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Introduction

Amyotrophic lateral sclerosis (ALS) is a rare disorder, which means that the condition affects
less than five per 10,000 people in the general population (Office of the European Union,
2008). Despite that, it is the most common form of adult onset motor neuron degeneration.
This fatal disease is defined by a combination of upper motor neuron (UMN) and lower motor
neuron (LMN) degeneration. The etiology and physiopathology involved are not fully
understood. Some researchers have suggested that it is caused by multiple susceptibility

genes interacting with a variety of environmental risk factors.

Recently, epidemiological and clinical data has led researchers to propose ALS variability in
terms of incidence, mortality and clinical characteristics between geographic areas and
populations. The evidence is based on original investigations, multiethnic studies and meta-
analyses. However, it is difficult to obtain firm conclusions because most of the scientific
literature available is from Europe and North America and therefore from Caucasian
populations. ALS variability could be associated with different factors, such as environmental
exposures or genetic variants. Nevertheless, these findings may reflect variability between

studies design, differences in case ascertainment and health care access.

Given the importance of this subject, it is crucial to furnish reliable data using standardized
methods in different populations around the globe that might bring new answers to understand

ALS heterogeneity.
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Chapter I. Amyotrophic lateral sclerosis: A general overview

Amyotrophic lateral sclerosis is an incurable, fatal neurodegenerative disease that affects the
motor neuron system. Motor neuron degeneration extends from the cortex to the anterior horns
of the spinal cord (Figure 1). Traditionally, the classic ALS form is characterized by a
combination of upper motor neuron and lower motor neuron signs and symptoms in the same

body regions with subsequent evidence of progression to other regions (Kiernan et al., 2011).
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Figure 1 : Motor neuron system
Source: (Brown and Al-Chalabi, 2017)
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The father of modern neurology, Jean-Martin Charcot, firstly described ALS using the
anatomo-clinical method in the 19th century. The term “amyotrophic lateral sclerosis” denotes
the combination of clinical findings of muscular atrophy and the pathological observation of
bilateral and symmetric sclerosis of the lateral spinal cord columns (Goetz, 2000). Although
much has been learned over the last 150 years since Charcot’s description, much remains to

be done to understand the complexity of this disease.

I.1. Epidemiology: A brief introduction

Amyotrophic lateral sclerosis is the most common adult-onset motor neuron disorder. The
worldwide standardized ALS incidence is 1.68 (95% CI, 1.50 — 1.85) per 100 000 person-years
of follow-up (PYFU) (Marin et al., 2017). The number of ALS prevalent cases worldwide has
been estimated at around 200,000 to 300,000 in recent years (Arthur et al., 2016; Logroscino
et al., 2018b). It appears however, according to new evidence, that ALS displays an
epidemiological variability between geographic areas and populations. This is precisely the
subject that we are going to explore in this dissertation. A detailed description of ALS

epidemiology will be presented in the next chapter.

I.2. Etiology

The majority of ALS cases appears sporadically with no apparent heritability. Sporadic ALS
(SALS) refers to patients with no known family history of the disease. SALS accounts for 90%
to 95% of all ALS cases (Rowland and Shneider, 2001). Familial ALS (fALS) is established in
patients who have at least a family member affected with ALS. fALS is reported to range from

5% in population-based studies to 10% in hospital-based studies (Byrne et al., 2011).

Several genetic variants have been described to play a prominent role in the etiology of ALS,
while the contribution of environmental, occupational and lifestyle factors have been more

difficult to assess. ALS is considered to be a complex disease, multiple genetic polymorphisms
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and environmental factors may eventually lead to motor neuron degeneration (Van Vught et

al., 2005).

1.2.1. Genetics

Since the first gene associated with ALS was identified in the early nineties (Rosen et al.,
1993), more than 30 different genes have been linked to the disease mostly for fALS (Chia et
al., 2018). These mutations affect basically three pathophysiological processes: RNA

metabolism, protein turnover, and axonal transport (Robberecht and Philips, 2013) (Figure 2).
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Figure 2 : Genetic mutations associated with ALS
Source: (Brown and Al-Chalabi, 2017)

A genetic mutation can be identified among 60% to 80% of fALS cases with a predominantly
autosomal dominant pattern of inheritance for several mutations (van Es et al., 2017). The
most common mutation in familial ALS is the hexanucleotide repeat expansion in C9orf72
(40%)), followed by superoxide dismutase 1 (SOD1) (20%), fused in sarcoma (FUS) (1-5%),
and TAR DNA-binding protein (TARDBP) (1-5%) (Renton et al., 2014). The same gene
mutations described in fALS can be found in 10% of sporadic cases. In fact, the repeat
expansion in C9orf72 is also the most frequent gene in sporadic ALS (around 7% in Western

countries) (Majounie et al., 2012). Researchers are beginning to postulate that the genetic
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architectures between familial and sporadic ALS could be similar (van Es et al., 2017). Figure

3 showed the genetic mutation associated with familial and sporadic ALS.

Sporadic ) ! Familial

C9ORF72 /

Figure 3 : Genetic mutation proportions associated with familial and sporadic ALS.
Source: (Renton et al., 2014)

It should be noted that the frequency of genetic variants are variable between different

populations, which we will discuss later.

|.2.2. Potential risk factors

Environmental, occupational and lifestyle factors have been studied extensively as potential
risk factors in ALS. The scientific evidence in this area is not conclusive, although there is
research that supports a potential association between ALS and environmental exposure to
metals (e.g. lead (Kamel et al., 2005), selenium (Vinceti et al., 2010, 1997)), pesticides (e.g.
organochlorine compounds, herbicides and fumigants (Malek et al., 2012)), b-methylamino-L-
alanine (BMAA) (Bradley and Mash, 2009; Delzor et al., 2014), electromagnetic fields (Huss
et al., 2009), and viruses (Douville et al., 2011). Certain occupations have greater risk to
develop ALS including professional athletes (e.g. soccer players (Chio et al., 2005), football
players (Lehman et al., 2012), cross-country skiers (Fang et al., 2016)), military (Weisskopf et
al., 2005), farmers (Chi6 et al., 1991; Furby et al., 2010), and electrical workers (Gawel et al.,
1983; Savitz et al., 1998; Zhou et al., 2012). Researchers have also investigated lifestyle

factors as potential ALS risks, among them we can mention intense physical activity (Gallo et
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al., 2016; Hamidou et al., 2014; Huisman et al., 2013), head trauma (Chen et al., 2007), diet

(Fitzgerald et al., 2014; Veldink et al., 2007), and smoking (Alonso et al., 2010; Armon, 2009).

The assessment of risk factors in ALS is challenging mainly due to the problem of accurately
estimate exposure throughout life and the retrospective designs of the studies. Evidence is still
conflicting. For instance, smoking has been shown to increase the ALS risk in several studies
(Armon, 2009; de Jong et al., 2012; Nelson et al., 2000; Wang et al., 2011), while other studies

have failed to demonstrate this association (Fang et al., 2006).

I.3. Diagnosis

Amyotrophic lateral sclerosis diagnosis relies on El Escorial criteria since its publication in
1994. The initiative to establish standardized criteria on ALS diagnosis was led by the
subcommittee on Motor Neuron Diseases/Amyotrophic Lateral Sclerosis of the World
Federation of Neurology Research Group on Neuromuscular Diseases in order to provide
higher homogeneity in randomized therapeutic trials. El Escorial criteria assess diagnostic
certainty based on the presence of signs of lower motor neuron degeneration and upper motor
neuron degeneration combined with the progressive spread of signs within a region or to other
regions (Brooks, 1994). Signs are evaluated from four body regions: bulbar, cervical, thoracic
and lumbosacral. El Escorial criteria is mainly founded on the clinical judgement of upper and
lower motor neuron involvement. Differential diagnosis is required to exclude other diseases
that might explain the motor neuron degeneration. Four categories are proposed according to
the clinical findings: suspected, possible, probable or definite ALS (table 1). A revised version,
El Escorial revised or Airlie House criteria, was subsequently published in order to include
electromyography (EMG) evidence of acute denervation and exclude suspected cases (Brooks
et al., 2000). In line with these new criteria, patients are categorized as possible, probable

laboratory-supported, probable and definite ALS (table 1).
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Table 1 : Diagnosis criteria for ALS

Diagnosis criteria

El Escorial criteria Definite Clinical presence of UMN and LMN signs in three regions

Probable Clinical presence of UMN and LMN signs in at least two regions

Clinical presence of UMN and LMN signs in one region
Possible or UMN signs in two or more regions
or LMN signs rostral to UMN signs

Suspected LMN signs only in two or more regions
EI. E.SCOHaI reV|_sed_ or Definite Clinical presence of UMN and LMN signs in three regions
Airlie House criteria
Probable Clinical presence of UMN and LMN signs in at least two regions
Probable laboratory- Clinical presence of UMN and LMN signs in one region
supported or UMN signs in one region and LMN signs in at least two

regions defined by EMG criteria.

Clinical presence of UMN and LMN in one region
or UMN signs in two or more regions
or LMN signs rostral to UMN signs
EMG, Electromyography; UMN, upper motor neuron; LMN, lower motor neuron.

Possible

The use of electro-clinical criteria for ALS diagnosis was proposed following a consensus
conference in Awaji Island, Japan with the aim of promoting earlier entry of patients into clinical
trials (de Carvalho et al., 2008). The Awaji criteria recommend that abnormalities required for
the diagnosis of ALS may be derived from either clinical or neurophysiological approach (Costa

et al., 2012).

There is often a long delay before diagnosis is reached, partly because of the insidious onset

of symptoms. The median time to diagnosis is about 10 to 12 months (Marin et al., 2016b).

I.4. Clinical features and phenotypes

The clinical presentation in ALS denotes the motor neuron degeneration course. UMN
symptoms and signs represent the degeneration of the frontal motor neurons located in the
motor strip and their axons, while LMN degeneration in the brainstem and spinal cord

producing muscle denervation (Marin et al., 2018a).

1.4.1. Disease onset

The first clinical manifestation could appear in bulbar, cervical, thoracic or lumbosacral region

with upper or lower motor neuron symptoms and signs. In general, the onset of the disease is
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categorized as either spinal or bulbar depending on the affected muscle territories and related
clinical symptoms. The most common manifestation is asymmetric limb weakness for the

spinal onset and dysarthria or dysphagia for the bulbar onset (Mitchell and Borasio, 2007).

It is unclear which factors are involved in the development of the different types of onset.
Nevertheless, their impact in survival is better understood. Bulbar onset is associated with a

worse prognosis than spinal onset (Chio et al., 2009; Marin et al., 2016a).

[.4.2. Symptoms and signs

ALS symptoms and signs are the clinical expression of motor neuron degeneration.

1.4.2.1. Upper motor neuron symptoms and signs

Upper motor neuron symptoms in the limbs are stiffness, slowness and incoordination of
movement. Spontaneous clonus and spasms could also occur. At the clinical examination,

spasticity and increased reflexes are frequently present.

Upper motor neuron dysfunction in the bulbar region produces dysarthria and dysphagia
accompanied by other symptoms such as jaw stiffness, spontaneous jaw clonus,
laryngospasm, pseudobulbar affect and sialorrhea. Upper motor neuron signs may be present

such as increased jaw reflex, jaw spasticity and slow tongue movement.

1.4.2.2. Lower motor neuron symptoms and signs

Patients with lower motor neuron limb involvement usually show weakness and atrophy
together with cramps and fasciculations. Lower motor neuron signs are similarly identified such

as reduced reflexes, weakness, muscle atrophy and fasciculations.

Lower motor neuron bulbar dysfunction produces dysarthria and dysphagia. Other symptoms

include difficulty to open and close the jaw, and incomplete eye closure. Examination can
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reveal masseter muscular weakness, difficulty maintaining jaw closure, poor palatal elevation,

tongue weakness, muscle atrophy and fasciculations.

1.4.3. Phenotypes

The classic ALS form requires both upper and lower motor neuron degeneration at the same
time. Nevertheless, ALS spectrum includes different clinical phenotypes that are mainly

determined by the degree of UMN and LMN involvement.

Phenotypes will be presented in the next section including classic ALS, bulbar phenotype,
primary lateral sclerosis (PLS), progressive muscular atrophy (PMA), flail arm syndrome (FA),
flail leg syndrome (FL) and ALS-plus syndrome (Figure 4). Primary lateral sclerosis and
progressive muscular atrophy, in a strict sense, are classified as motor neuron disorders
according to the International Classification of Diseases, tenth revision (ICD-10). However,
some authors suggest that they may be ALS variants or represent different patterns of ALS

course (Kim et al., 2009; Swinnen and Robberecht, 2014).

a Spinal b Bulbar c Progressive d  Primary lateral e Flail arm f Flail leg
onset onset muscular atrophy sclerosis syndrome syndrome

BN LMN
H UMN

Figure 4 : ALS phenotypes
Adapted from: (Swinnen and Robberecht, 2014)

1.4.3.1. Classic ALS
The archetypal clinical characteristics of classic ALS are the symptoms and signs of UMN and

LMN involvement with a progressive course until the fatal outcome approximately in 15 to 20

months after diagnosis.
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1.4.3.2. Bulbar phenotype

Patients with a bulbar involvement experience difficulties with speech, mastication and
swallowing. Spinal involvement usually appears after 6 months of the symptoms onset (Chio
et al., 2011b). A related phenotype named progressive bulbar palsy has been also identified.
Progressive bulbar palsy presents a progressive UMN and LMN degeneration with cranial

muscles involvement (Karam et al., 2010).

1.4.3.3. Primary lateral sclerosis

Primary lateral sclerosis (PLS) represents around 5% of all cases of motor neuron disease
(MND) (D’Amico et al., 2013). There is selective involvement of corticospinal and
corticopontine motor neurons (Gordon et al., 2006). The main characteristic is a dominant
upper motor neuron involvement, combined with a slow disease progression and absence of
lower motor neuron findings after at least four years of the onset (Gordon et al.,, 2009).
Evidence showed that approximately one third of PLS patients develop lower motor neuron
signs in the course of the disease (D’Amico et al., 2013; Gordon et al., 2006). A longer survival
has been observed in patients with PLS compared to patients with classic ALS (median

survival 9.88 years vs 2.76 years, p<0.001) (Tartaglia et al., 2007).

1.4.3.4. Progressive muscular atrophy

Progressive muscular atrophy (PMA) denotes a progressive lower motor neuron involvement
accounting for 5% of all MND (Rowland, 2010). Clinical PMA is characterized by evidence of
LMN degeneration including decreased deep tendon reflexes and muscle atrophy (Visser et
al., 2007). Around one third of patients develop an upper motor neuron dysfunction in the
disease course, which can be called lower motor neuron-onset ALS. PMA prognosis is better

than classic ALS (48 months vs 36 months, p = 0.01) (Kim et al., 2009).
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1.4.3.5. Flail arm syndrome

Flail arm (FA) syndrome is mostly described in males by a lower motor neuron involvement
with progressive and predominant proximal weakness and wasting in the upper limbs for at
least 12 months (Wijesekera et al., 2009). FA syndrome affects predominantly the proximal
arm (Couratier et al., 2000; Hu et al., 1998). It is characterized by slow rate of progression to
other body regions leading to a widespread form around 20 months (Chio et al., 2011b).
Symptoms remain confined to the arms for 18 months in 56% of cases, for 24 months in 46%
of cases, and for 36 months in 27% cases (Wijesekera et al., 2009). Prognosis is significantly
better than classic ALS. The median survival of FA syndrome is around 66 months (Wijesekera

et al., 2009).

1.4.3.6. Flail leg syndrome

Flail leg (FL) syndrome patients present a lower motor neuron involvement in the lower limbs
for at least 12 months (Wijesekera et al., 2009). FL syndrome is characterized by a progressive
distal weakness and wasting of the legs that is often asymmetric (Chio et al., 2011b), with a
slow rate of progression. Symptoms were confined to the legs for 18 months in 63% of cases,
for 24 months in 48% of cases, and for 36 months in 28% of cases. Survival is longer in FL

syndrome patients (around 71 months) compared to classic ALS (Wijesekera et al., 2009).

1.4.3.7. ALS-plus syndrome

According to World Federation of Neurology Research Committee, ALS-plus syndrome is
defined by clinical features of other neurological diseases in addition to the phenotype of ALS
(Brooks et al., 2000). ALS-plus syndrome combines signs of upper and lower motor neuron
involvement along with a widespread degeneration including frontotemporal dementia,
autonomic insufficiency, Parkinsonism, and sensory loss. In a cohort study from the US, ALS-
plus syndrome was identified around 14% of cases. Among them, the most common feature
was ocular motility abnormality (84%), followed by extrapyramidal signs (22.7%), autonomic
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dysfunction (5.3%) and cerebellar disorder (1.3%). A statistically significant shorter survival
was observed in ALS-plus patients compared with those without ALS-plus (29.66 months vs

42.50 months, p=0.02) (McCluskey et al., 2014).

I.4.4. Cognitive impairment

It was thought that cognitive functions in patients with ALS were preserved. New evidence has
shown that the disease involves a wide range of cognitive impairment. Almost half of patients
with ALS have some cognitive impairment ranging from mild to severe (Couratier et al., 2017;
Neary et al., 2000). In addition, approximately 10% of cases reach criteria for frontotemporal

dementia diagnosis (Couratier et al., 2017; Ringholz and Greene, 2006).

The cognitive profile of patients with ALS is characterized by deficits in fluency, language,
social cognition, executive functions and verbal memory (Beeldman et al., 2016). Patients with
cognitive involvement could also present personality change, irritability, obsessions, poor
insight, and pervasive deficits in frontal executive tests. These features could go together with
behavioral impairment such as changes to character, social conduct, and executive function

in frontotemporal dementia (Phukan et al., 2007).

1.4.5. Overview of the clinical spectrum in ALS

Despite the fact that classic ALS is well-recognized disorder with specifics clinical features,
several patients exhibit a wide spectrum of clinical expressions. Some patients could have an
exclusive predominance of upper or lower motor neuron signs, while others could present
cognitive and behavioral impairment and multisystem degeneration. Figure 5 represents the
broad clinical expression of ALS concerning motor neuron involvement, cognitive and

behavioral impairment, and multisystem degeneration.
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Figure 5 : ALS clinical spectrum
ALSDi, ALS with behavioral impairment; ALSci, ALS with cognitive impairment; FTD, frontemporal
dementia; LMN, lower motor neuron; MND, motor neuron disease; PLS, primary lateral sclerosis;
PMA, progressive muscular atrophy; UMN, upper motor neuron (in alphabetical order).
Source: (Swinnen and Robberecht, 2014)

I.5. Survival and prognosis

The neurodegeneration in ALS leads to an irreversible fatal outcome usually from respiratory
failure. The median survival time is around 25 to 35 months since onset and around 15 to 20
months since diagnosis (Marin et al., 2016b). Several factors have been associated with

survival including demographic characteristics, clinical features, treatment and management.

I.5.1. Demographic factors

Age: Most of the studies have identified constantly that age is an independent prognostic factor
in ALS. A shorter survival is associated with an increased age (Chio et al., 2002; del Aguila et
al., 2003; Preux et al., 1996). A population-based study found a higher risk of dying for every
5-year increment of age with an adjusted hazard ratio (aHR) of 1.29 (95 % CI 1.17 to 1.43)
(Marin et al.,, 2016a). Another study showed statistically significant differences in median
survival times between patients older than 80 years compared with those below 80 years (7.4
months, 95% CI 4.4 to 10.2 vs. 17.4 months, 95% CI 15.1 to 19.4, p < 0.0001) (Dandaba et

al., 2017).
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1.5.2. Clinical factors

Site of onset: Patients with bulbar onset have a worse prognosis compared to patients with
spinal onset (Chio et al., 2002; del Aguila et al., 2003; Preux et al., 1996; Testa et al., 2004).
This finding has been not completely explained by age or sex differences (Chio et al., 2009;
Tysnes et al.,, 1991). Moreover, prognosis is extremely poor in patients with respiratory

involvement at onset (Couratier et al., 2016; de Carvalho et al., 1996; Shoesmith et al., 2007).

Diagnosis delay: Studies have shown that a longer time from symptoms onset to diagnosis
is associated with a better prognosis (Haverkamp et al., 1995; Thijs et al., 2000). This could
indicates that patients seeking medical attention more rapidly probability have a more

aggressive progression that leads to shorter diagnosis delay (del Aguila et al., 2003).

Rate of disease progression: The rate of disease progression, assess by the Revised ALS
Functional Rating Scale (ALSFRS-R) score, was significantly related to prognosis (Kimura et
al., 2006; Kollewe et al., 2008). ALSFRS-R is a validated rating instrument for monitoring the
progression of disability in patients with ALS (Cedarbaum et al., 1999). ALSFRS-R slope has
also been evaluated as a prognosis predictor (Marin et al., 2016a). ALSFRS-R slope is the
ratio of the difference between the ALSFRS-R score obtained at diagnosis and a presumed

normal score just before symptom onset to the diagnostic delay.

Cognitive impairment: The prognosis appears to be worse in ALS patients with cognitive
impairment. This seems to be related to the impairment severity. For instance, a study found
that mild cognitive impairment was no associated with survival in multivariate analyses (Rippon
et al., 2006), while several studies reported that ALS patients with frontotemporal dementia
(FTD) have significantly shorter survival compared to those without cognitive or behavior
impairment (Crockford et al., 2018; Elamin et al., 2011). This could be due to poor compliance
for health care management such as non-invasive ventilation and percutaneous endoscopic
gastrostomy (Chio et al., 2012). A study showed that patients with ALS-FTD were more likely

to be noncompliant for NPPV compared to patients with classic ALS (relative risk for
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noncompliance 2.00, Cl 1.1 to 3.6; p = 0.013) (Olney et al., 2005). Nevertheless, patients with
ALS-FTD had a shorter survival even after NPPV initiation with an adjusted hazard ratio of

2.70 (95 % CI1 1.04 - 4.67, p = 0.04) according to a recent study (Govaarts et al., 2016).

Nutritional status: The nutritional status is a prognostic factor in ALS. A prospective study
showed that patients with malnutrition, assessed by body mass index, presented a higher risk
of dying in the multivariate analysis (relative risk = 7.4, 95% Cl, 1.7 to 32.1, p < 0.01) (Desport
et al., 1999). A higher risk of death was observed in patients with a weight loss from 5% and
over of usual at the time of diagnosis compared to those whose weight remained stable or
dropped by less than 5% (median survival time: 20.6 months (95% CI 12.4 to 29.0) vs 29.0

months (95% CI 21.2 to 38.5) (Marin et al., 2011b)

Respiratory status: Respiratory function is a relevant factor for ALS prognosis. Studies have
described an association between forced vital capacity (FVC%) at time of diagnosis and
survival (Chio et al., 2002; Shoesmith et al., 2007; Stambler et al., 1998). A cohort study found
that median survival for ALS patients with baseline FVC <75% was statistically shorter
compared to patients with baseline FVC >75% (2.91 years vs 4.08years, p < 0.001) (Czaplinski
et al., 2006). Other indicators of respiratory function have been significantly correlated with
survival such as per cent predicted vital capacity (VC%) and sniff nasal inspiratory pressure

(SNIP) (Lyall et al., 2001; Schiffman and Belsh, 1993).

I.5.3. Treatment and management

Riluzole: This neuroprotective drug that blocks glutamatergic neurotransmission in the central
nervous system is the only available disease-modifying therapy for ALS. Evidence from
randomized controlled trials showed a reduced relative risk of dying at 12 months in patients
with riluzole compared to patients with placebo (relative risk = 0.78, 95% CI 0.65 to 0.92) (Miller

et al., 2012).
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ALS centers and multidisciplinary care: Two population-based studies have found that
survival was longer in ALS patients attending a multidisciplinary clinic or tertiary ALS centers
compared to those attending to hospital facilities or general neurology clinic (Chio et al., 2006;
Traynor et al., 2003). The median survival was 7.5 months longer in patients attending an ALS
clinic than for patients in the general neurology cohort (p < 0.0001) (Traynor et al., 2003).
However, another prospective population-based study found no survival differences in patients

attending multidisciplinary clinics (Zoccolella et al., 2007).

A recent study compared survival times between patients with ALS attending to referral centers
and the entire ALS population in the same geographic area (Logroscino et al., 2018a). Four
European ALS registers were considered in the analysis: Ireland (Irish ALS register), ltaly
(Piedmont and Puglia) and France (Limousin). A longer survival was observed in patients
referred to ALS centers ranging from 11% to 15%. This observation could be explained by
differences in age and clinical characteristics of patients (e.g. type of onset) along with a

positive effect of the multidisciplinary care.

1.6. Management

Several key points have been recommended by the European Federation of Neurological
Societies guideline on treatment and management of ALS (EFNS Task Force on Diagnosis

and Management of Amyotrophic Lateral Sclerosis: et al., 2012) including the following points:

¢ Riluzole treatment should be offered as early as possible after diagnosis in patients

with ALS.

e Symptoms should be treated such as sialorrhea, bronchial secretions, pseudobulbar

emotional lability, cramps, spasticity, insomnia, fatigue, depression and anxiety.

e Multidisciplinary care should be available for ALS patients with the following specialists
and health care staff: neurologist, respiratory physician, gastroenterologist,
rehabilitation medicine physician, social worker, occupational therapist, speech
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therapist, respiratory therapist, specialized nurse, physiotherapist, dietitian,

psychologist, dentist and palliative care physician.

o Patient follow-up should be performed every 2—3 months.

e Symptoms or signs of respiratory insufficiency should be checked at each visit and

proper intervention is necessary.

e Patients should be referred to a dietitian as soon as dysphagia appears. Early and

appropriate interventions need to be considered.

e Itis recommended to initiate discussions on palliative care and end-of-life decisions.
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Chapter Il. Epidemiological and clinical variability of amyotrophic lateral
sclerosis

The standardized amyotrophic lateral sclerosis incidence worldwide has been estimated at
1.68 (95% CI, 1.50 — 1.85) per 100,000 PYFU based on population-based studies (Marin et
al., 2017). In the recent decades, studies suggest that ALS presents a broad range of variability
in terms of epidemiological indicators and clinical features between geographic areas and
populations. Improving our understanding of ALS heterogeneity will provide new clues on
potential determinant factors to develop the disease and the different clinical expressions. In
an effort to better understand ALS variability, evidence needs to be addressed in a
comprehensive way, in order to gain more insights of their potential implications and future
directions. Here, we have performed a review to put into perspective epidemiological and

clinical data of ALS.
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Il.1. Research objectives

General objective

- To assess ALS variability in terms of incidence, mortality and clinical characteristics between

geographic areas and populations.

Specific objectives

- To describe ALS variability based on the scientific evidence available concerning

epidemiological and clinical characteristics between geographic areas and populations.

- To describe and compare the clinical characteristics and survival of patients with ALS in

Africa.

- To describe and compare ALS mortality among ethnic groups in Ecuador, a predominant

admixed population from Latin America.
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I1.2. Epidemiological variability of ALS among geographic areas

Over the last decades, the evidence suggests that ALS distribution might not be uniform
around the world. This scientific query has raised interest due to their potential implications. A
heterogeneous pattern worldwide could imply that certain populations are at higher risk to
develop ALS due to environmental or genetic factors. Nevertheless, it is complicated to find
evidence for this issue since epidemiological data are mainly restricted to certain geographic
regions and there are methodological concerns in several studies. In this context, relevant

evidence will be presented to put into perspective ALS variation worldwide.

[1.2.1. Worldwide distribution of ALS

In the nineties, a systematic review provided some clues of the worldwide distribution of motor
neuron disease (Chancellor and Warlow, 1992). The authors described mortality and incidence
of the disease since 1950. A wide variability of epidemiological indicators was observed. The
review considered mainly retrospective studies from Europe. Incidence rates were based on
nine studies that used multiple sources of case ascertainment (Europe n=6, North America
n=2, Asia n=1). The crude retrospective incidence per 100,000/year ranged from 0.6 (95% ClI,
0.5 -0.7) in Sardinia, Italy from 1965 to 1974 (Rosati et al., 1977) to 2.6 (95% CI, 2.1 - 3.2) in
Sweden from 1970 to 1981 (Gunnarsson and Palm, 1984). There was a similar variation in
ALS mortality. Based on 12 mortality studies, the crude mortality rate per 100,000 ranged from
0.4 to 0.6 in Japan between 1952 and 1971 (Kondo and Tsubaki, 1977) and from 1.0 to 2.5
Sweden between 1961 and 1985 (Gunnarsson et al., 1990). Nevertheless, it was difficult to
draw conclusions due to several limitations. The principal limitation was the scarce data outside
Europe, which made it difficult to establish a reliable picture of the worldwide ALS distribution.
At that time, there was no standardized diagnosis criteria for ALS, since the El Escorial criteria
was not launched before 1994 by the World Federation of Neurology Research Group on
Neuromuscular Diseases (Brooks, 1994). Methodological concerns were also expressed such

as case ascertainment exhaustiveness and quality of certain studies.
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A further systematic review based on 37 studies (hospital-based and population-based)
reported ALS incidence and prevalence worldwide (Chio et al., 2013). Once again, most of the
literature available consisted of European studies (Europe n=25, North America n=5, Asia n=6,
South America n=1). The median incidence was 1.90/100,000 PYFU (inter-quartile ranges
(IQR) 1.37 — 2.40) considering all studies. A wide range of prevalence and incidence was
observed between geographical areas. The lower crude incidence were reported in China
(0.3/100,000 person-year) (Fong et al., 1996) and Iran (0.4/100,000 person-year) (Sajjadi et
al., 2010). In Europe, incidence varied from 0.5/100,000 in former Yugoslavia (Alcaz et al.,
1996) to 3.6 in the Faroe Islands (Joensen, 2012). The analysis considering different
geographical regions showed that the median ALS incidence rate was 2.08 (IQR 1.47 — 2.43)
in Europe, 1.80 (IQR 1.75 — 2.02) in North America and 0.46 (IQR 0.38 — 0.53) in Asia.
Researchers estimated that overall median prevalence was 4.48 (IQR 3.03 — 6.70) per 100,000
people. Prevalence also varied between geographic areas with an estimate of 5.40 (IQR 4.06
—7.89) in Europe, 3.40 (IQR 3.15 — 3.65) in North America and 2.01 (IQR 1.48 — 2.54) in Asia.
These findings support the hypothesis of a heterogeneity distribution of ALS. However, the
authors recognized that low incidence rates could also be related to methodological differences
between the studies (e.g. prospective versus retrospective design, one or multiple sources of

case ascertainment).

To further clarify the global ALS incidence, a meta-analysis was performed to control potential
biases and explore potential factors of heterogeneity. The authors included only population-
based studies of newly diagnosed cases using multiple sources of case ascertainment (gold
standard methodology). The age population structure was considered to provide crude and
standardized incidence (Marin et al., 2017). Overall, 44 studies were included covering 45
geographical areas (Europe n = 24, North America n = 10, South America n = 2, Asia n = 5,
Africa n = 1, Oceania n = 1, Hawaii n = 1, and Caribbean n = 1). The pooled crude incidence
per 100,000 PYFU was estimated at 1.75 (95% CI, 1.55 — 1.96). Standardized incidence based

on the US 2010 population was reported for 42 geographical areas (Europe n = 22, North
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America n = 10, South America n = 2, Asia n = 5, African = 1, Oceania n = 1, and Caribbean
n = 1) due to data availability (number of ALS cases by age and sex groups). The pooled
worldwide standardized incidence was 1.68 (95% CI, 1.50 — 1.85) per 100,000 PYFU (Figure
6). A subgroup analysis was performed considering different geographic areas based on
subcontinents’ classifications according to the United Nations Statistics Division (United
Nations, 1999). The meta-analysis showed a homogenous incidence in Europe, North America
and New Zealand with a pooled standardized incidence of 1.81 (95% CI 1.66 — 1.97) per
100,000 PYFU. There were statistically significant differences on ALS standardized incidence
rates between Northern Europe (1.89, 95 Cl, 1.46 — 2.32) and Eastern Asia (0.83, 95% CI 0.42
— 1.24, p=0.001), and Southern Asia (0.73, 95% CI 0.58 — 0.89, p= 0.02). ALS worldwide
distribution is shown in figure 6. A meta-regression was performed to assess the potential
sources of heterogeneity such as study population characteristics (life expectancy after 50
years in men and women and sex ratio of the study population), study design
(prospective/retrospective), diagnosis criteria, period and duration of the study, person-years
of follow up. The subcontinent was identified as a significant source of heterogeneity. This
finding supports the hypothesis of a heterogeneous ALS distribution between geographic

areas.
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Figure 6 : Distribution of ALS worldwide: standardized incidence based on 2010 US population

Source: (Marin et al., 2017)

Jaime Andres LUNA MENDEZ | These de doctorat | Université de Limoges | 2019 36
Licence CC BY-NC-ND 3.0



The Global Burden of Diseases (GBD) has recently published a systematic analysis to estimate
epidemiological indicators of motor neuron diseases for 195 countries and territories from 1990
to 2016. The study assessed the relationship between age-standardized rates of MND and the
socio-demographic index (SDI), which is a measure of the social development of a country
based on education, income, and fertility (Logroscino et al., 2018b). Age-standardized rates

were based on the GBD reference population (Wang et al., 2017).

The results of this study showed that the worldwide prevalence was 4.5 (95% ClI, 4.1 — 5.0)
per 100,000 people. A heterogeneous geographic distribution was observed with the highest
prevalence in high-income regions, such as North America (20.2, 95% CI 19.0 — 21.5),
Australasia (17.7, 95% CI 16.2 — 19.2) and Western Europe (16.7, 95% CI 15.3 — 18.1). After
age-standardization, the prevalence per 100,000 people remains higher at 16.8 (95% CI 15.8
—17.9) in North America, 14.7 (95% CI 13.5 — 16.1) in Australasia, 12.9 (95% CI 11.7 — 14.1)
in Western Europe. Interestingly, age-standardized prevalence was lower among regions with
high SDI values such as Asia Pacific, southern Latin America, Eastern Europe and central

Europe (Figure 7).
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Figure 7 : Age-standardized prevalence of motor neuron disease worldwide

Source : (Logroscino et al., 2018b)

The GBD study also reported that the worldwide incidence was 0.78 (95% CI 0.71 — 0.86) per

100,000 person-years. The age-standardized incidence per 100,000 person-years was higher
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in Australasia (2.77, 95% CI 2.63 — 2.91), North America (2.30, 95% CI 2.20 — 2.41) and
Western Europe (2.00, 95% CI 1.89 — 2.11). The rates in high-income North America, Western
Europe, and Australasia were higher than expected based on their SDI levels. Conversely,

high SDI Asia Pacific region showed lower rates than expected based on the SDI level.

This study showed that age-standardized rates changed in each SDI level, which suggests
that other factors than sociodemographic development are related to the geographical
heterogeneity of the disease. In addition, GBD study assessed the relationship between
several risk factors and geographical heterogeneity. No statistically significant association was
found. Therefore, heterogeneity was not explained by any risk factors quantified in GBD. These
results all suggest that other factors that have not yet been quantified might be related to the

geographical variability.

Heterogeneity in the occurrence of ALS in different geographic regions could imply that
genetic, ancestral origin and ethnicity of the populations might play a major role in the risk of
developing the disease. This is supported by several ALS studies among different ethnic
groups that repeatedly showed lower incidence, mortality and prevalence in certain
populations (Cronin et al., 2007). In addition to this fact, evidence based on population-based
studies (gold standard methodology) has shown that ALS incidence is homogenous among
European origin populations from Europe, North America and New Zealand (Marin et al.,

2017).

11.2.2. Historical geographic cluster

Geographic variability is a key subject to understand the risk of developing diseases. Important
lessons have been learned from geographic areas with higher incidence of ALS. The most
remarkable example includes the Guam Island located in the Western Pacific. The incidence
of ALS-Parkinsonism dementia complex (ALS-PDC) was between 50 and 100 times higher
than in the rest of the world in the 1950s (Arnold et al., 1953; Koerner, 1952). The highest peak

was observed from 1950 to 1954 with an incidence of 73 per 100,000 PYFU in males and 41
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per 100,000 PYFU in females (Kurland and Mulder, 1954). Incidence progressively declined
in the 1980s (5 per 100,000 PYFU in male and 4 per 100,000 PYFU in female) until reaching
similar incidence rates as other areas of the world (around 1 to 2 per 100,000 PYFU) (Plato et
al., 2003). The higher incidence of ALS localized in a specific geographic area brought several
etiological hypotheses including familial aggregation (however, no definitive inheritance pattern
could be recognized) and environmental exposures. An interesting hypothesis involved the
consumption of a neurotoxin, B-N-methylamino-L-alanine (L-BMAA) (Bradley and Mash, 2009;
Delzor et al., 2014; S. J. Murch et al., 2004). L-BMAA could have been ingested by the local
population, named Chamorro, through multiple dietary sources (cycad flour, flying foxes and
animals that feed on cycad seeds) (Banack et al., 2006; Cox et al., 2003; Susan J. Murch et
al., 2004). It has been suggested that the decrease in the number of cases could be due to
lifestyle modifications in the last decades such as changes in place of residence, elimination
of food supplies associated with toxins, and other exposures (Marin et al., 2018a; Pobocik et

al., 1999).
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11.3. Epidemiological variability of ALS among ethnic populations

Research in the field of genetics identified susceptibility genes for ALS. A certain number of
potential risk variants were found only in certain populations. Angiogenin (ANG) gene was
reported as a susceptibility gene for ALS in the Irish and Scottish populations (Greenway et
al., 2004), although no association was observed in the populations from the USA, England or
Sweden (Greenway et al., 2006). Several haplotypes in the vascular endothelial growth factor
(VEGF) sequence were associated with increased risk of ALS in populations from Sweden,
England and Belgium (Lambrechts et al., 2003). The association was no found in populations
from England (Brockington et al., 2005), Netherlands (Van Vught et al., 2005), USA (Chen et
al., 2006), Italy (Del Bo et al., 2008), Germany (Fernandez-Santiago et al., 2006) and China
(Zhang et al., 2006). These findings led researchers to suggest that ethnic background could

play a role in the disease occurrence (Cronin et al., 2007).

11.3.1. Ancestral background: Epidemiological definitions

Prior to discussing the potential association between the ancestral origin background and ALS,
it is necessary to mention certain definitions on ethnicity and “racial” background. The National
Institutes of Health (NIH) in the USA categorized populations into “race” and ethnicity for
biomedical research. This classification was set for standardized data collection of Federal
statistics according to the Office of Management and Budget, Office of Information and

Regulatory Affairs.

There are five categories for “race”: i) American Indian or Alaska Native, ii) Asian, iii) Black or
African American, iv) Native Hawaiian or Other Pacific Islander, and v) White. There are two
categories for ethnicity: i) Hispanic or Latino and ii) Not Hispanic or Latino. Definitions of each

category are shown in the table 2.
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Table 2 : National Institutes of Health (USA) categories for “race” and ethnicity

Categories Definitions

A person having origins in any of the original peoples of North and
“Race” American Indian or Alaska Native South America (including Central America), and who maintains
tribal affiliation or community attachment.
A person having origins in any of the original peoples of the Far

Asian East, Southeast Asia, or the Indian subcontinent.

Black or African American A person having origins in any of the black racial groups of Africa.

A person having origins in any of the original peoples of Hawaii,
Guam, Samoa, or other Pacific Islands.

A person having origins in any of the original peoples of Europe, the
Middle East, or North Africa.

A person of Cuban, Mexican, Puerto Rican, South or Central
American, or other Spanish culture or origin, regardless of race.

Native Hawaiian or Other Pacific Islander
White
Ethnicity Hispanic or Latino

Not Hispanic or Latino Not Available

The federal institutions in the USA considered that these categories should not be interpreted
as being primarily biological or genetic in reference. Instead, it could be understood in terms
of social and cultural characteristics as well as ancestry. Emphasis is placed on the respect
for individual dignity to guide the collection of this information. It is also important to highlight

that this classification is mainly used in the USA.

At this point, the definition of admixed population also needs to be included in our discussion.
Admixed ancestral origin is refer to mixed ancestral origin. Admixture refers to the process in
which individuals from two or more geographically isolated populations with different allele
frequencies mate and form a new mixed or “hybrid” population (Chakraborty, 1986; Redden et

al., 2006).

The terminology used to classify populations is heterogeneous worldwide. As an illustration,
Caucasian is another frequently used term to denote European ancestry origin. The term refers
to a common origin in the distant past in the Caucasus region of Central Europe (Bhopal and
Donaldson, 1998). In the UK, researchers classified cases based on their ancestral origin (e.g.
European or African origin). In some geographic regions such as Latin America, people could
be categorized in ethnic groups based on cultural aspects. The definition of ethnicity is

therefore widely different around the world.
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Heterogeneity of definitions raises a real problem for epidemiological comparison.
Furthermore, another important issue that this matter raises is if ethnicity or “race” might
genuinely be a proxy of ancestral origin. These limitations will be addressed in the following

chapters.

11.3.2. Amyotrophic lateral sclerosis among ethnic populations

To return to the issue of ALS among different populations, it is necessary to begin describing
the first systematic review that assessed epidemiological indicators among ethnic populations.
Based on 61 studies, it was postulated a lower risk to develop ALS among African, Asian, and
Hispanic populations compared to Caucasian populations (Cronin et al., 2007). The authors
came to this conclusion by observing two facts: first, a geographic variability of epidemiological
indicators. Second, a heterogeneity in terms of incidence and mortality among ethnic groups.
However, studies in the review were heterogeneous with regard to methodology (e.g.

population-based studies and hospital-based) and case ascertainment.

11.3.2.1. Data from multiethnic populations: ALS incidence

Data from multiethnic populations (mainly form the USA and the United Kingdom) have
provided useful information to examine the variation of ALS epidemiology between ethnic
groups within a given region. New evidence continues to support the hypothesis that

populations of European origin or Caucasians exhibit a higher risk of developing ALS.

A retrospective study in California (USA) provided demographic profiles and incidence
estimates in the San Francisco Bay Area (SFBA) and Los Angeles County (LA) using multiple
sources of case-ascertainment. The results showed different incidence rates among ethnic
groups. These areas were selected for their racial and ethnic diversity (categorizing “race” and
ethnicity according to the NIH definition). The overall age-standardized incidence was 2.01
(95% C1 1.8 — 2.3) in SFBA and 1.17 (95% CI 1.0 — 1.3) in LA. In the San Francisco Bay Area,
a higher age-standardized incidence was observed in whites (2.5, 95% CI 2.2 — 2.9) compared

to blacks (1.52, 95% CI 0.9 — 2.4) and Asians (1.0, 95% CI 0.7 — 1.4). The variation among
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“‘races” was consistent with incidence rates in Los Angeles County (whites (1.40, 95% CI 1.2
— 1.6), blacks (1.03, 95% CI 0.7 — 1.5) and Asians (0.66, 95% CI 0.5 — 0.9). Considering the
ethnic groups in the areas, Hispanics presented a slightly lower standardized incidence
compared to non-Hispanics in the San Francisco Bay Area (Hispanic 1.57 (95% CI 1.0 — 2.3)
vs Non-Hispanic 1.89 (95% CI 1.7 — 2.2)) and Los Angeles County (Hispanic 0.66 (95% CI 0.5

— 0.9) vs Non-Hispanic 1.01 (95% CI 0.9 — 1.2)) (Valle et al., 2015).

Another study was interested in ALS prevalence and incidence between ethnicity and “race”
in three states (Florida, New Jersey and Texas) and eight metropolitan areas (Atlanta,
Baltimore, Chicago, Detroit, Las Vegas, Los Angeles, Philadelphia and San Francisco) of the
USA. The study covered approximately 27% of the USA population. A total of 5,883 cases
were identified (74.8% were white, 9.3% were African-American/black, 3.6% were Asian,
12.0% were of unknown race, and 0.3% were categorized as other race (e.g. American Indian,
Caribbean, and multiple races)). According to ethnicity, most of them were non-Hispanics
(77.5%). The crude incidence rate per 100,000 person-years was 1.79 (95% CI 1.68 — 1.91)
in whites, 0.80 (95% CI 0.64 — 0.95) in African Americans and 0.76 (95% CI 0.53 — 0.99) in
Asians. Differences remains after age standardization with higher incidence in whites (1.48,
95% CI 1.42 — 1.53) compared to African Americans (0.89, 95% CI 0.79 — 0.99) and Asians
(0.78, 95% CI 0.64 — 0.92). Similarly, incidence rates were different between Hispanics (0.84,

95% CI 0.75 - 0.92) and non-Hispanics (1.36, 95% CI 1.31 — 1.41) (Rechtman et al., 2015).

A different population-based study compared ALS incidence rates among people of African
ancestry and European ancestry in London. The age- and sex-standardized incidence was
1.97 (95% CI 1.55 — 2.48) in the European ancestry group and 1.35 (95% CI 0.72 — 2.30) in
the African ancestry group. There was no statistically significant difference in the relative risk
(1.45, 95% CI 0.74 — 2.89) between the European and African groups. However, the results

were limited by a small proportion of cases with African ancestry (Rojas-Garcia et al., 2012).
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To sum up, lower incidence has been reported consistently among Hispanics, Africans, and
Asians populations compared to Caucasians. The differences in rates remain similar after
population standardization. Studies reporting ALS standardized incidence rates among

ethnicity and “race” groups are shown in table 3.

Table 3 : Studies reporting ALS standardized incidence per 100,000 person-years among ethnic and
“race” groups

Standardized

Subcontinent Country Authors Study period Race/ethnic group incidence (95% Cl)
Northern White 249 (2.2-2.9)
America Black 152 (0.9-2.4)
USA (Valle et al Asian 1.00 (0.7 - 1.4)
alle et al.,
San Francisco 2015) 2009 - 2011 ) )
Bay Area Hispanic 157 (1.0-2.3)
Non-Hispanic 1.89(1.7-2.2)
White 1.40 (1.2 — 1.6)
Black 1.03 (0.7 — 1.5)
USA (Valle et al Asian 0.66 (0.5 —0.9)
alle et al.,
Los Angeles 2015) 2009 - 2011 i )
County Hispanic 0.66 (0.5-0.9)
Non-Hispanic 1.01(0.9-1.2)
White 1.48 (1.42-1.53)
African American 0.89 (0.79-0.99)
Rech Asian 0.78 (0.64-0.92)
USA (Ree gg‘l"‘g)et 2009 - 2011
B Non-Hispanics 1.36 (1.31-1.41)
Hispanic 0.84 (0.75-0.92)
o 0.74 (0.00-1.96) m
MG ot a Non-white 0.53 (0.00-1.91) w
USA (Mc 1u9|2986;3 al., 1990 - 1995 overall 2.11 (1.27-2.93) m
1.87 (1.08-2.66) W
. 1.36 (0.96-1.87) m
White 1.25 (0.88-1.72) w
(Annegers et al., ) . . 1.27 (0.41-2.96) m
USA 1091) 1985 - 1988 Hispanic 0.10 (0.00-0.46) w
. . 1.10 (0.48-2.17) m
African American 0.70 (0.28-1.44) w
Eﬁ:ghpe;n UK (Rogs—goalrgl)a et 2002 - 2008 European origin 1.97 (1.55 — 2.48)

African origin 1.35(0.72 - 2.30)

Table 3 has been adapted and updated from: “Current issues in ALS epidemiology: Variation of ALS occurrence between
populations and physical activity as a risk factor” (Luna et al., 2017).
95% Cl: 95% confidence interval; m, men; w, women.

A lower ALS incidence was not only found in studies that compare different ethnic groups but
also in studies carried out in specific ethnic populations. For instance, a study was interested
in determining incidence among American Indians and Alaska Natives (Al/ANs) in the USA.

Using data from the Health Service, researchers found that the age-standardized incidence
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was 0.92 per 100,000 person-years (Gordon et al., 2013). Therefore, the incidence among
American Indians and Alaska Natives seems to be lower than reported for white population

(close to 2/100,000).

