by the I? metric (“low”, “moderate”, “high” and
“very high” corresponding to values of up to 25%, 50%, 75%, and 100%,
respectively) [23]. Forest plots were used to visualize effect sizes and
95% Cls for each study and the pooled effects. As for publication bias,
the assessment was conducted only when at least ten studies were
available by Begg’s test [24,25]. All statistical analyses were per-
formed using Stata MP 16.0 and GraphPad Prism 9.0.0.

2.5. Role of funding source

The funders had no role in study design, data collection, analysis,
interpretation, or writing of the report.

3. RESULTS
3.1. Literature results

A flowchart of the selection of eligible studies is presented in
Fig. 1. The search of the PubMed database yielded 2535 articles and
Embase provided 2846 entries using the terms mentioned above.
And taking “amyotrophic lateral sclerosis” as keywords yields 303 tri-
als in the Cochrane library. Besides, for studies retrieved in full-text,
hand searching of reference lists and citation searches were per-
formed. According to the predesigned inclusion criteria, finally, 5115
articles involving 55,169 ALS patients, were included. The NOS score
ranged from 5 to 8 points in these included studies. The detailed
quality evaluations of each study were shown in the supplementary
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Figure 2. pool analysis of demographic factors and environmental and lifestyle factors

Fig. 2a: pool analysis of demographic factors; Fig. 2b: pool analysis of environmental and lifestyle factors. Abbr. HS: high school; HR: hazard ratio; CI: confidence interval; note:

we equated graduate equivalency diploma with high school.

Table 1
meta-analysis of clinical manifestation factors.

Survival factors Numbers of studies  Pooled HR (95% CI) P

Categorical variables
site of onset (ref: spinal)

bulbar 54 1.35(1.23,1.47) 68.0%
subtype (ref: typical

ALS)
flail arm or leg 6 0.61(0.50,0.73) 14.6%
pUMN or pLMN ALS 3 0.32(0.22,0.45) 0%
respiratory 5 2.20(1.154.22) 79%
diagnostic level” (ref:

definite)
probable 0.73(0.60,0.80) 7.2%
possible 10 0.60 (0.54,0.66) 0%

ALSFRS-R change
(ref:<1/month)

>1/month 4 2.37(1.68.3.35) 81.7%
diagnostic delay (<12
months)
>12 months 8 0.38(0.29,0.52) 89.7%
FVC(>85%)
<85% 4 1.86(1.6,2.17) 0%
Continuous variable
MMT (points) 3 0.98(0.97,0.98) 65.3%
Time of duration 4 0.96(0.93,0.99) 74.6%
(months)
FVC (%) 10 0.98(0.98,0.99) 34.6%
Diagnostic delay 12 0.97(0.95,0.98) 95.7%
(months)
BMI (Kg/m2) 17 0.97(0.95,0.99) 51.0%
ALSFRS-R (points) 19 0.96(0.93,0.98) 94.1%
ALSFRS-R change rate 4 1.48(1.13,1.95) 81.7%
(1/month)

Abbr. ref: reference; pUMN: pure upper motor neuron; pLMN: pure lower motor
neuron; FVC: forced vital capacity; MMT: manual muscle test; BMI: body mass
index; ALSFRS-R: amyotrophic lateral sclerosis functional rating scale-revised;
*:according to El Escorial diagnostic criteria.

material (Supp. Table 1), which also included characteristics of eligi-
ble studies. After reviewing the articles and extracted the data, a total
of 32 candidate prognostic factors were conducted in this meta-anal-
ysis, including demographic factors (4), environmental and lifestyle

factors (1), clinical manifestations (12), biochemical index (5), thera-
peutic factors and comorbidity (10).

3.2. Prognostic factors

3.2.1. Demographic factors

When analyzed as a continuous variable, the age at onset had a
negative impact on the outcome of ALS patients, along with a 3% risk
of early death increasing for every additional year (HR=1.03). Com-
pared to ALS patients with a partner, single ones had 1.73 times the
risk of dying early without significant overall interstudy heterogene-
ity (I2 = 47.5%, p = 0.149). Otherwise, neither gender nor education
level made a difference in ALS survival. The overall results are pre-
sented in Fig. 2a, and the separate analysis of each ingredient is in the
supplementary material (Supp. Fig. 1-4).

