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ABSTRACT
Introduction  Amyotrophic lateral sclerosis (ALS) is a 
representative rare disease characterised by progressive, 
fatal motor neuron degeneration. Due to the unknown 
aetiology and variability of the phenotypes, there are no 
accurate reports concerning the epidemiology or clinical 
characteristics of the disease. The low prevalence, as 
previously reported, makes it difficult to carry out studies 
with large samples. The aim of this study was to explore 
the natural history and clinical features of ALS in mainland 
China through a multicentre, prospective cohort study. The 
findings will both offer a better understanding of ALS and 
also support the development of a model to study other 
rare diseases.
Methods and analysis  Patients from 88 representative 
hospitals in different parts of mainland China will be 
recruited through a specially designed online data 
system (http://www.​chalsr.​net/). We aim to recruit 4752 
ALS patients over a 3-year period. Baseline data will 
be recorded, and follow-up data will be collected every 
3 months. The primary outcome is effective survival. 
Overall survival and indices of disease progression will be 
measured as the secondary outcomes.
Ethics and dissemination  Ethical approval has been 
obtained from the ethics committee of Peking University 
Third Hospital (M2019388). Informed written consent will 
be obtained from each participant. Dissemination of the 
study protocol and data will take place primarily through a 
specially designed online data system (http://www.​chalsr.​
net/). The collective results of the study will be published 
in peer-reviewed journals and shared in scientific 
presentations.
Trial registration number  NCT04328675

INTRODUCTION
In the past two decades, increasing atten-
tion has been paid to rare diseases, which 
impose enormous burdens on both patients 
and society worldwide. Amyotrophic lateral 
sclerosis (ALS) is one of the most represen-
tative rare diseases, characterised by progres-
sive, fatal motor neuron degeneration. It is 
the typical type of motor neuron disease.1 2 
The onset of the disease in middle age and 

the clinical manifestation of systemic paralysis 
lead to a substantial economic burden of up 
to US$30 934 (£23 165) per annum for each 
patient.3 The worldwide all-age prevalence 
and incidence of motor neuron disease are 
4.5 per 100 000 people and 0.78 per 100 000 
person-years, respectively.4 However, recent 
epidemiological studies of ALS show great 
regional and temporal variations, with higher 
rates in West Europe than in South Asia 
and a significant increase in the incidence 
by 0.00013 per year.5 The low prevalence 
and incidence increase the difficulty of ALS 
research. Population-based registers or multi-
centre cohorts assure the large sample size 
and intact follow-ups, which greatly impulse 
our understanding of the disease, such as the 
European ALS Consortium (EURALS), the 
European Multidisciplinary ALS Network 
Identification to Cure Motor Neurone Degen-
eration (Euro-MOTOR) and the National 
ALS Registry.6–9 Those studies substantially 
revealed epidemiology and natural features 
of ALS.10 However, such large research is 
rare in Asian area. As the population size is 
of more than 1.3 billion in China, it would be 

Strengths and limitations of this study

►► This study will be the largest multicentre, prospec-
tive study of amyotrophic lateral sclerosis in main-
land China.

►► Data from hospitals of different sizes located in dif-
ferent geographical regions of China will be included.

►► The design includes a follow-up evaluation every 
3 months throughout the study.

►► A specially designed online data system will be used 
to unify the study and develop a model to study oth-
er rare diseases.

►► Due to the uneven distribution of medical resources 
in China, our study may have information biases.
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a productive exploration for implementing large registry 
studies.11

Another major challenge that creates a dilemma for 
ALS research is the high heterogeneity of the disease. 
According to previous research, the natural history and 
clinical features of ALS vary based on different pheno-
types, genotypes, ethnicities, environmental backgrounds 
and lifestyles.12–15 The aetiology and prognostic factors 
are often unpredictable, which limits targeted treatment 
and ultimately causes high mortality.16 This situation 
creates an urgent need for multicentre studies with wide-
spread geographical reach and regular follow-up to eval-
uate different aspects of the disease, including its regional 
and temporal distribution, its progression and the factors 
affecting the outcomes.17 18

As a representative rare disease, ALS faces a common 
weakness of rare diseases in that it is distributed sparsely 
among sporadic patients and qualified regional institu-
tions. Thus, an internet-based mobile terminal that can 
share registered cases from different regions will be a 
perfect tool to solve the uneven distribution of patients 
and medical resources.19 In order to improve the level of 
diagnosis and treatment, it is important to have a stan-
dard operating procedure for management formulated 
by a recognised authoritative institution that has sufficient 
experience with the specific disease.20 21 By combining 
an internet-based platform with unified professional 
management of ALS, we hope to establish a new standard 
model for the study of rare diseases.