11.3.2.2. Data from multiethnic populations: ALS mortality

Another epidemiological indicator used to estimate the occurrence of ALS is the mortality rates.
It could be assumed that all patients diagnosed with the condition will eventually be identified
via the death certificate given the invariable fatal outcome of the disease (Marin et al., 2011a).
Therefore, mortality rates have been used as proxies to provide an estimate of incidence in

ALS.

Studies among ethnic groups have repeatedly shown that ALS mortality was higher in white
populations compared to Hispanic and African-American populations (Leone et al., 1987;

Marin et al., 2011a; McCluskey L, 2004).

A study was performed using multiple-cause mortality files from the National Center for Health
Statistics from 1969 to 1998 in the USA. The authors reported that the age-standardized
mortality per 100,000 person years was 1.96 (95% CI 1.89 — 2.02) for non-Hispanic whites,
0.92 (0.75 — 1.08) for Hispanics and 1.06 (0.94 — 1.18) for African Americans. Hence, mortality
rates among African Americans and Hispanics were approximately 50% lower than rates

among non-Hispanic whites (Noonan et al., 2005).

Another retrospective study on ALS mortality was carried out using the national multiple cause-
of-death from 1979 to 2001 in the USA. A higher mortality rate was observed in whites
compared to blacks or other groups. The relative risk (RR) for blacks (RR = 0.62, 95% CI 0.60
— 0.64) and other groups (RR = 0.42, 95% CI 0.40 — 0.46) was lower than that for whites

(Sejvar et al., 2005).

In the United Kingdom, a study among immigrants showed that ALS mortality rates was lower

among Asian (standardized mortality ratio (SMR) = 37.6%), East African (SMR = 55.5%),
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Caribbean (SMR = 73.6%), and West African (SMR = 76.9%) immigrants to London as
compared to native English from 1979 to 1988 (Elian and Dean, 1993). However, the
denominators of ethnic populations were not known for that time period and ethnicity was

assigned based on the individual’s name.

Variability of mortality rates among ethnic groups and populations could be related to
socioeconomic status or differences in the access to health care or validity of death certificates
information. To address most of these issues, a recent mortality study used an adjusted model
for socioeconomic status, type of health insurance, and birthplace to estimate the ALS mortality
risk in different ethnic groups in the USA. Within this adjusted model, higher rates were
reported among whites compared to other populations (non-Hispanic black, HR 0.61 (95% CI
0.48 — 0.78); Hispanic, HR 0.64 (95% CI 0.46 — 0.88); other races, non-Hispanic, HR 0.52,

(95% CI 0.31 — 0.86)) (Roberts et al., 2016).

If we are interested in ALS studies in geographic areas with admixed populations, we can

highlight that two mortality studies have been conducted in ethnically admixed populations.

In Cuba, a population-based study described ALS mortality rates using multiple-cause
mortality files from the Central Statistics office. The age-adjusted mortality rates were
calculated over a 6-year period by sex, race/ethnicity, age, and geographic region at time of
death. A lower adjusted mortality per 100,000 was observed in the admixed population (0.55,
95% CI 0.4 — 0.72) compared to white population (0.93, 95% CI 0.83 — 1.03) and black
population (0.87, 95% CI 0.62 — 1.17). The differences in rates were statistically significant
between white and admixed populations (rate ratio (RR), white as reference = 0.44, 95% CI
0.33 - 0.59), and black and admixed populations (RR, black as reference = 0.31, 95% CI 0.21
—0.45). There was no significance differences between white and black populations (RR, white

as reference = 0.88; 95% CI 0.64 — 1.2) (Zaldivar et al., 2009).

In Brazil, a retrospective epidemiological study determined ALS mortality rates using death

certificates over 10 years. Overall, 8,942 ALS deaths were reported, of which 73.4% occurred
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in Caucasians, 16.8% in admixed populations, 3.8% in blacks, 0.8% in Asians, and 0.1% in
Indigenous. It was not possible to identify the ethnic population in 5.1% of deaths. The authors
estimated the odds ratios (ORs) among ethnic groups compared to the general population. A
higher risk of dying with ALS was observed in Caucasians (OR = 2.92, 95% CI 2.78 — 3.07).
Conversely, a lower risk was found in admixed (OR = 0.27, 95% CI 0.26 — 0.29), Asians (OR
= 0.05, 95% CI 0.04 — 0.07), Blacks (OR = 0.04, 95% CI 0.03 — 0.04) and Indigenous (OR =

0.02, 95% CI 0.01 — 0.04) (Moura et al., 2016).

The results found in admixed populations from Cuba and Brazil were similar to those in
Hispanic populations in the USA, which represent a proxy of admixed populations. At this time,
the epidemiological evidence supports the hypotheses that Caucasians have an increased risk
of developing ALS compared to other ethnic groups. Further research is needed to clarify this

issue and provide reliable data among different populations.
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I1.4. Clinical variability of ALS

The classic form of ALS is characterized by upper and lower motor neurons degeneration in
an anatomic region with the subsequent progression to other regions (brainstem, cervical,
thoracic, or lumbosacral spinal cord). The progression is irreversible, which leads to death
usually from respiratory failure. The clinical features are not as straightforward as it seems
since new evidence suggests that the clinical presentation is far greater than assumed
previously. ALS presents a broad clinical expression with highly variable range of UMN and
LMN involvement at onset and during the disease course. New findings give us a more insight
into better understanding the complexity of the disease. The ALS conception is changing
nowadays. This is illustrated for example by studies showing that cognitive impairment is more
frequent than expected in patients with ALS (Couratier et al.,, 2017). This means that
neurodegeneration spread beyond the motor neuron system. In the next section, we discuss

the clinical spectrum and clinical variability of ALS.

I1.4.1. Age and site at disease onset

ALS is the most frequent motor neuron disease in adults with a peak incidence among the
sixth and seventh decades of life followed by a sharp decrease (Marin et al., 2018b). Juvenile
forms and early-onset in young-adult have been described. Juvenile ALS is defined by an age
at onset before 25 years (Orban et al., 2007). Young-adults could have an early-onset around

the third or fourth decade of life (Ben Hamida et al., 1990; Sabatelli et al., 2008).

Recent original investigations reported variability of age at onset between geographic areas
(Marin et al., 2016b). A younger age at onset (around 50 to 60 years) were reported in Israel
(Kahana and Zilber, 1984) and Libya (Radhakrishnan et al., 1986). Conversely, age at onset
was particularly homogenous in North America, Europe and New Zealand (around 60 to 65
years). These differences could be related to variations in demographic structures of
populations. For instance, a study showed a positive correlation between mean age at onset

and life expectancy in the general population (r = 0.91, p = 0.01) (Byrne et al., 2013).
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Interestingly, age at onset differences have been also reported among populations in
multiethnic studies. A hospital-based cohort of patients with ALS described a significantly lower
age at onset in African Americans (around 55 years) compared to patients with an European
background (around 61 years), p=0.011 (Kazamel et al., 2013). Selection bias could have
played a major role in the systematic inclusion of young African patients with ALS in this study.
A systematic review interested in the epidemiology of ALS among subjects of African origin
concluded that those patients exhibited a higher proportion of juvenile form and younger age
at onset for classic ALS (Marin et al., 2012). It is still difficult to provide firm conclusions on

variability of age at onset due to the limited data available between different populations.

The spinal onset is the most common form in patients with ALS, while bulbar onset is described
in approximately one third of cases (Marin et al., 2016b; Swinnen and Robberecht, 2014). A
geographic variability of the type of onset has been suggested in recent studies. The proportion
of bulbar onset was broadly variable between geographical areas worldwide. There was also
a significant variation even within continents. In Europe, the pooled estimate of bulbar onset
ALS was 45.4 % (95% CI, 38.1 — 52.8) in Northern Europe, 34.9 % (95% CI, 32.5 — 37.3) in
Western Europe and 34.2 % (95% Cl, 31.3 — 37.3) in Southern Europe. Bulbar onset seems
to be lower in North America (28.6, 95% CI 24.3 — 33.4), East Asia (27.9, 95% CI 18.8 — 39.4),
West Asia (22.0, 95% CI 17.6 — 26.9) and South Asia (26.5, 95% CI 18.1 — 36.4) (Marin et al.,
2016h). These differences remain unexplored. Further clinical studies in different populations

could provide insights to clarify this issue.

11.4.2. Sex ratio

ALS exhibits a slightly predominance of male cases. A male/female sex ratio (SR) of 1.3 has
been reported in Western studies form Europe, North America and New Zealand. In other parts
of the world, differences seems to be greater with a SR around 2 (Radhakrishnan et al., 1986;

Sajjadi et al., 2010; Vazquez et al., 2008).
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A high degree of SR variation was also observed in studies regarding multiethnic populations
in specific geographic areas. A study in Hawaii described a SR of 1.8 for Caucasians, 2.5 for
Japanese and 22.9 for Filipinos (Matsumoto et al., 1972). In a multiethnic Asian population
study, the proportion of males with ALS was different between ethnic groups (51.1% Chinese,
78.6% Malays and 66.7% Indians) (Goh et al., 2011). It remains to be determined whether
these differences on sex distribution are objectively genuine between populations or it could
be explained by differences in terms of the population structure, accessibility to the health
system or reduced case ascertainment in females. Differences in study design (retrospective
VS prospective) and case ascertainment sources (hospital-based vs population-based) could
also be related to this apparent disparity on sex distribution. The impact of these biases has
been clearly illustrated in Western publications, for example, the SR was consistently reported
around 2 before 1990 due to methodological issues (Hgjer-Pedersen et al., 1989; Rosati et al.,
1977). Recent studies in Western countries based on population-based methodology have

revealed a decrease SR closer to 1 (Logroscino et al., 2008; Marin et al., 2016b).

[1.4.3. Familial ALS

Around 5% to 10% of ALS cases are familial (fALS), usually inherited as dominant traits. The
remaining 90% to 95% of cases of ALS are sporadic (Brown and Al-Chalabi, 2017). A meta-
analysis reported a pooled estimate for fALS at 5.1% (95% CI 4.1% to 6.1%) using prospective

population-based registry data (Byrne et al., 2011).

It has been described a variation in the distribution of fALS between geographic areas.
According to another meta-analysis considering 29 population-based studies, the overall
proportion of fALS worldwide was 4.7 % (95 % CI 3.9 — 5.7) (Marin et al., 2016b). The
proportion of familial ALS was higher in certain regions like North Europe (5.2, 95% CI 3.5 —
7.5, p=0.09), Western Europe (5.4, 95% CIl 4.3 — 6.7, p = 0.04) and North America (6.7, 95%
Cl 5.3 — 8.4) compared to Southern Europe (3.3, 95% CI 1.9 — 5.5). Furthermore, a lower

proportion of fALS was observed in Asia (1.2%, 95% CI 0.0 — 6.5, in Hong Kong and 0.6 %,
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95% CI 0.1 — 2.3, in Israel). These findings could imply the existence of a more important

hereditary component in certain populations.

11.4.4. Genetics variants

Directly related to the previous topic, the latest studies point to the fact that the proportion of
genetic variants associated to ALS are displayed differently among geographic areas and

populations.

The hexanucleotide repeat expansion in C9orf72, which is the most frequent known ALS-
associated genetic variant, is highly prevalent in Europe. C9orf72 exhibit a higher frequency in
familial ALS ranging from 27.1% in Spain (Garcia-Redondo et al., 2013) to 46.0% in Finland
(Renton et al., 2011). In sporadic ALS, the repeat expansion ranges from 3.2% in Spain
(Garcia-Redondo et al., 2013) to 21.1% in Finland (Renton et al., 2011). The proportion of
C9orf72 is far lower in Asia. A study of 563 Japanese patients with ALS found the repeat
expansion only in two cases among 552 sporadic ALS cases (0.4%) and none over 11 patients
with familial ALS (0.0%) (Ogaki et al., 2012). In the same manner, C9orf72 was investigated
in 254 Korean patients with ALS, none of the cases presented the repeat expansion (Jang et

al., 2013).

These findings have been supported by a large cross-sectional study that analyzed 4,448
patients with ALS in 17 regions worldwide. The repeat expansion was identified in 7.0% of
white patients with sALS from the USA, Europe, the Middle East, and Australia. In this study,
C9orf72 was identified in 4.1% of black, 8.3% of Hispanic and 0.0% of Native American
patients from the USA. None patient from Asia, India and the Pacific Islands presented the
repeat expansion (Majounie et al., 2012). These findings provide strong evidence that C9orf72
play an important role on ALS in patients with a European ancestral background but it might

not be the case for other populations.
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The frequency of superoxide dismutase 1 (SOD1) mutation in sporadic ALS seems to be
similar in Europe (ranging from 0.4% in Netherlands (van Es et al., 2010) to 3.9% in
Scandinavia (Andersen et al., 1997)) and Asia (ranging from 1.2% in Korea (Kwon et al., 2012)
to 4.2% in Iran (Alavi et al., 2013)). In familial ALS, the SOD1 mutations appears to be more
commonly identified in Asia (around 30%) compared to Europe (around 15%) according to a

recent meta-analysis (Zou et al., 2017).

TARDBP accounts for 1% to 5% of ALS mutations. TARDBP gene has been not found in
patients with ALS across numerous studies in Europe (e.g. Belgium (Gijselinck et al., 2009)
and Finland (Mentula et al., 2012)), North America (Guerreiro et al., 2008) and Asia (e.g. Japan
(Kamada et al., 2009) and Korea (Kwon et al., 2012)). Interestingly, 28.7% of patients with ALS

carried TARDBP mutations in Italy (Sardinia) (Chio et al., 2011a).

FUS mutation similarly represents around 1% to 5% of known ALS-associated genetic
variants. It appears to exhibit a slightly higher predominance in Asian patients (Zou et al.,

2017).

Other variants seem to be more specific in certain populations. For instance, optineurin
mutations (OPTN) was firstly identified in Japanese patients (Maruyama et al., 2010). Studies
from China (Li et al., 2015) and the UK (Johnson et al., 2012) suggest that the OPTN mutations
are more common in Asian patients with ALS. The evidence illustrates once again the major

role of certain mutations in certain populations.

In this sense, it is likely that ALS have a complex heterogeneous genetic architecture that
differs between populations. A recent meta-analysis described the frequencies of C9orf72,
SOD1, TARDBP and FUS mutations in ALS among populations (Zou et al., 2017). An overall
of 111 studies were analyzed considering European and Asian populations. Mutation
proportions were distinctly different between these two populations in familial and sporadic
ALS (I1%: 44-95%, p<0.01). The multivariate meta-regression analyses showed a statistically

significant association between populations and genetic variants like SOD1 (p < 0.0001), FUS
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(p = 0.04) and C9orf72 (p < 0.0001) in familial ALS. The difference reached statistical
significance between populations and C9orf72 (p < 0.0001) in sporadic ALS. The mutations

frequencies between European and Asian patients with ALS are shown in table 4.

Table 4 : Frequency of ALS mutations between European and Asian patients with ALS

Familial ALS Sporadic ALS
Gene mutation Population Frequency (95% ClI) Frequency (95% ClI)
SOD1 European 14.8% (11.5% to 18.5%) 1.2% (0.7% to 1.9%)
Asian 30.0% (25.1% to 35.1%) 1.5% (1.0% to 2.0%)
TARDBP European 4.2% (1.6% to 7.8%) 0.8% (0.2% to 1.5%)
Asian 1.5% (0% to 6.0%) 0.2% (0% to 0.3%)
FUS European 2.8% (2.1% to 3.5%) 0.3% (0.1% to 0.5%)
Asian 6.4% (3.2% to 10.5%) 0.9% (0.2% to 1.9%)
C9orf72 European 33.7% (29.3% to 38.2%) 5.1% (4.3% to 6.0%)
Asian 2.3% (0.3% to 6.3%) 0.3% (0.1% to 0.6%)

Table 4 has been adapted from: “Genetic epidemiology of amyotrophic lateral sclerosis: a systematic review
and meta-analysis” (Zou et al., 2017).

The proportions of ALS-related genes are different among European and Asian patients.
Almost one third of familial ALS is associated to C9orf72 repetition expansion in Europeans
and SOD1 mutations in Asians. Furthermore, C9orf72 is clearly the most frequent genetic

variant in sporadic ALS among European cases.

Few studies have identified ALS-associated genes in other geographic regions like Latin
America and the Caribbean. Only one recent multicenter hospital-based study assessed the
frequency of genetic mutation between European and Hispanic or Latin-American patients
(Ryan et al., 2019). Genetic mutations were analyzed in 115 Cuban and 832 Irish patients with
ALS. A known ALS-associated genetic variant was found in 5.2% of Cuban cases. C9orf72
was identified only in two sporadic ALS cases, accounting for 1.7 % of all Cuban cases (95%
Cl 0.6 — 4.1). The two Cuban patients carrying C9orf72 repeat expansion were identified as

‘whites’. As might be expected, the repeat expansion exhibited a higher proportion in Irish
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cases (9.9%, 95% CIl 7.8 — 12.0) compared to Cuban cases (p=0.004). No SOD1, TARDBP or

FUS mutations were found in Cuban cases (Ryan et al., 2019).

Another two studies have found low frequencies of C9orf72 repeat expansion in Latin-
American populations from Argentina and Brazil. C9orf72 was found in 2% of Argentinian
cases (Itzcovich et al., 2016) and 3.6% of Brazilian cases (Cintra et al., 2018). However, the
ethnic background of the cases was not available. This could have an impact due to the great
proportion of population with a European ancestral origin in these countries mainly in
Argentina. For instance, a study on the genetic structure of the Argentine population showed

that the mean European genetic contribution was 78% (Seldin et al., 2007).

Most of ALS genetic epidemiology is based on studies performed in North America, Europe
and Asia. Genetic studies have not been performed yet in several regions of the world.
Therefore, there is an evident need to promote epidemiological and genetic research in certain

areas of the globe in order to define the genetic architecture of ALS among populations.

The diverse proportions of genetic mutations could explain the heterogeneous distribution of
ALS worldwide. This also could imply a higher risk in certain populations that carry specifics
mutations. Understanding the determinants of risk in genetic epidemiology could be a decisive

step that might lead to move forward the development of new therapies for ALS.

11.4.5. Phenotypes

The classic form of ALS requires clinical evidence of upper and lower motor neuron
degeneration at the same time. The clinical heterogeneity of the disease implies a wide
spectrum of phenotypes that are mainly based in the predominance of UMN and LMN
involvement. However, there is no consensus on phenotypes classification. This section
discusses main clinical characteristics contributing to the ALS variability and some clues on

clinical variability.
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Patients with predominant upper motor neuron degeneration could be categorized into upper
motor neuron-predominant ALS or primary lateral sclerosis (PLS). Primary lateral sclerosis is
a motor neuron disorder. Diagnosis is established when the motor neuron signs stay restricted
to the UMN after at least four years of the onset. Some authors suggested that PLS is part of
the ALS spectrum due to the fact that approximately one third of cases develop LMN signs in
the course of the disease and autopsy studies have shown LMN degeneration in patients with
PLS (D’Amico et al., 2013). In the upper motor neuron-predominant ALS, patients exhibit UMN
dysfunction with slow progression to LMN involvement. In both cases, prognosis is better than

classic ALS.

Predominant LMN phenotypes could be observed in patients with flail arm syndrome, flail leg
syndrome, lower motor neuron-predominant ALS and progressive muscular atrophy. Flail arm
(FA) syndrome is characterized by proximal weakness in the upper limbs predominantly in the
arms. Patients with flail leg (FL) syndrome show distal weakness in the lower limbs. FA and
FL had significantly better survival than classic ALS. In lower motor neuron-predominant ALS,
clinical signs of LMN dysfunction are evident with a slow progression that leads to UMN
involvement in the disease course. Progressive muscular atrophy (PMA) represents a motor
neuron disorder with predominant LMN degeneration. Survival is slightly longer compared to
classic ALS. There is also a controversy considering PMA as part of the ALS spectrum.
However, one third of PMA cases develop UMN signs during the disease progression and
researchers have showed that patients with PMA exhibited ubiquitinated inclusions typical of

ALS (Ince et al., 2003).

Besides, there are patients presenting upper and lower motor neuron involvement combined
with non-motor neuron degeneration and multisystem involvement. Cognitive and behavioral
abnormalities could be found. In fact, at least a quarter of ALS patients meet the criteria for
frontotemporal dementia (FTD) (Rippon et al., 2006). The multisystem degeneration could

involve extrapyramidal, cerebellar, sensory and autonomic systems.
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The phenotypes are principally differentiated by the predominance of motor neuron
involvement, non-motor neuron degeneration and survival. It therefore seems reasonable to
propose that clinical forms with less widespread neurodegeneration are associated to better

prognosis; however, the fatal outcome remains unchangeable.

There are few data of the distribution of phenotypes among geographic areas. Most of the
studies compared general clinical characteristics (e.g. type of onset). It is more difficult to find
studies describing specifics phenotypes. It seems a very interesting topic to explore it due to
some clues of potential phenotypic variability among populations. A case-control study in the
UK reported that Africans were at fourfold higher risk of presenting with the ‘flail arm’ variant

of motor neuron disease compared with subjects of European background (Tomik et al., 2000).

There is a knowledge gap on the occurrence of non-motor degeneration symptoms and signs
such as behavioral and cognitive impairment in several regions of the world. Prognosis factors

are other neglected topic on the ALS literature outside Europe and the USA.

Nowadays, it is unclear whether the distribution of ALS phenotypes vary among populations.
Further studies to describe clinical features and phenotypes using standardized criteria are

needed in order to understand ALS clinical variability.

11.4.6. Potential factors involved to ALS clinical characteristics and their variability

The clinical variability remains other puzzling feature of ALS. It is unclear which factors play a

role to determine phenotypic expression.

A study reported that ALS clinical characteristics are strongly associated with age and sex
(Chio et al.,, 2011b). In fact, certain phenotypes are more likely to occur in males. A
predominance of male cases has been reported in classic ALS, flail arm syndrome and lower
motor neuron-predominant ALS (Chio et al., 2011b). Bulbar phenotype increases with age.
Older patients are more likely to present a bulbar phenotype (Dandaba et al., 2017). Patients
with bulbar onset under 40 years represents only 10% and the proportion increases up to 40%
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in patients over 65 years (Hamidou et al., 2017). In the same line, a study described that young-
adults with ALS were more likely to show a predominant upper motor neuron phenotype
(Sabatelli et al., 2008). Moreover, the course of ALS progression is slow in young patients with

a significant longer survival (Chio et al., 2009; Pupillo et al., 2014).

The association between phenotype expression and genetic variants is another interesting
topic. The most evident illustration is related to C9orf72 repeat expansion. ALS patients
carrying C9orf72 present specific clinical characteristics (Couratier et al., 2017). Patients with
the repeat expansion display younger age at onset and shorter disease duration compared to
those without (Garcia-Redondo et al., 2013). C9orf72 patients exhibit more frequently bulbar
onset (Millecamps et al., 2012), co-morbid frontotemporal dementia (FTD) (Byrne et al., 2012),
and psychiatric symptoms (Snowden et al., 2013). By the same time, patients carrying FUS

mutations are younger with a rapid evolution (Millecamps et al., 2010).

It is still unknown the role that several factors (e.g. ethnicity, environmental exposures) play in
terms of clinical expression. A clear understanding of clinical characteristics of ALS in relation
with ancestral background is difficult to accomplish due to the scarcity of studies. Further
research is needed to determine if certain populations are more likely to exhibit specific clinical
characteristics or phenotypes. However, other potential explanation for clinical variability could

be the difference of clinical practices and judgment among clinicians.
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I1.5. Methodological considerations for epidemiological and clinical studies on ALS

Methodology is essential to put into perspective the study findings. Understanding the
implications of the methodological approaches allow us to build a critic view considering the
strengths and the potential biases in research. The analysis of the methodology is a
fundamental step to recognize accuracy and reliability of data and conclusions in the study. In
the next section, several methodological issues will be discussed in epidemiological and

clinical research of ALS.

I1.5.1. Standardized diagnhosis criteria

One of the first basic considerations is the use of standardized criteria for ALS diagnosis. It is
crucial to assure a common definition framework to assess the same disease with similar
features. El Escorial and Airlie House criteria are the diagnostic standard parameters
recommended by the World Federation of Neurology consensus. Before these criteria were
launched, ALS diagnosis relied on clinical judgement that might have been influenced by
clinical subjectivity. This could account at least for a part of the heterogeneity observed in some

studies performed before 1994.

11.5.2. Sources of case ascertainment

The case ascertainment source is another important methodological issue on ALS. The use of
one source or multiple sources could have an impact on cases identification. Multiple
independent sources of case ascertainment could allow us to provide a more precise
estimation of epidemiological indicators. The reliability of the information is also crucial (e.g.,
diagnosis accuracy). ldeally, multiple independent sources with reliable data will assure
complete ascertainment of cases in order to provide an accurate estimation of ALS occurrence

and straightforward description of clinical characteristics.
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11.5.3. Population-based vs hospital-based studies

In epidemiology, population representativeness is a key factor to provide conclusions with
external validity. It is for that reason that population-based studies are taking the lead as the

standard methodology on ALS research despite the complexity to put them into place.

Most of ALS literature is based on hospital-based studies or referral-based studies. These
studies drive a selection bias. A recent study conducted in four European countries showed
that patients referred to ALS centers exhibited specific characteristics like younger age, high
proportion of familial ALS, less proportion of bulbar onset, and better prognosis compared to

patients from ALS population-based registries (Logroscino et al., 2018a).

11.5.4. Incident vs prevalent cohorts

The clinical characteristics could also vary in prevalent and incident cases. A study showed
that prevalence cohorts have different characteristics compared with incident cohorts.
Prevalent cases were more likely to be younger and exhibited fewer bulbar onset than incident

cases (O'Toole et al., 2008).

I1.5.5. Retrospective vs prospective designs

A retrospective approach is a practical method to provide epidemiological and clinical
descriptions using available data. However, this could be limited by poor quality of the record
information. A prospective approach requires a continuous long-term data collection process,
which involves a substantial logistic and financial investment. The reward is the collection of
standardized data. This allows to provide more accurate description of the disease.
Retrospective and prospective designs could have an impact in the study results. A study
showed that ALS incidence rates in Europe were higher for the prospective studies (median
2.39, IQR 2.15 - 2.68) compared to retrospective studies (median 1.52, IQR 1.22 —2.04) (Chio

et al., 2013).
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11.5.6. Population structure

ALS is an age-related disease with a peak of incidence around 60 or 70 years, together with a
slightly male predominance. The age and sex structure of the populations under study need to
be taken into account because the population at risk could be extremely variable between
geographic areas and populations. Standardization is commonly used to control this impact

and provides reliable epidemiological data for comparison.
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I1.6. Synthesis

Recent studies, systematic reviews and meta-analyses led researchers to postulate the
heterogeneity of ALS occurrence and clinical characteristics between geographic areas and
populations. This query is rising interest in the scientific community due to the potential role of

certain factors (e.g. genetic variants) in the occurrence of the disease and clinical expression.

Robust conclusions on the worldwide occurrence of ALS are difficult to achieve linked to the
fact that the literature available mainly come from studies in Europe and North America.
Studies from Asia have increased the information to support the heterogeneous distribution
and clinical variability of ALS. However, relatively little is known about epidemiological
indicators (e.g. incidence, mortality), genetic variants, clinical features and prognostic factors

in certain global regions such as Africa and Latin America.

The ancestral origin of the populations has been proposed as a crucial factor in the role of ALS
susceptibility. This is mainly supported by epidemiological evidence presented in this chapter.
However, other potential aspects could explain ALS variability like access to health care,
socioeconomic factors, case ascertainment and variability of study design. Genetic and
physiopathological mechanisms potentially involved are ongoing to be understood and this

improvement could open the door for future research (e.g. new therapy treatment).

Further studies with strong methodological framework need to be encouraged in diverse
geographic areas and populations to clarify these issues. The epidemiological and clinical
evidence discussed in this chapter was the starting point to carry out well-designed and

relevant studies for this dissertation.
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I1.7. Article 1 - Variation of ALS occurrence between populations
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brainstem, corticospinal tract, and spinal anterior horn. The
diagnosis of ALS is primarily clinical and is based on the
evidence of involvement of the central and peripheral neuron
Amyotrophic lateral sclerosis (ALS) is a rare neuromuscular in different territories [1]. El Escorial diagnostic criteria [2] were
disorder characterized by a progressive degeneration of the developed to estimate the certainty of ALS diagnosis and to

1. Introduction
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standardize the inclusion criteria in clinical trials. A revised
version has subsequently been published to include Electro-
myography (EMG) evidence of acute denervation [3].

The onset of the disease is categorized as either spinal or
bulbar depending on the affected muscle territories and
related clinical symptoms. Recent studies described that ALS
displays a variety of clinical phenotypes [4]. Recently the
presence of non-motor symptoms and the extension to other
areas of the brain has been increasingly recognized [5-7]. The
disease is invariably lethal and the median survival time since
diagnosis is around 15-20 months [8]. Death is usually from
respiratory failure.

ALS is one of the most puzzling diseases in terms of
understanding of its pathogenesis [9], which might combines
environmental and genetic factors [10]. Genetic variants
associated with ALS have been described [11-14], while the
contribution of environmental factors has been more difficult
to assess. To date, none definitive replicable environmental
risk factor has been identified.

Accurate description of epidemiological profile and deter-
minants of ALS occurrence may provide clues around its
etiology and potentially to other neurodegenerative diseases.

This review aimed to report key epidemiological features
(incidence, mortality, prevalence) of ALS in relation to the
hypothesis of variation between populations, to summarize
environmental hypothesis and to highlight current issues that
deserve much considerations.

2. ALS occurrence - variation between
populations
21, Seminal reviews

In 2007, Cronin et al. published a review focused on “ethnic
variation in ALS incidence”, along with prevalence and
mortality [15]. Based on 61 studies the authors postulated a
reduced occurrence of ALS among Asian, African and
Amerindian populations as compared to Caucasian popula-
tions. A stability of ALS incidence rates was identified within
Europe and North America. This paper was nevertheless
limited by the methodological heterogeneities between the
included studies (hospital-based and population-based) that
rendered firm conclusions challenging.

In 2013, Chio et al. focused on the “‘global epidemiology” of
ALS [16]. Based on 38 studies (hospital-based and population-
based), it confirmed the wide range of ALS incidence rates
between populations (from 0.5/100,000 in Belgrade [17] to 3.6/
100,000 in the Faroe Island [18]), the stability of ALS rates
displayed in Europe (around 2/100,000 Person-Years of Follow-
Up (PYFU)) or issued from North America. Also, examined
rates from Asia were found lower.

2.2.  Methodological issues while examining ALS incidence
between populations

Variation in the incidence of amyotrophic lateral sclerosis
(ALS) between geographical areas could support the notion
that genetic factors, especially populations’ ancestries, along
with environmental and lifestyle factors, play a significantrole

in the occurrence of the disease. Given the importance and
prospects of this hypothesis, it is important to control for
potential bias due to selection or to confusion that might
obscure the answers to this question.

2.2.1. Population-based versus referral-based studies

High standard in terms of case ascertainment is mandatory to
report accurate ALS rates. Nevertheless, a significant part of
the ALS epidemiological literature is founded on cases series
from hospital or referral center (e.g. based on the recruitment
of ALS cases in a single center). Hospital-series are known to
drive a selection bias [19] whose extent induces the unre-
presentativeness of the included patients (that present with a
younger age, with a lower proportion of bulbar onset and with
a more favorable prognosis) as compared to the overall
population. This is related to the fact that the oldest patients,
those with worse clinical status and pejorative prognostic
factors are less likely to reach or to be referred to a referral
center [20]. As a result, data founded on hospital series drive a
high probability to underestimate ALS incidence.

A population-based study, instead, implies using an
appropriate methodology, an epidemiological investigation
of a sample or the entire population, within defined
geographical and time boundaries [21]. Gold standard metho-
dology for ALS incidence description relies on registers that
are sustained population-based investigation of ALS in a given
region, with a recruitment of cases that relies on multiple
sources of cases ascertainment (referral centers, hospitals,
neurologists, other specialists, health insurance data (exemp-
tion fees, riluzole reimbursement), general practitioner, ALS
patient’s associations, in some cases mortality data). The use
of multiple sources of case ascertainment allows researcher to
evaluate exhaustiveness of case ascertainment through the
use of capture-recapture method. Based on the cross matching
between sources, a log-linear model allows estimation of the
number and proportion of missed cases. This method was
used for the first time in ALS field in Limousin region [22] and
then applied by other researchers in the field in Italy, Scotland,
Ireland, Uruguay and France [23-26] with exhaustiveness of
97.9,97.9, 100.0, 96.7 and 98.4% respectively. The presence of a
registry improves over time the completeness of the identi-
fication of cases and decreases the referral bias.

2.2.2. Age-structure of the population understudy

ALS crude incidence is an important data for public health
needs estimations about ALS care planning within a given
country. Nevertheless, for comparisons between areas, given
the age-related nature of ALS incidence, the age structure of
the populations under-study need to be taken into account
and controlled for. By definition ALS crude rates are not
comparable when populations display different age-struc-
ture distribution. In this context, prerequisite is to standar-
dize, using the same given reference populations, the rates to
be compared. Impact of standardization might be important,
for example, in Lybia, a country characterized by a low
proportion of subjects aged 50 and over (namely 12% at the
time of the study), crude incidence rates published by
Radhakrishnan et al. were 0.89/100,000 [27] while after
standardization on the 2010 US population it reached 2.03/
100,000 PYFU [28].
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2.3. Recent clues about ALS incidence variation

A recent meta-analysis tried to control for these latter two
issues (selection and confusion led by a third covariate, for
example: age). Founded on 44 population-based investigation
of ALS using multiple sources of case ascertainment, the
meta-analysis reported an overall pooled worldwide crude
ALS incidence of 1.75 (1.55-1.96)/100,000 person-years of
follow up (PYFU) and 1.68 (1.50-1.85)/100,000 PYFU after
standardization on the US population [28]. Subcontinent
was identified in this work as a significant source of rates
heterogeneity, allowing researchers to strengthen the hypo-
thesis of a heterogeneous worldwide distribution of ALS.
While homogeneous incidence rates have been reported from
populations of European origin from Europe, North America
and New Zealand, leading to the estimation of a pooled ALS
standardized incidence of 1.81 (1.66-1.97)/100,000 PYFU),
incidence rates from Eastern Asia (Japan, China) have been
found significantly lower in this work 0.83 (0.42-1.24)/100,000
PYFU as well as rates from South Asia (Iran, 0.73 (0.58-0.89)/
100,000 PYFU) [28].

2.3.1. Data from multiethnic populations

The main body of literature on ALS epidemiology is large but
limited geographically [16]. Most population-based studies to
date have been performed in Europe and North America

[24,29-33] and several regions of the world such as in Asia,
Africa and South America remain with limited data. Due to the
lacking studies in some geographic regions, data from
multiethnic populations in UK or US are useful to examine
variation of ALS epidemiology between ethnic groups within a
given region. However, it is important to consider that the
terminology used to classify populations is heterogeneous.
While in the US, several researchers categorized patients in
races (white, black/African American and Asian) and ethni-
cities (Hispanic and non-Hispanic) [34,35], some studies in the
UK distinguish between origins (e.g. European and African
origin) [36].

2.3.1.1. Incidence data. In the literature, Hispanics, African
Americans and Asians populations display lower crude
incidence compared to Caucasians (Table 1). The differences
in rates remain similar after population standardization.

In the US, for example, Valle et al. conducted a retro-
spective study to identify ALS cases in the San Francisco Bay
Area (SFBA) and Los Angeles County (LA) [34]. These areas
were selected for their racial and ethnic diversity. The
incidence rates were higher among whites compared to
blacks and Asians. Within SFBA, the rates were 2.5 among
whites, 1.5 among blacks and 1.0 among Asians. This pattern
was similar in LA: 1.4 whites, 1.03 blacks and 0.66 Asians.
Furthermore, Hispanics showed slightly lower rates compared

Table 1 - ALS incidence in multiethnic populations.

Country Reference Race/ethnic group Crude incidence (95% CI) Standardized incidence (95% CI)
US (SFBA) Valle (2015) [34] White 2.49 (2.2-2.9)
Black 1.52 (0.9-2.4)
Asian 1.00 (0.7-1.4)
Hispanic 1.57 (1.0-2.3)
Non-Hispanic 1.89 (1.7-2.2)
US (LA) valle (2015) [34] White 1.4 (1.2-1.6)
Black 1.03 (0.7-1.5)
Asian 0.66 (0.5-0.9)
Hispanic 0.66 (0.5-0.9)
Non-Hispanic 1.01 (0.9-1.2)
us Rechtman (2015) [35] White 1.79 1.48 (1.42-1.53)
African American 0.80 0.89 (0.79-0.99)
Asian 0.76 0.78 (0.64-0.92)
Non-Hispanics 1.65 1.36 (1.31-1.41)
Hispanic 0.57 0.84 (0.75-0.92)
UK Rojas-Garcia (2012) [36] European origin 1.97 (1.55-2.48)
African origin 1.35 (0.72-2.30)
uUs McGuire (1996) [29] Nonwhite 0.74 (0.00-1.96) m
0.53 (0.00-1.91) w
Overall 2.11 (1.27-2.93) m
1.87 (1.08-2.66) w
us Annegers (1991) [86] White 1.36 (0.96-1.87) m
1.25 (0.88-1.72) w
Hispanic 1.27 (0.41-2.96) m
0.10 (0.00-0.46) W
African American 1.10 (0.48-2.17) m
0.70 (0.28-1.44) w

SFBA: San Francisco Bay Area; LA: Los Angeles County; m: men; w: women; 95% CI: 95% confidence interval.
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to non-Hispanics in both areas. In addition, Rechtman et al.
found a crude incidence of 1.79 among whites, 0.80 among
African Americans and 0.76 among Asians in the US. After
standardization, the incidence remains higher in whites
compared to African Americans and Asians [35].

2.3.1.2. Prevalence data. Prevalence is the proportion of a
population that is affected with a particular disease at a given
time point. Prevalence is determined by the incidence and
duration of illness. In Europe, ALS crude prevalence has been
reported from 1.1 per 100,000 (95% CI, 0.71-1.71) in Yugoslavia
[17] to 8.2 per 100,000 (95% CI 2.1-20) in the Faroe Islands [18]. In
the US, the rates range from 2.94 [37] to 5.0 per 100,000 [38]. One
study in South America (Uruguay) showed a crude prevalence
of 1.9 per 100,000 [25]. In Asia, a wide variation has been
described between 0.95/100,000 in China [39] to 11.31/100,000
in Japan [40].

Few researchers reported prevalence rates in multiethnic
populations [35,36,41]. The studies with available ethnic group
data usually described other epidemiological features (e.g.
incidence, mortality) [42-44] or only mentioned that ALS was
more common in one ethnic group (generally white popula-
tion) [38]. In the UK, the prevalence was 5.79 per 100,000
population (95% CI 4.97-6.92) for the European ancestry group
and 4.94 (95% CI 3.68-6.5) for the African ancestry group [36]. A
study, using a population-based design, investigated the racial
variations in ALS prevalence and incidence in three states
(Florida, New Jersey and Texas) and eight metropolitan areas
(Atlanta, Baltimore, Chicago, Detroit, Las Vegas, Los Angeles,
Philadelphia and San Francisco) of the US. The areas
represented approximately 27% of the US population. An
overall of 5883 cases were collected. Of these cases, 4401
(74.8%) were white, 546 (9.3%) were African American/black,
214 (3.6%) were Asian, 704 (12.0%) were of unknown race, and
18 (0.3%) were categorized as other race [35,41].

2.3.1.3. Clues from mortality rates. Mortality rates have been
used as proxies to provide an estimate of incidence in ALS.
Death certificates (DC) are popular sources of information
because, in most countries, they carry a record of the causes of
death and are readily available [45]. It could be assumed that
all patients diagnosed with the condition will eventually be
identified via a DC associated to the invariable fatal outcome of
the disease. However, problems in the accuracy of DC
certificates should be considered [46].

Mortality data are of particular value when investigating
changes in ALS over time in a particular country. Good practice
epidemiological criteria have been proposed to consider ALS
mortality rates as reliable proxies of incidence rates [46].
Nevertheless, only few studies on mortality data published to
date followed a high-quality methodology.

Mortality studies in this field reported consistently that ALS
mortality was higher among white people (close to 2/100,000
PYFU) [46] than among Hispanic (0.8-0.9 per 100,000 PYFU)
[42,47] and African American people (1.1 per 100,000 PYFU)
[42]. In the US, Noonan et al. reported a mortality variation in
different ethnic groups: Hispanic 0.9/100,000 PYFU (95% CI 0.8
1.1), African American 1.1/100,000 (95% CI 0.9-1.2) and Non-
Hispanic 2.0/100,000 PYFU (95% CI 1.9-2.0). McCluskey et al.
described lower mortality rate among non-white 1.0/100,000

(95% CI 0.9-1.1) as compared with white 2.1/100,000 (95% CI
2.0-2.2) [48]. Furthermore, an immigrant study performed in
the UK (1979-1988) showed ALS mortality rates to be lower
among Asian (standardized mortality ratio (SMR) = 37.6%) East
African (SMR=55.5%), Caribbean (SMR=73.6%), and West
African (SMR = 76.9%) immigrants to London as compared to
native English. However, the denominators of ethnic popula-
tions were not known for that time period and ethnicity was
assigned based on the individual’s name [49]. The variation in
reported mortality rates among populations could be related
to the access to health care among ethnic groups [50], to the
impact of socioeconomic status on access to diagnosis or
environmental and to genetic variation related to the
populations ancestry. A recent mortality study in US (2016)
tried to control these issues using a model that was adjusted
for socioeconomic status, type of health insurance, and
birthplace to estimate the ALS mortality risk in different
ethnic groups [44]. Within this adjusted model, higher rates of
ALS were reported among whites compared to other popula-
tions (non-Hispanic black, HR 0.61 (0.48-0.78); Hispanic, HR
0.64 (0.46-0.88); other races, non-Hispanic, HR 0.52, (0.31-
0.86)).

Only one study was conducted to address ALS mortality in
an ethnically mixed population in Cuba (including an admixed
group). The total mortality rate was 0.83 per 100,000 PYFU. The
adjusted mortality rate was considerably lower in the mixed
population: 0.55 (95% CI 0.4-0.72) than in whites (0.93/100,000
PYFU; 95% CI 0.83-1.03) and blacks (0.87/100,000 PYFU; 95% CI
0.62-1.17) [47]. These results were similar to those found in
Hispanic populations in the US [42,43]. The evidence supports
the hypotheses that admixed populations are characterized by
a lower risk of developing ALS. ALS is considered as a complex
genetic disease caused by multiple susceptibility genes
interacting with a variety of environmental risks [51]. Admixed
populations, containing a much wider variety and different
combinations of at-risk alleles, might experience a lower
overall risk of developing the disease [47].

At this stage, an international research collaboration, it is
essential to perform an investigation of ALS incidence,
prevalence and mortality in several countries (including
ethnically mixed and admixed populations) with homoge-
neous and standardized methodology.

2.4. Sex ratio time trend and variation

There is a discreet male predominance in ALS. While age-
related bulbar onset appears similar in male and female, the
spinal form is more common in male [52].

Some authors postulated a recent decrease in the male/
female sex ratio compared with the oldest publications (before
1990s). For example in Sardinia, Italy in the 70s [53] the male/
female SR was 2.6:1 and 1.8:1 was reported in Scotland for 1989
[54]. In Norway, the SR changed from 1.58 in the 1960s to 1.32in
the early 1990s [55]. Conversely a joint analysis of 6 European
registers for the period 1998-1999 reported a SR of 1.16 [52].
This apparent trend of SR could be explained in part by
difference in study design (retrospective in the oldest and
prospective in the most recent studies), difference in case
ascertainment and by the different geographic distribution of
the studies. Nevertheless, this variation might also be
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explained by the changing lifestyle of women, which has
become more similar to that of men, socioeconomic changes
during the last century in women with an increase exposure to
occupational and environmental risk factors [56].

The SR seems to vary between populations. A recent meta-
analysis based on population-based studies reported pooled
estimates of the SR at 1.29 (95% CI 1.15-1.45), 1.27 (95% CI 1.08—
1.48) and 1.24 (95% CI 1.15-1.34) in Northern, Western and
Southern Europe, respectively. Similar SR were also found in
North America and New Zealand [57]. Conversely, SR reached
a value higher than 2 for Uruguay [25], Libya [27], Iran [58] and
Hawaii [59].

From multiethnic populations, high degree of variation of
SR has been reported between groups of different ancestries
for example in East Asia, Israel and Hawaii [59-61]. In a
multiethnic Asian population study SR was 1.43. However, the
percentage of males with ALS was different between each
ethnic group (51.1% Chinese, 78.6% Malays and 66.7% Indians).
This information is useful to exemplify the variation of SR
between different ancestral groups sharing the same envi-
ronment [61]. However, these data are from small groups and
further research is needed to estimate the SR in multiethnic
populations.

2.5.  Age-related ALS incidence

Population-based studies have consistently shown an age-
related profile of ALS that is consistent with an age-related
disorder (occurring within a specific age-range) rather than an
aging-related disorders (whose incidence increases with age).
Indeed, the incidence of ALS increases after the age of 40 years,
reaching a peak in the late sixties or early seventies, followed
by a rapid decline [19].

Age-related disease pattern suggests that ALS occurs
within a susceptible group within the population [52]. It is
possible that subjects who survive beyond the age of 80 are
protected against motor neuron damage either because they
are genetically unsusceptible to the putative causative
influence or the exposure occurred after a critical age [62].
Besides, some authors postulated that the pattern of ALS
incidence among the elderly may rather arise from problems
with the case ascertainment among this age group. Difficulties
in diagnosing ALS among the elderly might be related to
comeorbidities, difficult access to specialized care (the elderly
are less likely to encounter neurological services) [56] or a

refinement of the algorithm used to identify definite ALS
cases, along with an increased public awareness of the ALS
Registry [38] and decreasing mortality from other causes,
resulting in a growing proportion of the susceptible sub-
population that survives long enough to develop the disease
[65].

2.7. Risk factors

2.7.1.  General view in ALS risk factors

The environmental risk factors in ALS have been studied
extensively. To date, there is no strong evidence to support an
association between a particular factor and ALS. A general
classification of potential risk factors in ALS is shown in
Table 2.

Environmental, occupational and life style factors have
been evaluated. The evidence is conflicting and difficult to
interpret. For example smoking has been shown to increase
the risk in several studies [66-65]. Controversially, others
researchers found that smoking was associated with ALS risk
and worse survival in women only [70] while other studies
have failed to demonstrate this association [71]. The same
contrasting results have been found with other associated
factors.

Evaluation of the environmental factors in a rare neuro-
degenerative disease is challenging. Most of the evidence is
based on case-control studies and retrospective cohort
studies. Furthermore, the problem to accurately estimate
exposures throughout life is one obstacle to ALS risk factors
research [72].