3.2.2. Environmental and lifestyle factors

In the past, lots of energy has been devoted to researching the
influence of environmental and lifestyle factors on the survival of ALS
[26], but limited by the inclusion criteria, and only smoking was eligi-
ble. Compared to non-smokers, both current and former smokers had
a higher risk of death (HR:1.37 and 1.16, respectively). The overall
result is shown in Fig. 2b and forest plot is present in Supp. Fig. 5.

3.2.3. Clinical manifestations

Not surprisingly, many clinical manifestations and signs can pre-
dict poor prognoses, such as respiratory subtype, bulbar onset, more
significant baseline impairment, and rapid disease progression
[27-29], which were also identified in this study (Table 1). Most
importantly, the respiratory subtype showed a powerful effect
(HR:2.20) on ALS outcome (Supp. Fig. 6). Baseline respiratory function
was an important factor affecting the survival of ALS. And we found
that when FVC was lower than 85%, the risk of death in ALS patients
increases by 0.86 times (HR: 1.86, Supp. Fig. 7). Compared with prob-
able and possible ALS, definite ALS had a shorter life span righteously
(Supp. Fig. 8). Patients with rapid functional deterioration tended to
have shorter survival times, whether it was regarded as a categorical
variable or continuous variable (HR: 1.48 or 2.37, respectively, Supp.
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Figure 3. pool analysis of biochemical index.

Abbr. CK: Creatine kinase; NFL: neurofilament light chain; csf: cerebrospinal fluid. HR: hazard ratio; CI: confidence interval; Note: for albumin and creatinine, there was an arti-

cle provide male and female results without overall HR which was seen as different cohorts.

Fig. 9). Besides, fifty-three articles examined the effect of bulbar onset
on ALS survival. The pooled analysis revealed that bulbar onset is
associated with a worse prognosis than spinal onset with HR =1.34
(95%CI: 1.22-1.46, Supp. Fig. 10).

As for the beneficial prognostic factors, patients with an atypical
presentation of ALS, such as those with pure lower motor neuron
(pLMN) or upper motor neuron type (pUMN) and flail arm or leg,
have a better prognosis than those with ‘typical’ ALS (HR: 0.32 or
0.61, Supp. Fig. 11, respectively). Whether as a continuous variable or
a binary variable (cut off: 12 months), the diagnosis delay time is
related to the survival of ALS patients (HR:0.97 and 0.39, Supp. Fig.
12, respectively). And the disease duration was also an excellent
prognostic factor (Supp. Fig. 13), partly because the longer the course
of the disease tended to have a slower rate of progression. In addi-
tion, baseline clinical features (Supp. Fig. 14), including BMI
(HR:0.97), MMT score (HR:0.98), ALSFRS-R score (HR:0.96), and FVC
(HR:0.98) heralded a better prognosis.

3.2.4. Biochemical index

Although there have been many studies on biomarkers for ALS
prognosis, it isn’t easy to make a quantitative analysis due to the sig-
nificant differences in the cut-off values of various studies. To initially
explore the ability of biochemical indicators to predict the survival of
ALS, we quantitatively analyzed potential biomarkers by extracting
the HR and 95%CI for the subgroup with the highest concentration of
biomarkers, although the cut-off values are not the same. CK, creati-
nine, albumin, and NFL were available limited by our predesigned cri-
teria. The CK was analyzed in log form in three studies and all of them
showed ALS patients with a higher serum log-CK levels had a better
prognosis (HR: 0.68), and serum creatinine (HR:0.64) presented a
similar effect. However, serum albumin (HR:1.52) indicated much
poorer outcomes.

NFL as a potential biomarker of neurodegenerative diseases has
been wildly studied in several studies [30]. It also showed extraordi-
nary clinical significance on ALS survival. NFL was inversely associated
with survival of ALS both in cerebrospinal fluid and serum. The former
yielded a pooled HR of 6.80, and among four included studies, Lu et al.
got the most significant result (HR=31.82) [31]. The higher serum NFL
level may increase the risk of ALS death by 3.70. And the overall analy-
sis of the biochemical index was shown in Fig. 3 and Supp. Fig. 15.