Thus, the registry study of ALS in mainland China 
(CHALSR), the first multicentre, prospective registry 
study of ALS, is expected to provide an accurate descrip-
tion of ALS in China with a considerable quantity of 
patients. We hope the study will establish a stable coop-
eration platform and guide the management of future 
research on ALS.

OBJECTIVES
The aim of our study was to explore the natural history 
and clinical features of ALS in mainland China through 
a multicentre, prospective cohort. The specific objectives 
include the following:

►► Investigate the geographical and temporal distribu-
tion of ALS patients in mainland China from 2020 to 
2023.

►► Describe the clinical characteristics and disease 
progression of ALS.

►► Identify the factors that impact the prognosis of ALS.

METHODS AND ANALYSIS
Study design
This is a multicentre, prospective registry study that will 
be conducted using a unified ALS-specific internet plat-
form. The standard operating procedure for the overall 
design and implementation of the study was developed 
by Peking University Third Hospital (PUTH), the largest 
ALS centre in China. Hospitals that have ALS centres 

and are willing to use the platform will be included. Each 
participating hospital will have one principal investigator 
who will carry out the study recruitment process and the 
overall supervision. The collaboration partners from 
each centre will be trained to use the internet platform 
to share the data according to a standardised method. In 
all cases, baseline demographic information and clinical 
data will be collected during the patient’s first visit to the 
centre and during follow-up evaluations conducted by 
telephone or in person every 3 months throughout the 
study. Patients will be recruited from March 2020 to at 
least March 2023. Figure 1 illustrates the specific proce-
dure for study recruitment and the overall flow of eligible 
subjects.

Study participants
Inclusion criteria

►► Patients aged 18–80 years.
►► Patients diagnosed with definite ALS, probable ALS 

or laboratory-supported probable ALS by an experi-
enced neurologist according to the revised El Escorial 
criteria.

►► Patients who sign informed consent.

Exclusion criteria
►► Patients who receive alternative diagnoses during 

follow-up.
►► Patients who refuse to sign informed consent.

Study sites and sample sizes
This study will be performed at centres spread across 
approximately 20 provinces, four municipalities and 
four autonomous regions in mainland China (figure 2). 
At least one tertiary first-class hospital from each of the 
participating provinces will take part in the study. A total 
of 88 hospitals will be involved.

According to the pilot study, the median of patients 
diagnosed with ALS and completing the detailed clinical 
follow-ups in our participating hospitals is 18 per year. 
Thus, based on clinical experience, the total number of 
patients included in this 3-year study is theoretically esti-
mated to reach 4752. The leading research institution 
formulating the overall study design is PUTH, which is 

Figure 1  Flow chart of the overall study design and 
process. ALS, amyotrophic lateral sclerosis.
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the largest ALS centre in China, with an ALS cohort of 
more than 2000 patients and approximately 500 newly 
diagnosed ALS patients per year.22

Measures and data collection points
The measurement and data collection time points of this 
study are shown in table 1.

Baseline measures
The baseline data of interest will be obtained through 
face-to-face personal interviews by an experienced neurol-
ogist in the outpatient clinic at the time of recruitment to 
the study.

The measurements will include demographic infor-
mation (eg, sex, age, ethnicity, education, occupation), 
lifestyle information (eg, food diary, mental status, phys-
ical activity, quality of life, environmental exposure), 
medical history (eg, individual medical history, family 
history, trauma history, reproductive history), diagnosis 
information (eg, date of diagnosis, age of diagnosis, level 
of diagnosis), clinical variables both at onset and during 
progression (eg, examination dates and sites, symptoms, 
physical examinations, electromyography tests, evalu-
ations of disease severity) and treatment information 
(eg, use of medications, respiratory support, dietary 
assistance).

Follow-up measures
The following information of interest will be collected 
every 3 months through telephone calls or in-person 
interviews with patients or their caretakers by the trained 
investigators in the individual centres.

The measurements will include lifestyle information 
(eg, food diary, mental status, physical activity, quality of 
life, environmental exposure), clinical progression vari-
ables (eg, date and site of examination, symptoms, phys-
ical examinations, electromyography tests, evaluation 
of disease severity), treatment information (eg, use of 
medications, respiratory support, dietary assistance) and 
endpoint assessment.

Outcome measures
The primary outcome is effective survival. Tracheotomy 
and death due to any cause are defined as the endpoints 
of the study. In our study, effective survival is defined as the 
time between the onset of symptoms and our composite 
endpoints.