2.7.2.  Physical activity as a risk factor

Physical activity (PA) has been extensively evaluated as a risk
factor of ALS. Discordant results have been published as
regards the association between PA and ALS. Some aspects
have to be considered as potential explanation for these
variations: (1) PA definition used in most studies is heteroge-
neous and there are no standardized criteria to measure or
categorize the amount of PA in each patient. (2) An accurate PA
measure is also complicated since the data arise mostly from
retrospective studies. (3) Several studies distinguished

Table 2 - Potential risk factors in ALS.

more rapid and aggressive disease that cause elderly patients Factors Specific factor Peferences
to die in some case before the diagnosis of ALS is reached has classification
been described [19]. Environmental  p-Methylaminoalanine (BMAA)  [87-89]
Metals [90-92]
2.6. ALS incidence time trends Pesticides and Solvent [93,94]
Electromagnetic fields (EMFs) [95,96]
Data from Denmark reported that ALS incidence increased by Viruses [97.98]
2% per year in the last 30 years [63]. In New Zealand, the overall Occupations Professional athletes [74-76]
incidence of ALS steadily increased from 1985 to 2006, Military [99,100]
increasing on average by 3.3% per year from 1.6 per 100,000 Farmers [101-103]
in 1985 to 3.3 per 100,000 in 2006 [64]. In US, the mortality rates Electrical occupations (104,105]
increased from 1.25 per 100,000 to 1.82 per 100,000 from 1969 — Life style Physical activity [73,78,80]
1998, representing a 46% increase during the 30-year period. Trauma - head trauma [106,107]
Explanations for this apparent increase might be attributed to Smoking [66,70,71]
improved case ascertainment for example due to the Diet [108,209]
Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 67

Licence CC BY-NC-ND 3.0



REVUE NEUROLOGIQUE 173 (2017) 244-253 249

recreational, work-related and sports physical activity; some
of them have analyzed the association to these difference PA
categories and others summarized exposures. (4) Given the
fact that ALS is a rare disorder, most of the analytical studies
are case control studies that might determine some specific
biases (information bias on the exposure (Physical activity
years before disease onset), selection bias related (i) to the
difficulty to recruit control sample representative of the
general population and (ii) to the inclusion of prevalent ALS
cases instead of incident cases). Furthermore, small sample
size and inadequate control of confounders are also limiting
factors [73].

Physical activity is a composite cause being the intersection
of multiples factors. For example, head trauma could be
present in some sports (e.g. American Football), the characte-
ristics (aerobic/anaerobic) and amount of physical activity
could be different depending on the type of sport (soccer,
biking, etc.), or occupation (e.g. farmers, military, etc.) and the
intensity of the activity also could be broadly diverse between
high level athletes, amateurs and people who practice
recreational sports. Some of these factors could interact with
each other and some could act as confounding factors.
Moreover, there are no studies concerning PA and genetics
allowing to test gene-environment interactions in the risk of
ALS.

The hypothesis that intense physical activity (PA) could be
a risk factor for developing ALS, was supported by the
observation that ALS incidence was increased among football
players [74] and American Football players [75] in Italy and in
the US, respectively. A recent study in cross-country skiers in
Sweden found a higher risk of ALS in long distance cross-
country skiing, but only among the best skiers [76]. This
association is biologically plausible, because vigorous exercise
may induce oxidative stress and glutamate excitotoxicity [77].
ALS studies on professional athletes have the advantage of
including large numbers of participants, but are by definition
limited to a highly selected group (selected on physical
performance and underlying biological characteristics), and
studies did not fully accounted for potential confounders [78]
such as trauma, possible use of drugs (anabolic steroids, non-
steroidal anti-inflammatory drugs), drugs of abuse (cocaine,
methamphetamine), dietary supplements (branched amino
acids), exposure to toxins on the pitch (e.g. pesticides) [79] or
amount and type of PA (for example, position in the field for
soccer players: goalkeeper, defenders, midfields, forwards).
Some author postulate that a small amount of PA could be
protective against ALS whereas more PA could suppress the
protective effect or even be a risk factor [80].

2.7.3. Recent evidence — reviews and meta-analysis

In 2014, a review of epidemiological studies was conducted by
Hamidou et al. according to the meta-analysis of Observatio-
nal Studies in Epidemiology Guidelines [79]. Thirty-seven
epidemiological studies were included in the review. The level
of evidence was examined and synthetized using Armon’s
classification for exogenous risk factors for ALS [81]. Results
were stratified according to type of exposure into categories:
PA related to (i) sport and work, (ii) soccer and American
football, (iii) occupation and (iv) proxies of PA. The analysis
concluded: (1) studies with the highest evidence level - two

class I studies [73,80] and one class II study [82] - did not found
a positive association between PA and ALS in the general
population. This led the authors to conclude with the best
evidence level (level A) that PA is not a risk factor for ALS
among the general population. (2) Physical activity in the
professional category (agriculture, forestry, fishing and
mason) as a risk factor for ALS remains unknown. (3)
Football/soccer may be considered as a possible risk factor
for ALS.

In 2016, a systematic review/meta-analysis was published
to identify additional putative risk factors associated with the
onset and progression of ALS. Six case-control studies
between PA or participating in sports and ALS were included.
Estimates showed that participating in recreational sports or
other physical activities was not associated with an increased
risk of ALS (OR =0.90, 0.78-1.03), but ever participating in an
organized athletic club in high school or college, or in
professional sports, was associated with ALS (OR=1.35,
1.11-1.65) [83].

2.7.4. Prospective cohort study

A prospective cohort study, best level of evidence in this field,
was published in 2016 to evaluate the association between
physical activity and risk of death from ALS [78]. Data from the
European Prospective Investigation into Cancer and Nutrition
was used. The main exposure factor was total PA estimated at
cohort entry with the Cambridge Physical Activity Index
(CPAI). The result showed that total PA was inversely
associated with ALS mortality (P = 0.042). The result did not
appear to be confounded or modified by age, gender, body
mass index, smoking and the highest level of education
attained. Also, according to the authors, the association was
unlikely to be explained by reverse causation as the exclusion
of events occurring during the first 5 years of follow-up lead to
stronger association. Those physically active (corresponding
to alevel of PA > 75% of the PA distribution) were less likely to
die from ALS compared to those inactive: HR = 0.67 (95% CI
0.42-1.06), while this result did not reach statistical signifi-
cance. Occupational, household, recreational, potentially
traumatic, sportive, and vigorous PAs were not associated
with ALS mortality. The main strengths in this study remain in
the prospective cohort design, the use of a standardized index
to measure PA and adjustment to confounded factors. This
cohort study supports the inverse association reported by
Pupillo et al. in the European population-based case-control
study between total PA and ALS (OR 0.65, 0.48-0.89) [73] and the
conclusion given by Hamidou et al. in their review [78|.

3. Conclusion

Epidemiological research based on multicenter international
collaboration is essential to provide new data on ALS
especially in some regions of the world that are to date poorly
represented in the ALS literature. Several questions need to be
resolved concerning the variation of the occurrence of the
disease between populations and the relation between those
variations and population ancestral origin along with envi-
ronmental factors. In addition, estimate the burden of
neurodegenerative diseases including ALS across geographies
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and time can assess epidemiological patterns to improve our
understanding of the variability. Initiatives as the Global
Burden of Disease (GBD) Collaboration are crucial to prioritize
investments in research and estimate the levels of health
around the world [84,85].

Recent studies have addressed the association between
physical activity and ALS. The best level of evidence supports
that PA in general population is not a risk factor for ALS.
However, further research is needed to clarify the association
of PA in some occupations and some athletic activities
(including extreme levels of PA).

Population-based studies, using standardized methods will
be optimal to provide good quality evidence and increase the
understanding of amyotrophic lateral sclerosis.
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Chapter lll. Amyotrophic lateral sclerosis in Africa

I1.1. Framework of ALS in Africa

The first African cases of ALS were reported from Kenya in the 1950s (Harries, 1955). Back
then, the general idea was that ALS did not occur among Africans (Gelfand, 1948). Even until
today, just few studies have been focused in Africa and its population. The literature is mainly
founded on case series with heterogeneous methodology. Therefore, it remains difficult to

draw conclusions on ALS in Africa.

I11.1.1. Epidemiology of ALS in Africa

There is scarce information on the epidemiology of ALS in Africa. Only one population-based
study investigated the incidence in Africa (Libya). Overall, 23 patients with MND were identified
in Benghazi, Libya, from 1980 to 1985. Case ascertainment was performed through polyclinics,
hospitals and the center for the handicapped with a subsequent centralized diagnosis
confirmation. The crude incidence was 0.89 per 100,000 person-years. After standardization,

ALS incidence was 2.03 per 100,000 PYFU (Radhakrishnan et al., 1986).

A systematic review of neurodegenerative diseases in sub-Saharan Africa found only two
community-based studies on ALS (Lekoubou et al., 2014). The prevalence was 5 per 100,000
in Ethiopia (Tekle-Haimanot et al., 1990) and 15 per 100,000 in Nigeria (Osuntokun et al.,
1987). To the best of our knowledge, there are no studies describing MND or ALS mortality in

Africa.

According to the Global Burden of Disease (GBD) 2016 study, a low prevalence of MND per
100,000 population was reported in sub-Saharan Africa, particularly in central sub-Saharan
Africa (0.9, 95% CI 0.8 — 1.1), eastern sub-Saharan Africa (1.0, 95% CI1 0.8 — 1.1) and western
sub-Saharan Africa (1.0, 95% CI 0.9 — 1.2). Age-standardized prevalence per 100,000 people
was 1.2 (95% CI, 1.1 — 1.4) in central sub-Saharan Africa, 1.3 (95% CI, 1.1 — 1.4) in eastern

sub-Saharan Africa, and 1.3 (95% CI, 1.2 — 1.5) in western sub-Saharan Africa. In addition,
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age-standardized incidence per 100,000 was 0.36 (95% ClI, 0.31 — 0.41) in western sub-
Saharan Africa, 0.37 (95% ClI, 0.32 — 0.43) in southern sub-Saharan Africa, 0.39 (95% ClI, 0.33
— 0.44) in central sub-Saharan Africa and 0.39 (95% CI, 0.34 — 0.45) in eastern sub-Saharan
Africa (Logroscino et al., 2018b). However, the GBD study estimations are limited by scarce

data mainly from sub-Saharan Africa.

I11.1.2. Clinical characteristics of ALS in Africa

The clinical features of ALS have been described in 21 studies across African countries.
Studies were performed in Western Africa (n=7), Eastern Africa (n=6), Northern Africa (n=5),
Middle Africa (n=2) and Southern Africa (n=1). Most of them were hospital-based studies with
a retrospective design. The number of ALS cases ranged from two to 276 with a median
sample size of 28 cases (IQR 13 — 80 cases). Diagnhosis was mainly established on clinical
grounds and electromyoneurography was used in few studies. El Escorial criteria has been

applied in recent publications.

A higher proportion of male cases was described with a male/female SR ranging from 1.4 to
17.0. The age of disease onset was described between 40 and 50 years. There were no reports
of familial forms in most studies (Collomb et al., 1968; Imam and Ogunniyi, 2004; Ndiaye et
al., 1986; Sene Diouf et al., 2004; Wall and Gelfand, 1972), while fALS accounted for 1.2%
and 2% of cases in Tunisia and Nigeria, respectively (Ben Hamida and Hentati, 1984;
Osuntokun et al., 1974). In contrast, a study reported 14.3% of fALS in Sudan (Abdulla et al.,
1997). The diagnosis delay varied from 14 months to 42 months (Ben Hamida and Hentati,
1984; Radhakrishnan et al., 1986). Survival was rarely reported mostly due to difficulties
following patients. There are no studies investigating prognostic factors in patients with ALS in
Africa. However, some studies suggested that African patients experienced a better prognosis

(Abdulla et al., 1997; Osuntokun et al., 1974; Radhakrishnan et al., 1986).

The demographic and clinical characteristics reported in African studies are shown in table 5.
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A systematic review conducted to assess clinical features among patients with ALS in Africa
suggested that specific characteristics are exhibited in African cases compared to European
cases including: i) higher predominance of male cases, ii) presence of juvenile form of the

disease, iii) younger age at onset (Marin et al., 2012).

It is still difficult to drawn clear conclusions on these characteristics due to heterogeneous
methodological approaches (e.g. diagnosis criteria) and potential biases (e.g. selection bias)

in several studies in Africa.
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Table 5 : Studies reporting demographics and clinical characteristics of patients with ALS in Africa by study period according to subcontinents

. Study . . Number of Male/Female Mean age+  Familial . . Diagnosis Mean survival
Subcontinent Country Authors period Study design Setting ALS cases sex ratio SD (years) forms Diagnosis delay (month) (months)
Northern Africa Morocco (Imouzrgiré)et al, 2008 — 2012  Retrospective Hg;sletgl- 60 15 50.0 +11.7 El Escorial

(Abdulla et al., _ . Hospital- Clinical + 5
Sudan 1997) 1993 - 1998  Retrospective based 28 1.8 40.1 14.3% EMNG
(Bougteba et al., _ . Hospital- Clinical +
Morocco 2005) 1986 — 2003  Retrospective based 276 2.0 46.0 EMNG
. (Radhakrishnan et _ . Population Clinical +
Libya al., 1986) 1980 — 1985  Retrospective -based 23 2.3 509+23 EMNG 42.0 42|
. (Ben Hamida and _ . 102 53.3cl; o Clinical + . .
Tunisia Hentati, 1984) 1974 -1980  Retrospective ND (82cl; 20j) 2.7 21.3] 1.2% EMNG 14.0cl; 55.3j 35.2cl
) . (Dekker et al., 1984-1992 Hospital- )
Eastern Africa Tanzania 2018) 2007-2015 ND based 116 1.6 53.7 El Escorial
. (Mielke and Hospital- 13 37.0b;
Zimbabwe Adamolekun, 1996) ND ND based (7b; 6w) ND 68.0w ND
- (Tekle-Haimanot et _ Door-to-door Population 28, 38, and -
Ethiopia al., 1990) 1986 — 1988 survey -based 3 2.0 12 Clinical
Kenya (Adam, 1992) 1978 — 1988  Retrospective Hg;glatgl- 46 2.8 r: 13to 80 Clinical r: 5to 48
Zimbabwe (wall alnéjé;)elfand, 1967 — 1971  Retrospective ngg;tgl- 13 3.3 36.0 0.0% Clinical 17.0
Kenya (Harries, 1955) 1954 Retrospective Hg:ggsl- 2 NC 26 and 30 Clinical
. . (Kengne et al., . Hospital- -
Middle Africa Cameroon 2006) 1993 -2001 Retrospective based 10 4.0 50.9+3.3 Clinical
Gabon (Le Bigot, 1993) 1980 - 1985  Retrospective Hg;gggl— 2 ND ND Clinical
Western Africa Senegal (Senez%gz)f etal, 1993 - 2000 Retrospective Hg:g:gl- 33 14 50.0% 0.0% El Escorial r:6.0-60.0
Lo (Imam and _ . Hospital- o .
Nigeria Ogunniyi, 2004) 1980 — 1999  Retrospective based 16 15.0 38.6 0.0% El Escorial 115
JUSTT (Piguemal et al., _ . Hospital- 30 . . . . .
Cote d’lvoire 1982) 1971 -1980 Retrospective based (15¢l; 15j) 3.0 47.6c¢l; 21.4j Clinical 16.9cl; 12.1j
(Ndiaye et al., _ ) Hospital- 74 o Clinical +
Senegal 1986) 1960 — 1985  Retrospective based (64cl: 10j) 4.0 44.0 0.0% EMNG
(Jacquin-Cotton et . Hospital- . -
Senegal al., 1970) 1960 — 1969  Retrospective based 18 8.0 r25to 70 Clinical
Senegal (Coll(iggbg)et al, 1960 — 1968  Retrospective Hg;gggl— 18 17.0 47.7 0.0% Clinical 24.1
- (Osuntokun et al., _ . Hospital- o Clinical +
Nigeria 1974) 1958 — 1973 Prospective based 92 3.0 37615 2.0% EMNG 72
. . (Cosnett et al., . Hospital- 47.4b; -
Southern Africa South Africa 1989) <1989 Retrospective based 86 3.2 54.0w: 54.0i Clinical

Table 5 has been adapted and updated from the chapter 13: “Other neurocognitive disorders in tropical health” in the Neuroepidemiology in tropical health book (Marin et al., 2018a).
b, black; cl, classic ALS; EMNG, electromyoneurography:; i, Indian; j, juvenile ALS; NC, calculated; ND, not determined: r, range; w, white. |, median; §, Durations of illness for three familial ALS cases were 2, 8 and 10 years
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Crucial questions remain to be answered on ALS in Africa. Epidemiological studies must to be
carried out to determine incidence and mortality in most regions of the continent. The
particularity of certain demographic and clinical features need to be confirmed among African
cases. Further studies will also clarify the role of genetic and environmental determinants on

ALS in African population.

Several issues should to be addressed to provide more reliable picture of ALS in Africa. As
was pointed out earlier, it is of crucial importance to generate data in different geographic areas

and populations to understand the variability of the disease.
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I11.2. The epidemiological study of ALS in the tropics (TROPALS): focus on Africa

Our research team INSERM UMR 1094 Tropical Neuroepidemiology unit in Limoges (France)
invited hospital centers across Africa to participate in the epidemiological study of ALS in the
tropics’ (TROPALS) collaboration. The project was a teamwork made of epidemiologists,
neurologists and clinical researchers, the aim was to describe and compare the
sociodemographic and clinical features, treatments, prognoses and survival times of patients

with ALS in Africa.

l11.2.1. Methodological design: The TROPALS study

From this standpoint, a multicenter hospital-based cohort study was carried out using a
standardized methodology. All patients diagnosed with ALS were included from the neurology
department of each participating hospital center. Exhaustive and continuous recruitment was
conducted including all incident and prevalent cases from 2005 to 2017. Neurologists and
clinical researchers in each hospital center performed standard clinical examination and data

collection.

An ALS expert neurologist (Pr. Philippe Couratier), clinical coordinator of the ALS referral
center of Limoges teaching hospital (CHU Limoges), reviewed all medical records and
complementary test including electromyoneurography (EMNG) in order to confirm the ALS

diagnosis and categorize diagnosis certainty according the Airlie House criteria.

Baseline sociodemographic and clinical data were collected at the time of ALS diagnosis of
the incident cases, and medical records were used to collect the baseline data of the prevalent
cases. A standardized questionnaire was developed (Appendix 1). The following data were
recorded with the close collaboration of the Centre of Biostatistics and Methodology of

Research (CEBIMER) of the Limoges teaching hospital:

o Date of the first symptom

o Type of onset
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e Symptoms

e Signs of involvement of the upper and lower motor neurons

e Regional distributions of the signs

e Cognitive impairment

e Extra-motor involvement (extrapyramidal, cerebellar, sensory, autonomic, urinary or
oculomotor)

e ALS Functional Rating Scale Revised (ALSFRS-R) score

e Complementary tests

o The type of treatment (disease modifying therapy, symptomatic and/or traditional

medicine)

Patient follow-up was performed every three months, if possible depending on the capabilities
of the participating centers. Disease progression was assessed during the follow-up. If more
than 6 months elapsed without patient contact, the researcher in charge contacted the patient

or the family to assess the vital status of the patient.

All findings were reported using the guidelines of Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) (Vandenbroucke et al., 2007) and Standards of Reporting

of Neurological Disorders (STROND) (Bennett et al., 2015).

Statistical analyses were conducted using IBM SPSS® Statistics ver. 22 and SAS software
ver. 9.3 (SAS Institute, Cary, NC, USA). Quantitative variables were described as medians
with interquartile ranges (IQRs). The Shapiro-Wilk test was used to explore the normal
distributions of continuous variables. Qualitative variables were shown as frequencies with
percentages. The subcontinental regions were defined according to the United Nations

Statistics Division (United Nations, 1999).

Means were compared by analysis of variance or Kruskal-Wallis test, depending on the
conditions of application. Percentages were compared using the Pearson X? test. For post-hoc

analysis, X? post-hoc test or one-way ANOVA followed by the Scheffe or Kruskal-Wallis post-
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hoc test were employed, depending on the conditions of application. The Bonferroni correction

for multiple tests was applied in post-hoc tests. All missing data were reported.

The survival and prognostic analyses included patients for whom at least 1 month of follow- up
data were available and those who died in the first month. All analyses were performed from
the date of diagnosis or onset until the date of death or censoring. Survival was analyzed using
the Kaplan—Meier method and the Breslow and log-rank tests, depending on the conditions of
application. Kaplan-Meier survival curves were shown for the factors associated with survival.
Cox proportional hazards modelling was performed. The interaction-with-time method was
used to assess proportional hazard assumption. Variables with non-proportional hazards were
considered as time-dependent variables. Variables with p-values <0.20 in univariate analysis
were selected for entry into a multivariate model. The full model was simplified via a backward
selection procedure considering potential confounding at each step (Vittinghoff et al., 2012).
Hazard ratios with 95% confidence intervals (CIs) were estimated. A p-value <0.05 was

considered as statistically significant.
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I11.2.2. Results: Sociodemographic, clinical features, prognoses and survival of ALS

patients - The TROPALS study

Nine hospital centers participated in the TROPALS collaboration from the following eight

African countries:

Algeria (Centre Hospitalier Universitaire Mustapha in Alger)

¢ Benin (Centre National Hospitalier Universitaire Hubert Koutoukou MAGA in Cotonou)
e Burkina Faso (Centre Hospitalier Universitaire Sourd Sanou in Bobo-Dioulasso)

e Mauritania (Centre Hospitalier des Spécialités in Nouakchott)

o Senegal (Centre Hospitalier Universitaire de Fann in Dakar)

e South Africa (Tygerberg Academic Hospital in Cape Town)

e Togo (Centre Hospitalier Universitaire CAMPUS in Lomé and Centre Hospitalier
Universitaire Sylvanus Olympio in Lomé)

e Tunisia (Centre Hospitalier Universitaire RAZI in Manouba)

Overall, 185 ALS patients were included: 114 from Northern Africa (NA), 41 from Western
Africa (WA) and 30 from Southern Africa (SA). The African countries and the number of ALS

patients included in each country are shown in figure 8.

Algeria (n=69)

‘ Tunisia (n=45)

e (L
“q‘\ .

124

Neurologist

Subcontinent
number/habitants *

mmm Northern Africa 0.1 - 1.0 per 100 000

Inhabitants
Western Africa 0.0 - 0.1 per 100 000
inhabitants

W= Southern Africa 0.1 - 1.0 per 100 000 South Africa (n=30)
inhabitants

Figure 8 : The African countries and numbers of ALS patients included in the TROPALS study.
*World Health Organization. Atlas: Country resources for neurological disorders. 2004

Jaime Andres LUNA MENDEZ | These de doctorat | Université de Limoges | 2019 82
Licence CC BY-NC-ND 3.0



I11.2.2.1. Sociodemographic characteristics: The TROPALS study

A male predominance was observed with a male/female sex ratio (SR) of 2.9. The overall
median age at onset was 53.0 years (IQR 44.5 — 64.0 years). Eight cases (4.3%) described a
juvenile form with a disease onset before age 30 (four before 25 years of age). WA patients
were significantly younger at onset (47.0 years) compared to NA (54.0 years) and SA (59.5
years) patients (p = 0.0003) (figure 9). The median age at diagnosis was 55.0 years (IQR 46.0

— 66.5 years), with significant differences among the subcontinents (p = 0.0003) (figure 9).

p = 0.0003 p = 0.0003

I | * % i [ . * %
- 2 |
{ | ) |

t onset, years
8
diagnosis, years

Age at onset,
»
Age at diagnosis, yea

T T - T T T
Northern Africa Western Africa Southern Africa Northern Africa Western Africa Southern Africa

Subcontinents § Subcontinents §

A *p=0.013; ** p = 0.0003 B *p=0.010; ** p=0.001

Figure 9 : Age of patients with ALS by subcontinent: The TROPALS study
Age at onset, years (A), age at diagnosis, years (B); §.Post hoc analysis: One-Way ANOVA, Scheffe post hoc:
Age first symptom (NA vs WA, p=0.013; NA vs SA, p=0.114; WA vs SA, p=0.0003); Age of diagnosis (NA vs WA,
p=0.010; NA vs SA, p=0.175; WA vs SA, p=0.001).

Approximately four fifths of patients (85.3%) had support from caregivers, mostly in NA (86.8%)
and WA (94.4%) (p = 0.006). Most of the patients lived with partners (married or cohabiting

83.2%). The sociodemographic characteristics at time of diagnosis are shown in table 6.

Proxies for ethnicity were only available in Southern Africa. A heterogeneous mixture of ethnic
profiles was found. Considering the 30 ALS cases in SA, 16 were of European ancestry, 12

mixed (European and African ancestry) and two of African ancestry.
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Table 6 : Sociodemographic characteristics of patients with ALS by subcontinents: The TROPALS
study
Overall Northern Africa Western Africa Southern Africa
(n=185) (L\IA) (VYA) (?A) p value
(n=114) (n=41) (n=30)

Gender, n (%)
Male 138 (74.6) 82 (71.9) 32 (78.0) 24 (80.0) 0.563 2
Female 47 (25.4) 32 (28.1) 9 (22.0) 6 (20.0)
Sex Ratio M/F 29 2.6 3.5 4.0
Age at onset (years)
Median (IQR) 53.0 (44.5 — 64.0) 54.0 (45.0-62.0) 47.0(36.0-58.0) 59.5 (47.0 — 70.7) 0.0003°
Age <25 years, n (%) 4 (2.2) 1(0.9) 3 (7.3) 0 (0)
Age <30 years, n (%) 8 (4.3) 2(1.8) 6 (14.6) 0 (0)
Age at diagnosis (years)
Median (IQR) 55.0 (46.0 - 66.5) 56.0 (47.0-64.5) 47.0(38.5-59.0) 60.5(48.5-71.8) 0.0003 ®
Age <25 years, n (%) 4(2.2) 1(0.9) 3 (7.3) 0 (0)
Age <30 years, n (%) 8 (4.3) 2(1.8) 6 (14.6) 0 (0)
Education level, n (%) t
llliteracy 51 (28.4) 30 (26.5) 21 (56.8) 0 (0) <0.00012
Elementary school 58 (32.2) 41 (36.3) 4 (10.8) 13 (43.3)
High school 49 (27.2) 31 (27.4) 7 (18.9) 11 (36.7)
University 22 (12.2) 11 (9.7) 5 (13.5) 6 (20.0)
Marital status, n (%) t
Married/cohabiting 153 (83.2) 101 (88.6) 30 (73.2) 22 (75.9) 0.0402
Not married 31 (16.8) 13 (11.4) 11 (26.8) 7 (24.1)
Caregivers, n (%) t
Yes 151 (85.3) 99 (86.8) 34 (94.4) 18 (66.7) 0.006 2
No 26 (14.7) 15 (13.2) 2 (5.6) 9 (33.3)

a. X? test; b. Analysis of variance (ANOVA)
1 Missing data: Education level (n=5), marital status (n=1), caregivers (n=8)

I11.2.2.2. Personal and family medical history: The TROPALS study

The most common medical antecedents of patients with ALS were hypertension (29.2%),
diabetes (7.6%) and musculoskeletal disorders (7.0%). Antecedent trauma was reported in

approximately 3%. Depression and anxiety were identified in 2.7% of cases. Personal medical

history of all included patients is shown in table 7.
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Table 7 : Personal medical history of patients with ALS at time of diagnosis: The TROPALS study

Personal medical history ((?]\;elrgasll)
Cardiovascular diseases, n (%)

Hypertension 54 (29.2)
Coronary artery disease 7 (3.8)

Heart failure 6 (3.2)

Arrhythmias 5(2.7)

Stroke 2(1.2)

Neurological disorders, n (%)

CNS infections 6 (3.2)

Meningitis 4(2.2)

Parkinson 2(1.1)

Dementia 1(0.5)

Epilepsy 1(0.5)

Meningoencephalitis 1(0.5)

Psychiatric disorders, n (%)

Depression 5(2.7)

Anxiety 5(2.7)

Psychosis 1(0.5)

Behavior impairment 1(0.5)

Hallucinations 1(0.5)

Antecedent trauma, n (%)

Traumatic brain injury 6 (3.2)

Spinal trauma 1(0.5)

Other medical conditions, n (%)

Diabetes 14 (7.6)
Musculoskeletal Disorders 13 (7.0)
Infections 8 (4.3)

Cancer 6 (3.2)

One hundred sixty-one patients had knowledge of their family medical history. Familial ALS
was reported in 5.7% with no significant differences among the subcontinents (p = 0.463).
Familial history of other neurodegenerative disorders was described such as dementia and
Parkinson's disease in 9.7% and 4.5%, respectively. Consanguinity was reported more
frequently in NA (25.8%) and WA (20.7%) compared to SA (0%). Familial medical history of

ALS patients is shown in table 8.
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Table 8 : Familial medical history of patients with ALS by subcontinent: The TROPALS study

ALS cases who had Overall Northern Africa Western Africa Southern Africa p value
knowledge of family medical (n=161) (NA) (WA) (SA)

history (n=98) (n=33) (n=30)

fALS, n (%) 9 (5.7) 4 (4.1) 2 (6.3) 3 (10.0) 0.4712
Dementia, n (%) T 15 (9.7) 15 (15.8) 0 (0.0) 0 (0.0 0.006 &8
Parkinson, n (%) T 7 (4.5) 6 (6.3) 1 (3.2) 0 (0.0 0.3222
Consanguinity, n (%) * 31(21.1) 25 (25.8) 6 (20.7) 0 (0.0 0.03228

a. X? test.

§.Post hoc analysis: cognitive impairment family history (NA vs WA, p=0.090; NA vs SA, p=0.081); consanguinity family history (NA vs
WA, p=0.999; NA vs SA, p=0.035; WA vs SA, p=0.105).

T Missing data: fALS (n=2), dementia (n=7), consanguinity (n=14)

fALS, familial Amyotrophic Lateral Sclerosis

[11.2.2.3. Clinical characteristics: The TROPALS study

Overall, bulbar onset was exhibited in 22.7% of cases. There were no significant differences

on the site at onset (spinal or bulbar) among the subcontinents (p = 0.098). Of the 143 patients

with spinal onset, 45.1% exhibited upper limb onset, 23.2% lower limb onset and 31.7%

combined upper and lower limb onset with significant variability between the subcontinents (p

= 0.001). The proportion patients according to site at onset are shown in table 9.

Table 9 : Site at onset of patients with ALS by subcontinent: The TROPALS study

Overall N(_)rthern Western Africa So_uthern
(n=185) Africa (NA) (WA) Africa (SA) p value
(n=114) (n=41) (n=30)
Onset site, n (%) Bulbar 42 (22.7) 26 (22.8) 13 (31.7) 3(10.0) 0.0982
Spinal 143 (77.3) 88 (77.2) 28 (68.3) 27 (90.0)
Spinal form t
Pure upper limb 64 (45.1) 39 (44.3) 13 (48.1) 12 (44.4) 0.0012
Pure lower limb 33(23.2) 13 (14.8) 7 (25.9) 13 (48.1)
Lower and upper 45 (31.7) 36 (40.9) 7(25.9) 2(7.4)

a. X2 test
1 Missing data; spinal form (n=1)

The median diagnostic delay was 12.0 months (IQR 6.0 — 23.0 months). There was no

statistically significant difference between the subcontinents (p = 0.380, figure 10).
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p=0.380

Diagnosis delay, months

t t T
Northern Africa Western Africa Southern Africa

Subcontinents

Figure 10 : Diagnosis delay by subcontinent: The TROPALS study

§ Kruskal Wallis test.

At time of diagnosis, patients were categorized as definite (29.7%), probable (35.1%), probable
with laboratory support (29.2%), and possible (6.0%) ALS according to Airlie House criteria.
Statistically significant differences were found between the subcontinents (p < 0.0001). Post-
hoc analysis showed that WA patients were more likely to be diagnosed with definite disease

compared to NA (p < 0.001) and SA (p = 0.009) (table 10).

Table 10 : Airlie House criteria of patients with ALS by subcontinent: The TROPALS study

Northern Africa Western Africa  Southern Africa

8‘;‘*1'&',') (NA) (WA) (SA) p value
(n=114) (n=41) (n=30)
Airlie House Criteria
Definite 55 (29.7%) 25 (21.9%) 24 (58.5%) 6 (20%) <0.0001 28
Probable 65 (35.1%) 42 (36.8%) 14 (34.1%) 9 (30%)
Probable with 54 (29.2%) 40 (35.1%) 3 (7.3%) 11 (36.7%)
laboratory support
Possible 11 (5.9%) 7 (6.1%) 0 (0%) 4 (13.3%)
a. X? test

§ Post-hoc test:

Definite (NA vs WA, p<0.001; NA vs SA, p=0.999; WA vs SA, p=0.009)

Probable (NA vs WA, p=0.999; NA vs SA, p=0.999; WA vs SA, p=0.999)

Probable with laboratory support (NA vs WA, p=0.005; NA vs SA, p=0.999; WA vs SA, p=0.017)
Possible (NA vs WA, p=0.835; NA vs SA, p=0.999; WA vs SA, p=0.129)
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Motor deficit was the most common symptom in ALS patients at time of diagnosis. More than
half of cases reported muscle cramps (55.6%), asthenia or fatigue (53.6%) and dysarthria
(51.6%). There was a wide variability of symptoms at diagnosis between subcontinents (table

11).

Table 11 : Symptoms of patients with ALS at time of diagnosis by subcontinent: The TROPALS study

_ _ Overall N(_)rthern Western Africa So_uthern
Symptoms at diaghosis (n=185) Afrl(ia (NA) (VYA) Afrlc_a (SA) p value
(n=114) (n=41) (n=30)
Motor deficit, n (%) 162 (87.6) 97 (85.1) 36 (87.8) 29 (96.7) 0.2312
Muscle cramps, n (%) t 99 (55.6) 68 (60.7) 23 (62.2) 8 (27.6) 0.004 2
Asthenia/Fatigue, n (%) T 98 (53.6) 75 (65.8) 23 (57.5) 0 (0.0) <0.0001 @
Dysarthria, n (%) T 95 (51.6) 53 (46.9) 30 (73.2) 12 (40) 0.0062
Dysphagia, n (%) 88 (47.8) 55 (48.7) 27 (65.9) 6 (20) 0.0042
Spasticity, n (%) T 80 (43.7) 29 (25.9) 34 (82.9) 17 (56.7) <0.00012
Anxiety/Depression, n (%) T 69 (38.8) 56 (49.1) 11 (31.4) 2(6.9) 0.0001@
Dyspnea, n (%) 51 (27.6) 24 (21.1) 10 (24.4) 17 (56.7) 0.0004 2
Pain, n (%) t 48 (26.8) 27 (24.5) 20 (51.3) 1(3.3) 0.00012
Sialorrhea, n (%) t 47 (25.4) 30 (26.8) 15 (37.5) 2 (6.7) 0.0132
Sleep disorders, n (%) t 36 (20.3) 24 (21.4) 8 (22.9) 4 (13.3) 0.5692
Pseudobulbar affect, n (%) t 11 (6.0) 8 (7.0) 2(5.1) 1(3.3) 0.7272
Bronchial hypersecretion, n (%) t 8 (4.3) 6 (5.3) 2(4.9 0 (0.0) 0.4402
Laryngospasm, n (%) T 3(1.6) 3(2.7) 0 (0.0) 0 (0.0) 0.2422

a. X2 test

T Missing data (in alphabetical order): Anxiety/Depression (n=7), Asthenia/Fatigue (n=2), Bronchial hyper secretion (n=1),
Dysarthria (n=1), Dysphagia (n=1), Laryngospasm (n=3), Muscle cramps (n=7), Pain (n=6), Pseudobulbar affect (n=2),
Sialorrhea (n=3), Sleep disorders (n=8), Spasticity (n=2).

The neurological examination revealed muscular atrophy in 90.8% of cases with a
predominance of upper limb atrophy. Fasciculations were a frequent clinical finding in 95.1%,
mostly in the upper limb. Reflex test data was available in 181 (97.8%) of cases. The

description of deep tendon reflexes explored at diagnosis are presented in table 12.

Extra-motor involvement was presented in 59 patients. Among these patients, sensory
involvement was observed in 54.7% (paresthesia or dysesthesia). Cognitive impairment was
found in 38.8%, specifically in speech, memory and executive function. We also found 28%
with dysautonomic impairments, 22.6% with vesical-sphincter disorders, 10.2% with

extrapyramidal involvement and 6.3% with oculomotor involvement.
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Table 12 : Reflex testing in patients with ALS: The TROPALS study

Deep tendon reflexes 8\iir8alll) Deep tendon reflexes 8‘;?8611”)
Biceps left, n (%) T Biceps right, n (%) T

Brisk 109 (61.2) Brisk 116 (65.5)
Diffuse 29 (16.3) Diffuse 24 (13.6)
Normal 26 (14.6) Normal 26 (14.7)
Absent 14 (7.9) Absent 11 (6.2)
Triceps left, n (%) T Triceps right, n (%) 1

Brisk 114 (64.0) Brisk 120 (67.4)
Diffuse 17 (9.6) Diffuse 15 (8.4)
Normal 33 (18.5) Normal 32 (18.0)
Absent 14 (7.9) Absent 11 (6.2)
Brachioradialis left, n (%) T Brachioradialis right, n (%) t

Brisk 100 (57.1) Brisk 104 (59.4)
Diffuse 27 (15.4) Diffuse 25 (14.3)
Normal 33(18.9) Normal 33(18.9)
Absent 15 (8.6) Absent 13 (7.4)
Patellar left, n (%) T Patellar right, n (%) T

Brisk 121 (68.0) Brisk 120 (67.4)
Diffuse 31(17.4) Diffuse 31(17.4)
Normal 17 (9.6) Normal 16 (9.0)
Absent 9 (5.1) Absent 11 (6.2)
Achilles left, n (%) T Achilles right, n (%) T

Brisk 97 (54.8) Brisk 99 (55.9)
Diffuse 16 (9.0) Diffuse 18 (10.2)
Normal 46 (26.0) Normal 39 (22.0)
Absent 18 (10.2) Absent 21 (11.9)
Babinski left, n (%) t Babinski right, n (%) *

Positive 51 (28.3) Positive 59 (33.3)
Negative 86 (47.8) Negative 81 (45.8)
Indifferent 43 (23.9) Indifferent 37 (20.9)
Hoffman left, n (%) t Hoffman right, n (%) *

Present 101 (57.1) Present 100 (56.8)
Absent 76 (42.9) Absent 76 (43.2)

T Missing data: Biceps left (n=3); Biceps right (n=4); Triceps left (n=3); Triceps right (n=3);

Brachioradialis left (n=6); Brachioradialis right (n=6); Patellar left (n=3); Patellar right (n=3); Achilles left
(n=4); Achilles right (n=4); Babinski left (n=1); Babinski right (n=4); Hoffman left (n=4); Hoffman right

(n=5).
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The median ALSFRS-R was 38.0 (IQR 29.0 — 42.0) at time of diagnosis. WA patients had a
lower ALSFRS-R score (median = 27.6) compared to NA (median = 40.0) and SA (median =
39.0) patients (p = 0.0001). The ALSFRS-R slope was estimated at 0.8 (IQR 0.4 — 1.7), which
estimates the progression of disability between symptom onset and diagnosis. In the same
line, WA patients had a significantly higher ALSFRS-R slope (median = 1.6) compared to NA
(median = 0.7) and SA (median = 0.7) patients (p = 0.001). These results imply that WA
patients presented severe disability status at diagnosis. The ALSFRS-R score and slope by
subcontinents are shown in table 13.

Table 13 : ALS Functional Rating Scale Revised and slope in patients with ALS at time of diagnosis
by subcontinent: The TROPALS study

Northern Africa Western Africa Southern Africa
Overall

_ (NA) (WA) (SA) p value
(n=185) (n=114) (n=41) (n=30)
ALSFRS-R (/48), median 38.0(29.0-42.0) 40.0(35.0-43.2) 27.6 (20.5—-36.0) 39.0(34.5-44.0) <0.0001 28
(IQR)
ALSFRS-R slope
(unit/month), median (IQR) 0.8(0.4-1.7) 0.7(04-1.3) 1.6 (0.7-2.5) 0.7(0.5-1.9) 0.001 28

a. Kruskal Wallis

§ Post-hoc test:

ALSFRS-R (NA vs WA, p<0.001; NA vs SA, p=0.999; WA vs SA, p<0.001)
ALSFRS-R Slope (NA vs WA, p<0.001; NA vs SA, p=0.999; WA vs SA, p=0.109)

l11.2.2.4. Complementary exams: The TROPALS study
In total, 167 patients with ALS underwent neurophysiological examination, specifically
electroneuromyography (ENMG). ENMG was mostly done in NA (99.1%) and SA (90.0%)

compared to WA (76.9%) (p = 0.0001).

Brain magnetic resonance imaging (MRI) scan was performed in 74 patients and spinal MRI
in 116 patients. Cranial and spine computed tomography (CT) scan were performed in 18 and

16 patients, respectively.

I11.2.2.5. Conventional and traditional treatment: The TROPALS study

One hundred thirty-four patients received conventional medical treatment, consisting mainly of
symptomatic treatments or physiotherapy (64.9%). Overall, one quarter of patients received

disease-modifying therapy (riluzole). Patients with ALS received riluzole mostly in NA (33.0%)
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and WA (25.0%) compared to SA (3.3%). Traditional medicine was sought by 20.0% of cases,
mainly in WA. Among these patients, approximately 60.0% used plants or substances made

from plants as treatment. Conventional and traditional medicine are described in table 14.

Table 14 : Conventional and traditional treatment in patients with ALS: The TROPALS study

Overall Northern Africa  Western Africa Southern
(n=185) (NA) (WA) Africa (SA) p value
B (n=114) (n=41) (n=30)
Conventional medicine treatment
Therapy with riluzole, n (%) 47 (26.3) 36 (33.0) 10 (25.0) 1(3.3) 0.0052
Traditional medicine treatment
Traditional medicine, n (%) t 34 (20.0) 20 (19.2) 14 (37.8) 0 (0.0) 0.0012

a. X2 test
T Missing data: riluzole (n=6); traditional medicine (n= 15)

[11.2.2.6. Survival and prognostic factors: The TROPALS study

Overall, 128 patients were included in the survival analysis considering 138.7 person-years of
follow-up (PYFU). The sociodemographic, family medical histories, clinical features and
treatment of ALS patients included in the survival analysis are shown in table 15. Fifty-seven
patients were excluded from the survival analysis because they lacked follow-up data of at
least 1 month after diagnosis. Patients excluded were younger (median age 50 vs 56 years, p

= 0.046) and less likely to have a partner (70.2% vs 89.0%, p = 0.002).
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Table 15 : Sociodemographic data, family medical histories, clinical characteristics, and

treatments of ALS patients included in the survival analysis. The TROPALS study.

Overall Northern Africa Western Africa Southern Africa p value
(n=128) (NA) (WA) (SA)
(n=79) (n=25) (n=24)
la. Sociodemographic characteristics
Gender, n (%)
Male 98 (76.6) 59 (74.7) 18 (72.0) 21 (87.5) 0.3602
Female 30 (23.4) 20 (25.3) 7 (28.0) 3(12.5)
Sex Ratio M/F 3.3 29 2.6 7.0
Age at onset (years)
Median (IQR) 55.0 (46.0 - 63.7) 56.0 (48.0 — 62.0) 48.0 (39.0 - 61.5) 58.5 (47.0-72.2) 0.078°
Age <30 years 2 (1.6) 0(0.0) 2(8.0) 0(0.0)
Age at diagnosis (years)
Median (IQR) 56.0 (47.0-64.7) 58.0(49.0 - 63.0) 50.0 (41.5-62.0) 59.0 (47.5-73.2) 0.079°
Education level, n (%) t
llliteracy 36 (28.4) 22 (28.2) 14 (56.0) 0 (0.0 0.0001 2
Elementary school 37 (29.1) 25(32.1) 1 (4.0 11 (45.8)
High school 37 (29.1) 25(32.1) 5 (20.0) 7 (29.2)
University 17 (13.4) 6 (7.6) 5 (20.0) 6 (25.0)
Marital status, n (%) T
Married/cohabiting 113 (89.0) 75 (94.9) 20 (80.0) 18 (78.3) 0.0222
Not married/widow 14 (11.0) 4 (5.1) 5 (20.0) 5(21.7)
1b. Family medical history
Family medical history
awareness
fALS, n (%) ¥t 4 (3.7) 2 (3.1) 0 (0.0) 2 (8.3) 0.3512
Dementia, n (%) ¥t 14 (13.1) 14 (21.5) 0 (0.0) 0 (0.0) 0.0062
Consanguinity, n (%) ¥t 21 (19.6) 15 (23.1) 6 (33.3) 0(0.0) 0.0322
1c. Clinical characteristics
Onset site, n (%)
Spinal 101 (78.9) 62 (78.5) 17 (68.0) 22 (91.7) 0.1262
Bulbar 27 (21.1) 17 (21.5) 8 (32.0) 2 (8.3)
Diagnostic delay (months)
Median (IQR) 10.5 (6.0 -20.5)  10.0 (6.0 -22.0) 11.0 (3.0 — 22.5) 10.0 (6.2 — 17.2) 0.854 ¢
Airlie House Criteria, n (%)
Definite 37 (28.9) 17 (21.5) 15 (60.0) 5(20.8) 0.0032
Probable 44 (34.4) 29 (36.7) 8 (32.0) 7 (29.2)
Probable with laboratory 37 (28.9) 27 (34.2) 2 (8.0) 8 (33.3)
support
Possible 10 (7.8) 6 (7.6) 0 (0.0) 4 (16.7)
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Table 15. Sociodemographic data, family medical histories, clinical characteristics, and treatments of ALS

patients included in the survival analysis (continued). The TROPALS study.
Overall Northern Africa Western Africa Southern Africa p value
(n=128) (NA) (WA) (SA)
(n=79) (n=25) (n=24)
ALSFRS-R (/48)

Median (IQR) 38.5(29.2-42.0) 40.0(36.0-44.0) 24 (20.5-31.5) 38.5 (31.5-42.7) <0.0001 ¢£
ALSFRS-R slope
(unit/month)

Median (IQR) 0.7 (0.4-1.7) 0.6 (0.3-1.3) 2.0 (0.7 -8.5) 0.6 (0.4-1.9) 0.001¢%
Extra-motor involvement, n 43 (33.6) 24 (30.4) 11 (44.0) 8 (33.3) 0.454+8
(%)
1d. Treatment
Therapy with riluzole, n (%) 37 (29.4) 29 (37.7) 7 (28.0) 1(4.2) 0.007@

T

a. X2 test; b. ANOVA (Welch); c. Kruskal Wallis
£. Kruskal Wallis Test, post hoc test: ALSFRS-R (NA vs WA, p<0.0001; NA vs SA, p=0.986; WA vs SA, p=0.001); ALSFRS R Slope
(NA vs WA, p<0.001; NA vs SA, p=0.999; WA vs SA, p=0.047), Bonferroni correction for multiple tests was used.

¥ Percentages represent the proportion of ALS cases that had knowledge of family medical history (n=107).

1 Missing data: educational level (n=1), marital status (n=1), fALS (n=2); dementia (n=3); consanguinity (n=10), riluzole (n=2).

The median survival time was 14.0 months (95% CI 10.7 to 17.2 months) since diagnosis

(figure 11) and 35.0 months (95% CI 29.1 to 40.8 months) since disease onset (figure 12).

Survival function
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Figure 11 : Overall survival from diagnosis: The TROPALS study
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Overall survival since onset
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Figure 12 : Overall survival from onset: The TROPALS study

Cox proportional hazards modelling was performed to identify factors associated with survival.
The sociodemographic, clinical characteristics and disease-modifying treatment were
considered in the univariate model. The subcontinents, type of onset, Airlie House criteria,
ALSFRS-R score at diagnosis, cognitive impairment status and riluzole treatment were
included in the full multivariate model. A backwards selection method was used to obtain the
final multivariate model. The analysis showed that subcontinent and riluzole were

independently associated with survival (p < 0.0001 and p = 0.002, respectively).

Baseline characteristics of ALS patients and their association with survival from the time of

diagnosis are shown in table 16.
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Table 16: Baseline characteristics of patients with ALS and their associations with survival

from the time of diagnosis, in univariate and multivariate analyses. The TROPALS study.