3.2.5. Comorbidity and Therapeutic factors

Cognitive and behavior changes are an intrinsic component of
some forms [32], such as executive dysfunction, language
impairment, and behavioral change [33]. It can be considered as one

of the clinical features of ALS. Although cognitive impairment was
analyzed as a comorbidity in this meta-analysis, it did not affect the
results obtained. Frontotemporal dementia (FTD) was a strong pre-
dictor of poor prognosis in patients with ALS with nearly the two
times risk of death increased (HR:2.98). There were ten articles that
did not specify the type or degree of dementia, and we also got a
meaningful result through meta-analysis without significant hetero-
geneity (HR: 1.41). The impaired executive function may play an
important role which presented a more substantial effect than non-
specific dementia (HR: 2.10). But risk factors for cardiovascular, such
as diabetes and hypertension, made no difference on ALS survival
(Fig. 4a and Supp. Fig. 16-17).

The treatment of ALS has always been a challenging problem to
break through. We only came out that riluzole (HR:0.80) and multi-
disciplinary (HR:0.68) could delay the patients’ death to some extent,
but taking statins didn't affect the prognosis of ALS. Traditionally,
ventilatory and nutritional support could improve the prognosis of
ALS. However, disappointingly, not only percutaneous gastrostomy
but also noninvasive ventilation did not confer any survival advan-
tage than those who didn’t use it in this study (Fig. 4b and Supp. Fig.
18). Patients taking NIV or PEG were more likely to be in the late
stages of their natural course with more severe functional
impairment and made it be an unreliable predictor of ALS survival.

3.3. Grading for prognostic factors

To assess which prognostic factors were more critical for ALS sur-
vival, we primarily graded all the prognostic factors. According to the
following criterion, HR>2 in categorical variables or HR >1.02 in con-
tinuous variables were defined as Class I, and the rest was Class II for
poor prognosis factors. As a result, we identified six factors in Class I,
including NFL (6.80 and 3.70 in CSF and serum, respectively), FTD
(2.98), ALSFRS-R change (binary variable, 2.37; continuous variable,
1.48), respiratory subtype (2.20), executive dysfunction (2.10) and
age of onset (1.03). As good ones, HR< 0.5 in categorical variables or
HR < 0.96 in continuous variables were defined as Class I, and the
rest was Class Il. Among them, four factors, including pLMN or pUMN
(0.32), diagnosis delay (binary variable, 0.38; continuous variable,
0.97), duration (0.96) and baseline ALSFRS-R score (0.96) are classi-
fied in Class I. All of which were shown in Fig. 5 and Table 2.

3.4. Sensitivity analysis and publication bias

When the included literatures were greater than or equal to 10,
further reporting bias was conducted by Begg’s test (Supp. Fig. 19-
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Figure 4. pool analysis of comorbidity and therapeutic factors.

Fig. 4a: pool analysis of comorbidity; Fig. 4b: pool analysis of therapeutic factors. Abbr. FTD: Frontotemporal dementia. NIV: Noninvasive ventilation. HR: hazard ratio. CI: confi-

dence interval. The “absence” was the reference level in all pool analysis.

25). And there was some heterogeneity between studies that reached
the very high group (1°>75%). Therefore, we further conducted a sen-
sitivity analysis on them (Supp. Fig. 26-32 and Supp. Table 2-8). Het-
erogeneity analysis using the I? statistic showed that whether as a
continuous variable or a binary variable, the diagnostic delay both
showed higher heterogeneity. Partly because the degree of diagnosis
of ALS included in different literature was varied, and the variables
analyzed by the multivariate Cox hazard proportional model were
also quite different contributing to this result. But most included
articles showed diagnostic delay was a good predictor for ALS out-
come, and our sensitivity analyses yielded similar results. So, we still
thought the outcome was reliable. For baseline ALSFRS-R was similar
as well, its’ I was also up to 94.1%. In the same way, we did not get
any contradictory results when we took sensitive risks to it. However,
when we eliminated the result of Kaufmann et al.’s research on respi-
ratory phenotype [34], I? for respiratory phenotype reduced to 22.5%
with HR=1.49. Besides, when Shepheard et al.’s study was omitted
[35], the heterogeneity of ALSFRS-R change significantly reduced and
its overall result was still positive that it might be due to the small
sample size of the study.