The secondary outcomes include overall survival, 
parameters related to disease progression and other 
descriptive results. In our study, overall survival is defined 
as the time between the onset of symptoms and death 
due to any cause. One of the typical measurements of 
disease progression is ΔFS, defined as the rate of change 
of the revised ALS Functional Rating Scale (ALSFRS-R).23 

Figure 2  Regions of mainland China with centres participating in CHALSR. NA, not available.
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The ALSFRS-R is a questionnaire containing 12 ques-
tions designed to quantify the functional impairment of 
patients with ALS. This instrument evaluates respiratory 
function, speech and mobility of all four limbs. Each 
question has a maximum score of 4, and a higher score 
on the scale represents a better functional status. Thus, 
the prediagnosis ΔFS is determined as follows: (48 minus 
ALSFRS-R score of diagnosis)/(date of diagnosis minus 
date of onset). The postdiagnosis ΔFS is determined as 
follows: (ALSFRS-R score of the last follow-up minus 
ALSFRS-R score of diagnosis)/(date of follow-up minus 
date of diagnosis). Similarly, other parameters such as 

Δweight, ΔBMI and ΔFVC (forced vital capacity) before 
and after diagnosis will be included. Some descriptive 
results such as the cause of death, the timeline of progres-
sion at the affected sites and the duration from invasive 
ventilation to death will also be included as outcomes.

Tools used for data collection (http://www.​chalsr.​net/)
In this study, a purpose-designed internet-based platform 
will be used for data collection (figure  3). The online 
system guarantees a standard operating procedure for 
data management, including unified case report forms 
filled out by the responsible doctors, the supervision of 

Table 1  Measurement and data collection time points

Measures Definitions Baseline Follow-up

Demographic information ►► Sex, age, date of birth, ethnicity
►► Dominant hand
►► Education, marriage, medical insurance, occupation

✓  �

Lifestyle information ►► Food diary, mental status, physical activity, quality of life, 
environmental exposure (toxicant)

✓ ✓

Medical history ►► Individual medical history, family history, trauma history, 
reproductive history

✓  �

Diagnosis information ►► Date of diagnosis (fist and confirmed), delay of diagnosis, age of 
diagnosis, level of diagnosis

►► Hospital of diagnosis, type of clinic (outpatient or inpatient)
►► Diagnosis of genetic test
►► Diagnosis of clinical phenotype

✓  �

Variables of clinical onset ►► Date of onset, age of onset, site of onset
►► Symptoms of onset (motor symptoms/cognitive symptoms/
nonmotor symptoms)

►► Physical examinations of onset (upper motor impairment/lower 
motor impairment/cognitive impairment)

►► Electromyography test at onset
►► ALS-FRS-R
►► Height, weight, BMI
►► Lung function (FVC, FVC%)

✓  �

Variables of clinical 
progression

►► Date of progression, progression of affected sites
►► Progression of symptoms (motor symptoms/cognitive symptoms/
nonmotor symptoms)

►► Progression of physical examination results
►► Progress of electromyography test results
►► ALS-FRS-R and ΔALS-FRS-R
►► Height, weight, BMI and Δheight, weight, BMI
►► Lung function (FVC, FVC%) and Δlung function (FVC, FVC%)

✓ ✓

Treatment information ►► Use of medications (riluzole/
traditional Chinese medicine/other 
medications)

►► Assistance of respiration (use of non-
invasive ventilation)

►► Assistance of diet (use of intubation/
gastrostomy)

►► Others (eg, rehabilitation, stem cell 
treatment, gene therapy)

►► Date of starting and 
ending of using

►► Details of using

✓ ✓

Endpoint events ►► Tracheotomy
►► Death due to any cause

►► Date of the event
►► Reasons for the event

 �  ✓

ALS-FRS-R, amyotrophic lateral sclerosis functional rating scale-revised; BMI, body mass index; FVC, forced vital capacity; Δ=rate of decline 
from onset to confirmed diagnosis (for baseline) or from the last follow-up to this follow-up (for follow-up).
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data completeness by data administrators and the supervi-
sion of data accuracy by clinical research associates. Each 
participating neurologist will have a personal account that 
allows him or her to upload the required information of 
patients. Password protection for the account will ensure 
the security of the data. Data validation will be conducted 
every 3 months by independent investigators. The data 
will be locked once they pass inspection or are amended 
by the responsible doctors according to the inspection. 
All the procedures can be completed through either 
the full website or a cell phone application to improve 
efficiency.

Data analysis
All analyses will be performed using SAS V.9.4, and a two-
sided p<0.05 will be considered statistically significant. We 
will report all the measures mentioned above. The contin-
uous variables will be expressed as the mean, minimum 
and maximum or median, while the categorical variables 
will be expressed as proportions or frequencies. Patients 
will be divided into different subgroups according to 
their registry centres, disease phenotypes, treatments and 
other possible variations. Comparisons among subgroups 
will be conducted using parametric tests (one-way anal-
ysis of variance (ANOVA) or Student’s t-test) or non-
parametric tests (χ2 test, Fisher’s exact test, Kruskal-Wallis 
one-way ANOVA by ranks or Mann-Whitney U test). For 
the patients in general and each subgroup of patients, 
effective and overall survival curves will be estimated 
using Kaplan-Meier analysis, and important covariates will 
be compared using the log-rank test and Cox regression 
analysis.