Description Univariate model Full multivariate model Final multivariate model
(n=128) (n=128) (n=126) (n=126)
Median((()/lo()QR) orn cHR 95 ClI p value aHR 95 Cl p value aHR 95 Cl p value
Subcontinent §
Northern Africa 79 (61.7) 1.00 0.0002 1.00 0.043 1.00 <0.0001
Western Africa 25 (19.5) 4.80 2.20-10.48 2.94 1.17-7.35 483 2.19-10.65
Southern Africa 24 (18.8) 0.94 0.32- 2.76 0.85 0.28 — 2.59 081 0.27- 242
Gender
Male 98 (76.6) 1.00 0.459
Female 30 (23.4) 1.22 0.72-2.04
Age at diagnosis * 56.0 (47.0 — 64.7) 1.06 0.97-1.16 0.209
Marital Status T
Not married/widow 14 (11.0) 1.00 0.262
Married/cohabiting 113 (89.0) 0.70 0.38-1.30
Diagnosis delay ¥ 10.5 (6.0 — 20.5) 1.29 0.77 - 2.19 0.328
Onset site
Spinal 101 (78.9) 1.00 0.059 1.00 0.219
Bulbar 27 (21.1) 1.71 0.98 —3.00 154  0.77-3.06
Airlie House
criteria §
Definite 37 (28.9) 1.00 0.018 1.00 0.268
Probable 44 (34.4) 0.36 0.16 —0.81 0.52 0.21 -1.29
El;‘;zztr’t'e with lab 37 (28.9) 0.45 019 —1.09 0.85 028 —2.56
Possible 10 (7.8) 0.02 0.001-0.77 0.08 0.003-2.20
Qi;ZEESSi_sRﬂat 38.5(29.2 - 42.0) 0.85 0.75 -0.97 0.014 0.91 0.75 -1.11 0.381
ALSFRS-R slope 0.7 (0.4-1.7) 0.99 0.99 -1.00 0.432
Atypical signs
No 85 (66.4) 1.00 0.694
Yes 43 (33.6) 0.91 0.57 - 1.46
Cognitive
impairment
No 112 (87.5) 1.00 0.112 1.00 0.224
Yes 16 (12.5) 1.62 0.89 - 2.95 1.57 0.75-3.26
Riluzole T
mezggy without 89 (70.6) 1.00 00003  1.00 0023  1.00 0.002
Therapy with riluzole 37 (29.4) 0.36 0.20 - 0.62 0.49 0.26 - 0.91 0.41 0.22-0.73

§ Covariates with non-proportional hazards (interaction with time p value): Subcontinent (p=0.001); Airlie House criteria (p=0.028); Subcontinents and Airlie
House criteria were considered as time-dependent variables in the models (HR are reported at t = 0).

* HR for baseline time calculated for 5 years increment

¥ HR for 6 months increment

1 HR for baseline time calculated for 5 units increment.

1 Missing data: Marital status (n=1), riluzole (n=2).
aHR, adjusted Hazard Ratio; ALSFRS-R, ALS Functional Rating Scale Revised; cHR, crude Hazard Ratio;

The median survival time from diagnosis was longer in NA (19.0 months, 95% CI 10.8 — 27.2

months) than in WA (4.0 months, 95% CI 0.8 — 7.1 months) and SA (11.0 months, 95% CI 5.6

—16.4 months) (Breslow test p<0.0001). Compared with NA, WA patients experienced a higher
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instantaneous risk of dying at baseline (adjusted HR (aHR) (TO) = 4.83, p < 0.0001), which
progressively decreased over time (6 months aHR (T6) = 3.43, p = < 0.0001; 12 months aHR
(T12) = 2.43, p = 0.004; 18 months aHR (T18) = 1.73, p = 0.181). On the other hand, there
was no significant difference in the instantaneous risk of death at baseline between NA and
SA patients (aHR (T0) = 0.81, p = 0.712); however, the difference increased over time,
becoming significant at both 12 and 18 months (6 months aHR (T6) = 1.49, p = 0.261; 12

months aHR (T12) = 2.75, p = 0.002; 18 months aHR (T18) = 5.06, p = 0.0009) (Figure 13).
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Breslow test p < 0.0001

Figure 13 : Survival from diagnosis by subcontinents: The TROPALS study
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Therapy with riluzole was significantly associated with longer survival (aHR = 0.41, 95% CI
0.22 - 0.73, p = 0.002). Kaplan Meier survival estimates stratified by riluzole treatment since

diagnosis are shown in figure 14.

Survival by riluzole
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Figure 14 : Survival from diagnosis by riluzole treatment: The TROPALS study
In the same line, we performed a survival analysis since disease onset. The results were
congruent with the analysis since diagnosis. A longer median survival was found in NA (37.0
months, 95% CI 25.8 — 48.1 months) compared to WA (17.0 months, 95% CI 10.7 — 23.3

months) and SA (23.0 months, 95% CI 17.8 — 28.2 months) (Breslow test p = 0.0002).

The final multivariate model found that the subcontinent and riluzole were also significantly
associated to survival since disease onset (p = 0.057 and p = 0.018, respectively). Moreover,
bulbar onset was associated with shorter survival (aHR = 2.78, 95% CI 1.48 — 5.23, p = 0.001)

(table 17).
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Table 17: Baseline characteristics of patients with ALS and their associations with survival

from the time of onset, in univariate and multivariate analyses. The TROPALS study

Description Univariate model Full multivariate model Final multivariate model
(n=128) (n=128) (n=125) (n=125)
Median (IQR) cHR 95 Cl p value aHR 95 ClI p value aHR 95 Cl p value
or n (%)

Subcontinent §
Northern Africa 79 (61.7) 1.00 0.017 1.00 0.079 1.00 0.057
Western Africa 25 (19.5) 411 1.52-11.08 2.95 1.07-8.16 3.33 1.21-9.14
Southern Africa 24 (18.8) 1.28 0.37- 4.43 0.94 0.25-3.59 1.14 0.31-421
Gender
Male 98 (76.6) 1.00 0.239
Female 30 (23.4) 1.37 0.81-231
Ageatdiagnosis g5 470_647) 1.04 0.95-1.13 0.444
Marital Status T
Not married/widow 14 (11.0) 1.00 0.061 1.00 0.058
Married/cohabiting 113 (89.0) 0.55 0.29-1.03 0.52 0.26 — 1.02
Onset site
Spinal 101 (78.9) 1.00 0.008 1.00 <0.001  1.00 0.001
Bulbar 27 (21.1) 2.15 1.22-3.78 3.07 1.63-5.81 2.78 1.48 -5.23
Airlie House
criteria
Definite 37 (28.9) 1.00 0.380
Probable 44 (34.4) 0.82 0.49-1.38
SPJEE’S?JE with lab 37 (28.9) 1.13 0.61-2.10
Possible 10 (7.8) 0.35 0.08 - 1.49
QiLazﬁff;'sRﬂat 385(20.2-42.0) 093  082-105  0.229
ALSFRS-R slope 0.7 (0.4-1.7) 1.00 0.99-1.00 0.721
Atypical signs
No 85 (66.4) 1.00 0.434
Yes 43 (33.6) 0.83 0.52 -1.33
Cognjtive
impairment
No 112 (87.5) 1.00 0.236
Yes 16 (12.5) 1.44 0.79-2.61
Riluzole t
mezggy without 89 (70.6) 1.00 0006  1.00 0009  1.00 0.018
rierapy wih 37 (29.4) 048  028-081 046  0.26-0.83 050  0.29-0.89

§ Covariate with non-proportional hazards (interaction with time p value): Subcontinent (p=0.022); Subcontinents was considered as time-dependent
variables in the models (HR are reported at t = 0).
* HR for baseline time calculated for 5 years increment
1 HR for baseline time calculated for 5 units increment.

1 Missing data: Marital status (n=1), riluzole (n=2).

aHR, adjusted Hazard Ratio; ALSFRS-R, ALS Functional Rating Scale Revised; cHR, crude Hazard Ratio.

Kaplan-Meier curves since onset are shown below stratified by subcontinent (figure 15), onset

site (figure 16) and riluzole treatment (figure 17).
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Survival since onset by subcontinent §
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Figure 15 : Survival since onset by subcontinents: The TROPALS study
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Figure 16 : Survival since onset by site of onset: The TROPALS study
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Survival since onset by riluzole

10
08
c
o
© 06
c
S
=
©
=
2 04
=5
[72]
02
0,0
0 12 24 3 48 60 72 8 95 108 120 132 144
= NoRiluzole %survival 100 90 E % 1 8 8 4 Months
Atrisk 89 78 8 2 2 4 3 3 1
— Rilizole  %survival 100 94 75 68 3 ¥ 19 19 9
At risk 37 33 22 15 10 4 2 2 1

Median survival (95IC) aHR p value
== No riluzole 29.0(20.3-37.6) 1.00 0.018
== Riluzole 51.0 (41.0-60.9) 0.50

Log-rank p = 0.005

Figure 17 : Survival since onset by riluzole treatment: The TROPALS study
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111.2.3. Discussion: The TROPALS study

The TROPALS study represents the first strong collaboration involving multiple hospital
centers across Africa in order to assess sociodemographic characteristics, clinical features
and prognostic factors on ALS using standardized and homogenous methodology. The
principal results are discussed in the next section to provide a general perspective of these

findings.

111.2.3.1. Sex ratio: The TROPALS study

The male predominance observed in the TROPALS study is consistent with previous reports
in Africa. In Western studies, there is only a slightly higher proportion of male cases with a SR
close to 1.3 (Logroscino et al., 2008; Marin et al., 2016b). In the particular case of African
patients, it is still to be determined whether ALS occurrence is genuinely lower in African
women (e.g. due to environmental or occupational factors) or rather reflects limited access to

health care or misdiagnosis in female cases.

[11.2.3.2. Age at onset: The TROPALS study

Previous studies in Africans have reported an age at onset ranging from 40 to 50 years and a
high proportion of juvenile cases (13.5%-50% of cases) (Marin et al., 2012). In contrast, age
at onset in patients with ALS from Europe and North America ranged from 60 to 65 years
(Marin et al., 2016b). In the TROPALS study, we found a median age at onset of 53.0 years
that was close to previous reports in Africa and almost a decade younger compared with
Western studies. Additionally, a lower proportion of juvenile cases was found compared to
previous studies. This could be related to differences in terms of life expectancy and different
age structure of the population. In addition, we cannot exclude the possibility of a systematic
inclusion of younger cases due to the selection bias related to hospital-based approach.
Western studies have shown that hospital-based cohorts are on average younger than the
ALS cases from population-based studies (Lee et al., 1995; Logroscino et al., 2018a).
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Interestingly, a recent study using data from four European ALS registers found that the age
difference varied only moderately (ranging from 1.1 years to 2.4 years) between patients with
ALS attending to referral centers and the entire ALS population from the registers (Logroscino

et al., 2018a).

111.2.3.3. Familial medical history: The TROPALS study

Few studies provided information on family medical history of ALS cases in Africa. Most of
them described the absence (Collomb et al., 1968; Imam and Ogunniyi, 2004; Ndiaye et al.,
1986; Sene Diouf et al., 2004; Wall and Gelfand, 1972) or a low proportion of familial ALS
around 2.0% (Ben Hamida and Hentati, 1984; Osuntokun et al., 1974). On the other hand, one
study described that proportion of fALS was 14.3% in Sudan (Abdulla et al., 1997). According
to the TROPALS study, we found that the proportion of fALS among African patients included
was 5.7%, which is consistent with Western reports (4.7 % (95 % CI 3.9 — 5.7)) (Marin et al.,
2016b). It should be noted, however, that there were wide differences of fALS proportions

between subcontinents.

111.2.3.4. Diagnostic delay: The TROPALS study

Contrary to the previous reports concerning diagnostic delay in Africa such as Libya (42
months) (Radhakrishnan et al., 1986) and Senegal (24 months) (Collomb et al., 1968),
diagnostic delay in the TROPALS study was close to that observed in Western studies
(Europe, median = 12 months; North America, median = 17 months) (Marin et al., 2016b). This
diagnosis delay could suggest a selection of ALS cases considering the challenging context
for diagnosis of ALS in Africa. In this continent, there are limited resources for diagnosis and
management of neurology illnesses. Several reports pointed out the scarce number of
neurologists, the lack of hospital beds for neurologic disorders and the lack of neurological
services (e.g. electroencephalogram and electromyography) (Aarli et al., 2007; World Health
Organization and the World Federation of Neurology, 2017). In addition, access to healthcare

is limited, mainly in rural areas, and social insurances are not available in several African
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countries (Diop A, 2014). Therefore, patients attending hospital centers might be, for example,

those who could afford health care.

111.2.3.5. Onset site: The TROPALS study

In the TROPALS study, the proportion of bulbar onset was 22.7%, which is in accord with
previous studies reported in Africa (around 20%) (Abdulla et al., 1997; Imam and Ogunniyi,
2004). Bulbar onset was lower compared to European studies (around 30%) (Marin et al.,
2016b). This result may be attributable to selection bias and/or a young patient age. It has
been shown that older patients exhibited more frequently a bulbar onset (Dandaba et al., 2017;

Logroscino et al., 2015).

111.2.3.6. Diagnosis criteria and progression of disability: The TROPALS study

El Escorial criteria has rarely been used in Africa. That is because most of the studies were
performed before these criteria were established and difficulties regarding the availability of
ENMG (Marin et al., 2018a). However, a recent study in Tanzania that included 84 ALS cases,

only reported El Escorial criteria in half of the cases (Dekker et al., 2018).

In European studies, at the time of diagnosis, patients presented a definite form of ALS among
15% to 25% (Huisman et al., 2011; Logroscino et al., 2005; Marin et al., 2014) and the median
ALSFRS-R score ranges from 35 to 40/48 (Creemers et al., 2015; Marin et al., 2014). A similar
pattern was observed in NA and SA. However, it appeared that WA patients were diagnosed
at a more advanced stage (58.5% with definite ALS) accompanied by greater functional
impairment (median ALSFRS-R score 27.6/48). This was not explained by a longer time to
diagnosis (13 months, IQR 6.5 - 24.0 months). Such differences may be associated with
variation in the clinical neurological practices, examination protocols, and criteria used among

centers.
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111.2.3.7. Cognitive impairment: The TROPALS study

In Western studies, cognitive impairment was described ranging from 30% to 50% of patients
with ALS (Montuschi et al., 2015; Ringholz et al., 2005; Rippon et al., 2006). In the TROPALS
study, 19 patients (10.3%) presented cognitive impairment overall, which is a lower proportion
compared to the Western populations. However, we have to consider that cognitive functions
were assessed through standard clinical examination on three aspects (speech, memory and
executive function). Cognitive assessment battery, as the Edinburgh Cognitive and
Behavioural ALS Screen (ECAS) (Abrahams and Bak, 2013), was not used because it was
available after the initiation of the TROPALS study. In addition, the ECAS was designed for
Western populations and has not been validated in the African context. Further studies are

needed to assess cognitive functions in ALS African patients.

[11.2.3.8. Survival and prognosis: The TROPALS study

Median survival of patients in the TROPALS study (35.0 months since onset and 14.0 months
since diagnosis) were closed to median survival reported in Europe and North America (25.0
to 35.0 months since onset and 13 to 25 months since diagnosis) (Marin et al., 2016b). This is
contrary to previous suggestions that African patients experienced a better prognosis (Abdulla
et al., 1997; Osuntokun et al., 1974; Radhakrishnan et al., 1986). The fact that African cases
were younger and exhibited lower proportion of bulbar onset would lead us to expect far better

survival. Insufficient access to highly specialized ALS care might explain this observation.

Riluzole was an independent factor associated with a longer survival in the TROPALS study.
We provided observational evidence that riluzole benefited African patients with ALS. This
result is consistent with the evidence from randomized controlled trials in Western populations
(Miller et al., 2012). Unfortunately, riluzole is not widely available or is extremely expensive in
African countries. Subcontinent was another factor associated with survival. A longer survival
was observed in NA (median survival = 19.0 months) compared to WA (median survival = 4.0

months) and SA (median survival = 11.0 months). This can be related to differences by

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 104
Licence CC BY-NC-ND 3.0



subcontinents in terms of clinical characteristics (e.g. more advanced stage and greater
functional impartment at time of diagnosis in WA patients). Heterogeneity in terms of medical
care, non-availability of disease-modifying therapy and the absence of specific ALS referral
centers may also explain the survival differences. Bulbar onset was identified as risk factor for
shorter survival since onset. This finding is similar to those in Western studies indicating that
bulbar function plays a major role in patients survival (Chio et al., 2009). Other factors in the
literature associated to prognosis could not be included in the analysis due to lack of data such
as respiratory status measured via forced vital capacity, nutrition, and need for non-invasive

ventilation.

111.2.3.9. Strengths and limitations: The TROPALS study

There are several strengths and limitations to consider in the TROPALS study. Despite the
efforts, it was not possible to include additional African hospitals, therefore, the data may not
reflect Africa-wide situation. On the other hand, multicenter collaboration allowed the inclusion
of an unprecedented sample size in African studies. Patients with ALS were identified in
hospital centers that tent to lead to selection bias. Population-based ALS studies are currently
impractical in most parts of Africa. Hence, large multicenter hospital-based studies are useful
as initial approaches towards understanding ALS on this continent. Standard methodology was
applied with neurological and research teams in each center that performed case
ascertainment, data collection and follow-up. Although we established a protocol, some inter-
center variations in clinical examinations may remain. Ethnicity information was not available
for the entire cohort, which would have allowed us to describe and compare several

characteristics among ethnic groups.

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 105
Licence CC BY-NC-ND 3.0



l11.2.4. Conclusion: The TROPALS study

The TROPALS study was a pioneering initiative intended to improve our understanding of ALS
in Africa. This has proved the importance of collaboration among epidemiologist, clinicians and
researchers in order to provide reliable data in regions poorly represented in the literature. Its
contribution consists with a comprehensive description of sociodemographic and clinical

characteristics, treatments, prognoses and survival times of patients with ALS in Africa.

This study has shown that more patients with ALS in Africa were male, younger and exhibited
a lower proportion of bulbar onset compared to patients with ALS from Western studies.
Survival was similar to that of Western studies; however, it was far shorter than what would be
expected for young patients with ALS. Subcontinent and riluzole were independently

associated with survival.

Population-based studies are necessary to provide a clear picture on incidence, mortality,
genetics and management of ALS in Africa. Further research across African countries and

African populations is essential to clarify some keys points to the variability of ALS.
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Clinical features and prognosis of amyotrophic lateral
sclerosis in Africa: the TROPALS study

Jaime Luna,"* Mouhamadou Diagana,*? Leila Ait Aissa,* Meriem Tazir,*
Lamia Ali Pacha,* Imen Kacem,® Riadh Gouider,>® Franclo Henning,”® Anna Basse,”
Ousmane Cisse,” Agnon Ayélola Koffi Balogou,'® Damelan Kombate, "’

Mendinatou Agbetou,'"!

TROPALS Collaboration

ABSTRACT

Objective We describe and compare the
sociodemographic and clinical features, treatments,

and prognoses and survival times of patients with
amyotrophic lateral sclerosis (ALS) in Africa.
Methodology We conducted a multicentre, hospital-
based cohort study in Africa. Patients with ALS diagnosed
in the neurology departments of participating hospitals
from 2005 to 2017 were included. Subgroup analysis
was performed by subcontinent. Survival analyses were
conducted using the Cox proportional hazards model.
Results Nine centres from eight African countries
participated. A total of 185 patients with ALS

were included: 114 from Northern Africa, 41 from
Western Africa and 30 from Southern Africa. A male
predominance (male to female ratio 2.9) was evident.
The median age at onset was 53.0 years (IQR 44.5—-
64.0 years). The onset was bulbar in 22.7%. Only 47
patients (26.3%) received riluzole, mainly in Northern
and Western Africa. The median survival from the time
of diagnosis was 14.0 months (95% Cl 10.7 to 17.2
months). The median survival was longer in Northern
Africa (19.0 months, 95% CI 10.8 to 27.2 months) than
in Western (4.0 months, 95% CI 0.8 to 7.1 months) and
Southern (11.0 months, 95% CI 5.6 to 16.4 months)
Africa (Breslow test, p<0.0001). Both subcontinental
location and riluzole treatment independently affected
survival.

Conclusion More African patients with ALS were male
and younger and exhibited a lower proportion of bulbar
onset compared with patients with ALS from Western
nations. Survival was consistent with that in Western
registers but far shorter than what would be expected
for young patients with ALS. The research improves our
understanding of the disease in Africa.

‘ '.) Check for updates
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INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a rare, fatal
neurodegenerative disease of unknown aetiology
characterised by rapidly progressive paralysis and
respiratory failure. In the 19th century, Jean-Martin
Charcot performed clinical observations and metic-

2 Dismand Houinato, """ Athanase Millogo, "'
Thierry Agba, "> Mouftao Belo,'> Marie Penoty,"*'® Marie Raymondeau-Moustafa,
Bello Hamidou, " Philippe Couratier,*'® Pierre Marie Preux,*'” Benoit Marin,

1,2,17
1217

Africans until 1955.% Even today, ALS data from
Africa are limited. The few studies are mostly case
series that vary in methodology, sample size and
data collected. A recent systematic review on ALS
in Africa identified certain specific characteris-
tics compared with Western series: a higher male
to female ratio, a juvenile form of the disease and
younger age at onset.” However, it remains difficult
to draw firm conclusions on the clinical features,
prognostic factors and survival of Africans.

In recent years, the increased interest in ALS vari-
ability among populations has suggested that genetic
factors (ancestry), together with environmental and
lifestyle factors, play significant roles in disease
occurrence and phenotype.’™ Studies among less-
studied populations could identify novel factors
affecting disease susceptibility and resistance.® In
this context, we describe and compare the socio-
demographic and clinical features, treatments, and
prognoses and survival times of patients with ALS
in Africa.

METHODS

Study design and participants

We performed a multicentre, hospital-based cohort
study in Africa. The Inserm UMR 1094 Tropical
Neuroepidemiology unit in Limoges, France, invited
hospitals across Africa to join the TROPALS Collab-
oration (Etude Epidémiologique de la Sclérose
Latérale Amyotrophique sous les Tropiques: http://
www.tropals.unilim.fr/). All participating centres
enrolled all of their cases. Each centre featured
neurology and research teams coordinating the data
collection.

Patients with ALS diagnosed in the neurology
departments of the participating hospitals were
included from 2005 to 2017. Incident and prev-
alent cases were included using exhaustive and
continuous approach. In particular, the South
African centre joined the TROPALS Collaboration
later (2015), recruiting only incident cases over a
1-year period. An expert ALS neurologist (PC) from
the ALS referral centre of Limoges teaching hospital

Neurosurg Psychiatry ulous laboratory work detailing the pathophys- confirmed all diagnoses by reviewing all medical

2019,90:20-29. iology of ALS." ALS had not been reported in records and paraclinical tests when available (eg,

20 Luna J, et al. J Neurol Neurosurg Psychiatry 2019;90:20-29. doi:10.1136/jnnp-2018-318469 BM J
Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019

Licence CC BY-NC-ND 3.0

109



electromyoneurography (EMNG)). Patients were categorised at
the time of diagnosis (via centralised certification according to
the Airlie House criteria) as having definite, probable, probable
laboratory-supported or possible ALS based on the presence of
upper and/or lower motor neureon signs in four defined central
nervous system regions.” A neurologist in each centre performed
a standard clinical examination to assess cognitive functions
on three aspects (speech, memory and executive function) and
extramotor involvement including extrapyramidal, cerebellar,
sensory, autonomic, urinary and oculomotor involvement.
When possible, 3-month follow-up clinical consultations were
performed at all centres. If more than 6 months elapsed without
patient contact, the researcher in charge contacted the patient or
the family to assess the vital status of the patient.

Data collection

Baseline sociodemographic and clinical data were collected at the
time of ALS diagnosis of the incident cases, and medical records
were used to collect the baseline data of the prevalent cases. We
recorded the date of the first symptom, the type of onset, symp-
toms, signs of involvement of the upper and lower motor neurons
and the regional distributions of the signs, any cognitive impair-
ments, any extramotor involvement (extrapyramidal, cerebellar,
sensory, autonomic, urinary or oculomotor), and the ALS Func-
tional Rating Scale Revised (ALSFRS-R) score. The ALSFRS-R
slope is the ratio of the difference between the ALSFRS-R score
obtained at diagnosis and a presumed normal score (48 points)
just before symptom onset to the diagnostic delay (in months). The
extent of access to treatment was also recorded.

Data management

The Centre of Biostatistics and Methodology of Research
(CEBIMER) of the Limoges teaching hospital created a secure
database using the Ennov clinical software. The CEBIMER is a
member of EUCLID and achieved an French Clinical Research
Infrastructure Network platform status in 2014. The software
complies with the 21 Code of Federal Regulations Part 11 of
the US Food and Drug Administration. Data were coded anon-
ymously based on numerical sequences and were safely stored.

Statistical analysis

All findings were reported using the guidelines of the Strength-
ening the Reporting of Observational Studies in Epidemiology®
and the Standards of Reporting of Nenrological Disorders.”

Descriptive and analytical statistical analyses were conducted
using IBM SPSS Statistics V.22 and SAS V.9.3 software. Quan-
titative variables were described as medians with IQRs, The
Shapiro-Wilk test was used to explore the normal distributions
of continuous variables. Qualitative variables were shown as
frequencies with percentages. The subcontinental regions were
defined according to the Unired Nations Statistics Division.'
Means were compared by analysis of variance (ANOVA) or
Kruskal-Wallis test, depending on the conditions of applica-
tion. Percentages were compared using the Pearson’s 3” test. For
post-hoc analysis, x* post-hoc test or one-way ANOVA followed
by the Scheffe or Kruskal-Wallis post-hoc test was employed,
depending on the conditions of application. The Bonferroni
correction for multiple tests was applied in post-hoc tests. All
missing data were reported.

The survival and prognostic analyses included patients for
whom at least 1 month of follow- up data were available and
those who died in the first month. All analyses were conducted
trom the date of diagnosis or onset until the date of death

Neurodegeneration

Algeria (n=69)

'(,5_5 E_§ - ‘ Tunisia (n=45)

Mauritania (n=13)

Senegal (n=16) % A‘r

Burkina Faso (n=2)

Togo (n=8)
Benin (n=2)

Neurologist

Subcontinent
number/habitants *

mmm Northern Africa 0.1 -1.0 per 100000
inhabitants
wess Western Africa 0.0 - 0.1 per 100 000
inhabitants

W= Southern Africa 0.1 - 1.0 per 100000

South Africa (n=30)
inhabitants

Figure 1 The African countries and numbers of patients with
amyotrophic lateral sclerosis included in the TROPALS study (Etude
Epidémiologique de la Sclérose Latérale Amyotrophigue sous les Tropiques).
*WHO. Atlas: country resources for neurological disorders, 2004.

or censoring. Survival was analysed using the Kaplan-Meier
method and the Breslow and log-rank tests. Cox proportional
hazards modelling was performed to identify factors associated
with survival. The interaction-with-time method was used to
assess proportional hazard assumptions. Variables with non-pro-
portional hazards were considered as time-dependent variables.
Variables with p values <0.20 in univariate analysis were selected
for entry into a multivariate model. The full model was simpli-
fied via a backward selection procedure considering potential
confounding at each step."' HRs with 95% Cls were estimated.
A p value <0.05 was considered statistically significant.

RESULTS

Participating centres and patients

Nine centres in eight African countries participated. We included
185 patients with ALS: 114 from Northern Africa (NA) (Algeria
(n=69), Tunisia (n=45)), 41 from Western Africa (WA) (Benin
(n=2), Burkina Faso (n=2), Mauritania (n=13), Senegal (n=16),
Togo (n=8)) and 30 from Southern Africa (SA) (South Africa
(n=30)) (figure 1).

Sociodemographic characteristics

Overall, the median age at onset was 53.0 years (IQR 44.5-64.0
years) (table 1A). WA patients were significantly younger at onset
(47.0 years) than NA (55.0 years) and SA (59.5 years) patients
(p=0.0003) (figure 2). Eight patients (4.3%) were juvenile cases
with onset prior to age 30 years. Given the overall median diag-
nostic delay of 12.0 months (IQR 6.0-23.0 months), the median
age at diagnosis was 55.0 years (IQR 46.0-66.5 years), with
significant differences among the subcontinents (p=0.0003).

A male predominance was evident; the overall male to female
sex ratio (SR) was 2.9. A higher proportion of illiteracy was found
in WA (56.8%) cases compared with NA (26.5%, p=0.006) and
SA (0%, p<0.001) cases (table 1, post-hoc analysis). Approxi-
mately 75% of cases lived with partners (married/cohabiting). The

Luna J, et al.J Neurol Neurosurg Psychiatry 2019;90:20-29. doi:10.1136/jnnp-2018-318469 21
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Table 1

TROPALS study (Etude Epidémiologique de la Sclérose Latérale Amyotrophique sous les Tropiques)

Sociodemographic, family medical history, clinical and treatment characteristics of all included patients with ALS by subcontinent: the

Overall Northern Africa (NA)  Western Africa (WA) Southern Africa (SA)
(n=185) (n=114) (n=41) (n=30) P values
(A) Sociodemographic characteristics
Gender, n (%)
Male 138 (74.6) 82(71.9) 32(78.0) 24 (80.0) 0.563*
Female 47 (25.4) 32(28.1) 9(22.0) 6(20.0)
Sex ratio, male to female 29 26 35 4.0
Age at onset (years)
Median (IQR) 53.0 (44.5-64.0) 54.0 (45.0-62.0) 47.0 (36.0-58.0) 59.5 (47.0-70.7) 0.0003t%#
Age <30 years, n (%)§ 8(43) 2(1.8) 6(14.6) 0(0.0)
Age at diagnosis (years)
Median (IQR) 55.0 (46.0-66.5) 56.0 (47.0-64.5) 47.0 (38.5-59.0) 60.5 (48.5-71.8) 0.0003t%#
Education level, n (%)1

llliteracy 51(28.4) 30(26.5) 21 (56.8) 0(0.0) <0.0001*#

Elementary school 58 (32.2) 41 (36.4) 4(10.8) 13 (43.3)

High school 49 (27.2) 31(27.4) 7(18.9) 11 (36.7)

University 22(12.2) 1109.7) 5(13.5) 6 (20.0)

Marital status, n (%)1]
Married/cohabiting 153 (83.2) 101 (88.6) 30(73.2) 22 (75.9) 0.040*%
Not married/widow 31(16.8) 13(11.4) 11(26.8) 7(24.)
(B) Family medical history
Family medical history awareness

fALS, n (%)**1 9(5.7) 4(4.0) 2(6.3) 3(10.0) 0.471*

Cognitive impairment, n (%)**4 15(9.7) 15(15.8) 0(0.0) 0(0.0) 0.006*¢

Consanguinity, n (%)**9 31(21.1) 25(25.8) 6(20.7) 0(0.0) 0.032*%

(C) Clinical characteristics
Onset site, n (%)
Spinal 143 (77.3) 88(77.2) 28(68.3) 27 (90.0) 0.098*
Bulbar 42 (22.7) 26 (22.8) 13(31.7) 3(10.0)
Diagnostic delay (months)

Median (IQR) 12.0 (6.0-23.0) 12.0 (6.7-23.0) 13.0 (6.5-24.0) 8.5 (6.0-13.7) 0.380tt
Airlie House criteria, n (%)

Definite 55 (29.7) 25(21.9) 24 (58.5) 6 (20.0) <0.0001*%

Probable 65 (35.1) 42 (36.9) 14 (34.2) 9 (30.0)

Probable with laboratory support 54(29.2) 40 (35.1) 3(7.3) 11(36.7)

Possible 11 (6.0) 7(6.1) 0(0.0) 4(133)

ALSFRS-R (/48)
Median (IQR) 38.0 (29.0-42.0) 40.0 (35.0-43.2) 27.6 (20.5-36.0) 39.0 (34.5-44.0) <0.00011t#
ALSFRS-R slope (unit/month), median (IQR) 0.8(0.4-1.7) 0.7 (0.4-1.3) 1.6 (0.7-2.5) 0.7 (0.5-1.9) 0.001tt%
Extramotor involvement, n (%) 59 (32.1) 34 (29.8) 15 (37.5) 10 (33.3) 0.661*
(D) Treatment

Therapy with riluzole, n (%) 47 (26.3) 36 (33.0) 10 (25.0) 1(33) 0.005*
X test.
tANOVA.

+Post-hoc analysis: one-way ANOVA, Scheffe post-hoc: age of diagnosis (NA vs WA, p= 0.010; NA vs SA, p=0.175; WA vs SA, p=0.001); age at first symptom (NA vs WA,
p=0.013; NA vs SA, p=0.114; WA vs SA, p=0.0003). X? post-hoc test. Educational level: illiteracy (NA vs WA, p=0.006; NA vs SA, p=0.012; WA vs SA, p<0.001); elementary
school (NA vs WA, p=0.027; NA vs SA, p=0.999; WA vs SA, p=0.018); high school (NA vs WA, p=0.999; NA vs SA, p=0.999; WA vs SA, p=0.825); university (NA vs WA, p=0.999;
NA vs SA, p=0.980; WA vs SA, p=0.999). Marital status (NA vs WA, p=0.077; NA vs SA, p=0.310; WA vs SA, p=0.999). Airlie House criteria: definite (NA vs WA, p<0.001; NA

vs SA, p=0.999; WA vs SA, p=0.009); probable (NA vs WA, p=0.999; NA vs SA, p=0.999; WA vs SA, p=0.999); probable with laboratory support (NA vs WA, p=0.005; NA vs

SA, p=0.999; WA vs SA, p=0.017); possible (NA vs WA, p=0.835; NA vs SA, p=0.999; WA vs SA, p=0.129). Cognitive impairment family history (NA vs WA, p=0.090; NA vs SA,
p=0.081). Consanguinity family history (NA vs WA, p=0.999; NA vs SA, p=0.035; WA vs SA, p=0.105). Kruskal-Wallis post-hoc test: ALSFRS-R (NA vs WA, p<0.001; NA vs SA,
p=0.999; WA vs SA, p<0.001); ALSFRS-R slope (NA vs WA, p<0.001; NA vs SA, p=0.999; WA vs SA, p=0.109). Bonferroni correction for multiple tests has been applied.

§Age <25 years (n=4).

fIMissing data: education level (n=5), marital status (n=1), fALS (n=2), cognitive impairment family history (n=7), consanguinity family history (n=14), extramotor involvement

(n=1) and riluzole (n=6).

**Percentages represent the proportion of ALS cases whohad knowledge of family medical history (n=161).

ttKruskal-Wallis.

AFSFRS-R, ALS Functional Rating Scale Revised; ALS, amyotrophic lateralsclerosis; ANOVA , analysis of variance; TROPALS, Etude Epidémiologique de la Sclérose Latérale
Amyotrophique sous les Tropiques;fALS, familial amyotrophic lateral sclerosis.
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Figure 2 Characteristics of patients with ALS by subcontinent; the TROPALS study (Etude Epidémiologique de la Sclérose Latérale Amyotrophique sous
les Tropiques). Age at onset, years (A), age at diagnosis, years (B), diagnosis delay, months (C) and ALSFRS-R, /48 (D). The Shapiro-Wilk test was used

to determine normality of the distribution. For post-hoc analysis: §one-way analysis of variance Tukey test; £ Kruskal-Wallis post-hoc test. The asterisks
represents the significant differences between the subcontinents. Outliers above 50 months were removed in (C). ALS, amyotrophic lateral sclerosis;
ALSFRS-R, ALS Functional Rating Scale Revised; TROPALS, Etude Epidémiclogique de la Sclérose Latérale Amyotrophique sous les Tropiques.

principal sociodemographic characteristics at the time of diagnosis
(overall and by subcontinent) are shown in table 1A,

Proxies for ethnicity were only available in SA. A heteroge-
neous mixture of ethnic profiles was found: 16 were of Euro-
pean ancestry, 12 mixed and 2 of African ancestry.

Family medical history

Patients were aware of their family medical histories in 87.3% of
cases. Nine (5.7%) reported familial ALS antecedents. A family
history of cognitive impairment was reported in 15.8% of NA
cases (vs 0% in WA and SA, p=0.006), and consanguinity was
more frequent in NA (25.8%) and WA (20.7%) compared with
SA (0%) cases (p=0.032, table 1B).

Clinical characteristics
Overall, disease onset was bulbar in 42 (22.7%) patients;
although a difference in the proportion of bulbar form was
apparent among subcontinents, it was not significant (NA
22.8%, WA 31.7% and SA 10.0%; p=0.098) (table 1C). Of the
143 patients who presented spinal onset, 45.1% exhibited upper
limb onset, 23.2% lower limb onset and 31.7% combined upper
and lower limb onset. Significant variability was evident among
the subcontinents (p=0.001; figure 3).

Cases were categorised as definite (29.7%), probable (35.1%),
probable with laboratory support (29.2%) and possible (6.0%)
ALS according to the Airlie House criteria. WA patients were

more likely to be diagnosed with definite disease compared with
NA (p<0.001) and SA (p=0.009) (table 1, post-hoc analysis).
In total, 167 (92.8%) patients with ALS underwent neurophys-
iological examination (EMNG) (NA 99.1%, WA 76.9% and SA
90%).

At the time of diagnosis, motor deficit (87.6%) was the most
common symptom. Over half of all cases reported muscle
cramps (35.6%0), asthenia (33.6%) and dysarthria (51.6%).

Onset site form
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Figure 3 Onset sites by subcontinent: the TROPALS study (Etude
Epidémiologique de la Sclérose Latérale Amyotrophique sous les Tropigues).
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On neurological examination, muscle atrophy (90.8%) and
fasciculation (95.1%) were common. Fifty-nine cases (32.1%)
presented with extramotor involvement, mostly sensory involve-
ment (54.7%) (paresthesia or dysesthesia), 38.8% with cognitive
impairments (in speech, memory or executive function), 28%
with dysautonomic impairments, 22.6% with vesical-sphincter
disorders, 10.2% with extrapyramidal involvement and 6.3%
with oculomotor signs.

The median ALSFRS-R score at the time of diagnosis was
38.0 (IQR 29.0-42.0) overall. The median ALSFRS-R score
was significantly lower in WA compared with NA and SA
(p<0.0001), and the ALSFRS-R slope was significantly greater
in WA compared with the other subcontinents (p=0.001).

Treatment

Overall, 134 patients received ‘occidental’-type treatment, mostly
physiotherapy and/or symptomatic management (64.9%). Only
47 patients (26.3%) received riluzole, mostly in NA (33.0%) and
WA (25.0%) compared with SA (3.3%) (table 1D).

Survival and prognostic factors

Fifty-seven patients were excluded from the survival analysis
because they lacked follow-up data of at least 1 month after diag-
nosis. Conversely, 128 patients were available for analysis (138.7
person-years of follow-up). Of these patients, 80 died, and the
mortality rate was 58 per 100 person-years. Patients excluded
from the survival analysis were younger (median age 50 vs 56
years, p=0.046) and less likely to live with a partner (70.2 vs
89.0%, p=0.002). The sociodemographic, clinical features and
treatments of the patients included in the survival analysis are
shown in online supplementary table e-1.

The median survival time from diagnosis was 14.0 months
(95% CI 10.7 to 17.2 months; figure 4), and the median survival
time from disease onset was 35.0 months (95% CI 29.1 to 40.8
months; online supplementary figure e-1).

The median survival time from diagnosis was longer in NA
(19.0 months, 95% CI 10.8 to 27.2 months) than in WA (4.0
months, 95% CI 0.8 to 7.1 months) and SA (11.0 months, 95%
CI 5.6 to 16.4 months) (Breslow test p<0.0001). The subcon-
tinents, type of onset, Airlie House criteria, ALSFRS-R score,
cognitive impairment status and riluzole treatment status were
included in the full multivariate model (table 2). The final
model was obtained after backward selection, and only subcon-
tinent and riluzole treatment were independently associated
with survival (p<0.0001 and p=0.002, respectively) (table 2).
Kaplan-Meier survival estimates stratified by subcontinent and
riluzole therapy are shown in figure 4. Compared with NA,
WA patients experienced a higher instantaneous risk of dying
at baseline (adjusted HR (aHR) (T0)=4.83, p<0.0001), which
progressively decreased over time (figure 4B). On the other
hand, there was no significant difference in the instantaneous
risk of death at baseline between NA and SA patients (aHR
(T0)=0.81, p=0.712); however, the difference increased
over time, becoming significant at both 12 and 18 months
(figure 4B).

The results of the survival analysis from disease onset were
congruent. The median survival time since onset was longer in
NA (37.0 months, 95% CI 25.8 to 48.1 months) than in WA (17.0
months, 95% CI 10.7 to 23.3 months) and SA (23.0 months,
95% CI 17.8 to 28.2 months) (Breslow test p=0.0002) (online
supplementary figure e-1). Subcontinent and riluzole were also
significantly associated with survival in the final multivariate
model, which also identified bulbar onset as associated with a

shorter survival (aHR 2.78, 95% CI 1.48 to 5.23, p=0.001)
(online supplementary table e-2).

DISCUSSION

Here, we report the first multicentre, hospital-based cohort
study investigating ALS in African countries using a standardised
questionnaire and homogeneous methodology. This is also the
first prognostic assessment of African patients with ALS.

Sociodemographic characteristics

Historical case series of patients with ALS from Africa reported
ages of onset ranging from 40 to 50 years® 2 ¥ and the presence
of a juvenile form (13.5%-50% of cases).'* We found that the
median age at onset was 53.0 years, although eight cases (4.3%)
experienced disease onset before 30 years of age (four before 25
years of age). The overall age of onset was far younger than those
of occidental series, in which the age at onset ranged from 60
to 65 years."”” The age differences berween African and Western
patients with ALS reflect differences in population age struc-
tures, which in turn are associated with differences in life expec-
tancy and birth rates.'® Interestingly, age at disease onset was
also significantly lower in African-Americans than in subjects of
European ancestry (55 vs 61 years, p=0.011) in a hospital-based
cohort of patients with ALS evaluated in the USA.'” Systematic
inclusion of the youngest African patients with ALS cannot be
discarded. Itis known from studies in Western countries that due
to selection bias, hospital-based cohorts are on average younger
than the overall ALS population."® The differences among
subcontinents suggest regional variations in demographic struc-
rures' and referral practices.

As in the previous African reports, the male to female SR
approached 3.°° *! Interestingly, Western studies published
before 1990 consistently reported an SR around 2, which
decreased to a modest male predominance (SR=1.3) in recent
studies.'”” This apparent trend of SR was explained by differ-
ences in study design (retrospective vs prospective in the most
recent studies) and in case ascertainment (referral-based vs popu-
lation-based studies in the most recent studies).” It remains to
be determined whether the ALS incidence in Africa genuinely is
lower in women, for example due to reduced exposure to occu-
pational or environmental risk factors,” or whether the differ-
ence in the SR rather reflects misdiagnosis or limited access to
care for female cases.

Family medical history

Previous studies in Africa have described the absence™ *' or
low proportion of familial ALS (1.2% in Tunisia'* and 2% in
Nigeria®!). We found that the proportion of familial cases was
similar to that in Western populations (4.7%, 95% CI 3.9% to
5.790).7

Clinical characteristics

It was previously reported that the proportion of bulbar-
onset ALS was lower in Africa (20%)™ " than in Europe
(=30%)." ¥ US researchers reported slightly lower bulbar-
onset levels in patients of African origin than those of Euro-
pean origin.'” ** We found that the bulbar onset proportion was
22.7% overall, ranging from 10% to 32% among the subcon-
tinents. These results may be attributable to selection bias and/
or a young patient age. Previous studies found that ALS differed
in terms of clinical presentation by age, in that older patients
exhibited more frequent bulbar onser.”” ** Interestingly, popula-
tion-based studies from Europe also identified differences in the
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Figure 4 Kaplan-Meier survival curves for patients with amyotrophic lateral sclerosis since diagnosis: the TROPALS study (Etude Epidémiologique de la

Median survival (951C)

14.0 months (10.7 -17.2)

pvalve  aHR  pvalue
Te*

<0.0001
o712

100

343 <0.0001

149

Median survival (951C)
11.0 months (7.1-14.9)

26.0months (6.6 45.3)

Log Rank

p=0.0001

0261

aHR
m2*

1.00
243
275

100
041

p value

0.004
0.002

pvalue
0002

aHR
T8
100
173
5.06

pvalue

0181
0.0009

Sclérose Latérale Amyotrophique sous les Tropiques). Kaplan-Meier curves: (A) overall survival, (B) by subcontinent and (C) by riluzole use. aHR, adjusted HR,
95% CI. §Proportional hazard assumption was not satisfied for subcontinent. *Subcontinent aHRs were calculated as time-dependent variable from baseline
time (T0), 6 months from baseline (T6), 12 months from baseline (T12) and 18 months from baseline/diagnosis (T18).

proportion of bulbar onset between Northern Europe (45.4%)
and Western and Southern Europe (34.9% and 34.2%, respec-
tively)."”” To date, such differences remain underexplored. The
heterogeneous distributions of the spinal onset forms of the
disease can be explained by phenotypic population variability.

One case—control study performed in the UK reported that Afri-
cans were at a fourfold higher risk of presenting with the ‘flail
arm’ variant of motor neuron disease compared with subjects of
European ancestry.”” A recent hospital-based report in Eastern
Africa found 84 ALS cases over two periods (1984-1992 and
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Table 2 Baseline characteristics of patients with ALS and their associations with survival from the time of diagnosis, in univariate and multivariate
analyses: the TROPALS study (Etude Epidémiologique de la Sclérose Latérale Amyotrophique sous les Tropiques)

Description Univariate model Full multivariate model Final multivariate model
(n=128) (n=128) (n=126) (n=126)
Median (IQR) or
n (%) cHR  95% CI Pvalues aHR  95%Cl Pvalues aHR 95% CI P values
Subcontinent*
Northern Africa 79 (61.7) 1.00 0.0002 1.00 0.043 1.00 <0.0001
Western Africa 25(19.5) 480 220101048 294 11710735 484 21910 10.65
Southern Africa 24 (18.8) 094 032t02.76 0.85 0.28t02.59 0.81 0.27 to0 2.42
Gender
Male 98 (76.6) 1.00 0.459
Female 30(23.4) 122 0.721t02.04
Age at diagnosist 56.0 (47.0-64.7) 1.06 097t01.16 0.209
Marital status$
Not married/widow 14(11.0) 1.00 0.262
Married/cohabiting 113 (89.0) 0.70 03810 1.30
Diagnosis delay§ 10.5(6.0-205 129 077t02.19 0328
Onset site
Spinal 101 (78.9) 1.00 0.059 1.00 0.219
Bulbar 27 (21.1) 171 0.98 t0 3.00 1.54  0.77 t0 3.06
Airlie House criteria*
Definite 37(28.9) 1.00 0.018 1.00 0.268
Probable 44 (34.4) 036 0.16t0 0.81 052 0.21t01.29
Probable with laboratory support 37(28.9) 045 0.19t01.09 0.85 0.28t02.56
Possible 10(7.8) 0.02  0.001t00.77 0.08  0.003t02.20
ALSFRS-R at diagnosisf] 38.5(29.2-42.0) 085 0.75t00.97 0.014 091 075t01.11 0381
ALSFRS-R slope 0.7 (0.4-1.7) 099 099t01.00 0432
Atypical signs
No 85 (66.4) 1.00 0.694
Yes 43 (33.6) 091 057t01.46
Cognitive impairment
No 112 (87.5) 1.00 0.112 1.00 0.224
Yes 16 (12.5) 162 0.89102.95 157 0.75t03.26
Riluzole$
Therapy without riluzole 89 (70.6) 1.00 0.0003 1.00 0.023 1.00 0.002
Therapy with riluzole 37(29.4) 0.36  0.20 to 0.62 049  0.26t00.91 0.41 0.22100.73

*Covariates with non-proportional hazards (interaction with time p value): subcontinent (p=0.001); Airlie House criteria (p=0.028); subcontinents and Airlie House criteria were

considered as time-dependent variables in the models (HRs are reported at t=0).
tHR for baseline time calculated for 5-year increment.

tMissing data: marital status (n=1) and riluzole (n=2).