4. Discussion

As far as we know, this is the most comprehensive meta-analysis
investigating non-genetic survival factors of ALS patients, including
five dimensions, demographic, environmental or lifestyle, clinical
manifestations, biochemical index, therapeutic factors or comorbid-
ities. Twenty-five prediction factors were identified to be associated

with the survival in ALS. Among them, NFL, FTD, changes in ALSFRS-
R, respiratory subtype, executive dysfunction, and age at onset are
superior predictors of poor prognosis, but pLMN or pUMN, delay in
diagnosis, duration and baseline ALSFRS-R score were predictors of
good prognosis. However, gender, education level, diabetes, hyper-
tension, NIV, gastrostomy, and statins did not affect the survival in
ALS.

For poor predictors, in the current meta-analysis, we identified six
factors in the top grade of predicting ALS survival. NFL, one of the
markers of neurodegeneration, may have strong discriminatory
power in diagnosing ALS [36]. And it was also found to be a reliable,
independent survival predictor of ALS, when other prognostic factors
were taken into account, and was found to have a better predictive
performance for poor outcome of ALS in CSF than blood. This is partly
due to the fact that NFL in cerebrospinal fluid was closer to the nerve
tissue and may have a higher sensitivity to respond to neurodegener-
ation. Furthermore, the blood-brain barrier also prevents NFL from
reaching the blood easily. Unfortunately, the number of studies that
performed multivariate analysis was small. There were some differ-
ences in the cut-off values, which resulted in the specific threshold
value of harmful NFL level was difficult to obtain. But it’s worthy of
knowing that a higher NFL level indicated a poor prognosis of ALS.
The highest level in all studies has been proved to be negatively cor-
related with the outcome of ALS [31,37-42], and patients with very
long survival typically had low levels of NLF. In this meta-analysis,
the HR of the highest level in CSF and serum NFL reached 6.80 and
3.7, respectively, and the heterogeneity of biochemical markers was
acceptable. The current study was still insufficient, and more
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Figure 5. rating strength of predictors.
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Fig. 5a rating strength of categorical variable. Fig. 5b rating strength of continuous variable. Abbr. NFL: neurofilament light chain; FTD: Frontotemporal dementia. csf: cerebro-
spinal fluid. FVC: forced vital capacity; pUMN: pure upper motor neuron; pLMN: pure lower motor neuron; ALSFRS-R: amyotrophic lateral sclerosis functional rating scale-revised;
FA: flail arm; FL: flail leg; MMT: manual muscle test; BMI: body mass index; HR: hazard ratio. ClI: confidence interval.

Table 2
grade grouping of prognostic factors.

Factors Class |

Class II

poor prognostic factors
dysfunction and age of onset

intervenable none

good prognostic factors
higher ALSFRS-R

intervenable BMI

non-intervenable NFL, FTD, rate of progress, respiratory phenotype, executive

non-intervenable pLMN or pUMN phenotype, diagnostic delay, duration and

FVC<85%, bulbar onset albumin and non-specific dementia

Smoking and single statues

serum creatinine, creatine kinase, probable or possible ALS, FA
or FL phenotype, higher FVC %, higher VC %, and higher
MMT score

riluzole and multidisciplinary care

Abbr. NFL: neurofilament light chain; FTD: Frontotemporal dementia. FVC: forced vital capacity; pUMN: pure upper motor neuron; pLMN: pure lower motor neuron; ALSFRS-R:
amyotrophic lateral sclerosis functional rating scale-revised; FA: flail arm;FL: flail leg; MMT: manual muscle test; BMI: body mass index; HR: hazard ratio. CI: confidence interval.