Patient and public involvement
No patients or public were involved in the design, conduct, 
reporting or dissemination of this research study.

ETHICS AND DISSEMINATION
The study has been approved by the institutional ethics 
committee of PUTH (M2019388). Written informed 
consent will be obtained from each patient prior to enrol-
ment, and all patient information will be treated as confi-
dential. Our online system will assign each participant a 
serial number according to the time of registration. Only 
the responsible doctor could access the data. Individual 
centres could access their own data, and the principal 
investigator could access the integral data of all partici-
pating centres. The collective results of the study will be 
published in peer-reviewed journals and presented at 
relevant conferences.

DISCUSSION
Previous studies have defined ALS as a relentlessly 
progressive, fatal motor neuron disease with a variable 
natural history.24 The aetiology of ALS remains obscure. 
Environmental factors, including smoking,25 exposure to 
heavy metals26 and pesticides27 and more than 30 caus-
ative genes are associated with the pathogenesis of the 
disease.28 On the other hand, the prognosis of patients 
varies greatly, with survival ranging from several months to 
more than 10 years, which may be attributed to different 
phenotypes of ALS.16

The low prevalence and high heterogeneity of ALS 
severely limit the feasibility of the research. However, 
large disease registers could provide longitudinal and 
cross-sectional data. In ALS, large registers include 
clinical-based studies and population-based studies. Each 
kind of studies has its own advantages:29 clinical-based 
study could improve the case ascertainment; population-
based study could improve the generalisability since it 
is designed to detect all cases of a specific disease in a 
population defined by geographic boundaries. It could 
provide sufficient statistical power and avoid cohort bias. 
Previous population-based studies of ALS have reported 
similar prognostic factors. The result indicates that these 
factors are transportable between different cohorts. For 
example, EURALS in Europe, covering a total population 
of about 47.7 million person years, provided incidence 
rates of 2.6/100 000 person-years and prevalence rates of 
7–9/100 000 persons.6 And EUROMOTOR ascertains a 
series of potential environmental risks for ALS including 
alcohol consumption, smoking, electric shock and other 
exposures.30–33 However, most of large registers are estab-
lished in western countries and the diversity of ALS among 
different ethnicity calls for further cohorts. Although 
China has a large population, which implies a consider-
able number of patients with ALS, there is no large-scale 
registry study for ALS so far, which limits the representa-
tiveness of the previous research. Therefore, large cohort 

Figure 3  Management of data through the CHALSR 
internet-based system.
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studies involving patients from different centres in main-
land China with regular follow-ups are urgently needed to 
provide a more comprehensive profile of ALS.

To the best of our knowledge, this study is the first 
multicentre prospective cohort study in mainland China. 
We are taking full advantage of the large population of 
China, which guarantees that the scale of the study will be 
large as well. The multicentre participation and regular 
follow-ups will allow us to explore both the geographical 
and temporal characteristics of ALS. The study will be led 
by an experienced national ALS institution and supervised 
by the principal investigators from all participating hospi-
tals, which will assure the professionalism of the overall 
study. Participating hospitals nationwide will benefit from 
this standard operating procedure for ALS and local clin-
ical and scientific management will improve. In addition, 
the specially designed internet-based platform for the 
study will both unify the overall data and also improve 
efficiency and accuracy. This network-based information 
management system could lay the foundation for AI-en-
abled study and pave the way for translational work on 
ALS. We hope our effort to establish a standardised plat-
form can be generalised from nationwide to worldwide 
application in the future.20 21

Our study has several limitations. First, this study 
uses an internet-based platform, which requires all the 
participating doctors to have access to smart phones or 
computers. This may induce biases due to the lack of 
hardware equipment in rural areas. Second, as percep-
tion varies from one individual to another, some variation 
between centres in subjective evaluations such as phys-
ical examinations and ALS-FRS-R assessment cannot be 
avoided. Third, it would be difficult to obtain informed 
consent from all patients with ALS, and the centres 
involved in our study do not cover all provinces in main-
land China. However, the study includes centres with a 
wide geographical distribution through China, and we 
will make a great effort to train the participating inves-
tigators in a standardised method to minimise the bias 
mentioned above.

In summary, our proposed multicentre cohort study 
with regular follow-ups will provide great insight into 
the clinical profile of ALS and fulfil the unmet need for 
a large-scale ALS study in mainland China. We hope to 
establish a comprehensive internet-based database for 
ALS through nationwide collaboration. Hence, our study 
could benefit both the clinical and scientific manage-
ment of ALS, and we hope the pattern of this nationwide 
study in mainland China will serve as a good model for 
worldwide collaboration on ALS research.
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