§HR for 6-month increment.

HR for baseline time calculated for 5-unit increment.

aHR, adjusted HR; ALS, amyotrophic lateral sclerosis; ALSFRS-R, ALS Functional Rating Scale Revised; cHR, crude HR.

2007-2015). The El Escorial classification was possible only in
42 patients and electromyography was not available, which make
it difficult to describe well-defined phenotypes.*” Increasing
evidence suggests that the clinical and aetiological heterogeneity
of ALS is far greater than assumed previously." *!

In Western series, at the time of diagnosis, the definite form
of ALS ranges from 15% to 25% of patients,” *** and the
median ALSFRS-R score ranges from 35 to 40/48.% ** African
patients from NA and SA exhibited similar patterns. However, it
appeared that WA patients were diagnosed at a more advanced
stage (58.5% with definite ALS) accompanied by greater func-
tional impairment (median ALSFRS-R score 27.6/48). This was
not explained by a longer time to diagnosis (12 months overall,
in contrast to the long diagnostic delays reported in previous
African studies’). Such differences may be associated with vari-
ation in ALS clinical characteristics according to subcontinent

differences in the clinical neurological examination protocols
and criteria used among centres.

Prognosis

Contrary to previous suggestions that African patients with
ALS experience a better prognosis compared with Western
patients,ll 2021 the median survival times did not differ from
those in Western nations. Marin et al*’, who reviewed popu-
lation-based studies, found that the median survival time of
patients with ALS in Europe and North America ranged from
25 to 35 months (since onset) and from 13 to 25 months (since
diagnosis). The median overall survival times of African patients
(35 months from disease onset and 15 months from diagnosis)
may be in agreement with Western data. Nevertheless, the age
difference between patients from Europe/North America and
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Africa (~10 years) and the finding that younger age is consis-
tently a favourable prognostic factor in Western series” would
lead us to expect far better survival for a cohort of younger
African patients. Insufficient access to highly specialised ALS
care might explain this observation.

In contrast to previous findings, older age was not associ-
ated with shorter survival. The finding that the median age was
relatively young (few patients were older than 635 years) might
explain this observation.

We found that riluzole benefited African patients with ALS
(aHR 0.41, 95% CI 0.22 to 0.73). Our results are consistent
with those of a meta-analysis that reported a pooled relative
risk at 12 months of 0.78 (95% CI 0.65 to 0.92) for riluzole
compared with placebo.” Unfortunately, riluzole is not widely
available or is extremely expensive in African countries, espe-
cially in certain regions. For example, riluzole costs abour the
same as the average monthly household income in SA and is not
tunded by the state or private health insurance.

In terms of prognosis, the situation was shown to differ greatly
by subcontinents (longer survival in NA as compared with WA
and SA). This can be related to differences by subcontinents
in terms of clinical characteristics. Heterogeneity in terms of
medical care and the absence of specific ALS referral centres may
also explain the survival differences.

Limitations and strengths

Our research has several limitations that should be considered.
First, cases were identified in hospitals. We are aware that hospi-
tal-based studies feature selection bias. Patients included here
might be, for example, those who could afford the social and
financial costs of hospital care. Also, demographic or phenotyp-
ical characteristics might have influenced the referral pattern
to the participating hospitals. The fact that diagnostic delay is
close to that reported from Western countries, despite the chal-
lenging context for diagnosis of ALS in Africa, might indicate
a selection. Hence, our results cannot be considered represen-
tative of ALS in the general population. A recent study illus-
trated in the European context the selection bias of ALS cohorts
drawn solely from referral or hospital databases.*” In Western
countries, patients referred to hospitals or tertiary centres are
younger, with better prognoses, and with clinical presentations
that differ from the classical phenotype (less frequent bulbar
involvement and more familial ALS antecedents) compared with
general ALS populations.™ ¥ Population-based ALS studies (the
gold standard methodology) are currently impractical in most
parts of Africa. Therefore, large multicentre referral studies are
useful as initial approaches towards understanding ALS on this
continent. Second, with the exception of SA, where only inci-
dent cases were included, other centres included both incident
and prevalent cases. Prevalent cohorts are of course subject to
survival selection and are different from incident cohorts; fewer
patients exhibit bulbar onset, and the patients are on average
younger."® Third, ethnicity of the patients was available for SA
only. Fourth, we lacked data on other prognostic factors (respi-
ratory status at the time of diagnosis, measured via assessment of
forced vital capacity; enteral nutrition; and any need for non-in-
vasive ventilation). Fifth, although we established a protocol,
some intercentre variations in clinical examinations may remain.
For example, Beghi et al** showed that the El Escorial criteria
without previous training is generally poor in agreement between
centres. In an effort to control this issue, an expert neurologist
examined all medical records and validated ALS diagnosis and
criteria. Sixth, a standard cognitive assessment battery as the

Edinburgh Cognitive and Behavioural ALS Screen (ECAS) was
not used because it was created after TROPALS study initiation.
In addition, the ECAS was designed for Western populations
and has not been validated in the African context. Lastly, despite
much effort, it was not possible to include additional African
hospitals. Thus, the data may not reflect Africa-wide sitnation.

Nevertheless, our study had certain intrinsic strengths. The
first is that multicentre collaboration allowed the inclusion of
185 African ALS cases, which is an unprecedented sample size
in African studies. Second, standard methodology was applied
by all centres. Data were collected in a standardised manner; the
coordinating centre worked with the hospirtals to correct aber-
rant or gather missing data. Third, neurological and research
teams in each centre performed case ascertainment, data collec-
tion and follow-up. Fourth, we employed the Airlie House diag-
nostic criteria (rarely used in previous African works’) and the
ALSFRS-R. Finally, all clinical charts were reviewed by a neurol-
ogist expert in the ALS field, who confirmed the diagnoses and
categorised patients using the Airlie House criteria.

Prospects
The number of elderly Africans is expected to increase rapidly;
increases of over 6096 are projected from 2015 to 2030.* Thus,
the burden of age-related conditions such as nenrodegenerative
diseases will progressively increase.”” A recent study to project
the epidemiological trend of ALS showed that the global number
of individuals with ALS will grow significantly between 20135
and 2040 at around 69%. According to the projection in this
study, the largest increase will be seen in Africa.*' The World
Federation of Neurology recently launched a programme to
train African neurologists and develop neurological services
across the continent.** These initiatives could form a solid base
for improvements in healthcare and development of research
programme on neurodegenerative disorders in Africa.
Population-based studies in Africa are needed. Popula-
tion-based studies performed in the USA or in Europe have been
shown to be instrumental for accurate clinical and epidemio-
logical description of ALS in these contexts (eg, that ALS is an
age-dependent disease and not only of young adults). The same
population-based approach should be encouraged to improve
knowledge of ALS in Africa. To date, only one population-based
study investigated the incidence of ALS in Africa (Libya);
after standardisation on the US population, the incidence was
2.03/100 000 person-years of follow-up.*” A systematic review
of neurodegenerative diseases in sub-Saharan Africa® found only
two community-based studies on ALS, in which the ALS preva-
lence was 5/100 000 in Ethiopia® and 15/100 000 in Nigeria.**
Improving our understanding of ALS among different popu-
lations will also clarify the genetic and environmental deter-
minants of the disease and the risks of disease development.
Molecular and genetic research must take a more comprehen-
sive approach towards ALS in African populations. A review of
motor neuron diseases in sub-Saharan Africa strongly suggested
that population-specific causes of motor neuron diseases are
present among Africans, and that they differ between African
and non-African populations.® Clinical features and prognostic
factors in various geographical regions and populations must be
identified to facilitate management of disease heterogeneity in
clinical practice and improve the methodologies of therapeutic
trials. Survivorship pattern across different ethnic groups needs
to be addressed with high-quality studies to improve our under-
standing of disease variability. Lastly, further studies have to
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investigate the implications of genetic (eg, populations’ ances-
tries) along with environmental and lifestyle factors in the ALS
occurrence.

CONCLUSION

Our research adds to our understanding of the demographic,
clinical and prognostic features of ALS in Africa. Riluzole treat-
ment was independently associated with longer survival, which
is consistent with studies in Western populations.*® International
collaboration is essential to provide new data and clarify key
aspects on ALS, especially from certain global regions that are
currently poorly represented in the literature. Population-based
studies are necessary to clarify the incidence of ALS in Africa and
the genetic, clinical and prognostic variations thereof.
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Chapter IV. Amyotrophic lateral sclerosis in Latin America

IV.1. Framework of ALS in Latin America

Latin America is underrepresented in the ALS literature. This geographic region has seized the
attention of researchers in recent decades due to the apparent lower occurrence of ALS. One
of the first publication already stated this query with a study performed in Mexico City (Olivares
et al., 1972). The current evidence seems to continue supporting these claims, which has
drawn international attention to the need for more original research in the region. However,
there is limited data on ALS from Latin America as indicated by the Global Burden Disease

study 2016 (Logroscino et al., 2018b).

IV.1.1. Epidemiology of ALS in Latin America

To the best of our knowledge, 12 epidemiological researches have been performed in Latin
America. Almost all of the studies used a retrospective observational approach. Brazil is the
country with the highest number of epidemiological surveys (n = 4). There is at least one study
in the following countries: Argentina, Chile, Costa Rica, Cuba, Ecuador, Guadeloupe (overseas

region of France in the Caribbean), Mexico and Uruguay.

IV.1.1.1. Incidence and prevalence of ALS in Latin America

A national population-based study from Uruguay has been the only research in Latin America
that used a prospective design with multiple sources of case ascertainment (neurologists, other
medical specialties, general physicians, neurophysiology laboratories, hospital medical
records and death certificates) (Vazquez et al., 2008). During a 2-year period, researchers
identified 89 new diagnosed ALS cases giving an incidence of 1.42 per 100,000 person-years
(95% CI, 1.13 to 1.72), which was estimated through capture recapture method (Hook and
Regal, 1995). The age-adjusted incidence to the 1990 US population, for the 45-74 age group,

was 3.6 (95% ClI, 2.7 to 4.5) person-years.
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A national survey was also performed in Brazil. The study requested the participation of the
neurologists across the country (Dietrich-Neto et al., 2000). The incidence of ALS ranged from
0.3 to 0.5 per 100,000 person-years. Private neurologists identified most of the patients.

However, less than 10% of the neurologists in the country participated in the survey.

Another two studies in Latin America identified cases through medical records from hospitals
and neurologists. The first one was a retrospective study carried out in Mexico City that found
only 16 ALS cases between 1962 and 1969. The crude incidence was 0.40 per 100,000
(Olivares et al., 1972). The second was another retrospective study in Guadeloupe (overseas
region of France in the Caribbean) that identified 63 cases of ALS between 1996 and 2011
(Lannuzel et al., 2015). The crude ALS incidence was 0.93 (0.71 to 1.19) per 100,000 person-
year. The standardized incidence was 1.13 (0.84 to 1.42) based on the European population
in 2000. A higher incidence was observed (3.73 per 100,000 person-year) in a small island
Marie-Galante in the Guadeloupe archipelago. The authors have mentioned genetic and

environmental factors as potential explanations.

Three studies based their epidemiological estimates on cases identified only from hospitals
medical records. In Costa Rica, a retrospective study estimated an incidence of 0.97 (95% ClI
0.8 a 1.2) per 100.000 person-year through neurology departments of different national
hospitals (Rodriguez- Paniagua et al., 2007). In Argentina, a retrospective study performed in
Buenos Aires found an incidence of 3.17 (95% CI 2.24 — 4.48) per 100.000 person-year using
medical records from prepaid Health Maintenance Organizations (Bettini et al., 2013). In
Ecuador, a retrospective study in two hospitals in Quito reported an incidence ranging from 0.2

to 0.6 per 100.000 person-year (Bucheli et al., 2014).

ALS incidence studies in Latin America and the Caribbean are shown in table 18.
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Table 18: Incidence of ALS per 100,000 person-year in Latin America and the Caribbean by

study period according to subcontinents

Stud Stud Case Crude Standardized
Subcontinent Country Authors erio)é desi >r/1 ascertainment incidence incidence
p Y sources (95% CI) (95% CI)
B " (Lannuzel et ) 0.93 1.13
Caribbean Guadeloupe al., 2015) 1996 - 2011 R Hosp + Neuro (0.71-1.19) (0.84 - 1.42)
(Rodriguez-
g;netrriac‘:la Costa Rica Paniagua et 1998 - 2001 R Hosp © ggz 2)
al., 2007) ) )
B (Bucheli et al., ) . _ 0.29
South America Ecuador 2014) 2000 - 2012 R Hosp rr0.2-0.6 (0.35 - 0.24)
. (Bettini et al., ) 3.17 2.23
Argentina 2013) 2003 - 2010 R Hosp + HI (2.24 — 4.48) (1.45 — 3.01)
. Hosp,+ Neuro +
(Vazquez et ) ' 1.42 3.6
Uruguay al., 2008) 2002 - 2003 P Spe + Hl:l)g PCP + (1.13-1.72) E (2.7-4.5)
. (Dietrich-Neto . )
Brazil etal., 2000) 1998 R Neuro rr0.3-0.5
. (Olivares et }
Mexico al., 1972) 1962 - 1969 R Hosp + Neuro 0.40

* Guadeloupe is an overseas region of France, |= estimated by capture recapture method
Study design: CR, Cross-sectional; P; Prospective; R, retrospective
Case ascertainment sources: Asso, patients’ association; DC, death certificates; HI, Health insurance data; Hosp, hospital discharge data;

Neuro, neurologist; PCP, primary care physicians; Spe, other specialist.

r, range

Prevalence was reported in some studies ranging from 0.8 in Mexico (Olivares et al., 1972) to

8.9 in Argentina (Bettini et al., 2013). In Brazil, a specific population-based study assessed

ALS prevalence in the metropolitan area of Porto Alegre using multiple sources of case

ascertainment (Hospital - clinics - neurologists — patient associations). The prevalence was 5.0

cases per 100,000 (95% Cl, 3.9 to 6.2) (Linden-Junior et al., 2013).

IV.1.1.2. Mortality of ALS in Latin America

In Latin America, mortality studies have been based on death certificates. ALS cases were

identified and retrieved from mortality registers using the International Classification of

Diseases (ICD) coding. The crude mortality ranged from 0.28 in Mexico (Olivares et al., 1972)

to 0.76 in Brazil (Matos et al., 2011). The standardized mortality ranged from 0.44 in Brazil

(Matos et al., 2011) to 0.83 in Cuba (Zaldivar et al., 2009).

ALS mortality rates in Latin America are presented in table 19.

Jaime Andres LUNA MENDEZ | These de doctorat | Université de Limoges | 2019
Licence CC BY-NC-ND 3.0

122



Table 19: Mortality of ALS per 100,000 person-years in Latin America and the Caribbean by

study period according to subcontinents

Case Crude Standardized
Subcontinent Country Authors S;;Jig)é dsetgidﬁ ascertainment mortality mortality
P Y sources (95% CI) (95% CI)
South Brazil (Mouraetal., 53045013 R DC r 0.36 - 0.58 r 0.61 - 0.89
America 2016)
. (Valenzuela et
Chile al. 2015) 1994 - 2010 R DC 1.13
Brazil (Ma;%sli’)t al. 5002 - 2006 R DC r0.44 -0.76 r0.44-0.78
(Zaldivar et al., ) 0.67 0.83
Cuba 2009) 2001 - 2006 R pe (0.6-0.72) (0.72- 0.8)
Mexico (gl'"’?;e?sz‘)et 1962 - 1969 R DC 0.28

DC, death certificates; r, range; R, retrospective.

IV.1.1.3. ALS occurrence between geographic areas and ethnic groups in Latin
America

A higher incidence of ALS was reported in studies from Uruguay and Argentina compared to
other Latin American nations. These differences could be related to the study design and
exhaustiveness of case ascertainment. For instance, the national study in Uruguay used a
prospective design with multiple sources of case ascertainment, which could lead to an

accurate estimation of incidence.

Another potential explanation for the variability of ALS within Latin America is the influence of
socioeconomic factors. Nevertheless, ALS incidence and mortality varied between countries
within the same economic category according the World Bank classification. During the study
period, countries with higher incidence, such as Argentina and Uruguay, and countries with
lower incidence, such as Costa Rica and Brazil, all were categorized as upper-middle-income

countries. This suggests that maybe other factors are involved in ALS heterogeneity.

It is necessary to take into account that populations from Uruguay and Argentina are
characterized by an important European background (Seldin et al., 2007). In those countries,
ALS occurrence seems to be close to the reports from European studies. Conversely,

standardized incidence and mortality rates were lower in Ecuador, Guadeloupe, Brazil and

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 123
Licence CC BY-NC-ND 3.0



Cuba (ranging from 0.2 to 1.13). Those nations have a multiethnic population shaped
throughout its history of continuous admixture among European, Native Amerindian, and

African populations (Homburger et al., 2015).

Furthermore, results from studies assessing differences between ethnic groups within Latin
America found that a higher proportion of ALS cases were identified as whites. In Costa Rica,
a hospital-based study included 102 patients with ALS; all of them were identified as white
individuals (Rodriguez- Paniagua et al., 2007). In Chile, higher mortality rates were reported
in the Austral area, which is constituted by a large population of European origin (Valenzuela
et al., 2015). In Brazil, a national mortality study described a higher risk for white population
with an OR of 2.29 (95% CI 2.78-3.07) (Moura et al., 2016). In Cuba, adjusted mortality rate
was higher in whites (0.93; Cl 0.83-1.03) compared to admixed populations (0.55; CI 0.4-

0.72) (Zaldivar et al., 2009).

IV.1.1.4. Methodological concerns of epidemiological studies in Latin America

The lower incidence and mortality in Latin America studies support the hypothesis that admixed
populations exhibit a lower susceptibility to develop ALS. As has already been mentioned,
these findings could also be explained by the retrospective design or exhaustiveness of case
ascertainment. This could also be due to differences in terms of access to health, socio-
economic factors, study period and inequality among different ethnic groups. These

methodological issues need to be considered for explaining the results.

Specific methodological concerns have been observed in certain studies from Latin America.
For instance, some studies only considered probable or definite ALS according to El Escorial
excluding suspected, possible cases (Bettini et al., 2013; Dietrich-Neto et al., 2000; Vazquez
et al., 2008). This could underestimate the incidence of the disease. Moreover, it is difficult to
compare epidemiological indicators in Latin America due to the lack of standardized data and
the use of different reference population for standardization. Further studies are required to

draw a clearer picture on ALS epidemiology in Latin America.
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IV.1.2. Clinical characteristics of ALS in Latin America

The clinical characteristics of ALS patients have been described in few studies in Latin
America. Brazil is the country with most publications in this topic (n = 6), followed by Argentina
(n = 2), Ecuador (n = 1), Uruguay (n = 1), Costa Rica (n = 1) and Guadeloupe (an overseas
region of France in the Caribbean, n = 1). The majority of the studies were performed using a
retrospective hospital-based design. The number of cases ranged from 29 to 443 with a
median sample size of 109 cases (IQR 65 - 217). El Escorial criteria has been widely used.
The demographic and clinical characteristics of ALS cases in Latin America are shown in table

20.

A male predominance was observed with a male/female SR between one and two. The mean
age at onset was reported in the fifth decade of life according to most studies. Reports from
Brazil and Argentina described a later age at onset (around the sixth and seventh decades)
(Bettini et al., 2011; Linden-Junior et al., 2013). Conversely, a study in Brazil described a
particular young age at onset (42 years) in 78 cases (21.1% of the all included cases) (de
Castro-Costa et al., 1999). The percentage of familial ALS ranged from 2.6% to 6.4% (de
Castro-Costa et al., 1999; Dietrich-Neto et al., 2000; Lannuzel et al., 2015; Vazquez et al.,

2008; Werneck et al., 2007), with only one study reporting no fALS cases (Bettini et al., 2013).

The proportion of cases with bulbar onset was broadly variable ranging from 10% to 40%
(Bettini et al., 2013, 2013; de Castro-Costa et al., 1999; Dietrich-Neto et al., 2000; Lannuzel et
al., 2015; Lima and Nucci, 2011; Loureiro et al., 2012; Rodriguez- Paniagua et al., 2007;
Vazquez et al., 2008; Werneck et al., 2007). The median diagnosis delay was around 11 to 12
months (Dietrich-Neto et al., 2000; Lannuzel et al., 2015; Vazquez et al., 2008). Although all
the studies used El Escorial criteria to establish diagnosis, few described the proportion of
patients in each diagnosis category (e.g. definite, probable, probable with laboratory support,
possible) (Bucheli et al., 2014; de Castro-Costa et al., 1999; Werneck et al., 2007). Some

studies only included patients with probable or definite ALS (Bettini et al., 2013; Bucheli et al.,
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2014; Dietrich-Neto et al., 2000; Lima and Nucci, 2011; Loureiro et al., 2012; Vazquez et al.,

2008).

The mean survival time since onset was between 34 months to 42 months (Dietrich-Neto et
al., 2000; Lannuzel et al., 2015; Vazquez et al., 2008). The median survival since onset was
49 months (95% CI 42.4 to 55.5) (Loureiro et al., 2012). The main limitation in these studies
was the high number loss of follow-up. For instance, one study identified 443 patients reporting

survival only from 23 patients (Dietrich-Neto et al., 2000).
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Table 20: Studies reporting demographic and clinical charactersitics of patients with ALS in Latin America and the Caribbean by study period

according to subcontients

Study Sources of Number of Male/Female Mean age Familial Diagnosis  Mean survival
Subcontinent Country Authors . Study design case ] Diagnosis delay since onset
period . ALS cases sex ratio onset (years) forms
ascertainment (month) (months)
Caribbean Guadeloupe* (LannzuOZfSI)et al., 1996 - 2011 Retrospective Hosp + Neuro 63 14 58.4 6.4% El Escorial 12 348
(Rodriguez- Dat:
Central America Costa Rica Paniagua et al., 1998 - 2001 Retrospective Hosp 102 17 g f El Escorial
2007) 53.1m; 54.4
South America Ecuador (Buc;gllﬁt al, 2000 - 2012 Retrospective Hosp 116 1.3 543 El Escorial 15.9
Argentina (Beg'g'lg)t . 5003-2010  Retrospective Hosp + HI 32 0.9 72 00%  ElEscorial 9.2
Brazil (Linden-Junior et 2010 Cross-sectional Hosp + Neuro + 70 1.1 64.5 El Escorial
al., 2013) Asso
Argentina (Beglgllf)t al, 2001 - 2008 Retrospective Hosp 187 t 1.6s Dg: 55 El Escorial
Brazil (leazact)nldl)l\luccu 2006 - 2007 Prospective Hosp 29 1.9 Dg: 49.2 El Escorial
Brazil ('-OUfze(;rloz‘)Et al. 5000-2007  Retrospective Hosp 227 ¢ 1.7s 53.6 El Escorial 49|
. (Werneck et al., ) . . o . 20.7 Hosp
Brazil 2007) 1977 - 2004 Retrospective Hosp + PC 251 1.6 Dg: 54.4 2.8% El Escorial 14.5 PC
(Vazquez et al Hosp,+ Neuro +
Uruguay %008) N 2002 - 2003 Prospective Spe + HI + PCP 143 2.0 58.7 4.2% El Escorial 109
+DC
Brazil (deefsstrf)égg)sta 1980 - 1999 Retrospective Hosp 78 1.8NC 21.1%jc 2.6% El Escorial
Brazil (D'e;['cgg\égt)o et 1998 Retrospective Neuro 443 14 52.0 59%  ElEscorial 11] 429

Asso, patients’ association; DC, death certificates; Dg: age at diagnosis; f, female; Hosp, hospital; HI, Health insurance; jc, juvenile cases; m, male; NC, calculated; Neuro, neurologist; PC; private clinic; PCP, primary care
physicians; s, sporadic ALS; Spe, other specialist.
* an overseas region of France in the Caribbean; [, median; 8! Mean survival from 38 patients; 52 Mean survival from 23 patients; + only sporadic ALS cases included
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IV.2. Amyotrophic lateral sclerosis mortality study in Ecuador

In order to contribute to the scientific literature regarding ALS in Latin America, our research
team carried out a population-based study to describe and compare mortality rates among

ethnic groups in Ecuador, a multiethnic country.

Ecuador is an upper-middle income country located in South America with a total population
of 14,483,499 inhabitants according to the National Institute of Statistics and Censuses in
Ecuador (INEC) 2010. The country is composed of four regions: the Pacific coast, the Andean

region (the highlands), the Amazon region and the Galapagos Islands.

Ecuador is a multiethnic country consisting of a predominant admixed population named
Mestizos (79.3%), which combines a mixed origin between European (mostly Spanish) and
Indigenous or Native Amerindian. Several ethnic populations are identified in the country as
Indigenous (7.0%), Africans or Afro-Ecuadorian (7.2%), whites or Caucasians (6.1%), and
other populations (Asians and Arabs) (0.4%) according to the National Census 2010. Ethnicity
is self-reported based on cultural and traditions aspects. Ecuador is a very interesting country
from a population genetics point of view. The admixed events have been associated with the
settlement of different populations in the territory including Native Amerindians or Indigenous,
European settlers, and African slaves (Homburger et al., 2015). A recent study to assess the
genetic diversity and ancestry in Ecuador found that admixed population (Mestizos) had on
average 65.8% of Indigenous ancestry, 30.1% of European ancestry, and 4% of African

ancestry (Santangelo et al., 2017).

IV.2.1. Methodological design: ALS mortality study in Ecuador

The national mortality register established by the National Institute of Statistics and Censuses
was searched to determine ALS deaths from 1990 to 2016. The International Statistical
Classification of Diseases (ICD) codes were used to identify patients with ALS. ICD code is

the standard tool for epidemiology, health management, and clinical purposes recommended
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by the World Health Organization (WHO). The Ninth Revision (ICD- 9) code 335.2 was used
for 1990 through 1996 and the Tenth Revision (ICD-10) code G12.2 was used for 1997 through
2016. The ICD-9 code 335.2 considers ALS, progressive muscle atrophy (PMA), progressive
bulbar palsy (PBP), pseudobulbar palsy, primary lateral sclerosis (PLS), and other motor
neuron diseases. The ICD-10 code G12.2 includes ALS, motor neuron disease unspecified,
familial motor neuron disease, PBP, PLS, progressive spinal muscle atrophy, and other motor
neuron diseases. These codes were used following the “ICD consist” criteria provided by the
epidemiological practice guideline for ALS mortality studies (Marin et al., 2011a). The causes
of death are coded in the death certificates according to the ICD classification. Given that, the
ICD codes have changed over time (ICD-7, ICD-8, ICD-9 and ICD-10), it is suggested to use
consistent ICD codes. The codes used need to represent the same diseases on the different
ICD classifications. A recommended approach for ALS/MND is to use the following codes:
356.0 and 356.1 for ICD-7, 348.0, 348.1 and 348.2 for ICD-8, 335.2 for ICD-9, and G12.2 for

ICD-10 (Chio et al., 1993; Marin et al., 2011a).

The national mortality register gathers underlying and contributory cases of death. The
principal cause of death is coded from death certificates (Appendix 2) using the World Health
Organization’s rules and guidelines for mortality coding in the International Statistical
Classification of Diseases and Related Health Problems Instruction Manual (World Health

Organization, 2010).

The sociodemographic characteristics of ALS cases were collected including sex, age at time
of death and medical death certification. We excluded ALS cases younger than 15 years to

avoid likely misclassified cases.

Ethnicity was gathered, when available. Ethnic data were collected using the INEC’s definition
and classification (B. Villacis and D. Carrillo, 2011). Ethnic groups were classified as Mestizos,

Indigenous, Afro-descendants, whites and other groups. Definitions are described below:

i) Mestizo: A person descending from both Indigenous and white roots.
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i) Indigenous: A person descending from populations that inhabited the country or the

geographical region before the time of conquest or colonization.

iif) Afro-descendant: A person having origins of African descent in America.

iv) White: A person having origins of European or Caucasian race.

v) Other groups: If the person is not in the aforementioned groups. Asians and Arabs are

included in this category.

The population at risk was obtained from the Annual Demographic Yearbook published by the
United Nations Statistics Division (The United Nations Statistics Division, n.d.) and the data of
the National Censuses provided by the INEC (Instituto Nacional de Estadistica y Censos, n.d.).

The mid-year population was considered per each year to calculate the mortality rates.

The following guidelines were used to perform this study:

i) Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)

(Vandenbroucke et al., 2007).

i) Standards of Reporting of Neurological Disorders (STROND) (Bennett et al., 2015).

iif) Epidemiological practice criteria for ALS mortality studies (Marin et al., 2011a).

R software version 3.5.0 and SAS enterprise guide version 5.1 (SAS Institute, Cary, NC) were
used to conduct the analyses. Quantitative variables were described as medians with
interquartile ranges (IQRs). Qualitative variables were shown as frequencies with percentages.
Percentages were compared using the Pearson’s X? test and means by Kruskal-Wallis test,

depending on the conditions of application.

Frequency counts of ALS deaths were categorized in 5-year age increments. Crude mortality
rates per 100,000 PYFU were calculated and a Poisson distribution was assumed for

calculation of 95% confidence interval (95% CI). Direct age- and sex-standardization was
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performed based on the 2010 Ecuador population (Instituto Nacional de Estadistica y Censos,

n.d.) and the 2010 US population (US Census Bureau, 2010).

Mortality rates among ethnic populations were reported from 2009 to 2016. Ethnic population
projections were estimated for each year to determine the population at risk. Projections were
based on ethnic group weight according to the 2010 Ecuador census (Instituto Nacional de

Estadistica y Censos, n.d.).

For the statistical analysis, ethnic groups were categorized into admixed (Mestizo), white
(Caucasians), black (Africans), and other populations (Indigenous, Asians and Arabs). Rate
ratio statistics were performed to compare age- and sex-standardized rates based on the 2010
US population among ethnic groups (SAS/STAT(R) 14.1 User’s Guide, n.d.). A p value <0.05

was considered statistically significant.
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IV.2.2. Results: ALS mortality study in Ecuador

IV.2.2.1. ALS mortality in Ecuador

A total of 570 ALS deaths were identified in the national mortality register from 1990 to 2016.
A physician certified all ALS deaths and a treating physician certified 67.4% of those deaths.
A predominance of male cases was observed with a sex ratio of 1.18 overall. An inversion of
the SR was observed above 75 years (SR = 1.41 under the age of 65 years, SR = 1.11 between
65 and 75 years and SR = 0.74 above 75 years). The median age of death was 61.5 years
(IQR 52.0 — 71.0 years). ALS mortality showed an age-related profile with a peak between 55

and 70 years (Figure 18).

0.30

0.25

0.15

0.10

Mortality per 100 000 person-years

0.05

0.00 e ¥ "o -

0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 4549 5054 55-59 60-64 6569 70-74 7579 >80
Age groups
s Overall mortality = @ == Male mortality »»»® »» Female mortality

Figure 18 : The crude ALS mortality per 100,000 person-years by age groups in Ecuador

from 1990 to 2016: ALS mortality study in Ecuador

The number of ALS cases and population at risk in Ecuador by age and sex from 1990 to 2016

are shown in Appendix 3.
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IV.2.2.2. Crude and standardized mortality rates in Ecuador

The overall crude mortality was 0.16 (Cl 0.15-0.18) per 100,000 PYFU. The age- and sex-
standardized mortality rate per 100,000 PYFU was 0.18 (Cl 0.17-0.19) for the 2010 Ecuador
population and 0.33 (ClI 0.30-0.36) for the 2010 US population. The standardized mortality
based on 2010 US population was 0.34 (CI 0.29 - 0.38) in male and 0.32 (Cl 0.28 - 0.36) in
female. Crude and adjusted mortality rates are shown in table 21.

Table 21 : Crude and adjusted mortality rates per 100,000 population in Ecuador from 1990
to 2016: ALS mortality study in Ecuador

Overall crude mortality Male crude mortality Female crude mortality

(95% ClI) (95% ClI) (95% ClI)
0.16 0.18 0.15
(0.15-0.18) (0.16 - 0.20) (0.13-0.17)
Age-sex adjusted Male adjusted Female adjusted
mortality mortality mortality
Ecuador 2010 Ecuador 2010 Ecuador 2010
(95% CI) (95% CI) (95% CI)
0.18 0.20 0.17
(0.17 - 0.19) (0.18-0.22) (0.15-0.19)
Age-sex adjusted Male adjusted Female adjusted
mortality mortality mortality
US 2010 US 2010 US 2010
(95% CI) (95% CI) (95% CI)

0.33 0.34 0.32
(0.30- 0.36) (0.29-0.38) (0.28 - 0.36)

IV.2.2.3. Mortality rates among ethnic groups

The ethnicity of the cases was available from 2009 to 2016. Three hundred seven ALS deaths
were identified with ethnic profile information in this period: 272 were admixed, 20 were white,
7 were black and 8 were other ethnic populations (only two cases were identified as
Indigenous). The number of ALS cases and population at risk (INEC census 2010 in Ecuador)

by ethnic groups, sex and age are shown in Appendix 4.

There was a disparity in the sex ratio between the ethnic groups. A clear predominance of

male cases was observed in blacks, while male/female SR was similar in admixed and other
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ethnic groups (SR close to 1). Conversely, a higher proportion of female cases was observed

in whites.

The crude mortality was 0.27 (Cl 0.24 - 0.30) in admixed, 0.26 (Cl 0.15 - 0.38) in white, 0.11

(CI 0.03 - 0.19) in black, and 0.09 (CI 0.03 - 0.15) in other ethnics. The age- and sex-

standardized mortality rate per 100,000 based on 2010 US population was 0.49 (Cl 0.43-0.55)

in admixed, 0.37 (CI 0.20-0.53) in white, 0.26 (Cl 0.05-0.47) in black, and 0.19 (CI 0.05-0.34)

in other ethnics. Crude and standardized mortality rates between ethnic populations are shown

in table 22.

Table 22 : Crude and adjusted mortality rates per 100,000 population by ethnic groups in

Ecuador from 2009 to 2016: ALS mortality study in Ecuador

Ethnic Overall Male crude Female Age-Sex Male Female Age-Sex Male Female
group crude mortality crude adjusted adjusted adjusted adjusted adjusted adjusted
mortality (95% ClI) mortality mortality mortality mortality mortality mortality mortality
(95% ClI) (95% ClI) Ecuador Ecuador Ecuador US 2010 US 2010 US 2010
2010 2010 2010 (95% ClI) (95% ClI) (95% ClI)
(95% CI) (95% Cl) (95% ClI)
Admixed 0.27 0.28 0.27 0.27 0.27 0.26 0.49 0.46 0.51
(0.24-0.30) (0.23-0.32) (0.22-0.31) (0.23-0.30) (0.22-0.31) (0.22-0.31) (0.43-0.55) (0.38-0.54) (0.42-0.61)
White 0.26 0.22 0.31 0.20 0.18 0.23 0.37 0.28 0.45
(0.15-0.38) (0.07-0.37) (0.14-0.49) (0.11-0.29) (0.05-0.30) (0.09-0.36) (0.20-0.53) (0.09-0.48) (0.19-0.71)
Black 0.11 0.18 0.03 0.14 0.25 0.04 0.26 0.47 0.05
(0.03-0.19) (0.04-0.33) (0.00-0.09) (0.03-0.25) (0.04-0.46) (0.00-0.11) (0.05-0.47) (0.06-0.88) (0.00-0.15)
Others 0.09 0.09 0.09 0.10 0.12 0.08 0.19 0.22 0.16
(0.03-0.15) (0.001-0.18) (0.002-0.17) (0.03-0.18) (0.00-0.24) (0.002-0.17) (0.05-0.34) (0.00-0.46) (0.003-0.33)

The rate ratio statistics showed no statistical differences between admixed and white ethnic

groups (p = 0.231), admixed and black ethnic groups (p = 0.125), and white and black ethnic

groups (p = 0.447). Differences reached statistical significance between admixed and other

ethnics (p = 0.015) (table 23).
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Table 23 : Comparing directly standardized rates among ethnic groups with a rate ratio

statistics in Ecuador: ALS mortality study in Ecuador

Ethnic group Mortality rate (95% CI) / 100,000 p value
Admixed 0.49 (0.43 - 0.55) 0.231
White 0.37 (0.20 - 0.53)

Admixed 0.49 (0.43 - 0.55) 0.125
Black 0.26 (0.05 - 0.47)

Admixed 0.49 (0.43 - 0.55) 0.015
Others 0.19 (0.05 - 0.34)

White 0.37 (0.20 - 0.53) 0.447
Black 0.26 (0.05 - 0.47)

White 0.37 (0.20 - 0.53) 0.143
Others 0.19 (0.05 - 0.34)

Black 0.26 (0.05 - 0.47) 0.611
Others 0.19 (0.05 - 0.34)

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019

Licence CC BY-NC-ND 3.0

135



IV.2.3. Discussion: ALS mortality study in Ecuador

This epidemiological study is an original contribution to the scientific literature of ALS in Latin
America. A lower mortality rate was found in this predominant admixed population from Latin
America compared to European and North America populations. This findings support a lower
ALS occurrence in admixed populations, which is consistent with previous reports from other
Latin American countries and Hispanic populations in the USA. There were no statistically
significant differences in mortality rates between admixed, white and black ethnic groups.
Differences reached statistical significance between admixed and other ethnic groups

(Indigenous, Asians and Arabs).

IV.2.3.1. Sex ratio: ALS mortality study in Ecuador

A slightly higher predominance of male cases was observed with an overall SR of 1.18, which
is similar to the ratio described in population-based studies from Europe and North America
(SR = 1.3) (Marin et al., 2016b). These results are also consistent with other mortality studies
in Latin America that reported a SR around 1.1 to 1.3 (Moura et al., 2016; Valenzuela et al.,

2015; Zaldivar et al., 2009).

In the mortality study in Ecuador, the male predominance remained steady until 75 years with
a further increase in female cases resulting in SR inversion above 75 years. This could reflect
differences in population age structures, differences in accessibility to the health system, or
reduced ascertainment of male cases in the elderly age groups. SR was also different between
the ethnic groups with a predominance of male cases in blacks and female predominance in
whites. It is difficult to draw conclusions on this matter related to the few number of cases in

these ethnic groups. Further studies are needed to address this issue.

IV.2.3.2. Age-related pattern: ALS mortality study in Ecuador

We found an age-related pattern in ALS with a progressive increase leading to a peak (around

55 and 70 years) followed by a sudden decrease. This age-specific phenomenon is consistent
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with the results of a recent meta-analysis considering population-based studies, which
described a peak of ALS incidence between the 60s or 70s with a sharp decrease afterwards

(Marin et al., 2018b).

This pattern could suggests that a specific age group is at higher risk to develop ALS. However,
this could also be explained by an underestimation of cases in elderly population.
Underestimation in this age group could be related to several reasons, among which we can
mention the following: i) Elderly patients are less likely to access to specialized health care
such as neurology consultation (Forbes et al., 2004). ii) Since age is a well-known prognosis
factor, we could assume that older patients with ALS will probably present a shorter survival.
This fact implies less time to establish the diagnosis. iii) Patients at risk of developing ALS at
an advanced age could die from other causes before the diagnosis (Gunnarsson et al., 1990).
Another alternative could be that elderly people who survive beyond the age of 80 are
protected against motor neuron damage (Riggs, 1996). Concerning mortality studies, an
underestimation in this age group may be linked to the accuracy of death certificates in the
elderly population. A study showed that older age and shorter survival since onset were
correlated to reduced death certificate accuracy (Ragonese et al., 2004). Further studies are

needed to asses ALS in elderly population to clarify all these issues.

IV.2.3.3. ALS mortality in Latin America and admixed populations

Our study found lower ALS mortality rates in Ecuador than in Europe or North America. The
results are consistent with other mortality studies in Latin America countries: Brazil, Cuba, and
Mexico (Matos et al., 2011; Moura et al., 2016; Olivares et al., 1972; Zaldivar et al., 2009).
Furthermore, these findings are similar to the mortality rates described in Hispanic populations
from the USA (McCluskey L, 2004; Noonan et al., 2005; Roberts et al., 2016). This suggests
a lower occurrence of ALS in admixed populations compared to Europe and North America
populations. Nevertheless, socioeconomic factor and access to health services could explain
these observations.
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This study found no statistical differences on ALS mortality rates among admixed, white and
black ethnic groups, while there was a statistically significant difference between admixed and
other ethnics. Our results are in contrast with studies from Cuba (Zaldivar et al., 2009) and
Brazil (Moura et al., 2016). The findings could also be affected by differences on health care
access and socioeconomic status. Interestingly, only two ALS cases were reported among the
Indigenous group, which is a very limited number of cases in an ethnic group representing
7.0% of Ecuador population considering a relative suitable period of time (8 years). In the Latin
American context, Indigenous populations still have inadequate access to health services.
Several barriers have been described, such as the isolation of Indigenous communities,
geographic distance of health care facilities, limited economic resources, language, and
cultural aspects, as Indigenous could prefer traditional medicine rather than conventional
medicine (Montenegro and Stephens, 2006). Specific studies on ALS among Indigenous

people are needed to clarify this point.

IV.2.3.4. Validity of the use of death certificates: ALS mortality study in Ecuador

Concerns have been expressed regarding the validity of using death certificates to estimate
ALS occurrence. This appears to be related to the fact that several studies found variable
ranges of accuracy in ALS cases certification (Chio et al., 1992; Ragonese et al., 2004; Stickler
et al., 2012). On the other hand, studies from England and China have reported that mortality
rates were consistent with incidence rates for the same countries and periods of time (Dean et
al., 1994; Fong et al., 1996), when standard epidemiological criteria were used. These studies
applied most of the practice epidemiological criteria for ALS mortality studies (Marin et al.,
2011a) that we followed including: i) definition of the population at risk, ii) mortality data should
be based on ‘underlying’ and ‘contributory’ causes, iii) examination of ALS rate time trends, iv)

examining ALS variations between ethnic groups.
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IV.2.3.5. Strengths and limitations: ALS mortality study in Ecuador

The main strengths of this work rely on the population-based data considering 27-year period
for the overall results and 8-year period for the ethnicity rates. This time frame was long enough
to collect sufficient numbers of events for the analyses. We considered age and sex structure
of the population per year during the study period from official data. Moreover, physicians

certified all ALS deaths in the national mortality register.

Some limitations need to be discussed. It could be questioned whether cultural identity is a
reliable method to classify ethnicity, which is the official method in Ecuador Census according
to the INEC. A genetic study in Ecuador found that people identified as Mestizo (admixed),
which is the predominant population in the country, showed higher average genetic diversities
with Indigenous and European ancestries (Santangelo et al., 2017). Hence, ethnic identity
could be considered a reliable proxy of ancestral origin. It is difficult to determine the influence
of health care access or socioeconomic status in our results. Further studies need to consider

the impact of these factors.
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IV.2.4. Conclusion: ALS mortality study in Ecuador

The mortality rates reported in this population-based study in Ecuador support the current
evidence that admixed populations from Latin America display lower occurrence of ALS
compared with European and North American populations. Nevertheless, our study found no
significant differences between admixed, white and black ethnic groups. Statistical significant

differences were only found between admixed and other ethnics.

Genetic epidemiology studies across different populations are needed to reveal the influence
of genetic factors, especially ancestral genetic origin, admixture, and mutations. Further
studies are needed in Latin America. Studies using a prospective population-based design

with multiple sources of case ascertainment should be especially encouraged.
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IV.3. Article 3 - ALS mortality rates among ethnic groups in a predominant admixed
population
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Abstract

Current evidence suggests heterogeneity of amyotrophic lateral sclerosis (ALS) among geographic areas and populations.
Lower mortality rates have been reported in admixed populations compared to European origin populations. We aimed
to describe and compare ALS mortality rates among ethnic groups using a population-based approach in a multiethnic
country. Annual mortality cause registers were searched to determine ALS deaths from the National Institute of
Statistics and Censuses in Ecuador (INEC) from 1990 to 2016. Mid-year population was considered for each year. The
time trend was assessed using a negative binomial regression. Rate ratio statistics were performed to compare the age
and sex standardized rates based on the 2010 US population among ethnic groups. Overall, 570 ALS deaths were identi-
fied. ALS mortality showed an age-related profile with a peak between 55 and 70 years. After age-sex standardization on
the 2010 US population, mortality rate was 0.33 (CI 0.30-0.36) per 100,000. The time trend showed an increase of
ALS mortality (p < 0.001). There was no statistical difference in age-sex standardized mortality rates per 100,000 when
admixed was compared to white (p=0.231) and black (p=0.125). Differences reached statistical significance between
admixed and other ethnics (p=0.015). Our population-based study supports the hypothesis that ALS occurrence is
lower in predominant admixed populations from Latin America compared to European and Northern American popula-
tions. Further studies are needed to clarify the role of ancestral origin in ALS susceptibility.

Keywords: Amyvorrophic lateral sclerosis, mortality, ethnicity, risk, admixed population, population-based study

Introduction have been used as proxies of ALS incidence rates.

A study showed that mortality rates were highly
consistent with incidence rates estimated in the
same area once standard epidemiological practice
criteria were satisfied (3).

Current evidence indicates heterogeneity of

Amyotrophic lateral sclerosis (ALS) is a rare neu-
rodegenerative disorder involving the upper and
lower motor neurons that leads to progressive par-
alysis of voluntary muscles until death. The
median survival time from diagnosis is around

15-20 months (1).

It could be assumed that all patients diagnosed
with the condition will eventually be identified via
the death certificate given the invariably fatal out-
come of the disease (2). As a result, mortality rates

ALS incidence and mortality among geographic
areas (4) and populations (5). This heterogeneity
suggests that the differences might be due to eth-
nicities and ancestries (6). Several studies in the
US reported lower mortality rates in Hispanic
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populations compared to white and black popula-
tions (7,8). A mortality study in Cuba determined
a lower adjusted mortality rate per 100,000 per-
son-years of follow-up (PYFU) in admixed popula-
tions 0.55 compared to whites 0.93 and blacks
0.87 (9). Only one hospital-based study investi-
gated ALS in Ecuador, a multethnic Latin
American country with a predominant admixed
population. The researchers found a crude inci-
dence ranging from 0.2 to 0.6 per 100,000 (10)
which is consistent with results seen in other
admixed populations (9,11). However, ethnicity of
the cohort was available only for a reduced num-
ber of subjects.

Lower mortality rates in the admixed popula-
tions could be explained by lower risk of developing
ALS, supporting the notion that ancestral origin
may play a role in disease pathogenesis. In this con-
text, we aimed to describe and compare ALS
mortality rates among ethnic groups in Ecuador
using a population-based approach. Moreover, we
described temporal trends of ALS mortality in
the country.

Materials and methods
Study area and population

Ecuador is an upper-middle income country located
in Latin America (12), characterized by four dis-
tinctive regions: the Pacific coast, the Andean
region, the Amazon region, and the Galdpagos
Islands. A total population of 14,483,499 inhabi-
tants was stated according to the 2010 census con-
ducted by the National Institute of Statistics and
Censuses in Ecuador (INEC). Ecuador is a multi-
ethnic country consisting of a predominant admixed
population named Mestizos (79.3%), which com-
bines a mixed origin between European (mostly
Spanish) and Indigenous. Several ethnic popula-
tions are identified in the country as Indigenous
(7.0%), Africans (7.2%), whites or Caucasians
(6.1%), and other (Asians and Arabs) populations
(0.4%) according to the INEC (13).