prospective studies with large samples were needed in the future. In
addition, phosphorylated neurofilament-heavy (pNfH) could also
serve as a prognostic factor of ALS [37,43-46], it was not conducted a
pooled analysis as fewer than three studies met the inclusion criteria.
Comorbid with FTD or just presence of the executive dysfunction was
also attributed to Class I of poor prognostic factors. A meta-analysis
concluded that FTD-ALS had the shortest survival time (2.5 years)
compared to other types of FTD [47]. In our study, the risk of early
death was nearly three times higher in FTD-ALS patients than in ALS
patients alone, and the presence of executive dysfunction in non-
demented ALS patients might affect the longevity of survival. And
our results might be explained by the fact that frontotemporal corti-
cal involvement is likely to be associated with poor compliance with
medical intervention [48]. Moreover, the decline in ALSFRS-R has
been employed to determine the rate of disease progression in sev-
eral population-based studies, which can reflect the rate of function
loss concerning activities of daily living to some extent, and is
thought to predict survival, but conflicting results have been reported
[8,49-51]. However, in this meta-analysis which only included the
results from multivariate analyses, it emerged as a strong predictor of
survival as did FTD. Another strong poor prognosis predictor was the
respiratory phenotype, which was the rarest phenotype (annual inci-
dence rate: men 0.06/100 000; women 0.01/100 000) with median
survival time of 1.4 years [52]. These patients had prevalent respira-
tory impairment at the onset, with orthopnoea or dyspnoea at rest or
during exertion [53] and respiratory failure, pulmonary infection and
nutritional deterioration would occur early. Many previous studies
have confirmed that age was a risk factor for the onset of ALS [54].
Older age was also proven to be a poor prognosis predictor in the cur-
rent research and previous researches suggested it was correlated

with rapid progression of regional dysfunction [55—-57], however, we
need to realize the age at onset of the disease is intrinsically subjec-
tive which affects the accurate time of the measuring survival. In the
Class II group of poor prognostic predictors, bulbar onset, FVC and
changes in ALSFRS-R had no significant difference from previously
published results [11]. However, it's worth noting that being married
was associated with a reduced risk of death than unmarried status
(divorced/separated, widowed, or single living without a stable part-
ner). This may be partly resort to better care and less social pressure
[58]. Environmental exposure factors have been continuously
explored for the onset of ALS, and some of them suggested that
smoking did not increase the risk of ALS [59—61]. While smoking has
a negative effect on ALS survival, there may be a dose-response effect
with the high pooled HR of current smokers. Smoking may contribute
to an early death by worsening the respiratory function of ALS
patients.

As for good predictors, four were identified to be in the Class I
group. pLMN and pUMN patients had a longer survival than any other
phenotype. They usually appeared among younger patients and had
the most benign outcome [52]. The longer pLMN and pUMN are con-
fined to the lower or upper motor neuron symptom, the longer is sur-
vival. Our previous study indicated a longer duration from an initial
region to the involvement of a second region was associated with
better prognosis [62]. This might also contribute to explain why the
disease duration was a good prognostic factor in this study. Likewise,
the time of diagnostic delay reflects the rate of progress. That is to
say, if people with ALS had more than 12 months from the onset of
the disease until they met the diagnostic criteria, their mortality risk
was 61% lower (Supp. Fig. 12). Patients with less functional
impairment at baseline had a lower risk of death. Both the total
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baseline ALSFRS-R score and the various parts of it had the purpose of
predicting ALS patients’ outcome [34]. Beyond that, we also found
some other good factors. The phenotype of flail arm or leg phenotype
is relatively benign. They took a long time to appear significant func-
tional involvement of bulbar muscles and had a long survival. BMI
was estimated to be as high as 0.97 (95% CI: 0.95-0.99) for each addi-
tional BMI unit (Kg/m?) when it was considered a continuous vari-
able, similar to previous result that only included time-to-event data
[63]. In addition, we only found that riluzole was the sole medicine
that can prolong ALS patients’ survival. In contrast, multidisciplinary
care was more effective than general neurology care at improving
the survival of patients with ALS. This may be related to solid and
assertive communication between professionals, patients, caregivers,
and families, which leads to enriched decision-making processes
over the whole course of treatment rather than a consequence of the
combined use of preconized interventions [64]. A previous report
showed that lower baseline plasma creatinine was related to good
prognosis [65]. In our study, baseline serum creatinine was also posi-
tively associated with survival of ALS when only HR from the multi-
variate analysis was included.