Case ascertainment

The INEC in Ecuador annual mortality cause
registers were searched in order to determine ALS
deaths from 1990 to 2016. Death cause was based
on underlying and contributory causes using the
International Classification of Diseases (ICD) cod-
ing. The Ninth Revision (ICD- 9) code 335.2 was
used for 1990 through 1996 and the Tenth
Revision (ICD-10) code G12.2 was used for 1997
through 2016. The principal cause of death is
coded from death certificates using the World
Health Organization’s rules and guidelines for
mortality coding in the International Statistical
Classification of Diseases and Related Health

Amyotrophic lateral sclerosis mortality rates 405

Problems Instruction Manual (14). We excluded
ALS cases younger than 15 years to avoid likely
misclassified cases.

Data collection

Data were collected according to epidemiological
practice criteria for ALS mortality studies (3).
Socio-demographic  information was obtained
included sex and age at the time of death. The self-
reported ethnicity was also collected. Ethnic groups
were reported according to the INEC census (15).

Estimates of population at risk were obtained
from the Annual Demographic Yearbook pub-
lished by the United Nations Statistics Division
(16) and the data of the national censuses pro-
vided by the INEC (13). The mid-year population
was considered per each year to calculate the mor-
tality rates.

Statistical analysis

The Standards of Reporting of Neurological
Disorders (STROND) guideline (17) and the
Strengthening the Reporting of Observational stud-
ies in Epidemiology (STROBE) (18) were fol-
lowed to perform and report this work.

R software version 3.5.0 and SAS enterprise
guide version 5.1 (SAS Institute, Cary, NC) were
used to conduct the analyses. Quantitative variables
were described as medians with interquartile ranges
(IQRs). Qualitative variables were shown as frequen-
cies with percentages. Frequency counts of ALS
deaths were categorized in 5-year age increments.

Crude mortality rates per 100,000 PYFU were
calculated and a Poisson distribution was assumed
for calculation of 95% confidence interval (95%
CI). Direct age-sex standardization was performed
based on the 2010 Ecuador population (13) and
the 2010 US population (19).

Three time periods were considered based on
the ICD coding system and the availability of eth-
nic population information: (i) 1990-1996; (ii)
1997-2008; and (iii) 2009-2016. A negative bino-
mial regression adjusted by age was used to test
the time trend considering the population older
than 15 years.

Mortality rates among ethnic populations were
reported for the 2009-2016 period. Ethnic popula-
tion projections were estimated for each year to
determine the population at risk. Projections were
based on ethnic group weight according to the
2010 Ecuador census (20).

For the statistical analysis, ethnic groups
were categorized into admixed (Mestizo), white
(Caucasians), black  (Africans), and other
(Indigenous, Asians and Arabs) populations. Rate
ratio statistics (21) were performed to compare
the age and sex standardized rates based on
the 2010US population among ethnic groups.
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A p value <0.05 was
significant.

considered statistically

Results
ALS mortality

Overall, 570 ALS deaths were identified from
1990 to 2016. A physician certified all ALS deaths
and 384 (67.4%) of those cases were certified by
the treating physician. A male predominance was
observed with a male/female sex ratio (SR) of
1.18. SR was 1.41 under the age of 65 years, 1.11
between 65 and 75 years and 0.74 above 75 years.
The median age of death was 61.5 years (IQR
52.0 — 71.0 years). ALS mortality showed an age-
related profile with a peak between 55 and 70
years (Figure 1).

The overall crude mortality per 100,000 PYFU
was 0.16 (CI 0.15-0.18), 0.18 (CI 0.16-0.20) for
male, and 0.15 (CI 0.13-0.17) for female. Age-sex
standardized mortality rate per 100,000 PYFU
was 0.18 (CI 0.17-0.19) for the 2010 Ecuador
population and 0.33 (CI 0.30-0.36) for the
2010 US population. Crude and standardized mor-
tality rates are shown in Table 1a.

The number of ALS cases and population at
risk by age and sex are shown in Supplementary
Table el.

Time trend

ALS mortality seemed to increase over time
(Figure 2). The crude mortality rates per 100,000
were 0.09 (CI 0.07-0.11) from 1990 to 1996,
0.11 (CI 0.09-0.13) from 1997 to 2008, and 0.27
(CI 0.24-0.29) from 2009 to 2016 (Table 1b).

0.30

0.25

0.20

0.15

0.10

Mortality per 100 000 person-years

0.05

0-4 5-9

10-14 15-19 20-24 25-29 30-34

e Over all mortality

= @ == Male mortality

The results seemed to be congruent after standard-
ization to the 2010 US population (Table 1b).

Negative binomial regression showed a signifi-
cant p value for the time trend (p < 0.001) and age
(p<0.001). The model adjusted by age found stat-
istically significant differences between the first
period (1900-1996) compared to the second
period (1997-2008), p<0.0001 and the third
period (2009-2016), p < 0.0001.

The ICD version, ethnic data, and ALS cases
characteristics in the considered time periods are
shown in Table 2.

ALS mortality rates among ethnic groups

Three hundred seven ALS cases were identified
with ethnic profile information in the period
2009-2016: 272 were admixed, 20 were white, 7
were black, and 8 were other ethnic populations
(only two were identified as Indigenous). The
number of cases and population at risk by ethnic
group, sex, and age at death are shown in
Supplementary Table e2.

The age-sex standardized mortality rate per
100,000 based on 2010US population was 0.49
(CI 0.43-0.55) in admixed, 0.37 (CI 0.20-0.53)
in white, 0.26 (CI 0.05-0.47) in black, and 0.19
(CI 0.05-0.34) in other ethnics. Crude and stand-
ardized mortality rates between ethnic populations
are shown in Table 3. No statistical difference was
found between admixed and white ethnic groups
(p=0.231), admixed and black ethnic groups
(p=0.125), and white and black ethnic groups
(p=0.447). Differences reached statistical signifi-
cance between admixed and other ethnics group
(p=0.015) (Table 3).

35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80-84

Age groups
»»® s Female mortality ge group

Figure 1. Crude ALS mortality per 100,000 person-years by age groups in Ecuador 1990-2016.
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Discussion

This population-based study supports the hypoth-
esis that ALS occurrence is lower in predominant
admixed populations from Latin America com-
pared to European and Northern American popu-
lations. The results are consistent with previous
ALS reports in Latin America and Hispanic popu-
lations in the United States. No statistical differen-
ces on age-sex standardized mortality were found
among admixed, white and black ethnic groups,
while the difference was statistically significant
between admixed and other ethnics.

Sex ratio in ALS mortality

The overall SR described a slightly predominance
of male cases which is similar to the ratio reported
in Europe and North America (22). The male pre-
dominance remained steady until 75 years, while
an increase in female cases was found above 75
years. This could reflect differences in population
age structures, differences in accessibility to the
health system, or reduced ascertainment of male
cases in the elderly age groups.

Age-related pattern in ALS mortality

ALS mortality followed an age-related pattern;
increasing gradually and leading to a peak followed
by a sudden decrease. As previously discussed, this
pattern could imply for example that a specific age
group is at higher risk to develop ALS. The age-
specific phenomenon is consistent with the results
reported in a recent meta-analysis based on popu-
lation-based studies of newly-diagnosed ALS cases
(23). On the other hand, some researchers are still
debating that this phenomenon may be the result
of under-ascertainment of cases in elderly popula-
tion (24).

Time trend in ALS mortality

Our study showed that ALS mortality rates are ris-
ing. The results were consistent with several
reports in Norway, Denmark, New Zealand,
United States, and Chile (25-29). A hospital-
based study in Ecuador showed that the prevalence
of degenerative diseases increased from 5.7% in
1990-1994 to 10.2% in 2005-2009 (30). A study
projected a worldwide increase of ALS cases from
222,801 in 2015 to 376,674 in 2040 mainly
related to the aging population (31). Another rea-
son for the increase could be a better case ascer-
tainment or an escalation of environmental
risk factors.

Variability of ALS between geographic areas and
populations

Evidence based on population-based studies has
shown that ALS incidence is homogenous among
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Figure 2. Time trend of ALS mortality per 100,000 person-years in Ecuador.

Table 2. International classification of diseases version, ethnic data, and ALS cases characteristics by period of time.

Period of time

Overall
1990-2016 1990-1996 1997-2008 2009-2016
(n=570) (n=170) (n=173) (n=327)
2a. Information available
ICD ICD-9 / ICD-10 1ICD-9 ICD-10 ICD-10
Ethnic data N/A - Available N/A N/A Available
2b. ALS cases characteristics
Gender, n (%)
Male 309 (54.2) 42 (60.0) 104 (60.1) 163 (49.8)
Female 261 (45.8) 28 (40.0) 69 (39.9) 164 (50.2)
Sex ratio M/F 1.18 1.5 15 0.99

Age of death (years)

median (IQR) 61.5 (52.0-71.0)

62.0 (52.7-72.0)

58.0 (49.0-68.0) 63.0 (53.0-73.0)

European origin populations from Europe, North
America, and New Zealand with an estimation of
1.81 (1.66-1.97)/100,000 PYFU. Epidemiological
studies performed in Latin America have consist-
ently reported a lower ALS mortality. Studies
described a crude mortality rate of 0.3 per
100,000 in Mexico and Chile (11,32). Mortality
rates also remain lower after standardization. The
overall standardized mortality rate was 0.44 in
Brazil (33) and 0.83 in Cuba (9) per
100,000 PYFU.

Only one population-based mortality study has
been performed in the admixed population of
Cuba to assess ALS among ethnic groups (9). The
adjusted mortality rate per 100,000 was consider-
ably lower in the admixed population (0.55
(95%CI 0.4-0.72)) compared to white population
(0.93 (95%CI 0.83-1.03)), and black population
(0.87 (95%CI 0.62-1.17)). These results in Cuba
are similar to those described in Hispanic popula-
tions in the United States (7,34). Mortality studies
consistently reported that ALS mortality was lower
among Hispanic population (0.9 per 100,000) and

African American population (1.1 per 100,000)
(7) compared to white population (close to 2/
100,000) (3). Incidence studies have also shown
similar results among ethnic groups. A study per-
formed in three states in the US (Florida, New
Jersey, and Texas) and eight metropolitan areas
described a lower age standardized incidence per
100,000 of ALS in Hispanics (0.84, CI 0.75-0.92)
compared to non-Hispanics (1.36, CI 1.31-1.41)
(35). A study in San Francisco Bay Area (SFBA)
and Los Angeles County (LA) also showed lower
rates of age standardized incidence per 100,000 in
Hispanics compared to non-Hispanics (SFBA:
1.57 (CI 1.0-2.3) Hispanics vs. 1.89 (CI 1.7-2.2)
non-Hispanics; LA: 0.66 (CI 0.5-0.9) Hispanics
vs. 1.01 (CI 0.9-1.2) non-Hispanics) (36).
However, these variations could also be related to
differences in the access to health care or the soci-
oeconomic status among ethnic groups. A recent
mortality study in US used an adjusted model for
socioeconomic status, type of health insurance,
and birthplace to estimate the ALS mortality risk
in different ethnic groups. Higher rates of ALS
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method used in the Ecuadorian census. In con-
trast, in Cuba, ethnicity was self-reported accord-
ing to the skin color which is the official method
used in the Cuban census. The definition of ethni-
city is therefore widely different across Latin
American countries. Ethnic self-identification is
subjective and based on cultural aspects rather
than ancestral origin. Instead, molecular signature
of ancestral origin using genetic markers could
provide an objective and reliable way of assessing
genetic biogeographic ancestry. Biogeographic
ancestry is a person’s origin associated with the
geographic location of presumed ancestors inferred
by comparison with contemporary populations liv-
ing in these locations (41). A genetic approach will
clarify the role of ancestral origin on the risk of
developing ALS.

Genetic epidemiology is another important
matter on ALS. A meta-analysis showed a wide
range of frequencies of ALS mutations between
geographic areas and populations (42). European
populations showed more frequently C9orf72
mutations, while SOD1 and FUS mutations were
more frequent in Asian populations. To better
understand the genetic architecture of ALS, fur-
ther research is necessary in regions of the world
that are poorly represented in the literature.

Validiry of the use of death certificates

Certain researchers have expressed concerns about
the validity of using death certificates to estimate
ALS epidemiological indicators (43). On the other
hand, studies in England and Hong Kong showed
that mortality rates were consistent with incidence
rates for the same countries and periods of time
(44,45). These studies applied most of the practice
epidemiological criteria for ALS mortality studies
that we followed. The use of death certificate is a
convenient approach that could provide reliable
data if strict methodological criteria are met.

Limitations and strengths

Some limitations have to be considered. First, it
could be argued if cultural identity is a reliable
method to classify ethnicity (official method in
Ecuador census). In fact, a genetic study in
Ecuador found that people identified as Mestizo
(admixed), which is the predominant population,
showed higher average genetic diversities with
Indigenous and European ancestries (39). Hence,
ethnic identity could be considered a reliable proxy
of ancestral origin. Second, it is difficult to deter-
mine the influence of health care access or socioe-
conomic status. Further studies might consider the
impact of these factors. Third, ethnic information
of the population was only available for the
2009-2016 period, which limited the number of

cases. On the other hand, this period reported the
highest proportion of ALS cases.

Our study relies in several strengths. First, a
population-based approach was used to assess
ALS mortality between ethnic groups, which ena-
bles us to strengthen the possibility of including all
persons in a defined population (46). Second, we
considered a 27-year period to ensure a time frame
long enough for sufficient numbers of events to be
recorded. Third, physicians certified all ALS
deaths reported, which is an important issue to
assure a reliable ICD code classification. Lastly,
the analyses took into account age and sex struc-
ture of the population per year during the study
period. We reported standardized mortality rates
that could contribute to clarify ALS variability.

Prospects

An international collaboration using homogenous
and standardized methodology is needed to
address the potential influence of ancestral origin
along with environmental factors. Genetic studies
in admixed population are needed to elucidate the
potential influence of genetic factors, especially
population’s ancestries, admixture, along with gen-
etic mutations, on ALS heterogeneity. Genetic
markers could provide a more accurate image of
biogeographic ancestry. Genetic analyses on ances-
tral origin must follow strict ethical standards and
respect the principles of autonomy, privacy, confi-
dentiality, and equity. A better understanding of
the ALS variation in different populations will help
to clarify potential gene-environmental determi-
nants and the risk of developing the disease.
Moreover, prospective population-based studies
using multiple sources of case ascertainment
should be encouraged in admixed populations.
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Chapter V. General discussion

V.1. Summary of thesis works and main findings

This dissertation offers an updated review concerning the epidemiology and clinical
characteristics of ALS. The aim was to provide a critical overview of the current evidence and
the potential implications of disease variability. As a scientific contribution of this work, original

studies were performed to furnish reliable and standardized data in Africa and Latin America.

After a brief presentation of the disease in the first chapter, the subject of amyotrophic lateral
sclerosis epidemiology was addressed by presenting the most relevant evidences since the
first efforts to determine an overall estimation of epidemiological indicators around the world.
The current data lead researchers to suggest a heterogeneous occurrence of ALS with a higher
incidence in Europe and North America compared to other regions. Given that, the
epidemiological variability is also observed between different populations. We reviewed
studies assessing incidence and mortality among ethnic groups. Studies constantly showed
higher risk to develop the disorder in whites or Caucasian populations compared with
Hispanics, Africans and Asians. Therefore, it appears that ancestral origin could play a role in

ALS variability.

A wide range of clinical features characterizes ALS. The distribution of clinical characteristics
was described with regards to demographic characteristics, genetic variants, geographic
regions and populations. We still do not fully understand how several factors are involved to

determine phenotypic expression.

Certain methodological considerations need to be taken into account as potential biases and
limitations that could explain ALS variability. We have discussed these points in a constructive
way and put into perspective the next steps for further research regarding epidemiological and

clinical studies in ALS.
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It is clear that ALS data are scarce in several regions of the world. Most of the scientific
information available comes from Europe and North America and therefore from Caucasian
populations. The limited data makes difficult to draw firm conclusions on disease variability.
This subject is of great importance because it could unravel associated factors to the risk of
developing ALS along with the understanding of clinical variability. It was in that spirit that
research initiatives were carried out in collaboration with our colleagues in Africa and Latin

America.

In Africa, an international project named TROPALS (“Epidemiological study of ALS in the
tropics”) was launched and coordinated by our research team INSERM UMR 1094 NET. This
multicenter hospital-based study was performed to describe and compare the
sociodemographic, clinical features, treatments, and prognoses and survival times of patients
with ALS. The TROPALS study was developed with the participation of nine hospital centers
from eight countries, which enabled us to include an unprecedented sample size in Africa.
Reliable data were obtained using standardized methods for data collection with a subsequent
centralized certification of diagnosis. Certain specific characteristics were found in patients
with ALS from Africa compared to patients from Europe and North America. We observed
higher proportion of male cases, younger age at onset and lower proportion of bulbar onset.
Survival is in line with Western reports, but it was far shorter than expected for a young cohort

of ALS cases. This could be explained by the lack of specialized care and access to riluzole.

After reviewing ALS literature in Latin America, we have been entirely focused on a specific
country. Given the scientific interest in working on multiethnic populations and previous
collaborations between our research team and Ecuadorian researchers, a retrospective
population-based study was performed to describe and compare mortality rates among ethnic
groups in Ecuador. The national mortality register was used to identify ALS deaths thought the
ICD codes following standard epidemiological criteria. A well-defined population at risk and
broad time framework were used for the overall estimations and the analyses among ethnic
groups. The age profile of ALS mortality was determined for this population. The standardized
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mortality rates were lower compared to those reported from North America and Europe. When
standardized rates were compared among ethnic groups, no statistical difference was found
between admixed, white and black groups. Nevertheless, the differences between admixed

and other ethnics (Indigenous, Asians and Arabs) were statistically significant.

This scientific work contributes to move forward in the understanding of ALS variability through

epidemiological and clinical data from Africa and Latin America.
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V.2. Potential factors related to ALS variability

Along this dissertation, we have presented evidence supporting ALS variability.
Epidemiological and clinical heterogeneity could be explained by methodological issues
related to variability of study design, biases, underrepresentation of cases, difficulties for case
ascertainment and lack of health care access. On the other hand, these variations could be
related to differences in terms of determinants of risk such as environmental factors, genetic

mutations and ancestral origin of the populations.

V.2.1. Methodological issues
There are several methodological challenges to overcome to perform ALS biomedical research
that are not only related to the number of people with the condition. To report accurate

epidemiological and clinical data several factors need to be taken into account.

The representativeness is a vital concept in epidemiology mainly for descriptive purposes
(Elwood, 2013; Rothman et al., 2013). This is a key factor in drawing conclusions with good
external validity. Reliable epidemiological indicators should come from population-based
studies. The source of case ascertainment is another important matter directly linked.
Strategies could be used to assess the exhaustiveness of case ascertainment such as
capture—recapture method (Hook and Regal, 1995). The reliability of the information available
in the source is essential (e.g. validity of medico-administrative data). In addition, it is strongly
recommended to provide standardized epidemiological data, which will allow us to compare
between populations. An ideal methodological framework would be the use of multiple
independent sources with complete ascertainment of cases that gather reliable data from the

general population.

The use of reliable methodological criteria have proven to be an accurate instrument to
describe ALS epidemiology in Europe (Beghi et al., 2006; Hardiman et al., 2017). This is

illustrated by initiatives such as the French register of ALS in Limousin (FRALIm register), the
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Piemonte and Valle d’Aosta Register for ALS (PARALS), Sclerosis Lateral Amyotrophic —

Puglia (SLAP) and the European amyotrophic lateral sclerosis consortium (EURALS).

To clarify the clinical variability of ALS, it is indispensable to furnish a detailed clinical
description by well-trained neurologists and health care personnel using standardized criteria
and valid tools (e.g. El Escorial criteria (Brooks, 1994; Brooks et al., 2000), the Edinburgh
Cognitive and Behavioural ALS Screen (Abrahams and Bak, 2013)). Systematic errors in the
recruitment process need to be limited. It has been shown that referral bias could have a major
impact in ALS patient's characteristics including age of onset, type of onset, familial
background and survival (Logroscino et al., 2018a). The establishment of ALS diagnosis from
the medical records is generally poor in agreement among clinicians (Beghi et al., 2002) and
it can be improved only after discussing the reasons for discordance. A central verification of
clinical informations by a group of expert neurologists could be another robust point in order to
achieve clinical consensus. Ideally, a prospective design brings the strength to collect data
using standardized methods following a research protocol.

V.2.1.1. Methodological challenges to conduct studies in low- and middle-income
countries

The low- and middle-income countries (LMICs) are underrepresented areas in ALS literature.
Those countries are struggling with an epidemiological transition and double burden of disease
that implies an increasing prevalence of non-communicable disorders while infectious illnesses
still remains a great issue for public health (Naghavi et al., 2017). Several factors are involved
in this phenomenon such as changes in mortality and fertility rates accompanied by population
aging and better sanitary conditions. The burden of age-related conditions will progressively
increase including neurodegenerative disorders. Unfortunately, limited information are
available about the epidemiology, genetics, clinical features, management and health care

access of these conditions in LMICs.

It is challenging to perform studies in LMICs, especially neurodegenerative disorders, owing

to a several hurdles. The limited number of health care personal including very low number of
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neurologists, lack of essential healthcare infrastructures and poor access to health care
contribute to a deficiency of diagnosis and formal identification of cases. The lack of reliable
data, for example administrative health data and population census, prevents a full
assessment of these conditions (e.g. incidence, mortality). Geographic difficulties in the field,
lack of logistical and financial support and misconceptions of neurological conditions make
even more complicated the research work (Bharucha et al., 2014; Boumediene et al., 2018),
adding to the fact that neurodegenerative disorders do not represent a public health priority in

these countries.

In the recent years, new initiatives have been launched in Africa, Asia and Latin America to
provide standardized and reliable data. However, several challenges remain to implement
research projects in these areas (e.qg. financing and logistic difficulties). It is for this reason that
international support is essential to overcome the obstacles and difficulties to provide data and

measure the burden of neurodegeneration in LMICs.

V.2.2. Ancestral origin of populations

V.2.2.1. Genetics and ancestral origin as determinants of risk

The insight that genetic background is a determinant of risk for certain medical conditions is
not an innovative concept. Genetics play a role in the risk to develop several disorders. In fact,
clinicians attempt to estimate health risk based on family history all the time (Gwinn-Hardy,
2005). To give an example, patients with family history of early heart disease will probably
undergo to close follow-up of the cardiovascular status (Kolber and Scrimshaw, 2014).
Epidemiologists also assess the risks associated with family medical history. A positive family

history of depression is a consistent predictor of the disorder (Monroe et al., 2014).

Studies have revealed that certain mutations are common in some populations and, more
recently, the origin of these mutations have been explored. For instance, sickle cell disease
which is a genetic disorder caused by a mutation in the hemoglobin beta chain with a higher

prevalence among the people of Sub-Saharan Africa, South Asia, Middle East, and the
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Mediterranean (Sedrak and Kondamudi, 2019). A recent study investigated the origins of the
sickle allele by using whole-genome-sequence data. The findings support an African origin of
the sickle mutation approximately 7,300 years ago either in the Sahara or in west-central Africa
(Shriner and Rotimi, 2018). These new discoveries may open the door for further
understanding the origin of mutations, which could be essential to decrypt several disorders

including neurodegeneration.

Neurodegeneration is a complex process that we still do not fully understand. Current evidence
suggests an epidemiological variability among populations with regards to neurodegenerative
disorders like Alzheimer disease (Anderson et al., 2004; Mehta et al., 2008), Parkinson’s
disease (Dahodwala et al., 2009; Wright Willis et al., 2010), and Huntington disease
(Pringsheim et al., 2012). In addition, these disorders share common physiopathological
mechanisms like protein aggregation and inclusion body formation (Ludolph and
Brettschneider, 2015; Ross and Poirier, 2004). These are arguments suggest that genetics
and ancestral origin might play a crucial role in neurodegenerative processes. Further research

is necessary to understand neurodegeneration.

V.2.2.2. Amyotrophic lateral sclerosis: Ancestral origin

The role of ancestral origin of the population as a potential risk factor for ALS is an interesting
hypothesis that has attracted scientific attention in the last decades. This idea is mainly
supported by higher incidence and mortality rates in geographic regions with a predominant
population of European origins (e.g. Europe, North America and New Zealand), and the higher
risk of ALS described for Caucasians or whites compared to Hispanics, Asians and black

populations in multiethnic studies.

Researchers also postulated that admixed populations from Latin America could have a lower
risk to develop ALS due to their mixed genetic background. The demographic history of Latin
America is marked by multiple migration and admixture events of different populations like

Native Amerindians or Indigenous, Europeans, and Africans. A genetic study found that
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admixed individuals from five Latin American countries (Colombia, Ecuador, Peru, Chile, and
Argentina) have European and Native American ancestry components (Homburger et al.,
2015). It is hypothesized that European populations share a variety of at-risk genes, which
may increase ALS susceptibility. Admixed populations have a wider variety and different
combinations of at-risk genes that leads to a lower risk of developing the disease (Zaldivar et
al., 2009). Here, we could bring up the idea that certain at-risk genes are intrinsically linked to
European genetic background, therefore, the probability to inherit these variants is higher in
these populations resulting in a higher risk to develop ALS. Nevertheless, the specific genetics

variants and mechanisms behind the potential differences of risk are not yet determined.

Genetic epidemiology is essential to understand ALS and their potential determinants of risk.
Evidence already showed that genetic variants associated to ALS display a different
distribution between Caucasians and Asians. However, it remains unclear whether these
mutations variability is related to a lower occurrence in Asia. Further studies are needed to

assess this important issue.

V.2.2.3. Ancestral origin assessment: Limits and prospects

Epidemiological studies assessing the ancestral origin are limited by the heterogeneity of
terminology to categorize populations. There are no international consensus on this topic for
biomedical research. In the USA, populations are categorized into “races” (white, black/African
American, and Asian) and ethnicity (Hispanic and non-Hispanic). In the UK, studies use the
continent of origin (e.g. European or African origin), while it is almost unthinkable to categorize
individuals and populations in most European countries. In Latin America, there is a diversity
of definitions for ethnicity. For instance, ethnicity is self-reported based on cultural and
traditional aspects in Ecuador, while it is self-reported according to the skin color in Cuba.

Ethnic self-identification based in these aspects is subjective.

Accurate and objective methods need to be used to assess ancestral origin. Molecular

signature of ancestral origin using genetic markers (haploid markers or autosomal markers)
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could provide a reliable way of assessing genetic biogeographic ancestry. Biogeographic
ancestry is a person’s origin associated with the geographic location of presumed ancestors
inferred by comparison with contemporary populations living in these locations (Royal et al.,
2010). An objective genetic approach could clarify the role of ancestral origin on the risk of
developing ALS. However, the use of genetic studies is an approach that is not without
difficulties. Royal et al. raise four interesting questions about inferring genetic ancestry: “What
do we mean by ancestry? How exactly is ancestry measured? How far back can such ancestry
be defined and by which genetic tools? How do we validate inferences about ancestry in
genetic research?” (Royal et al., 2010). Efforts must be intensified to settle these questions in

order to move forward in the subject.

Ancestral origin and ethnicity are extremely serious matters that must follow strict ethical
standards and respect the principles of autonomy, privacy, confidentiality and equity. It is
necessary to point out the potential risk of promoting divisiveness, allowing perpetuation of
stereotypes, and encouraging prejudice from classifying people (Azuonye, 1996; Fullilove,
1998). This means it is extremely important to combat these problems to promote the benefits
behind documenting genetic background. It can be useful for reporting healthcare disparities,
assessing differential drugs effects on different populations, developing pharmacogenetics and

genetic epidemiology, and moving forward to personalized medicine.

V.2.3. Gene-environment interaction

Environmental factors have been largely studied as potential risk factors for ALS. There is no
strong evidence to support a replicable association between a particular environmental factor
and ALS. The assessment of exposure to environmental factors is problematic because of
several reasons, for example the difficulty to accurately estimate exposure throughout life. It is
even more challenging to establish a causal relationship. Most of the evidence is based on
case-control studies and retrospective cohort studies, usually limited by small sample size.
However, the role of environmental factors cannot be dismissed. If environmental factors play
a role in the occurrence of ALS, it does not seem to be the only contributing factor. On the
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other hand, genetic variants have been clearly established as a factor to develop ALS. A model
of gene-environment interaction could be supported for ALS. Gene-environment interaction is
defined as "a different effect of an environmental exposure on disease risk in persons with
different genotypes," or, alternatively, "a different effect of a genotype on disease risk in

persons with different environmental exposures." (Ottman, 1996).

Several authors support a complex interaction between genetic predisposition and
environmental determinants over time (Al-Chalabi and Hardiman, 2013). The risk to develop
ALS could be modeled by diverse interactions between genetics and environment. The risk
may vary depending on specific genetic variants and exposures, which raise ideas about
different models of risk. For instance, a specific exposure may be associated with higher risk
only in patients carrying certain genetic variant. Another possibility is that certain genes
account for most of the risk with only a partial contribution of environmental factors. In contrast,
a complex combination of multiple exposures that accumulate over time could determine

higher risk with a modest contribution of genetics.

It is indispensable to understand gene-environment interactions to clarify the determinants of
risk in ALS. In order to move forward, international collaboration is essential to launch
prospective observational population-based studies investigating these interactions
considering different genetic backgrounds in several regions of the world with diverse

environments.

V.2.4. Further interrogations and unanswered questions in ALS variability

Many questions remain to be answered on this subject. There is a need to provide reliable
data on ALS epidemiology in certain geographic areas and populations to confirm if the
difference of risk is factual. If this is indeed the case, it is important to study the role of genetics
(e.g. ancestral background, mutations) and environmental factors. A key point is to improve
our understanding of gene—environment interaction. It is also essential to gain further insights

into how genetic variants and ancestral origin are linked to ALS occurrence and phenotypic
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expression. We might also ask ourselves, what are the inheritance patterns of certain variants
and their relation with ancestral origin? How penetrance and gene expression play a role in

ALS heterogeneity? What is the contribution of epigenetic changes?

This body of knowledge will increase our scientific understanding of risk to develop the disease,
physiopathological mechanisms and the relation between genetics and environment. These
advances might have an impact for therapeutic innovation. Multidisciplinary collaboration is

crucial to clarify these key questions.
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V.3. Prospects: epidemiological and clinical research on ALS

A recent study to project the epidemiological trend of ALS showed that the global number of
individuals with ALS across the world would increase significantly from 222,801 in 2015 to
376,674 in 2040. According to these projections, the largest increase will be in Africa with
116%, followed by Asia with 81% and South America with 73%. This is mainly due to aging of
the population (Arthur et al., 2016). In spite of this, there is limited data about epidemiology
indicators, genetics, clinical features, management and prognosis in these continents. Several
initiatives are in progress and new ones will be launched to improve the understanding of ALS

in Africa, Latin America and Asia.

V.3.1. Prospects in Africa

Research programs should prioritize its efforts to determine epidemiological data on ALS in
Africa. There is a need for population-based studies to describe epidemiological indicators in
the continent. Only one population-based study have been performed in Libya to assess ALS
incidence more than thirty years ago (Radhakrishnan et al., 1986). We recognize the challenge
to implement this type of studies in Africa, especially for rare neurodegenerative disorders. A
strong international collaboration could be a key to target a specific African country to develop

a well-conducted epidemiological study.

Clinical information is another important issue in ALS variability. At this stage, our multicenter
hospital-based study provides a useful approach to better understand clinical characteristics
and prognosis of patients with ALS in Africa. We are aware that the study is hospital-based,
and as a consequence, exposed to selection bias. Evidently, the implementation of population-
based studies is essential to limit potential biases for future studies. Although at this moment,

it is not very feasible to perform this type of studies in Africa.

We found in the TROPALS study that the subcontinent and the disease-modifying treatment

were independent factors for survival. In an attempt to further clarification in terms of access
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to treatment and management of these patients, a study is under way in African hospitals of
the TROPALS collaboration. A digital survey was sent to the hospitals centers to gather
information with regards to: i) health professionals involved in the management of ALS patients
with a strong emphasis on respiratory, nutritional and palliative management, ii) cost and
availability of complementary exams, symptomatic treatments, neuroprotective treatments,
and traditional treatments, iii) use of management guidelines. This approach will allow us to
put into perspective our previous findings and describe the whole picture of ALS in Africa

hospital centers.

Genetic research must take a more comprehensive approach towards ALS in African
populations. Current initiatives are ongoing to provide the first insight of ALS genetics in South
Africa (Nel et al., 2019). Further research is important to describe ALS genetic architecture and

the role of ancestral background.

V.3.2. Prospects in Latin America

Few population-based studies have been performed to assess ALS in Latin America. Among
these studies, epidemiological programs with a strong methodological approach have been
carried out in Uruguay (Vazquez et al., 2008) and Cuba (Zaldivar et al., 2009). These studies

offer a reliable start to clarify the picture of this fatal neurodegenerative disorder in the region.

A call for action has been made to bring data and promote research (Bucheli et al., 2013). The
team INSERM UMR 1094 Tropical Neuroepidemiology develop a robust research initiative in
Ecuador. The first step has been adopted to report ALS mortality rates and assess differences
among ethnic groups. Further steps will be taken to deliver additional epidemiological and
clinical data in this predominant admixed population. In close collaboration with Ecuadorian
neurologists, a retrospective population-based study will be implemented to describe ALS
incidence in the most populated cities of the country (Quito, Guayaquil and Cuenca). Multiple
sources will be used to identify cases (private/public hospitals and clinics, neurologists,

insurances and patients’ associations). At the same time, a cross-sectional survey will take
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place to determine the clinical practices for diagnosis and management of patients with ALS.
In a later phase, incident cases will be included using a prospective design with the aim to
describe clinical features, environmental factors and genetics (e.g. ancestral origin, mutations).
This ambitious strategy will led us to focus our efforts in a specific Latin America country to

gain a clear insight of ALS in a predominant admixed population.

Other interesting projects are taking place in the continent. Researchers continue to provide
relevant ALS data from Cuba and Uruguay (e.g. clinical and genetic variants). Another great
initiative is the development of a register of neurodegenerative disorders including ALS in the
Guadeloupe lIsland, located in the Caribbean. It is important to promote and support these
research programs in the region as the shining light that might clarify ALS heterogeneity in

admixed population.

V.3.3. Prospects in Asia

Asia is a very interesting region for ALS research. Several projects have provided relevant
scientific data in this continent, but it is clear that most of the information remains limited to
some countries, mainly in East Asia (Japan and China). Most of epidemiological data available
support a low incidence of ALS in Asia populations (Fong et al., 2005, 1996; Lai and Tseng,
2008; Okumura, 2003), while another study have found an incidence consistent with Western
studies (Doi et al., 2014). Genetic studies have shown that the genetic architecture of ALS in
Asian population differ from the European population (Zou et al., 2017). A certain degree of
variability has also been described for clinical characteristics and prognosis between Asian
and European patients (Marin et al., 2016b). Interestingly, atypical presentations of motor
neuron disorders have been reported in Asian patients (e.g. Madras motor neuron disease
(Meenakshisundaram et al., 1970) and ALS-parkinsonism-dementia complex (Kimura, 1961,

Shindo et al., 2014)).

ALS research is important in this part of the world due to Asian population represents more

than 50% of the world population and it is characterized by a diverse ethnic background
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(Shahrizaila et al., 2016). Several research teams are working to furnish more information in
Asian population with initiatives such as the Pan-Asian Consortium for Treatment and
Research in ALS (http://pactals.org/). Scientific research needs to continue to provide a wide

description of ALS across the continent.

V.3.4. General insights

It is clear that efforts must be made to the advancement of knowledge in ALS. We must
therefore encourage and support projects with strong scientific standards (e.g. standard
methodological framework, appropriate diagnosis criteria and data collection, population-

based approach) in several regions of the world.

Epidemiological indicators are indispensable to begin the scientific understanding of this
disorder. Further studies have to investigate the implications of genetic along with
environmental and lifestyle factors in the ALS occurrence. Clinical features in various
geographical regions and populations must be identified to facilitate management of disease
heterogeneity in clinical practice and improve the methodologies of therapeutic trials.
Survivorship pattern across different ethnic groups needs to be addressed with high-quality
studies. These steps forward will only be possible within an international support based on

multidisciplinary collaboration.
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V.4. ALS research: An humanitarian research for a rare fatal disorders

It has been brought to my attention, rightly, that neurodegenerative disorders including ALS
are not a priority research in LMICs countries. This subject is not a main concern in these areas
due to the high impact of other diseases with public health relevance (e.g. communicable
diseases). The terrible impact of communicable disorders is undeniable and international
actions have taking place to combat these priority illnesses in these regions. Several public
health programs have served to reduce the burden of communicable disorders around the
globe. Nevertheless, it must not be forgotten that these countries are experiencing an
epidemiological transition with a constant increase of non-communicable disorders such as
neurodegenerative disorders. In consequence, these disorders deserve further attention and

analysis.

Often when we talk about a rare disorder such as amyotrophic lateral sclerosis, one cause for
criticism is the fact that a limited impact could be envisaged with only a minority group of
patients. We need to be convinced that the efforts have been well worth for individuals and
their families. | strongly believe that hard work needs to be made to fight against diseases for
every human being in conditions of equality regardless of age, sex, ethnic group, birthplace,
socioeconomic status or disease, etc. Therefore, it is crucial that all members of the community
work together to improve patients' quality of life and care for rare disorders. ALS patients
around the world need to have a voice to bring to the light their presence, their suffering, and
their fight for life. Scientific community and public health authorities need to give them the
attention they merit. | am honored to be part of the scientific and medical community placing

their best efforts to understand ALS.
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Conclusion

The current evidence supports ALS variability in terms of incidence, mortality and clinical
features between geographic areas and populations. Further researches need to confirm this
hypothesis with good quality studies following a standard methodological framework in

different areas around the world.

The original studies presented in this dissertation contribute to reliable epidemiological and
clinical data of ALS in Africa and Latin America. The clinical data in Africa showed certain
specific characteristics of African cases and illustrated the important role of riluzole treatment
for survival. The epidemiological data in Ecuador supports the hypothesis that ALS occurrence
is lower in admixed populations from Latin America. These findings provide unique insights

into disease variability in two underrepresented areas in ALS literature.

Improving our understanding of the ALS variation in different populations could lead to
important advances in the knowledge of risk factors, including the influence of genetic factors,
especially ancestral origin and gene-environmental interactions, which may provide important

insights of the pathogenic mechanisms.

A multidisciplinary approach involving clinicians, epidemiologists, geneticists, and researchers
is necessary to understand ALS variability. It is essential to provide a more objective
assessment of potential risk factors and the range of disease phenotypes. Innovative research
projects using prospective population-based approach need to be encouraged. Given the
potential implications of ALS variability, it is required to strengthen collaboration and

partnerships to develop international research projects.

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 170
Licence CC BY-NC-ND 3.0



References

Aarli, J.A., Diop, A.G., Lochmdller, H., 2007. Neurology in sub-Saharan Africa: a challenge for
World Federation of Neurology. Neurology 69, 1715-1718.
https://doi.org/10.1212/01.wnl.0000285102.47543.02

Abdulla, M.N., Sokrab, T.E., el Tahir, A., Siddig, H.E., Ali, M.E., 1997. Motor neurone disease
in the tropics: findings from Sudan. East Afr. Med. J. 74, 46—-48.

Abrahams, S., Bak, T., 2013. Edinburgh Cognitive and Behavioural ALS Screen - ECAS
English version 2013.

Adam, A.M., 1992. Unusual form of motor neuron disease in Kenya. East Afr. Med. J. 69, 55—
57.

Alavi, A., Nafissi, S., Rohani, M., Zamani, B., Sedighi, B., Shamshiri, H., Fan, J.-B., Ronaghi,
M., Elahi, E., 2013. Genetic analysis and SOD1 mutation screening in lIranian
amyotrophic lateral sclerosis patients. Neurobiol. Aging 34, 1516.e1-8.
https://doi.org/10.1016/j.neurobiolaging.2012.09.006

Alcaz, S., Jarebinski, M., Pekmezovi¢, T., Stevi¢-Marinkovi¢, Z., Pavlovi¢, S., Apostolski, S.,
1996. Epidemiological and clinical characteristics of ALS in Belgrade, Yugoslavia. Acta
Neurol. Scand. 94, 264—-268.

Al-Chalabi, A., Hardiman, O., 2013. The epidemiology of ALS: a conspiracy of genes,
environment and time. Nat. Rev. Neurol. 9, 617—-628.
https://doi.org/10.1038/nrneurol.2013.203

Alonso, A., Logroscino, G., Jick, S.S., Hernan, M.A., 2010. Association of smoking with
amyotrophic lateral sclerosis risk and survival in men and women: a prospective study.
BMC Neurol. 10, 6. https://doi.org/10.1186/1471-2377-10-6

Andersen, P.M., Nilsson, P., Kerdnen, M.L., Forsgren, L., Hagglund, J., Karlsborg, M.,
Ronnevi, L.O., Gredal, O., Marklund, S.L., 1997. Phenotypic heterogeneity in motor
neuron disease patients with CuzZn-superoxide dismutase mutations in Scandinavia.
Brain J. Neurol. 120 ( Pt 10), 1723-1737.

Anderson, N.B., Bulatao, R.A., Cohen, B., National Research Council (US) Panel on Race, E.,
2004. Ethnic Differences in Dementia and Alzheimer’s Disease. National Academies
Press (US).

Annegers, J.F., Appel, S., Lee, J.R., Perkins, P., 1991. Incidence and prevalence of
amyotrophic lateral sclerosis in Harris County, Texas, 1985-1988. Arch. Neurol. 48,
589-593.

Armon, C., 2009. Smoking may be considered an established risk factor for sporadic ALS.
Neurology 73, 1693-1698. https://doi.org/10.1212/WNL.0b013e3181c1df48

Arnold, A., Edgren, D.C., Palladino, V.S., 1953. Amyotrophic lateral sclerosis; fifty cases
observed on Guam. J. Nerv. Ment. Dis. 117, 135-139.

Arthur, K.C., Calvo, A., Price, T.R., Geiger, J.T., Chio, A., Traynor, B.J., 2016. Projected
increase in amyotrophic lateral sclerosis from 2015 to 2040. Nat. Commun. 7, 12408.
https://doi.org/10.1038/ncomms12408

Azuonye, 1.0O., 1996. Describing race, ethnicity, and culture in medical research. Guidelines
will encourage the thinking that underpins racism in medicine. BMJ 313, 426.

B. Villacis and D. Carrillo, 2011. Estadistica Demogréfica en el Ecuador: Diagnostico y
Propuesta.

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 171
Licence CC BY-NC-ND 3.0



Banack, S.A., Murch, S.J., Cox, P.A., 2006. Neurotoxic flying foxes as dietary items for the
Chamorro people, Marianas |Islands. J. Ethnopharmacol. 106, 97-104.
https://doi.org/10.1016/j.jep.2005.12.032

Beeldman, E., Raaphorst, J., Klein Twennaar, M., de Visser, M., Schmand, B.A., de Haan,
R.J., 2016. The cognitive profile of ALS: a systematic review and meta-analysis update.
J. Neurol. Neurosurg. Psychiatry 87, 611—619. https://doi.org/10.1136/jnnp-2015-
310734

Beghi, E., Balzarini, C., Bogliun, G., Logroscino, G., Manfredi, L., Mazzini, L., Micheli, A., Millul,
A., Poloni, M., Riva, R., Salmoiraghi, F., Tonini, C., Vitelli, E., Italian ALS Study Group,
2002. Reliability of the EI Escorial diagnostic criteria for amyotrophic lateral sclerosis.
Neuroepidemiology 21, 265—-270. https://doi.org/10.1159/000065524

Beghi, E., Logroscino, G., Chio, A., Hardiman, O., Mitchell, D., Swingler, R., Traynor, B.J.,
EURALS Consortium, 2006. The epidemiology of ALS and the role of population-based
registries. Biochim. Biophys. Acta 1762, 1150-1157.
https://doi.org/10.1016/j.bbadis.2006.09.008

Ben Hamida, M., Hentati, F., 1984. [Charcot's disease and juvenile amyotrophic lateral
sclerosis]. Rev. Neurol. (Paris) 140, 202—-206.

Ben Hamida, M., Hentati, F., Ben Hamida, C., 1990. Hereditary motor system diseases
(chronic juvenile amyotrophic lateral sclerosis). Conditions combining a bilateral
pyramidal syndrome with limb and bulbar amyotrophy. Brain J. Neurol. 113 ( Pt 2),
347-363.

Bennett, D.A., Brayne, C., Feigin, V.L., Barker-Collo, S., Brainin, M., Davis, D., Gallo, V., Jetté,
N., Karch, A., Kurtzke, J.F., Lavados, P.M., Logroscino, G., Nagel, G., Preux, P.-M.,
Rothwell, P.M., Svenson, L.W., 2015. Development of the Standards of Reporting of
Neurological Disorders (STROND) checklist: A guideline for the reporting of incidence
and prevalence studies in neuroepidemiology. Neurology 85, 821-828.
https://doi.org/10.1212/WNL.0000000000001866

Bettini, M., Gargiulo-Monachelli, G.M., Rodriguez, G., Rey, R.C., Peralta, L.M., Sica, R.E.P.,
2011. Epidemiology of amyotrophic lateral sclerosis patients in a centre in Buenos
Aires. Arg. Neuropsiquiatr. 69, 867—-870.

Bettini, M., Vicens, J., Giunta, D.H., Rugiero, M., Cristiano, E., 2013. Incidence and prevalence
of amyotrophic lateral sclerosis in an HMO of Buenos Aires, Argentina. Amyotroph.
Lateral Scler. Front. Degener. 14, 598-603.
https://doi.org/10.3109/21678421.2013.808225

Bharucha, N., Odermatt, P., Preux, P.-M., 2014. Methodological difficulties in the conduct of
neuroepidemiological studies in low- and middle-income countries. Neuroepidemiology
42, 7-15. https://doi.org/10.1159/000355921

Bhopal, R., Donaldson, L., 1998. White, European, Western, Caucasian, or what?
Inappropriate labeling in research on race, ethnicity, and health. Am. J. Public Health
88, 1303-1307.

Bougteba, A., Basir, A., Birouk, N., Belaidi, H., Kably, B., Ouazzani, R., 2005. Sclérose latérale
amyotrophique au Maroc. Etude de 276 cas. Journ. Neurol. Lang. Fr. 2005 Rev Neurol
Paris 161:S97.

Boumediene, F., Marin, B., Preux, P.-M., 2018. Chapter 1 - Methodological Challenges of
Neuroepidemiological Studies in Low- and Middle-Income Countries, in: Preux, P.,
Dumas, M. (Eds.), Neuroepidemiology in Tropical Health. Academic Press, pp. 3—12.
https://doi.org/10.1016/B978-0-12-804607-4.00001-0

Bradley, W.G., Mash, D.C., 2009. Beyond Guam: the cyanobacteria/BMAA hypothesis of the
cause of ALS and other neurodegenerative diseases. Amyotroph. Lateral Scler. Off.

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 172
Licence CC BY-NC-ND 3.0



Publ. World Fed. Neurol. Res. Group Mot. Neuron Dis. 10 Suppl 2, 7-20.
https://doi.org/10.3109/17482960903286009

Brockington, A., Kirby, J., Egqitt, D., Schofield, E., Morris, C., Lewis, C.E., Ince, P.G., Shaw,
P.J., 2005. Screening of the regulatory and coding regions of vascular endothelial
growth factor in amyotrophic lateral sclerosis. Neurogenetics 6, 101-104.
https://doi.org/10.1007/s10048-004-0201-4

Brooks, B.R., 1994. El Escorial World Federation of Neurology criteria for the diagnosis of
amyotrophic lateral sclerosis. Subcommittee on Motor Neuron Diseases/Amyotrophic
Lateral Sclerosis of the World Federation of Neurology Research Group on
Neuromuscular Diseases and the El Escorial “Clinical limits of amyotrophic lateral
sclerosis” workshop contributors. J. Neurol. Sci. 124 Suppl, 96-107.

Brooks, B.R., Miller, R.G., Swash, M., Munsat, T.L., World Federation of Neurology Research
Group on Motor Neuron Diseases, 2000. El Escorial revisited: revised criteria for the
diagnosis of amyotrophic lateral sclerosis. Amyotroph. Lateral Scler. Mot. Neuron
Disord. Off. Publ. World Fed. Neurol. Res. Group Mot. Neuron Dis. 1, 293-299.

Brown, R.H., Al-Chalabi, A., 2017. Amyotrophic Lateral Sclerosis. N. Engl. J. Med. 377, 162—
172. https://doi.org/10.1056/NEJMral1603471

Bucheli, M., Andino, A., Montalvo, M., Cruz, J., Atassi, N., Berry, J., Salameh, J., 2014.
Amyotrophic lateral sclerosis: analysis of ALS cases in a predominantly admixed
population of Ecuador. Amyotroph. Lateral Scler. Front. Degener. 15, 106-113.
https://doi.org/10.3109/21678421.2013.852590

Bucheli, M.E., Calderén, A., Chicaiza, D., Franco, C., Lépez, R., Digga, E., Atassi, N.,
Salameh, J., Berry, J.D., 2013. Feedback interaction of research, advocacy, and
clinical care applied to ALS research in South America. Neurology 81, 1959-1961.
https://doi.org/10.1212/01.wnl.0000436610.28210.a5

Byrne, S., Elamin, M., Bede, P., Shatunov, A., Walsh, C., Corr, B., Heverin, M., Jordan, N.,
Kenna, K., Lynch, C., McLaughlin, R.L., lyer, P.M., O’'Brien, C., Phukan, J., Wynne, B.,
Bokde, A.L., Bradley, D.G., Pender, N., Al-Chalabi, A., Hardiman, O., 2012. Cognitive
and clinical characteristics of patients with amyotrophic lateral sclerosis carrying a
C9orf72 repeat expansion: a population-based cohort study. Lancet Neurol. 11, 232—-
240. https://doi.org/10.1016/S1474-4422(12)70014-5

Byrne, S., Jordan, |., Elamin, M., Hardiman, O., 2013. Age at onset of amyotrophic lateral
sclerosis is proportional to life expectancy. Amyotroph. Lateral Scler. Front. Degener.
14, 604—-607. https://doi.org/10.3109/21678421.2013.809122

Byrne, S., Walsh, C., Lynch, C., Bede, P., Elamin, M., Kenna, K., McLaughlin, R., Hardiman,
0., 2011. Rate of familial amyotrophic lateral sclerosis: a systematic review and meta-
analysis. J. Neurol. Neurosurg. Psychiatry 82, 623-627.
https://doi.org/10.1136/jnnp.2010.224501

Cedarbaum, J.M., Stambler, N., Malta, E., Fuller, C., Hilt, D., Thurmond, B., Nakanishi, A.,
1999. The ALSFRS-R: a revised ALS functional rating scale that incorporates
assessments of respiratory function. BDNF ALS Study Group (Phase IIl). J. Neurol.
Sci. 169, 13-21.

Chakraborty, R., 1986. DNA polymorphism and clinical genetics. Indian J. Pediatr. 53, 781—
790. https://doi.org/10.1007/BF02748574

Chancellor, A.M., Warlow, C.P., 1992. Adult onset motor neuron disease: worldwide mortality,
incidence and distribution since 1950. J. Neurol. Neurosurg. Psychiatry 55, 1106-1115.

Chen, H., Richard, M., Sandler, D.P., Umbach, D.M., Kamel, F., 2007. Head Injury and
Amyotrophic  Lateral  Sclerosis. Am. J. Epidemiol. 166, 810-816.
https://doi.org/10.1093/aje/kwm153

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 173
Licence CC BY-NC-ND 3.0



Chen, W., Saeed, M., Mao, H., Siddique, N., Dellefave, L., Hung, W.-Y., Deng, H.-X., Sufit,
R.L., Heller, S.L., Haines, J.L., Pericak-Vance, M., Siddique, T., 2006. Lack of
association of VEGF promoter polymorphisms with sporadic ALS. Neurology 67, 508—
510. https://doi.org/10.1212/01.wnl.0000227926.42370.04

Chia, R., Chio, A., Traynor, B.J., 2018. Novel genes associated with amyotrophic lateral
sclerosis: diagnostic and clinical implications. Lancet Neurol. 17, 94-102.
https://doi.org/10.1016/S1474-4422(17)30401-5

Chio, A., Benzi, G., Dossena, M., Mutani, R., Mora, G., 2005. Severely increased risk of
amyotrophic lateral sclerosis among Italian professional football players. Brain J.
Neurol. 128, 472—-476. https://doi.org/10.1093/brain/awh373

Chio, A., Borghero, G., Pugliatti, M., Ticca, A., Calvo, A., Moglia, C., Mutani, R., Brunetti, M.,
Ossola, I., Marrosu, M.G., Murru, M.R., Floris, G., Cannas, A., Parish, L.D., Cossu, P.,
Abramzon, Y., Johnson, J.O., Nalls, M.A., Arepalli, S., Chong, S., Hernandez, D.G.,
Traynor, B.J., Restagno, G., Italian Amyotrophic Lateral Sclerosis Genetic (ITALSGEN)
Consortium, 2011a. Large proportion of amyotrophic lateral sclerosis cases in Sardinia
due to a single founder mutation of the TARDBP gene. Arch. Neurol. 68, 594-598.
https://doi.org/10.1001/archneurol.2010.352

Chio, A., Bottacchi, E., Buffa, C., Mutani, R., Mora, G., PARALS, 2006. Positive effects of
tertiary centres for amyotrophic lateral sclerosis on outcome and use of hospital
facilities. J. Neurol. Neurosurg. Psychiatry 77, 948-950.
https://doi.org/10.1136/jnnp.2005.083402

Chio, A., Calvo, A., Moglia, C., Mazzini, L., Mora, G., PARALS study group, 2011b. Phenotypic
heterogeneity of amyotrophic lateral sclerosis: a population based study. J. Neurol.
Neurosurg. Psychiatry 82, 740—746. https://doi.org/10.1136/jnnp.2010.235952

Chio, A., llardi, A.,, Cammarosano, S., Moglia, C., Montuschi, A., Calvo, A., 2012.
Neurobehavioral dysfunction in ALS has a negative effect on outcome and use of PEG
and NIV. Neurology 78, 1085-1089. https://doi.org/10.1212/WNL.0b013e31824e8f53

Chio, A., Logroscino, G., Hardiman, O., Swingler, R., Mitchell, D., Beghi, E., Traynor, B.G.,
Eurals Consortium, 2009. Prognostic factors in ALS: A critical review. Amyotroph.
Lateral Scler. Off. Publ. World Fed. Neurol. Res. Group Mot. Neuron Dis. 10, 310-323.
https://doi.org/10.3109/17482960802566824

Chio, A., Logroscino, G., Traynor, B.J., Collins, J., Simeone, J.C., Goldstein, L.A., White, L.A.,
2013. Global epidemiology of amyotrophic lateral sclerosis: a systematic review of the
published literature. Neuroepidemiology 41, 118-130.
https://doi.org/10.1159/000351153

Chio, A., Magnani, C., Oddenino, E., Tolardo, G., Schiffer, D., 1992. Accuracy of death
certificate diagnosis of amyotrophic lateral sclerosis. J. Epidemiol. Community Health
46, 517-518. https://doi.org/10.1136/jech.46.5.517

Chio, A., Magnani, C., Schiffer, D., 1993. Amyotrophic lateral sclerosis mortality in Italy, 1958
to 1987: a cross-sectional and cohort study. Neurology 43, 927-930.
https://doi.org/10.1212/wnl.43.5.927

Chio, A., Meineri, P., Tribolo, A., Schiffer, D., 1991. Risk factors in motor neuron disease: a
case-control study. Neuroepidemiology 10, 174-184.
https://doi.org/10.1159/000110267

Chio, A., Mora, G., Leone, M., Mazzini, L., Cocito, D., Giordana, M.T., Bottacchi, E., Mutani,
R., Piemonte and Valle d’Aosta Register for ALS (PARALS), 2002. Early symptom
progression rate is related to ALS outcome: a prospective population-based study.
Neurology 59, 99-103.

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 174
Licence CC BY-NC-ND 3.0



Cintra, V.P., Bonadia, L.C., Andrade, H.M.T., de Albuquerque, M., Eusébio, M.F., de Oliveira,
D.S., Claudino, R., Goncalves, M.V.M., Teixeira, A.L., de Godoy Rousseff Prado, L.,
de Souza, L.C., Dourado, M.E.T., Oliveira, A.S.B., Tumas, V., Franca, M.C., Marques,
W., 2018. The frequency of the C9orf72 expansion in a Brazilian population. Neurobiol.
Aging 66, 179.e1-179.e4. https://doi.org/10.1016/j.neurobiolaging.2018.01.007

Collomb, H., Virieu, R., Dumas, M., Lemercier, G., 1968. Maladie de Charcot et syndromes de
sclérose latérale amyotrophique au Sénégal. Etude clinique de 27 observations. Bull
Soc M E Afr Noire Lgue Fr 785-804.

Cosnett, J.E., Bill, P.L., Bhigjee, A.l., 1989. Motor neuron disease in blacks. Epidemiological
observations in Natal. South Afr. Med. J. Suid-Afr. Tydskr. Vir Geneeskd. 76, 155-157.

Costa, J., Swash, M., de Carvalho, M., 2012. Awaji criteria for the diagnosis of amyotrophic
lateral  sclerosis:a  systematic review. Arch. Neurol. 69, 1410-1416.
https://doi.org/10.1001/archneurol.2012.254

Couratier, P., Corcia, P., Lautrette, G., Nicol, M., Marin, B., 2017. ALS and frontotemporal
dementia belong to a common disease spectrum. Rev. Neurol. (Paris) 173, 273-279.
https://doi.org/10.1016/j.neurol.2017.04.001

Couratier, P., Corcia, P., Lautrette, G., Nicol, M., Preux, P.-M., Marin, B., 2016. Epidemiology
of amyotrophic lateral sclerosis: A review of literature. Rev. Neurol. (Paris) 172, 37—45.
https://doi.org/10.1016/j.neurol.2015.11.002

Couratier, P., Truong, C., Khalil, M., Deviére, F., Vallat, J.M., 2000. Clinical features of flail arm
syndrome. Muscle Nerve 23, 646—648.

Cox, P.A., Banack, S.A., Murch, S.J., 2003. Biomagnification of cyanobacterial neurotoxins
and neurodegenerative disease among the Chamorro people of Guam. Proc. Natl.
Acad. Sci. U. S. A. 100, 13380-13383. https://doi.org/10.1073/pnas.2235808100

Creemers, H., Grupstra, H., Nollet, F., van den Berg, L.H., Beelen, A., 2015. Prognostic factors
for the course of functional status of patients with ALS: a systematic review. J. Neurol.
262, 1407-1423. https://doi.org/10.1007/s00415-014-7564-8

Crockford, C., Newton, J., Lonergan, K., Chiwera, T., Booth, T., Chandran, S., Colville, S.,
Heverin, M., Mays, |., Pal, S., Pender, N., Pinto-Grau, M., Radakovic, R., Shaw, C.E.,
Stephenson, L., Swingler, R., Vajda, A., Al-Chalabi, A., Hardiman, O., Abrahams, S.,
2018. ALS-specific cognitive and behavior changes associated with advancing disease
stage in ALS. Neurology 91, €1370—-e1380.
https://doi.org/10.1212/WNL.0000000000006317

Cronin, S., Hardiman, O., Traynor, B.J., 2007. Ethnic variation in the incidence of ALS: a
systematic review. Neurology 68, 1002-1007.
https://doi.org/10.1212/01.wnl.0000258551.96893.6f

Czaplinski, A., Yen, A.A., Appel, S.H., 2006. Forced vital capacity (FVC) as an indicator of
survival and disease progression in an ALS clinic population. J. Neurol. Neurosurg.
Psychiatry 77, 390-392. https://doi.org/10.1136/jnnp.2005.072660

Dahodwala, N., Siderowf, A., Xie, M., Noll, E., Stern, M., Mandell, D.S., 2009. Racial
Differences in the Diagnosis of Parkinson’s Disease. Mov. Disord. Off. J. Mov. Disord.
Soc. 24, 1200-1205. https://doi.org/10.1002/mds.22557

D’Amico, E., Pasmantier, M., Lee, Y.-W., Weimer, L., Mitsumoto, H., 2013. Clinical Evolution
of Pure Upper Motor Neuron Disease/Dysfunction (PUMND). Muscle Nerve 47, 28-32.
https://doi.org/10.1002/mus.23496

Dandaba, M., Couratier, P., Labrunie, A., Nicol, M., Hamidou, B., Raymondeau, M.,
Logroscino, G., Preux, P.M., Marin, B., FRALIM Consortium, 2017. Characteristics and

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 175
Licence CC BY-NC-ND 3.0



Prognosis of Oldest OIld Subjects with Amyotrophic Lateral Sclerosis.
Neuroepidemiology 49, 64—73. https://doi.org/10.1159/000479969

de Carvalho, M., Dengler, R., Eisen, A., England, J.D., Kaji, R., Kimura, J., Mills, K., Mitsumoto,
H., Nodera, H., Shefner, J., Swash, M., 2008. Electrodiagnostic criteria for diagnosis of
ALS. Clin. Neurophysiol. Off. J. Int. Fed. Clin. Neurophysiol. 119, 497-503.
https://doi.org/10.1016/j.clinph.2007.09.143

de Carvalho, M., Matias, T., Coelho, F., Evangelista, T., Pinto, A., Luis, M.L., 1996. Motor
neuron disease presenting with respiratory failure. J. Neurol. Sci. 139 Suppl, 117-122.

de Castro-Costa, C.M., Oria, R.B., Machado-Filho, J.A., Franco, M.T., Diniz, D.L., Giffoni, S.D.,
Santos, T.J., da Cunha, F.M., de Bruin, V.S., Teixeira, C.A., 1999. Amyotrophic lateral
sclerosis. Clinical analysis of 78 cases from Fortaleza (northeastern Brazil). Arqg.
Neuropsiquiatr. 57, 761-774.

de Jong, S.W., Huisman, M.H.B., Sutedja, N.A., van der Kooi, A.J., de Visser, M., Schelhaas,
H.J., Fischer, K., Veldink, J.H., van den Berg, L.H., 2012. Smoking, alcohol
consumption, and the risk of amyotrophic lateral sclerosis: a population-based study.
Am. J. Epidemiol. 176, 233—-239. https://doi.org/10.1093/aje/kws015

Dean, G., Quigley, M., Goldacre, M., 1994. Motor neuron disease in a defined English
population: estimates of incidence and mortality. J. Neurol. Neurosurg. Psychiatry 57,
450-454.

Dekker, M.C.J., Urasa, S.J., Aerts, M.B., Howlett, W.P., 2018. Motor neuron disease in sub-
Saharan Africa: case series from a Tanzanian referral hospital. J Neurol Neurosurg
Psychiatry jnnp-2017-317858. https://doi.org/10.1136/jnnp-2017-317858

del Aguila, M.A., Longstreth, W.T., McGuire, V., Koepsell, T.D., van Belle, G., 2003. Prognosis
in amyotrophic lateral sclerosis: a population-based study. Neurology 60, 813—819.

Del Bo, R., Scarlato, M., Ghezzi, S., Martinelli-Boneschi, F., Corti, S., Locatelli, F., Santoro,
D., Prelle, A., Briani, C., Nardini, M., Siciliano, G., Mancuso, M., Murri, L., Bresolin, N.,
Comi, G.P., 2008. Absence of angiogenic genes modification in Italian ALS patients.
Neurobiol. Aging 29, 314-316. https://doi.org/10.1016/j.neurobiolaging.2006.10.008

Delzor, A., Couratier, P., Boumédiéne, F., Nicol, M., Druet-Cabanac, M., Paraf, F., Méjean, A.,
Ploux, O., Leleu, J.-P., Brient, L., Lengronne, M., Pichon, V., Combés, A., El Abdellaoui,
S., Bonneterre, V., Lagrange, E., Besson, G., Bicout, D.J., Boutonnat, J., Camu, W.,
Pageot, N., Juntas-Morales, R., Rigau, V., Masseret, E., Abadie, E., Preux, P.-M.,
Marin, B., 2014. Searching for a link between the L-BMAA neurotoxin and amyotrophic
lateral sclerosis: a study protocol of the French BMAALS programme. BMJ Open 4,
e005528. https://doi.org/10.1136/bmjopen-2014-005528

Desport, J.C., Preux, P.M., Truong, T.C., Vallat, J.M., Sautereau, D., Couratier, P., 1999.
Nutritional status is a prognostic factor for survival in ALS patients. Neurology 53,
1059-1063.

Dietrich-Neto, F., Callegaro, D., Dias-Tosta, E., Silva, H.A., Ferraz, M.E., Lima, J.M.B.D.,
Oliveira, A.S.B., 2000. Amyotrophic lateral sclerosis in Brazil: 1998 national survey.

Arg. Neuropsiquiatr. 58, 607-615. https://doi.org/10.1590/S0004-
282X2000000400002

Diop A, 2014. Neurology in Sub-Saharan Africa. Development, Opportunity, Hope and
Challenges.

Doi, Y., Atsuta, N., Sobue, G., Mitsuya, M., Imaharu, N., 2014. Prevalence and Incidence of
Amyotrophic Lateral Sclerosis in Japan. J. Epidemiol. 24, 494-499.
https://doi.org/10.2188/jea.JE20140059

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 176
Licence CC BY-NC-ND 3.0



Douville, R., Liu, J., Rothstein, J., Nath, A., 2011. Identification of active loci of a human
endogenous retrovirus in neurons of patients with amyotrophic lateral sclerosis. Ann.
Neurol. 69, 141-151. https://doi.org/10.1002/ana.22149

EFNS Task Force on Diagnosis and Management of Amyotrophic Lateral Sclerosis:,
Andersen, P.M., Abrahams, S., Borasio, G.D., de Carvalho, M., Chio, A., Van Damme,
P., Hardiman, O., Kollewe, K., Morrison, K.E., Petri, S., Pradat, P.-F., Silani, V., Tomik,
B., Wasner, M., Weber, M., 2012. EFNS guidelines on the clinical management of
amyotrophic lateral sclerosis (MALS)--revised report of an EFNS task force. Eur. J.
Neurol. 19, 360-375. https://doi.org/10.1111/j.1468-1331.2011.03501.x

Elamin, M., Phukan, J., Bede, P., Jordan, N., Byrne, S., Pender, N., Hardiman, O., 2011.
Executive dysfunction is a negative prognostic indicator in patients with ALS without
dementia. Neurology 76, 1263—1269. https://doi.org/10.1212/WNL.0b013e318214359f

Elian, M., Dean, G., 1993. Motor neuron disease and multiple sclerosis among immigrants to
England from the Indian subcontinent, the Caribbean, and east and west Africa. J.
Neurol. Neurosurg. Psychiatry 56, 454—-457.

Elwood, J.M., 2013. Commentary: On representativeness. Int. J. Epidemiol. 42, 1014-1015.
https://doi.org/10.1093/ije/dyt101

Fang, F., Bellocco, R., Hernan, M.A., Ye, W., 2006. Smoking, snuff dipping and the risk of
amyotrophic lateral sclerosis--a prospective cohort study. Neuroepidemiology 27, 217—
221. https://doi.org/10.1159/000096956

Fang, F., Hallmarker, U., James, S., Ingre, C., Michaélsson, K., Ahlbom, A., Feychting, M.,
2016. Amyotrophic lateral sclerosis among cross-country skiers in Sweden. Eur. J.
Epidemiol. 31, 247-253. https://doi.org/10.1007/s10654-015-0077-7

Fernandez-Santiago, R., Sharma, M., Mueller, J.C., Gohlke, H., lllig, T., Anneser, J., Minch,
C., Ludolph, A., Kamm, C., Gasser, T., 2006. Possible gender-dependent association
of vascular endothelial growth factor (VEGF) gene and ALS. Neurology 66, 1929-1931.
https://doi.org/10.1212/01.wnl.0000219756.71928.25

Fitzgerald, K.C., O'Reilly, E.J., Falcone, G.J., McCullough, M.L., Park, Y., Kolonel, L.N.,
Ascherio, A., 2014. Dietary w-3 polyunsaturated fatty acid intake and risk for
amyotrophic lateral sclerosis. JAMA Neurol. 71, 1102-1110.
https://doi.org/10.1001/jamaneurol.2014.1214

Fong, G.C.Y., Cheng, T.S., Lam, K., Cheng, W.K., Mok, K.Y., Cheung, C.M., Chim, C.S., Mak,
W., Chan, K.H., Tsang, K.L., Kwan, M.C., Tsoi, T.H., Cheung, R.T.F., Ho, S.L., 2005.
An epidemiological study of motor neuron disease in Hong Kong. Amyotroph. Lateral
Scler. Mot. Neuron Disord. Off. Publ. World Fed. Neurol. Res. Group Mot. Neuron Dis.
6, 164-168.

Fong, K.Y., Yu, Y.L., Chan, Y.W,, Kay, R., Chan, J., Yang, Z., Kwan, M.C., Leung, K.P., Li,
P.C., Lam, T.H., Cheung, R.T., 1996. Motor neuron disease in Hong Kong Chinese:
epidemiology and clinical picture.  Neuroepidemiology 15, 239-245.
https://doi.org/10.1159/000109913

Forbes, R.B., Colville, S., Swingler, R.J., Scottish ALS/MND Register, 2004. The epidemiology
of amyotrophic lateral sclerosis (ALS/MND) in people aged 80 or over. Age Ageing 33,
131-134. https://doi.org/10.1093/ageing/afh013

Fullilove, M.T., 1998. Comment: abandoning “race” as a variable in public health research--an
idea whose time has come. Am. J. Public Health 88, 1297-1298.

Furby, A., Beauvais, K., Kolev, I., Rivain, J.-G., Sébille, V., 2010. Rural environment and risk
factors of amyotrophic lateral sclerosis: a case-control study. J. Neurol. 257, 792—798.
https://doi.org/10.1007/s00415-009-5419-5

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 177
Licence CC BY-NC-ND 3.0



Gallo, V., Vanacore, N., Bueno-de-Mesquita, H.B., Vermeulen, R., Brayne, C., Pearce, N.,
Wark, P.A., Ward, H.A., Ferrari, P., Jenab, M., Andersen, P.M., Wennberg, P.,
Wareham, N., Katzke, V., Kaaks, R., Weiderpass, E., Peeters, P.H., Mattiello, A., Pala,
V., Barricante, A., Chirlaque, M.-D., Travier, N., Travis, R.C., Sanchez, M.-J., Pessah-
Rasmussen, H., Petersson, J., Tjgnneland, A., Tumino, R., Quiros, J.R., Trichopoulou,
A., Kyrozis, A., Oikonomidou, D., Masala, G., Sacerdote, C., Arriola, L., Boeing, H.,
Vigl, M., Claver-Chapelon, F., Middleton, L., Riboli, E., Vineis, P., 2016. Physical
activity and risk of Amyotrophic Lateral Sclerosis in a prospective cohort study. Eur. J.
Epidemiol. 31, 255—-266. https://doi.org/10.1007/s10654-016-0119-9

Garcia-Redondo, A., Dols-Icardo, O., Rojas-Garcia, R., Esteban-Pérez, J., Cordero-Vazquez,
P., Munoz-Blanco, J.L., Catalina, |., Gonzalez-Mufioz, M., Varona, L., Sarasola, E.,
Povedano, M., Sevilla, T., Guerrero, A., Pardo, J., L6épez de Munain, A., Marquez-
Infante, C., de Rivera, F.J.R., Pastor, P., Jerico, |., de Arcaya, A.A., Mora, J.S.,
Clarimén, J., C9ORF72 Spanish Study Group, Gonzalo-Martinez, J.F., Juarez-Rufian,
A., Atencia, G., Jiménez-Bautista, R., Moran, Y., Mascias, J., Hernandez-Barral, M.,
Kapetanovic, S., Garcia-Barcina, M., Alcala, C., Vela, A., Ramirez-Ramos, C., Galan,
L., Pérez-Tur, J., Quintans, B., Sobrido, M.J., Fernandez-Torréon, R., Poza, J.J.,
Gorostidi, A., Paradas, C., Villoslada, P., Larrodé, P., Capablo, J.L., Pascual-Calvet,
J., Gofi, M., Morgado, Y., Guitart, M., Moreno-Laguna, S., Rueda, A., Martin-Estefania,
C., Cemillan, C., Blesa, R., Lle6, A., 2013. Analysis of the C90rf72 gene in patients with
amyotrophic lateral sclerosis in Spain and different populations worldwide. Hum. Mutat.
34, 79-82. https://doi.org/10.1002/humu.22211

Gawel, M., Zaiwalla, Z., Rose, F.C., 1983. Antecedent events in motor neuron disease. J.
Neurol. Neurosurg. Psychiatry 46, 1041-1043.

Gelfand, M., 1948. The Sick African. Cape Town: Stewart Printing Company.

Gijselinck, 1., Sleegers, K., Engelborghs, S., Robberecht, W., Martin, J.-J., Vandenberghe, R.,
Sciot, R., Dermaut, B., Goossens, D., van der Zee, J., De Pooter, T., Del-Favero, J.,
Santens, P., De Jonghe, P., De Deyn, P.P., Van Broeckhoven, C., Cruts, M., 2009.
Neuronal inclusion protein TDP-43 has no primary genetic role in FTD and ALS.
Neurobiol. Aging 30, 1329-1331. https://doi.org/10.1016/j.neurobiolaging.2007.11.002

Goetz, C.G., 2000. Amyotrophic lateral sclerosis: early contributions of Jean-Martin Charcot.
Muscle Nerve 23, 336-343.

Goh, K.-J., Tian, S., Shahrizaila, N., Ng, C.-W., Tan, C.-T., 2011. Survival and prognostic
factors of motor neuron disease in a multi-ethnic Asian population. Amyotroph. Lateral
Scler. Off. Publ. World Fed. Neurol. Res. Group Mot. Neuron Dis. 12, 124-129.
https://doi.org/10.3109/17482968.2010.527986

Gordon, P.H., Cheng, B., Katz, I.B., Mitsumoto, H., Rowland, L.P., 2009. Clinical features that
distinguish PLS, upper motor neuron-dominant ALS, and typical ALS. Neurology 72,
1948-1952. https://doi.org/10.1212/WNL.0b013e3181a8269b

Gordon, P.H., Cheng, B., Katz, |.B., Pinto, M., Hays, A.P., Mitsumoto, H., Rowland, L.P., 2006.
The natural history of primary lateral sclerosis. Neurology 66, 647-653.
https://doi.org/10.1212/01.wnl.0000200962.94777.71

Gordon, P.H., Mehal, J.M., Holman, R.C., Rowland, L.P., Rowland, A.S., Cheek, J.E., 2013.
Incidence of amyotrophic lateral sclerosis among American Indians and Alaska natives.
JAMA Neurol. 70, 476-480. https://doi.org/10.1001/jamaneurol.2013.929

Govaarts, R., Beeldman, E., Kampelmacher, M.J., van Tol, M.-J., van den Berg, L.H., van der
Kooi, A.J., Wijkstra, P.J., Zijnen-Suyker, M., Cobben, N.A.M., Schmand, B.A., de Haan,
R.J., de Visser, M., Raaphorst, J., 2016. The frontotemporal syndrome of ALS is
associated with poor survival. J. Neurol. 263, 2476-2483.
https://doi.org/10.1007/s00415-016-8290-1

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 178
Licence CC BY-NC-ND 3.0



Greenway, M.J., Alexander, M.D., Ennis, S., Traynor, B.J., Corr, B., Frost, E., Green, A.,
Hardiman, O., 2004. A novel candidate region for ALS on chromosome 14q11.2.
Neurology 63, 1936—-1938. https://doi.org/10.1212/01.wnl.0000144344.39103.f6

Greenway, M.J., Andersen, P.M., Russ, C., Ennis, S., Cashman, S., Donaghy, C., Patterson,
V., Swingler, R., Kieran, D., Prehn, J., Morrison, K.E., Green, A., Acharya, K.R., Brown,
R.H., Hardiman, O., 2006. ANG mutations segregate with familial and “sporadic”
amyotrophic lateral sclerosis. Nat. Genet. 38, 411-413. https://doi.org/10.1038/ng1742

Guerreiro, R.J., Schymick, J.C., Crews, C., Singleton, A., Hardy, J., Traynor, B.J., 2008. TDP-
43 Is Not a Common Cause of Sporadic Amyotrophic Lateral Sclerosis. PLOS ONE 3,
€2450. https://doi.org/10.1371/journal.pone.0002450

Gunnarsson, L.G., Lindberg, G., Soderfelt, B., Axelson, O., 1990. The mortality of motor
neuron disease in Sweden. Arch. Neurol. 47, 42—-46.

Gunnarsson, L.-G., Palm, R., 1984. Motor Neuron Disease and Heavy Manual Labor: An
Epidemiologic Survey of Varmland County, Sweden. Neuroepidemiology 3, 195-206.
https://doi.org/10.1159/000110854

Gwinn-Hardy, K., 2005. Racial and Ethnic Influences on the Expression of the Genotype in
Neurodegenerative Diseases, in: Cummings, J.L., Poncet, M., Hardy, J., Christen, Y.
(Eds.), Genotype — Proteotype — Phenotype Relationships in Neurodegenerative
Diseases, Research and Perspectives in Alzheimer's Disease. Springer Berlin
Heidelberg, pp. 25-36.

Hamidou, B., Couratier, P., Besancon, C., Nicol, M., Preux, P.M., Marin, B., 2014.
Epidemiological evidence that physical activity is not a risk factor for ALS. Eur. J.
Epidemiol. 29, 459-475. https://doi.org/10.1007/s10654-014-9923-2

Hamidou, B., Marin, B., Lautrette, G., Nicol, M., Camu, W., Corcia, P., Arnes-Bes, M.-C.,
Tranchant, C., Clavelou, P., Hannequin, D., Maurice, G., Beauvais, K., Antoine, J.-C.,
Danel-Brunaud, V., Viader, F., Preux, P.-M., Couratier, P., 2017. Exploring the
diagnosis delay and ALS functional impairment at diagnosis as relevant criteria for
clinical trial enrolment. Amyotroph. Lateral Scler. Front. Degener. 18, 519-527.
https://doi.org/10.1080/21678421.2017.1353098

Hardiman, O., Chalabi, A.A., Brayne, C., Beghi, E., van den Berg, L.H., Chio, A., Martin, S.,
Logroscino, G., Rooney, J., 2017. The changing picture of amyotrophic lateral
sclerosis: lessons from European registers. J. Neurol. Neurosurg. Psychiatry.
https://doi.org/10.1136/jnnp-2016-314495

Harries, J.R., 1955. Amyotrophic lateral sclerosis in Africans. East Afr. Med. J. 32, 333—-335.

Haverkamp, L.J., Appel, V., Appel, S.H., 1995. Natural history of amyotrophic lateral sclerosis
in a database population. Validation of a scoring system and a model for survival
prediction. Brain J. Neurol. 118 ( Pt 3), 707-719.
https://doi.org/10.1093/brain/118.3.707

Hajer-Pedersen, E., Christensen, P.B., Jensen, N.B., 1989. Incidence and prevalence of motor
neuron disease in two Danish counties. Neuroepidemiology 8, 151-159.
https://doi.org/10.1159/000110177

Homburger, J.R., Moreno-Estrada, A., Gignoux, C.R., Nelson, D., Sanchez, E., Ortiz-Tello, P.,
Pons-Estel, B.A., Acevedo-Vasquez, E., Miranda, P., Langefeld, C.D., Gravel, S.,
Alarcén-Riquelme, M.E., Bustamante, C.D., 2015. Genomic Insights into the Ancestry
and Demographic History of South America. PLOS Genet. 11, e1005602.
https://doi.org/10.1371/journal.pgen.1005602

Hook, E.B., Regal, R.R., 1995. Capture-recapture methods in epidemiology: methods and
limitations. Epidemiol. Rev. 17, 243-264.

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 179
Licence CC BY-NC-ND 3.0



Hu, M.T., Ellis, C.M., Al-Chalabi, A., Leigh, P.N., Shaw, C.E., 1998. Flail arm syndrome: a
distinctive variant of amyotrophic lateral sclerosis. J. Neurol. Neurosurg. Psychiatry 65,
950-951. https://doi.org/10.1136/jnnp.65.6.950

Huisman, M.H.B., de Jong, S.W., van Doormaal, P.T.C., Weinreich, S.S., Schelhaas, H.J., van
der Kooi, A.J., de Visser, M., Veldink, J.H., van den Berg, L.H., 2011. Population based
epidemiology of amyotrophic lateral sclerosis using capture-recapture methodology. J.
Neurol. Neurosurg. Psychiatry 82, 1165-1170.
https://doi.org/10.1136/jnnp.2011.244939

Huisman, M.H.B., Seelen, M., de Jong, S.W., Dorresteijn, K.R.1.S., van Doormaal, P.T.C., van
der Kooi, A.J., de Visser, M., Schelhaas, H.J., van den Berg, L.H., Veldink, J.H., 2013.
Lifetime physical activity and the risk of amyotrophic lateral sclerosis. J. Neurol.
Neurosurg. Psychiatry 84, 976—-981. https://doi.org/10.1136/jnnp-2012-304724

Huss, A., Spoerri, A., Egger, M., Rddsli, M., Swiss National Cohort Study, 2009. Residence
near power lines and mortality from neurodegenerative diseases: longitudinal study of
the Swiss population. Am. J. Epidemiol. 169, 167-175.
https://doi.org/10.1093/aje/kwn297

Imam, I., Ogunniyi, A., 2004. What is Happening to Motor Neuron Disease in Nigeria? Ann.
Afr. Med. ISSN 1596-3519 Vol 3 Num 1 3.

Imounan, F., Lahbouje, S., Hsaini, Y., Regragui, W., Ait Ben Haddou, E.H., Benomar, A.,
Bourazza, A., Yahyaoui, M., 2015. [Clinical and environmental aspects of amyotrophic
lateral sclerosis in moroccan population: a study of 60 cases]. Tunis. Med. 93, 365-
370.

Ince, P.G., Evans, J., Knopp, M., Forster, G., Hamdalla, H.H.M., Wharton, S.B., Shaw, P.J.,
2003. Corticospinal tract degeneration in the progressive muscular atrophy variant of
ALS. Neurology 60, 1252-1258.

Instituto Nacional de Estadistica y Censos, n.d. Censo Poblacién y Vivienda [WWW
Document]. Inst. Nac. Estad. Censos. URL http://www.ecuadorencifras.gob.ec/vdatos/

ltzcovich, T., Xi, Z., Martinetto, H., Chrem-Méndez, P., Russo, M.J., de Ambrosi, B., Uchitel,
O.D., Nogués, M., Silva, E., Rojas, G., Bagnatti, P., Amengual, A., Campos, J.,
Rogaeva, E., St George-Hyslop, P., Allegri, R., Sevlever, G., Surace, E.l., 2016.
Analysis of C9orf72 in patients with frontotemporal dementia and amyotrophic lateral
sclerosis from Argentina. Neurobiol. Aging 40, 192.e13-192.e15.
https://doi.org/10.1016/j.neurobiolaging.2016.02.001

Jacquin-Cotton, L., Dumas, M., Girard, P., 1970. Les paraplégies au Sénégal. Bull Soc M E
Afr Noire Lgue Fr 15, 206-20.

Jang, J.-H., Kwon, M.-J., Choi, W.J., Oh, K.-W., Koh, S.-H., Ki, C.-S., Kim, S.H., 2013. Analysis
of the C9o0rf72 hexanucleotide repeat expansion in Korean patients with familial and
sporadic amyotrophic lateral sclerosis. Neurobiol. Aging 34, 1311.e7-9.
https://doi.org/10.1016/j.neurobiolaging.2012.09.004

Joensen, P., 2012. Incidence of amyotrophic lateral sclerosis in the Faroe Islands. Acta Neurol.
Scand. 126, 62—66. https://doi.org/10.1111/j.1600-0404.2011.01611.x

Johnson, L., Miller, J.W., Gkazi, A.S., Vance, C., Topp, S.D., Newhouse, S.J., Al-Chalabi, A.,
Smith, B.N., Shaw, C.E., 2012. Screening for OPTN mutations in a cohort of British
amyotrophic lateral sclerosis patients. Neurobiol. Aging 33, 2948.e15-2948.el7.
https://doi.org/10.1016/j.neurobiolaging.2012.06.023

Kahana, E., Zilber, N., 1984. Changes in the incidence of amyotrophic lateral sclerosis in Israel.
Arch. Neurol. 41, 157-160.

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 180
Licence CC BY-NC-ND 3.0



Kamada, M., Maruyama, H., Tanaka, E., Morino, H., Wate, R., Ito, H., Kusaka, H., Kawano,
Y., Miki, T., Nodera, H., lzumi, Y., Kaji, R., Kawakami, H., 2009. Screening for TARDBP
mutations in Japanese familial amyotrophic lateral sclerosis. J. Neurol. Sci. 284, 69—
71. https://doi.org/10.1016/j.jns.2009.04.017

Kamel, F., Umbach, D.M., Hu, H., Munsat, T.L., Shefner, J.M., Taylor, J.A., Sandler, D.P.,
2005. Lead exposure as a risk factor for amyotrophic lateral sclerosis. Neurodegener.
Dis. 2, 195-201. https://doi.org/10.1159/000089625

Karam, C., Scelsa, S.N., MacGowan, D.J.L., 2010. The clinical course of progressive bulbar
palsy. Amyotroph. Lateral Scler. 11, 364-368.
https://doi.org/10.3109/17482960903513159

Kazamel, M., Cutter, G., Claussen, G., Alsharabati, M., Oh, S.J., Lu, L., King, P.H., 2013.
Epidemiological features of amyotrophic lateral sclerosis in a large clinic-based African
American population. Amyotroph. Lateral Scler. Front. Degener. 14, 334-337.
https://doi.org/10.3109/21678421.2013.770030

Kengne, A.P., Dzudie, A., Dongmo, L., 2006. Epidemiological features of degenerative brain
diseases as they occurred in Yaounde referral hospitals over a 9-year period.
Neuroepidemiology 27, 208—-211. https://doi.org/10.1159/000096609

Kiernan, M.C., Vucic, S., Cheah, B.C., Turner, M.R., Eisen, A., Hardiman, O., Burrell, J.R.,
Zoing, M.C., 2011. Amyotrophic lateral sclerosis. Lancet Lond. Engl. 377, 942-955.
https://doi.org/10.1016/S0140-6736(10)61156-7

Kim, W.-K., Liu, X., Sandner, J., Pasmantier, M., Andrews, J., Rowland, L.P., Mitsumoto, H.,
2009. Study of 962 patients indicates progressive muscular atrophy is a form of ALS.
Neurology 73, 1686—1692. https://doi.org/10.1212/WNL.0b013e3181cldea3

Kimura, F., Fujimura, C., Ishida, S., Nakajima, H., Furutama, D., Uehara, H., Shinoda, K.,
Sugino, M., Hanafusa, T., 2006. Progression rate of ALSFRS-R at time of diagnosis
predicts survival time in ALS. Neurology 66, 265-267.
https://doi.org/10.1212/01.wnl.0000194316.91908.8a

Kimura, K., 1961. Endemiological and geomedical studies on amyotrophic lateral sclerosis and
allied diseases in Kii Peninsula, Japan (preliminary report). Folia Psychiatr. Neurol.
Jpn. 15, 175-181.

Koerner, D.R., 1952. Amyotrophic lateral sclerosis on Guam. Ann. Intern. Med. 37, 1204-1220.
https://doi.org/10.7326/0003-4819-37-6-1204

Kolber, M.R., Scrimshaw, C., 2014. Family history of cardiovascular disease. Can. Fam.
Physician 60, 1016.

Kollewe, K., Mauss, U., Krampfl, K., Petri, S., Dengler, R., Mohammadi, B., 2008. ALSFRS-R
score and its ratio: a useful predictor for ALS-progression. J. Neurol. Sci. 275, 69-73.
https://doi.org/10.1016/j.jns.2008.07.016

Kondo, K., Tsubaki, T., 1977. Changing mortality patterns of motor neuron disease in Japan.
J. Neurol. Sci. 32, 411-424. https://doi.org/10.1016/0022-510X(77)90023-5

Kurland, L.T., Mulder, D.W., 1954. Epidemiologic investigations of amyotrophic lateral
sclerosis. I. Preliminary report on geographic distribution, with special reference to the
Mariana Islands, including clinical and pathologic observations. Neurology 4, 355-378.
https://doi.org/10.1212/wnl.4.5.355

Kwon, M.-J., Baek, W., Ki, C.-S., Kim, H.Y., Koh, S.-H., Kim, J.-W., Kim, S.H., 2012. Screening
of the SOD1, FUS, TARDBP, ANG, and OPTN mutations in Korean patients with
familial and sporadic ~ ALS. Neurobiol. Aging 33, 1017.e17-23.
https://doi.org/10.1016/j.neurobiolaging.2011.12.003

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 181
Licence CC BY-NC-ND 3.0



Lai, C.-H., Tseng, H.-F., 2008. Epidemiology and medical expenses of motor neuron diseases
in Taiwan. Neuroepidemiology 31, 159-166. https://doi.org/10.1159/000154928

Lambrechts, D., Storkebaum, E., Morimoto, M., Del-Favero, J., Desmet, F., Marklund, S.L.,
Wyns, S., Thijs, V., Andersson, J., van Marion, I., Al-Chalabi, A., Bornes, S., Musson,
R., Hansen, V., Beckman, L., Adolfsson, R., Pall, H.S., Prats, H., Vermeire, S.,
Rutgeerts, P., Katayama, S., Awata, T., Leigh, N., Lang-Lazdunski, L., Dewerchin, M.,
Shaw, C., Moons, L., Vlietinck, R., Morrison, K.E., Robberecht, W., Van Broeckhoven,
C., Collen, D., Andersen, P.M., Carmeliet, P., 2003. VEGF is a modifier of amyotrophic
lateral sclerosis in mice and humans and protects motoneurons against ischemic
death. Nat. Genet. 34, 383—394. https://doi.org/10.1038/ng1211

Lannuzel, A., Mecharles, S., Tressiéres, B., Demoly, A., Alhendi, R., Hédreville-Tablon, M.-A.,
Alecu, C., 2015. Clinical varieties and epidemiological aspects of amyotrophic lateral
sclerosis in the Caribbean island of Guadeloupe: A new focus of ALS associated with
Parkinsonism. Amyotroph. Lateral Scler. Front. Degener. 16, 216-223.
https://doi.org/10.3109/21678421.2014.992026

Le Bigot, P., 1993. Profil épidémiologique des affections neurologiques au Gabon, in:
AUPELF-UREF (Ed.), Neurologie Tropicale. Paris: John Libbey Eurotext, pp. 17-21.

Lee, J.R., Annegers, J.F., Appel, S.H., 1995. Prognosis of amyotrophic lateral sclerosis and
the effect of referral selection. J. Neurol. Sci. 132, 207-215.

Lehman, E.J., Hein, M.J., Baron, S.L., Gersic, C.M., 2012. Neurodegenerative causes of death
among retired National Football League players. Neurology 79, 1970-1974.
https://doi.org/10.1212/WNL.0b013e31826daf50

Lekoubou, A., Echouffo-Tcheugui, J.B., Kengne, A.P., 2014. Epidemiology of
neurodegenerative diseases in sub-Saharan Africa: a systematic review. BMC Public
Health 14, 653. https://doi.org/10.1186/1471-2458-14-653

Leone, M., Chandra, V., Schoenberg, B.S., 1987. Motor neuron disease in the United States
1971 and 1973-1978 patterns of mortality and associated conditions at the time of
death. Neurology 37, 1339-1343.

Li, C., Ji, Y., Tang, L., Zhang, N., He, J., Ye, S., Liu, X., Fan, D., 2015. Optineurin mutations in
patients with sporadic amyotrophic lateral sclerosis in China. Amyotroph. Lateral Scler.
Front. Degener. 16, 485-489. https://doi.org/10.3109/21678421.2015.1089909

Lima, N.M.F.V., Nucci, A., 2011. Clinical attention and assistance profile of patients with
amyotrophic lateral sclerosis. Arg. Neuropsiquiatr. 69, 170-175.