Our results didn’t support that gender, education level, diabetes,
hypertension, NIV, gastrostomy, and taking statins could predict ALS
survival. Logically speaking, NIV and gastrostomy should help pro-
long survival in ALS. A previous systematic review from random con-
trolled trials studies showed that the median survival in the NIV
group was 48 days longer [66]. However, given that the current
results only came from observational studies, it is inappropriate to
assume that NIV and gastrostomy have no effect on ALS survival,
especially when they are used in the relatively early stage of the dis-
ease. Some previous reports suggested that hyperlipidemia might be
a prognostic factor for ALS [°7- 58], We found that taking statins did
not increase the risk of ALS death, however, the number of articles
conducting multivariate analyses of lipids and ALS survival are lim-
ited.

4.1. Strengths and limit

This is, hitherto, the most comprehensive and large-scale meta-
analysis on predictors of ALS survival. We just included HR in multi-
variate analysis with less bias which made positive results more cred-
ible. Moreover, we only merged HR and did not conduct pooled
analysis between risk ratio (RR) and HR. Only patients with definite,
probable, or possible ALS were included, and those studies that
included progressive muscular atrophy (PMA), primary lateral sclero-
sis (PLS), or progressive bulbar palsy (PBP) were excluded. This
resulted in a more reliable source of data.

Despite all above, some weaknesses in this meta-analysis should
be noted. First and foremost, we excluded several studies that did not
report adjusted HR and didn't extract data from Kaplan-Meier curves.
Those articles with different cut-off values of predictors were also
excluded. Besides, some studies did not report insignificant results,
and there were some differences in follow-up time, the included pop-
ulation, and the definition of outcomes, which may lead to publica-
tion bias. Moreover, the lack of commonality of prognostic factors
investigated in different cox PH models is also a limitation. The
absence of quantitative follow-up and missing data prevented us
from adequately assessing the risk of attrition bias and sampling bias
in some studies. In addition, the variables analyzed in different Cox
models may affect the final results and the point-estimation of HR
are difficult to assess, since they are influenced by the heterogeneity
of the studies included in the analysis. The small number of prospec-
tive studies was also a limitation, and we did not include randomized
controlled studies including interventions. And some factors, includ-
ing marital status, education, former smoker, FVC, ALSFRS-R change,
pUMN and pLMN, duration, hypertension and stains, reported in only
three or four articles, the results should be explained with caution.

Therefore, more high-quality prospective studies are warranted. Fur-
thermore, cases in our study did not take the genetic factors into
account, which might have an impact on the course and prognosis of
ALS. It may not be most appropriate to assess the outcome of thera-
peutic interventions using this reporting method, but no treatments
are particularly effective for ALS. In addition, increased health care
awareness is certainly an important factor for the natural history of
the disease. Moreover, although we excluded reports that do not dis-
tinguish PMA, PLS and PBP from ALS, but PLS may be included in the
possible criteria for the revised El Escorial diagnostic criteria and PBP
sometimes may be difficult to distinguish from bulbar onset ALS.
Equally importantly, genetic studies were excluded from this study
which may make us miss some information for ALS survival. Future
comprehensive studies are needed to remedy this regret. Finally,
rules of the review methodology of its restriction to articles published
in English, and the low specificity of the search strategy, which
increase the risk of missing relevant studies.

5. Conclusions

The present meta-analysis summarized and contrasted evidence
for prognostic factors in patients with ALS. Demographic factors,
environmental and lifestyle factors, clinical manifestations, biochem-
ical index, therapeutic factors and comorbidities were identified
independently to be associated with the prognosis for patients.
Therefore, they could help predict the survival of ALS, and the identi-
fied non-intervenable or intervenable factors will benefit for guiding
the therapy strategies for ALS.
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