Linden-Junior, E., Becker, J., Schestatsky, P., Rotta, F.T., Marrone, C.D., Gomes, I., 2013.
Prevalence of amyotrophic lateral sclerosis in the city of Porto Alegre, in Southern
Brazil. Arq. Neuropsiquiatr. 71, 959-962. https://doi.org/10.1590/0004-282X20130177

Logroscino, G., Beghi, E., Zoccolella, S., Palagano, R., Fraddosio, A., Simone, |.L., Lamberti,
P., Lepore, V., Serlenga, L., SLAP Registry, 2005. Incidence of amyotrophic lateral
sclerosis in southern ltaly: a population based study. J. Neurol. Neurosurg. Psychiatry
76, 1094-1098. https://doi.org/10.1136/jnnp.2004.039180

Logroscino, G., Marin, B., Piccininni, M., Arcuti, S., Chio, A., Hardiman, O., Rooney, J.,
Zoccolella, S., Couratier, P., Preux, P.-M., Beghi, E., for EURALS, 2018a. Referral bias
in ALS epidemiological studies. PloS One 13, e0195821.
https://doi.org/10.1371/journal.pone.0195821

Logroscino, G., Piccininni, M., Marin, B., Nichols, E., Abd-Allah, F., Abdelalim, A., Alahdab, F.,
Asgedom, S.W., Awasthi, A., Chaiah, Y., Daryani, A., Do, H.P., Dubey, M., Elbaz, A.,
Eskandarieh, S., Farhadi, F., Farzadfar, F., Fereshtehnejad, S.-M., Fernandes, E.,
Filip, 1., Foreman, K.J., Gebre, A.K., Gnedovskaya, E.V., Hamidi, S., Hay, S.1., Irvani,
S.S.N,, Ji, J.S., Kasaeian, A., Kim, Y.J., Mantovani, L.G., Mashamba-Thompson, T.P.,

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 182
Licence CC BY-NC-ND 3.0



Mehndiratta, M.M., Mokdad, A.H., Nagel, G., Nguyen, T.H., Nixon, M.R., Olagunju,
A.T., Owolabi, M.O., Piradov, M.A., Qorbani, M., Radfar, A., Reiner, R.C., Sahraian,
M.A., Sarvi, S., Sharif, M., Temsah, O., Tran, B.X., Truong, N.T., Venketasubramanian,
N., Winkler, A.S., Yimer, E.M., Feigin, V.L., Vos, T., Murray, C.J.L., 2018b. Global,
regional, and national burden of motor neuron diseases 1990-2016: a systematic
analysis for the Global Burden of Disease Study 2016. Lancet Neurol. 17, 1083—-1097.
https://doi.org/10.1016/S1474-4422(18)30404-6

Logroscino, G., Tortelli, R., Rizzo, G., Marin, B., Preux, P.M., Malaspina, A., 2015. Amyotrophic
Lateral Sclerosis: An Aging-Related Disease. Curr. Geriatr. Rep. 4, 142-153.
https://doi.org/10.1007/s13670-015-0127-8

Logroscino, G., Traynor, B.J., Hardiman, O., Chio’, A., Couratier, P., Mitchell, J.D., Swingler,
R.J., Beghi, E., EURALS, 2008. Descriptive epidemiology of amyotrophic lateral
sclerosis: new evidence and unsolved issues. J. Neurol. Neurosurg. Psychiatry 79, 6—
11. https://doi.org/10.1136/jnnp.2006.104828

Loureiro, M.P.S., Gress, C.H., Thuler, L.C.S., Alvarenga, R.M.P., Lima, J.M.B., 2012. Clinical
aspects of amyotrophic lateral sclerosis in Rio de Janeiro/Brazil. J. Neurol. Sci. 316,
61-66. https://doi.org/10.1016/j.jns.2012.01.029

Ludolph, A.C., Brettschneider, J., 2015. TDP-43 in amyotrophic lateral sclerosis - is it a prion
disease? Eur. J. Neurol. 22, 753-761. https://doi.org/10.1111/ene.12706

Luna, J., Logroscino, G., Couratier, P., Marin, B., 2017. Current issues in ALS epidemiology:
Variation of ALS occurrence between populations and physical activity as a risk factor.
Rev. Neurol. (Paris) 173, 244-253. https://doi.org/10.1016/j.neurol.2017.03.035

Lyall, R.A., Donaldson, N., Polkey, M.I., Leigh, P.N., Moxham, J., 2001. Respiratory muscle
strength and ventilatory failure in amyotrophic lateral sclerosis. Brain J. Neurol. 124,
2000-2013. https://doi.org/10.1093/brain/124.10.2000

Majounie, E., Renton, A.E., Mok, K., Dopper, E.G.P., Waite, A., Rollinson, S., Chio, A,
Restagno, G., Nicolaou, N., Simon-Sanchez, J., van Swieten, J.C., Abramzon, Y.,
Johnson, J.O., Sendtner, M., Pamphlett, R., Orrell, R.W., Mead, S., Sidle, K.C.,
Houlden, H., Rohrer, J.D., Morrison, K.E., Pall, H., Talbot, K., Ansorge, O.,
Chromosome 9-ALS/FTD Consortium, French research network on FTLD/FTLD/ALS,
ITALSGEN Consortium, Hernandez, D.G., Arepalli, S., Sabatelli, M., Mora, G., Corbo,
M., Giannini, F., Calvo, A., Englund, E., Borghero, G., Floris, G.L., Remes, A.M,,
Laaksovirta, H., McCluskey, L., Trojanowski, J.Q., Van Deerlin, V.M., Schellenberg,
G.D., Nalls, M.A., Drory, V.E., Lu, C.-S., Yeh, T.-H., Ishiura, H., Takahashi, Y., Tsuiji,
S., Le Ber, I., Brice, A., Drepper, C., Williams, N., Kirby, J., Shaw, P., Hardy, J., Tienari,
P.J., Heutink, P., Morris, H.R., Pickering-Brown, S., Traynor, B.J., 2012. Frequency of
the C9orf72 hexanucleotide repeat expansion in patients with amyotrophic lateral
sclerosis and frontotemporal dementia: a cross-sectional study. Lancet Neurol. 11,
323-330. https://doi.org/10.1016/S1474-4422(12)70043-1

Malek, A.M., Barchowsky, A., Bowser, R., Youk, A., Talbott, E.O., 2012. Pesticide exposure
as a risk factor for amyotrophic lateral sclerosis: a meta-analysis of epidemiological
studies: pesticide exposure as a risk factor for ALS. Environ. Res. 117, 112-119.
https://doi.org/10.1016/j.envres.2012.06.007

Marin, B., Boumédiene, F., Logroscino, G., Couratier, P., Babron, M.-C., Leutenegger, A.L.,
Copetti, M., Preux, P.-M., Beghi, E., 2017. Variation in worldwide incidence of
amyotrophic  lateral  sclerosis: a meta-analysis. Int. J.  Epidemiol.
https://doi.org/10.1093/ije/dyw061

Marin, B., Couratier, P., Arcuti, S., Copetti, M., Fontana, A., Nicol, M., Raymondeau, M.,
Logroscino, G., Preux, P.M., 2016a. Stratification of ALS patients’ survival: a

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 183
Licence CC BY-NC-ND 3.0



population-based study. J. Neurol. 263, 100-111. https://doi.org/10.1007/s00415-015-
7940-z

Marin, B., Couratier, P., Lannuzel, A., Logroscino, G., 2018a. Chapter 13 - Other
Neurocognitive Disorders in Tropical Health (Amyotrophic Lateral Sclerosis and
Parkinson’s Disease), in: Neuroepidemiology in Tropical Health. Academic Press, pp.
167-183. https://doi.org/10.1016/B978-0-12-804607-4.00013-7

Marin, B., Fontana, A., Arcuti, S., Copetti, M., Boumédiene, F., Couratier, P., Beghi, E., Preux,
P.M., Logroscino, G., 2018b. Age-specific ALS incidence: a dose-response meta-
analysis. Eur. J. Epidemiol. 33, 621-634. https://doi.org/10.1007/s10654-018-0392-x

Marin, B., Hamidou, B., Couratier, P., Nicol, M., Delzor, A., Raymondeau, M., Druet-Cabanac,
M., Lautrette, G., Boumediene, F., Preux, P.M., French register of ALS in Limousin,
2014. Population-based epidemiology of amyotrophic lateral sclerosis (ALS) in an
ageing Europe--the French register of ALS in Limousin (FRALIm register). Eur. J.
Neurol. 21, 1292-1300, e78-79. https://doi.org/10.1111/ene.12474

Marin, B., Kacem, I., Diagana, M., Boulesteix, M., Gouider, R., Preux, P.M., Couratier, P.,
Tropals Collaboration, 2012. Juvenile and adult-onset ALS/MND among Africans:
incidence, phenotype, survival: a review. Amyotroph. Lateral Scler. Off. Publ. World
Fed. Neurol. Res. Group Mot. Neuron Dis. 13, 276-283.
https://doi.org/10.3109/17482968.2011.648644

Marin, B., Logroscino, G., Boumédiene, F., Labrunie, A., Couratier, P., Babron, M.-C.,
Leutenegger, A.L., Preux, P.M., Beghi, E., 2016b. Clinical and demographic factors
and outcome of amyotrophic lateral sclerosis in relation to population ancestral origin.
Eur. J. Epidemiol. 31, 229-245. https://doi.org/10.1007/s10654-015-0090-x

Marin, Couratier, P., Preux, P.-M., Logroscino, G., 2011a. Can mortality data be used to
estimate amyotrophic lateral sclerosis incidence? Neuroepidemiology 36, 29-38.
https://doi.org/10.1159/000321930

Marin, Desport, J.C., Kajeu, P., Jesus, P., Nicolaud, B., Nicol, M., Preux, P.M., Couratier, P.,
2011b. Alteration of nutritional status at diagnosis is a prognostic factor for survival of
amyotrophic lateral sclerosis patients. J. Neurol. Neurosurg. Psychiatry 82, 628-634.
https://doi.org/10.1136/jnnp.2010.211474

Maruyama, H., Morino, H., Ito, H., Izumi, Y., Kato, H., Watanabe, Y., Kinoshita, Y., Kamada,
M., Nodera, H., Suzuki, H., Komure, O., Matsuura, S., Kobatake, K., Morimoto, N., Abe,
K., Suzuki, N., Aoki, M., Kawata, A., Hirai, T., Kato, T., Ogasawara, K., Hirano, A.,
Takumi, T., Kusaka, H., Hagiwara, K., Kaji, R., Kawakami, H., 2010. Mutations of
optineurin ~ in  amyotrophic  lateral  sclerosis. Nature 465, 223-226.
https://doi.org/10.1038/nature08971

Matos, S.E. de, Conde, M.T.R.P., Favero, F.M., Taniguchi, M., Quadros, A.A.J., Fontes, S.V.,
Oliveira, A.S.B., 2011. Mortality rates due to amyotrophic lateral sclerosis in Sdo Paulo
City from 2002 to 2006. Arg. Neuropsiquiatr. 69, 861—866.

Matsumoto, N., Worth, R.M., Kurland, L.T., Okazaki, H., 1972. Epidemiologic study of
amyotrophic lateral sclerosis in Hawaii. Identification of high incidence among Filipino
men. Neurology 22, 934-940.

McCluskey K, McCluskey L, 2004. Racial disparity in mortality from ALS/ MND in US African
Americans. Amyotroph Lateral Scler Mot. Neuron Disord 5(suppl):73—78.

McCluskey, L., Vandriel, S., EIman, L., Van Deerlin, V.M., Powers, J., Boller, A., Wood, E.M.,
Woo, J., McMillan, C.T., Rascovsky, K., Grossman, M., 2014. ALS-Plus syndrome:
non-pyramidal features in a large ALS cohort. J. Neurol. Sci. 345, 118-124.
https://doi.org/10.1016/j.jns.2014.07.022

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 184
Licence CC BY-NC-ND 3.0



McGuire, V., Longstreth, W.T., Koepsell, T.D., van Belle, G., 1996. Incidence of amyotrophic
lateral sclerosis in three counties in western Washington state. Neurology 47, 571-573.

Meenakshisundaram, E., Jagannathan, K., Ramamurthi, B., 1970. Clinical pattern of motor
neuron disease seen in younger age groups in Madras. Neurol. India 18, Suppl 1:109+.

Mehta, K.M., Yaffe, K., Pérez-Stable, E.J., Stewart, A., Barnes, D., Kurland, B.F., Miller, B.L.,
2008. Race/ethnic differences in Alzheimer disease survival in US Alzheimer Disease
Centers. Neurology 70, 1163-1170.
https://doi.org/10.1212/01.wnl.0000285287.99923.3c

Mentula, H.-K., Tuovinen, L., Penttila, S., Suominen, T., Udd, B., Palmio, J., 2012. TARDBP
mutations are not a frequent cause of ALS in Finnish patients. Acta Myol. Myopathies
Cardiomyopathies Off. J. Mediterr. Soc. Myol. 31, 134-138.

Mielke, J., Adamolekun, B., 1996. Motor neuron disease in Zimbabwe. Congr. Pan Afr. Assoc.
Neurol. Sci., Durban (South Africa).

Millecamps, S., Boillée, S., Ber, I.L., Seilhean, D., Teyssou, E., Giraudeau, M., Moigneu, C.,
Vandenberghe, N., Danel-Brunaud, V., Corcia, P., Pradat, P.-F., Forestier, N.L.,
Lacomblez, L., Bruneteau, G., Camu, W., Brice, A., Cazeneuve, C., LeGuern, E.,
Meininger, V., Salachas, F., 2012. Phenotype difference between ALS patients with
expanded repeats in COORF72 and patients with mutations in other ALS-related genes.
J. Med. Genet. 49, 258-263. https://doi.org/10.1136/jmedgenet-2011-100699

Millecamps, S., Salachas, F., Cazeneuve, C., Gordon, P., Bricka, B., Camuzat, A., Guillot-
Noél, L., Russaouen, O., Bruneteau, G., Pradat, P.-F., Le Forestier, N., Vandenberghe,
N., Danel-Brunaud, V., Guy, N., Thauvin-Robinet, C., Lacomblez, L., Couratier, P.,
Hannequin, D., Seilhean, D., Le Ber, I., Corcia, P., Camu, W., Brice, A., Rouleau, G.,
LeGuern, E., Meininger, V., 2010. SOD1, ANG, VAPB, TARDBP, and FUS mutations
in familial amyotrophic lateral sclerosis: genotype-phenotype correlations. J. Med.
Genet. 47, 554-560. https://doi.org/10.1136/jmg.2010.077180

Miller, R.G., Mitchell, J.D., Moore, D.H., 2012. Riluzole for amyotrophic lateral sclerosis
(ALS)/motor neuron disease (MND). Cochrane Database Syst. Rev. CD001447.
https://doi.org/10.1002/14651858.CD001447.pub3

Mitchell, J., Borasio, G., 2007. Amyotrophic lateral sclerosis. The Lancet 369, 2031-2041.
https://doi.org/10.1016/S0140-6736(07)60944-1

Monroe, S.M., Slavich, G.M., Gatlib, I.H., 2014. Life Stress and Family History for Depression:
The Moderating Role of Past Depressive Episodes. J. Psychiatr. Res. 49, 90-95.
https://doi.org/10.1016/j.jpsychires.2013.11.005

Montenegro, R.A., Stephens, C., 2006. Indigenous health in Latin America and the Caribbean.
Lancet Lond. Engl. 367, 1859-1869. https://doi.org/10.1016/S0140-6736(06)68808-9

Montuschi, A., lazzolino, B., Calvo, A., Moglia, C., Lopiano, L., Restagno, G., Brunetti, M.,
Ossola, ., Lo Presti, A.,, Cammarosano, S., Canosa, A., Chio, A., 2015. Cognitive
correlates in amyotrophic lateral sclerosis: a population-based study in Italy. J. Neurol.
Neurosurg. Psychiatry 86, 168—173. https://doi.org/10.1136/jnnp-2013-307223

Moura, M.C., Casulari, L.A., Carvalho Garbi Novaes, M.R., 2016. Ethnic and demographic
incidence of amyotrophic lateral sclerosis (ALS) in Brazil: A population based study.
Amyotroph. Lateral Scler. Front. Degener. 17, 275-281.
https://doi.org/10.3109/21678421.2016.1140210

Murch, Susan J., Cox, P.A., Banack, S.A., 2004. A mechanism for slow release of biomagnified
cyanobacterial neurotoxins and neurodegenerative disease in Guam. Proc. Natl. Acad.
Sci. U. S. A. 101, 12228-12231. https://doi.org/10.1073/pnas.0404926101

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 185
Licence CC BY-NC-ND 3.0



Murch, S. J., Cox, P.A., Banack, S.A., Steele, J.C., Sacks, O.W., 2004. Occurrence of beta-
methylamino-l-alanine (BMAA) in ALS/PDC patients from Guam. Acta Neurol. Scand.
110, 267-269. https://doi.org/10.1111/j.1600-0404.2004.00320.x

Naghavi, M., Abajobir, A.A., Abbafati, C., Abbas, K.M., Abd-Allah, F., Abera, S.F., Aboyans,
V., Adetokunboh, O., Afshin, A., Agrawal, A., Ahmadi, A., Ahmed, M.B., Aichour, A.N.,
Aichour, M.T.E., Aichour, |., Aiyar, S., Alahdab, F., Al-Aly, Z., Alam, K., Alam, N., Alam,
T., Alene, K.A., Al-Eyadhy, A., Ali, S.D., Alizadeh-Navaei, R., Alkaabi, J.M., Alkerwi, A.
‘a, Alla, F., Allebeck, P., Allen, C., Al-Raddadi, R., Alsharif, U., Altirkawi, K.A., Alvis-
Guzman, N., Amare, A.T., Amini, E., Ammar, W., Amoako, Y.A., Anber, N., Andersen,
H.H., Andrei, C.L., Androudi, S., Ansari, H., Antonio, C.A.T., Anwari, P., Arnlov, J.,
Arora, M., Artaman, A., Aryal, K.K., Asayesh, H., Asgedom, S.W., Atey, T.M., Avila-
Burgos, L., Avokpaho, E.F.G., Awasthi, A., Babalola, T.K., Bacha, U., Balakrishnan, K.,
Barac, A., Barboza, M.A., Barker-Collo, S.L., Barquera, S., Barregard, L., Barrero, L.H.,
Baune, B.T., Bedi, N., Beghi, E., Béjot, Y., Bekele, B.B., Bell, M.L., Bennett, J.R.,
Bensenor, |I.M., Berhane, A., Bernabé, E., Betsu, B.D., Beuran, M., Bhatt, S.,
Biadgilign, S., Bienhoff, K., Bikbov, B., Bisanzio, D., Bourne, R.R.A., Breitborde, N.J.K.,
Bulto, L.N.B., Bumgarner, B.R., Butt, Z.A., Cahuana-Hurtado, L., Cameron, E.,
Campuzano, J.C., Car, J., Céardenas, R., Carrero, J.J., Carter, A., Casey, D.C.,
Castafieda-Orjuela, C.A., Catala-Lépez, F., Charlson, F.J., Chibueze, C.E., Chimed-
Ochir, O., Chisumpa, V.H., Chitheer, A.A., Christopher, D.J., Ciobanu, L.G., Cirillo, M.,
Cohen, AJ., Colombara, D., Cooper, C., Cowie, B.C., Criqui, M.H., Dandona, L.,
Dandona, R., Dargan, P.l., Neves, J. das, Davitoiu, D.V., Davletov, K., Courten, B. de,
Defo, B.K., Degenhardt, L., Deiparine, S., Deribe, K., Deribew, A., Dey, S., Dicker, D.,
Ding, E.L., Djalalinia, S., Do, H.P., Doku, D.T., Douwes-Schultz, D., Driscoll, T.R.,
Dubey, M., Duncan, B.B., Echko, M., El-Khatib, Z.Z., Ellingsen, C.L., Enayati, A.,
Ermakov, S.P., Erskine, H.E., Eskandarieh, S., Esteghamati, A., Estep, K., Farinha,
C.S.e S, Faro, A,, Farzadfar, F., Feigin, V.L., Fereshtehnejad, S.-M., Fernandes, J.C.,
Ferrari, A.J., Feyissa, T.R., Filip, |., Finegold, S., Fischer, F., Fitzmaurice, C., Flaxman,
A.D., Foigt, N., Frank, T., Fraser, M., Fullman, N., Flrst, T., Furtado, J.M., Gakidou, E.,
Garcia-Basteiro, A.L., Gebre, T., Gebregergs, G.B., Gebrehiwot, T.T., Gebremichael,
D.Y., Geleijnse, J.M., Genova-Maleras, R., Gesesew, H.A., Gething, P.W., Gillum,
R.F., Giref, A.Z., Giroud, M., Giussani, G., Godwin, W.W., Gold, A.L., Goldberg, E.M.,
Gona, P.N., Gopalani, S.V., Gouda, H.N., Goulart, A.C., Griswold, M., Gupta, R.,
Gupta, T., Gupta, V., Gupta, P.C., Haagsma, J.A., Hafezi-Nejad, N., Hailu, A.D., Hailu,
G.B., Hamadeh, R.R., Hambisa, M.T., Hamidi, S., Hammami, M., Hancock, J., Handal,
A.J., Hankey, G.J., Hao, Y., Harb, H.L., Hareri, H.A., Hassanvand, M.S., Havmoeller,
R., Hay, S.l1., He, F., Hedayati, M.T., Henry, N.J., Heredia-Pi, |.B., Herteliu, C., Hoek,
H.W., Horino, M., Horita, N., Hosgood, H.D., Hostiuc, S., Hotez, P.J., Hoy, D.G., Huynh,
C., Iburg, K.M., lkeda, C., lleanu, B.V., Irenso, A.A., Irvine, C.M.S., Islam, S.M.S.,
Jacobsen, K.H., Jahanmehr, N., Jakovljevic, M.B., Javanbakht, M., Jayaraman, S.P.,
Jeemon, P., Jha, V., John, D., Johnson, C.O., Johnson, S.C., Jonas, J.B., Jurisson, M.,
Kabir, Z., Kadel, R., Kahsay, A., Kamal, R., Karch, A., Karimi, S.M., Karimkhani, C.,
Kasaeian, A., Kassaw, N.A., Kassebaum, N.J., Katikireddi, S.V., Kawakami, N.,
Keiyoro, P.N., Kemmer, L., Kesavachandran, C.N., Khader, Y.S., Khan, E.A., Khang,
Y.-H., Khoja, A.T.A., Khosravi, M.H., Khosravi, A., Khubchandani, J., Kiadaliri, A.A.,
Kieling, C., Kievlan, D., Kim, Y.J., Kim, D., Kimokoti, R.W., Kinfu, Y., Kissoon, N.,
Kivimaki, M., Knudsen, A.K., Kopec, J.A., Kosen, S., Koul, P.A., Koyanagi, A., Kulikoff,
X.R., Kumar, G.A., Kumar, P., Kutz, M., Kyu, H.H., Lal, D.K., Lalloo, R., Lambert,
T.L.N., Lan, Q., Lansingh, V.C., Larsson, A,, Lee, P.H., Leigh, J., Leung, J., Levi, M.,
Li, Y., Kappe, D.L., Liang, X., Liben, M.L., Lim, S.S., Liu, P.Y., Liu, A., Liu, Y., Lodha,
R., Logroscino, G., Lorkowski, S., Lotufo, P.A., Lozano, R., Lucas, T.C.D., Ma, S.,
Macarayan, E.R.K., Maddison, E.R., Razek, M.M.A.E., Majdan, M., Majdzadeh, R.,
Majeed, A., Malekzadeh, R., Malhotra, R., Malta, D.C., Manguerra, H., Manyazewal,
T., Mapoma, C.C., Marczak, L.B., Markos, D., Martinez-Raga, J., Martins-Melo, F.R.,

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 186
Licence CC BY-NC-ND 3.0



Martopullo, 1., McAlinden, C., McGaughey, M., McGrath, J.J., Mehata, S., Meier, T.,
Meles, K.G., Memiah, P., Memish, Z.A., Mengesha, M.M., Mengistu, D.T., Menota,
B.G., Mensah, G.A., Meretoja, T.J., Meretoja, A., Millear, A., Miller, T.R., Minnig, S.,
Mirarefin, M., Mirrakhimov, E.M., Misganaw, A., Mishra, S.R., Mohamed, LA,
Mohammad, K.A., Mohammadi, A., Mohammed, S., Mokdad, A.H., Mola, G.L.D.,
Mollenkopf, S.K., Molokhia, M., Monasta, L., Montafiez, J.C., Montico, M., Mooney,
M.D., Moradi-Lakeh, M., Moraga, P., Morawska, L., Morozoff, C., Morrison, S.D.,
Mountjoy-Venning, C., Mruts, K.B., Muller, K., Murthy, G.V.S., Musa, K.I., Nachega,
J.B., Naheed, A., Naldi, L., Nangia, V., Nascimento, B.R., Nasher, J.T., Natarajan, G.,
Negoi, I., Ngunjiri, JW., Nguyen, C.T., Nguyen, Q.L., Nguyen, T.H., Nguyen, G.,
Nguyen, M., Nichols, E., Ningrum, D.N.A., Nong, V.M., Noubiap, J.J.N., Ogbo, F.A,,
Oh, I.-H., Okoro, A., Olagunju, A.T., Olsen, H.E., Olusanya, B.O., Olusanya, J.O., Ong,
K., Opio, J.N., Oren, E., Ortiz, A., Osman, M., Ota, E., Pa, M., Pacella, R.E., Pakhale,
S., Pana, A, Panda, B.K., Panda-Jonas, S., Papachristou, C., Park, E.-K., Patten, S.B.,
Patton, G.C., Paudel, D., Paulson, K., Pereira, D.M., Perez-Ruiz, F., Perico, N.,
Pervaiz, A., Petzold, M., Phillips, M.R., Pigott, D.M., Pinho, C., Plass, D., Pletcher,
M.A., Polinder, S., Postma, M.J., Pourmalek, F., Purcell, C., Qorbani, M., Quintanilla,
B.P.A., Radfar, A., Rafay, A., Rahimi-Movaghar, V., Rahman, M.H.U., Rahman, M.,
Rai, R.K., Ranabhat, C.L., Rankin, Z., Rao, P.C., Rath, G.K., Rawaf, S., Ray, S.E.,
Rehm, J., Reiner, R.C., Reitsma, M.B., Remuzzi, G., Rezaei, S., Rezai, M.S., Rokni,
M.B., Ronfani, L., Roshandel, G., Roth, G.A., Rothenbacher, D., Ruhago, G.M., Sa, R.,
Saadat, S., Sachdev, P.S., Sadat, N., Safdarian, M., Safi, S., Safiri, S., Sagar, R.,
Sahathevan, R., Salama, J., Salamati, P., Salomon, J.A., Samy, A.M., Sanabria, J.R.,
Sanchez-Nifio, M.D., Santomauro, D., Santos, |.S., Milicevic, M.M.S., Sartorius, B.,
Satpathy, M., Schmidt, M.l., Schneider, 1.J.C., Schulhofer-Wohl, S., Schutte, A.E.,
Schwebel, D.C., Schwendicke, F., Sepanlou, S.G., Servan-Mori, E.E., Shackelford,
K.A., Shahraz, S., Shaikh, M.A., Shamsipour, M., Shamsizadeh, M., Sharma, J.,
Sharma, R., She, J., Sheikhbahaei, S., Shey, M., Shi, P., Shields, C., Shigematsu, M.,
Shiri, R., Shirude, S., Shiue, I., Shoman, H., Shrime, M.G., Sigfusdottir, I.D., Silpakit,
N., Silva, J.P., Singh, J.A., Singh, A., Skiadaresi, E., Sligar, A., Smith, D.L., Smith, A.,
Smith, M., Sobaih, B.H.A., Soneji, S., Sorensen, R.J.D., Soriano, J.B., Sreeramareddy,
C.T., Srinivasan, V., Stanaway, J.D., Stathopoulou, V., Steel, N., Stein, D.J., Steiner,
C., Steinke, S., Stokes, M.A., Strong, M., Strub, B., Subart, M., Sufiyan, M.B., Sunguya,
B.F., Sur, P.J., Swaminathan, S., Sykes, B.L., Tabarés-Seisdedos, R., Tadakamadla,
S.K., Takahashi, K., Takala, J.S., Talongwa, R.T., Tarawneh, M.R., Tavakkoli, M.,
Taveira, N., Tegegne, T.K., Tehrani-Banihashemi, A., Temsah, M.-H., Terkawi, A.S.,
Thakur, J.S., Thamsuwan, O., Thankappan, K.R., Thomas, K.E., Thompson, A.H.,
Thomson, A.J., Thrift, A.G., Tobe-Gai, R., Topor-Madry, R., Torre, A., Tortajada, M.,
Towbin, J.A., Tran, B.X., Troeger, C., Truelsen, T., Tsoi, D., Tuzcu, E.M., Tyrovolas,
S., Ukwaja, K.N., Undurraga, E.A., Updike, R., Uthman, O.A., Uzochukwu, B.S.C.,
Boven, J.F.M. van, Vasankari, T., Venketasubramanian, N., Violante, F.S., Vlassov,
V.V, Vollset, S.E., Vos, T., Wakayo, T., Wallin, M.T., Wang, Y.-P., Weiderpass, E.,
Weintraub, R.G., Weiss, D.J., Werdecker, A., Westerman, R., Whetter, B., Whiteford,
H.A., Wijeratne, T., Wiysonge, C.S., Woldeyes, B.G., Wolfe, C.D.A., Woodbrook, R.,
Workicho, A., Xavier, D., Xiao, Q., Xu, G., Yaghoubi, M., Yakob, B., Yano, Y., Yaseri,
M., Yimam, H.H., Yonemoto, N., Yoon, S.-J., Yotebieng, M., Younis, M.Z., Zaidi, Z.,
Zaki, M.E.S., Zegeye, E.A., Zenebe, Z.M., Zerfu, T.A., Zhang, A.L., Zhang, X., Zipkin,
B., Zodpey, S., Lopez, A.D., Murray, C.J.L., 2017. Global, regional, and national age-
sex specific mortality for 264 causes of death, 1980-2016: a systematic analysis for
the Global Burden of Disease Study 2016. The Lancet 390, 1151-1210.
https://doi.org/10.1016/S0140-6736(17)32152-9

Ndiaye, I., Ndiaye, M, Gueye, M., Ndiaye, MB, 1986. Les maladies dégénératives de la moelle.
Congr. Pan Afr. Assoc. Neurol. Sci., Abidjan (Cote d’lvoire).

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 187
Licence CC BY-NC-ND 3.0



Neary, D., Snowden, J.S., Mann, D.M., 2000. Cognitive change in motor neurone
disease/amyotrophic lateral sclerosis (MND/ALS). J. Neurol. Sci. 180, 15-20.

Nel, M., Agenbag, G.M., Henning, F., Cross, H.M., Esterhuizen, A., Heckmann, J.M., 2019.
C9orf72 repeat expansions in South Africans with amyotrophic lateral sclerosis. J.
Neurol. Sci. 401, 51-54. https://doi.org/10.1016/j.jns.2019.04.026

Nelson, L.M., McGuire, V., Longstreth, W.T., Matkin, C., 2000. Population-based case-control
study of amyotrophic lateral sclerosis in western Washington State. |. Cigarette
smoking and alcohol consumption. Am. J. Epidemiol. 151, 156-163.
https://doi.org/10.1093/oxfordjournals.aje.a010183

Noonan, C.W., White, M.C., Thurman, D., Wong, L.-Y., 2005. Temporal and geographic
variation in United States motor neuron disease mortality, 1969-1998. Neurology 64,
1215-1221. https://doi.org/10.1212/01.WNL.0000156518.22559.7F

Office of the European Union, 2008. Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee and the
Committee of the Regions on Rare Diseases - Europe’s challenges [WWW Document].
URL https://publications.europa.eu/en/publication-detail/-/publication/c8a042d8-ffb9-
4b01-9¢91-c1497a2b3fd7/language-en

Ogaki, K., Li, Y., Atsuta, N., Tomiyama, H., Funayama, M., Watanabe, H., Nakamura, R.,
Yoshino, H., Yato, S., Tamura, A., Naito, Y., Taniguchi, A., Fujita, K., lzumi, Y., Kaji,
R., Hattori, N., Sobue, G., Japanese Consortium for Amyotrophic Lateral Sclerosis
research (JaCALS), 2012. Analysis of C9orf72 repeat expansion in 563 Japanese
patients with amyotrophic lateral sclerosis. Neurobiol. Aging 33, 2527.e11-16.
https://doi.org/10.1016/j.neurobiolaging.2012.05.011

Okumura, H., 2003. Epidemiological and clinical patterns of western pacific amyotrophic lateral
sclerosis (ALS) in Guam and sporadic ALS in Rochester, Minnesota, U.S.A. and
Hokkaido, Japan: a comparative study. Hokkaido Igaku Zasshi 78, 187-195.

Olivares, L., Estéban, E.S., Alter, M., 1972. Mexican “resistance” to amyotrophic lateral
sclerosis. Arch. Neurol. 27, 397-402.

Olney, R.K., Murphy, J., Forshew, D., Garwood, E., Miller, B.L., Langmore, S., Kohn, M.A.,
Lomen-Hoerth, C., 2005. The effects of executive and behavioral dysfunction on the
course of ALS. Neurology 65, 1774-1777.
https://doi.org/10.1212/01.wnl.0000188759.87240.8b

Orban, P., Devon, R.S., Hayden, M.R., Leavitt, B.R., 2007. Chapter 15 Juvenile amyotrophic
lateral sclerosis, in: Eisen, A.A., Shaw, P.J. (Eds.), Handbook of Clinical Neurology,
Motor Neuron Disorders and Related Diseases. Elsevier, pp. 301-312.
https://doi.org/10.1016/S0072-9752(07)80018-2

Osuntokun, B.O., Adeuja, A.O., Bademosi, O., 1974. The prognosis of motor neuron disease
in Nigerian africans. A prospective study of 92 patients. Brain J. Neurol. 97, 385-394.

Osuntokun, B.O., Adeuja, A.O., Schoenberg, B.S., Bademosi, O., Nottidge, V.A., Olumide,
A.O., Ige, O, Yaria, F., Bolis, C.L., 1987. Neurological disorders in Nigerian Africans:
a community-based study. Acta Neurol. Scand. 75, 13-21.

O’Toole, O., Traynor, B.J., Brennan, P., Sheehan, C., Frost, E., Corr, B., Hardiman, O., 2008.
Epidemiology and clinical features of amyotrophic lateral sclerosis in Ireland between
1995 and 2004. J. Neurol. Neurosurg. Psychiatry 79, 30-32.
https://doi.org/10.1136/jnnp.2007.117788

Ottman, R., 1996. Gene-environment interaction: definitions and study designs. Prev. Med. 25,
764-770.

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 188
Licence CC BY-NC-ND 3.0



Phukan, J., Pender, N.P., Hardiman, O., 2007. Cognitive impairment in amyotrophic lateral
sclerosis. Lancet Neurol. 6, 994-1003. https://doi.org/10.1016/S1474-4422(07)70265-
X

Piguemal, M., Beugre, K., Boa Yapo, F., Giordano, C., 1982. Etude clinique de 30 observations
de syndrome de sclérose latérale amyotrophique observés en Céte d’lvoire. Afri J
Neuro Sci 31-40.

Plato, C.C., Garruto, R.M., Galasko, D., Craig, U.-K., Plato, M., Gamst, A., Torres, J.M.,
Wiederholt, W., 2003. Amyotrophic lateral sclerosis and parkinsonism-dementia
complex of Guam: changing incidence rates during the past 60 years. Am. J. Epidemiol.
157, 149-157. https://doi.org/10.1093/aje/kwfl75

Pobocik, R.S., Richer, J.J., Hentges, D.L., 1999. Food Sources of Macronutrients in the Diets
of Fifth Grade Children on Guam. Asian Am. Pac. Isl. J. Health 7, 25-37.

Preux, P.M., Couratier, P., Boutros-Toni, F., Salle, J.Y., Tabaraud, F., Bernet-Bernady, P.,
Vallat, J.M., Dumas, M., 1996. Survival prediction in sporadic amyotrophic lateral
sclerosis. Age and clinical form at onset are independent risk factors.
Neuroepidemiology 15, 153-160. https://doi.org/10.1159/000109902

Pringsheim, T., Wiltshire, K., Day, L., Dykeman, J., Steeves, T., Jette, N., 2012. The incidence
and prevalence of Huntington’s disease: a systematic review and meta-analysis. Mov.
Disord. Off. J. Mov. Disord. Soc. 27, 1083—-1091. https://doi.org/10.1002/mds.25075

Pupillo, E., Messina, P., Logroscino, G., Beghi, E., SLALOM Group, 2014. Long-term survival
in amyotrophic lateral sclerosis: a population-based study. Ann. Neurol. 75, 287-297.
https://doi.org/10.1002/ana.24096

Radhakrishnan, K., Ashok, P.P., Sridharan, R., Mousa, M.E., 1986. Descriptive epidemiology
of motor neuron disease in Benghazi, Libya. Neuroepidemiology 5, 47-54.

Ragonese, P., Filippini, G., Salemi, G., Beghi, E., Citterio, A., D’Alessandro, R., Marini, C.,
Monsurro, M.R., Aiello, I., Morgante, L., Tempestini, A., Fratti, C., Ragno, M., Pugliatti,
M., Epifanio, A., Testa, D., Savettieri, G., 2004. Accuracy of death certificates for
amyotrophic lateral sclerosis varies significantly from north to south of Italy: implications
for mortality studies. Neuroepidemiology 23, 73—77. https://doi.org/10.1159/000073978

Rechtman, L., Jordan, H., Wagner, L., Horton, D.K., Kaye, W., 2015. Racial and ethnic
differences among amyotrophic lateral sclerosis cases in the United States.
Amyotroph. Lateral Scler. Front. Degener. 16, 65-71.
https://doi.org/10.3109/21678421.2014.971813

Redden, D.T., Divers, J., Vaughan, L.K., Tiwari, H.K., Beasley, T.M., Fernandez, J.R.,
Kimberly, R.P., Feng, R., Padilla, M.A., Liu, N., Miller, M.B., Allison, D.B., 2006.
Regional Admixture Mapping and Structured Association Testing: Conceptual
Unification and an Extensible General Linear Model. PLOS Genet. 2, el37.
https://doi.org/10.1371/journal.pgen.0020137

Renton, A.E., Chio, A., Traynor, B.J., 2014. State of play in amyotrophic lateral sclerosis
genetics. Nat. Neurosci. 17, 17-23. https://doi.org/10.1038/nn.3584

Renton, A.E., Majounie, E., Waite, A., Simén-Sanchez, J., Rollinson, S., Gibbs, J.R.,
Schymick, J.C., Laaksovirta, H., van Swieten, J.C., Myllykangas, L., Kalimo, H.,
Paetau, A., Abramzon, Y., Remes, A.M., Kaganovich, A., Scholz, S.W., Duckworth, J.,
Ding, J., Harmer, D.W., Hernandez, D.G., Johnson, J.0O., Mok, K., Ryten, M., Trabzuni,
D., Guerreiro, R.J., Orrell, RW., Neal, J., Murray, A., Pearson, J., Jansen, |L.E.,
Sondervan, D., Seelaar, H., Blake, D., Young, K., Halliwell, N., Callister, J.B., Toulson,
G., Richardson, A., Gerhard, A., Snowden, J., Mann, D., Neary, D., Nalls, M.A.,
Peuralinna, T., Jansson, L., Isoviita, V.-M., Kaivorinne, A.-L., Holtta-Vuori, M., Ikonen,
E., Sulkava, R., Benatar, M., Wuu, J., Chio, A., Restagno, G., Borghero, G., Sabatelli,

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 189
Licence CC BY-NC-ND 3.0



M., ITALSGEN Consortium, Heckerman, D., Rogaeva, E., Zinman, L., Rothstein, J.D.,
Sendtner, M., Drepper, C., Eichler, E.E., Alkan, C., Abdullaev, Z., Pack, S.D., Dutra,
A., Pak, E., Hardy, J., Singleton, A., Williams, N.M., Heutink, P., Pickering-Brown, S.,
Morris, H.R., Tienari, P.J., Traynor, B.J., 2011. A hexanucleotide repeat expansion in
C90RF72 is the cause of chromosome 9p21-linked ALS-FTD. Neuron 72, 257-268.
https://doi.org/10.1016/j.neuron.2011.09.010

Riggs, J.E., 1996. Amyotrophic lateral sclerosis, heterogeneous susceptibility, trauma, and
epidemiology. Arch. Neurol. 53, 225-227.
https://doi.org/10.1001/archneur.1996.00550030031019

Ringholz, G.M., Appel, S.H., Bradshaw, M., Cooke, N.A., Mosnik, D.M., Schulz, P.E., 2005.
Prevalence and patterns of cognitive impairment in sporadic ALS. Neurology 65, 586—
590. https://doi.org/10.1212/01.wnl.0000172911.39167.b6

Ringholz, G.M., Greene, S.R., 2006. The relationship between amyotrophic lateral sclerosis
and frontotemporal dementia. Curr. Neurol. Neurosci. Rep. 6, 387-392.

Rippon, G.A., Scarmeas, N., Gordon, P.H., Murphy, P.L., Albert, S.M., Mitsumoto, H., Marder,
K., Rowland, L.P., Stern, Y., 2006. An observational study of cognitive impairment in
amyotrophic lateral sclerosis. Arch. Neurol. 63, 345-352.
https://doi.org/10.1001/archneur.63.3.345

Robberecht, W., Philips, T., 2013. The changing scene of amyotrophic lateral sclerosis. Nat.
Rev. Neurosci. 14, 248-264. https://doi.org/10.1038/nrn3430

Roberts, A.L., Johnson, N.J., Chen, J.T., Cudkowicz, M.E., Weisskopf, M.G., 2016.
Race/ethnicity, socioeconomic status, and ALS mortality in the United States.
Neurology 87, 2300-2308. https://doi.org/10.1212/WNL.0000000000003298

Rodriguez- Paniagua, P., Salas- Herrera, |., Cartin- Brenes, M., 2007. Incidencia de esclerosis
lateral amiotrofica en Costa Rica. Acta Médica Costarric. 49, 33-37.

Rojas-Garcia, R., Scott, K.M., Roche, J.C., Scotton, W., Martin, N., Janssen, A., Goldstein,
L.H., Leigh, P.N., Ellis, C.M., Shaw, C.E., Al-Chalabi, A., 2012. No evidence for a large
difference in ALS frequency in populations of African and European origin: a population
based study in inner city London. Amyotroph. Lateral Scler. Off. Publ. World Fed.
Neurol. Res. Group Mot. Neuron Dis. 13, 66—68.
https://doi.org/10.3109/17482968.2011.636049

Rosati, G., Pinna, L., Granieri, E., Aiello, I., Tola, R., Agnetti, V., Pirisi, A., Bastiani, P. de, 1977.
Studies on Epidemiological, Clinical and Etiological Aspects of Als Disease in Sardinia,
Southern ltaly. Acta Neurol. Scand. 55, 231-244. https://doi.org/10.1111/j.1600-
0404.1977.tb05642.x

Rosen, D.R., Siddique, T., Patterson, D., Figlewicz, D.A., Sapp, P., Hentati, A., Donaldson, D.,
Goto, J., O'Regan, J.P., Deng, H.X., 1993. Mutations in Cu/Zn superoxide dismutase
gene are associated with familial amyotrophic lateral sclerosis. Nature 362, 59-62.
https://doi.org/10.1038/362059a0

Ross, C.A., Poirier, M.A., 2004. Protein aggregation and neurodegenerative disease. Nat.
Med. 10 Suppl, S10-17. https://doi.org/10.1038/nm1066

Rothman, K.J., Gallacher, J.E., Hatch, E.E., 2013. Why representativeness should be avoided.
Int. J. Epidemiol. 42, 1012—-1014. https://doi.org/10.1093/ije/dys223

Rowland, L.P., 2010. Progressive muscular atrophy and other lower motor neuron syndromes
of adults. Muscle Nerve 41, 161-165. https://doi.org/10.1002/mus.21565

Rowland, L.P., Shneider, N.A., 2001. Amyotrophic lateral sclerosis. N. Engl. J. Med. 344,
1688-1700. https://doi.org/10.1056/NEJM200105313442207

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 190
Licence CC BY-NC-ND 3.0



Royal, C.D., Novembre, J., Fullerton, S.M., Goldstein, D.B., Long, J.C., Bamshad, M.J., Clark,
A.G., 2010. Inferring Genetic Ancestry: Opportunities, Challenges, and Implications.
Am. J. Hum. Genet. 86, 661—-673. https://doi.org/10.1016/j.ajhg.2010.03.011

Ryan, M., Zaldivar Vaillant, T., McLaughlin, R.L., Doherty, M.A., Rooney, J., Heverin, M.,
Gutierrez, J., Lara-Fernandez, G.E., Pita Rodriguez, M., Hackembruch, J., Perna, A.,
Vazquez, M.C., Musio, M., Ketzoian, C.N., Logroscino, G., Hardiman, O., 2019.
Comparison of the clinical and genetic features of amyotrophic lateral sclerosis across
Cuban, Uruguayan and Irish clinic-based populations. J. Neurol. Neurosurg.
Psychiatry. https://doi.org/10.1136/jhnp-2018-319838

Sabatelli, M., Madia, F., Conte, A., Luigetti, M., Zollino, M., Mancuso, |., Lo Monaco, M., Lippi,
G., Tonali, P., 2008. Natural history of young-adult amyotrophic lateral sclerosis.
Neurology 71, 876—881. https://doi.org/10.1212/01.wnl.0000312378.94737.45

Sajjadi, M., Etemadifar, M., Nemati, A., Ghazavi, H., Basiri, K., Khoundabi, B., Mousavi, S.A.,
Kabiri, P., Maghzi, A.H., 2010. Epidemiology of amyotrophic lateral sclerosis in Isfahan,
Iran. Eur. J. Neurol. 17, 984-989. https://doi.org/10.1111/j.1468-1331.2010.02972.x

Santangelo, R., Gonzalez-Andrade, F., Bgrsting, C., Torroni, A., Pereira, V., Morling, N., 2017.
Analysis of ancestry informative markers in three main ethnic groups from Ecuador
supports a trihybrid origin of Ecuadorians. Forensic Sci. Int. Genet. 31, 29-33.
https://doi.org/10.1016/j.fsigen.2017.08.012

SAS/STAT(R) 14.1 User’'s Guide, n.d. Comparing Directly Standardized Rates.

Savitz, D.A., Loomis, D.P., Tse, C.K., 1998. Electrical occupations and neurodegenerative
disease: analysis of U.S. mortality data. Arch. Environ. Health 53, 71-74.
https://doi.org/10.1080/00039899809605691

Schiffman, P.L., Belsh, J.M., 1993. Pulmonary function at diagnosis of amyotrophic lateral
sclerosis. Rate of deterioration. Chest 103, 508-513.

Sedrak, A., Kondamudi, N.P., 2019. Sickle Cell Disease, in: StatPearls. StatPearls Publishing,
Treasure Island (FL).

Sejvar, J.J., Holman, R.C., Bresee, J.S., Kochanek, K.D., Schonberger, L.B., 2005.
Amyotrophic Lateral Sclerosis Mortality in the United States 1979-2001.
Neuroepidemiology 25, 144-152. https://doi.org/10.1159/000086679

Seldin, M.F., Tian, C., Shigeta, R., Scherbarth, H.R., Silva, G., Belmont, J.W., Kittles, R.,
Gamron, S., Allevi, A., Palatnik, S.A., Alvarellos, A., Paira, S., Caprarulo, C., Guillerén,
C., Catoggio, L.J., Prigione, C., Berbotto, G.A., Garcia, M.A., Perandones, C.E., Pons-
Estel, B.A., Alarcon-Riguelme, M.E., 2007. Argentine population genetic structure:
large variance in Amerindian contribution. Am. J. Phys. Anthropol. 132, 455-462.
https://doi.org/10.1002/ajpa.20534

Sene Diouf, F., Ndiaye, M., Toure, K., Ndao, A., Thiam, A., Diop, A., 2004. Aspects cliniques
et épidémiologiques de la sclérose latérale amyotrophique a la clinique neurologique
de Dakar. Dakar Méd. 167-71.

Shabhrizaila, N., Sobue, G., Kuwabara, S., Kim, S.H., Birks, C., Fan, D.S., Bae, J.S., Hu, C.J.,
Gourie-Devi, M., Noto, Y., Shibuya, K., Goh, K.J., Kaji, R., Tsai, C.P., Cui, L., Talman,
P., Henderson, R.D., Vucic, S., Kiernan, M.C., 2016. Amyotrophic lateral sclerosis and
motor neuron syndromes in Asia. J. Neurol. Neurosurg. Psychiatry 87, 821-830.
https://doi.org/10.1136/jnnp-2015-312751

Shindo, A., Ueda, Y., Kuzuhara, S., Kokubo, Y., 2014. Neuropsychological study of
amyotrophic lateral sclerosis and parkinsonism-dementia complex in Kii peninsula,
Japan. BMC Neurol. 14, 151. https://doi.org/10.1186/1471-2377-14-151

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 191
Licence CC BY-NC-ND 3.0



Shoesmith, C.L., Findlater, K., Rowe, A., Strong, M.J., 2007. Prognosis of amyotrophic lateral
sclerosis with respiratory onset. J. Neurol. Neurosurg. Psychiatry 78, 629-631.
https://doi.org/10.1136/jnnp.2006.103564

Shriner, D., Rotimi, C.N., 2018. Whole-Genome-Sequence-Based Haplotypes Reveal Single
Origin of the Sickle Allele during the Holocene Wet Phase. Am. J. Hum. Genet. 102,
547-556. https://doi.org/10.1016/j.ajhg.2018.02.003

Snowden, J.S., Harris, J., Richardson, A., Rollinson, S., Thompson, J.C., Neary, D., Mann,
D.M.A., Pickering-Brown, S., 2013. Frontotemporal dementia with amyotrophic lateral
sclerosis: A clinical comparison of patients with and without repeat expansions in
C9orf72.  Amyotroph. Lateral Scler. Front. Degener. 14, 172-176.
https://doi.org/10.3109/21678421.2013.765485

Stambler, N., Charatan, M., Cedarbaum, J.M., 1998. Prognostic indicators of survival in ALS.
ALS CNTF Treatment Study Group. Neurology 50, 66—72.

Stickler, D.E., Royer, J.A., Hardin, J.W., 2012. Accuracy and usefulness of ICD-10 death
certificate coding for the identification of patients with ALS: results from the South
Carolina ALS Surveillance Pilot Project. Amyotroph. Lateral Scler. Off. Publ. World Fed.
Neurol. Res. Group Mot. Neuron Dis. 13, 69-73.
https://doi.org/10.3109/17482968.2011.614253

Swinnen, B., Robberecht, W., 2014. The phenotypic variability of amyotrophic lateral sclerosis.
Nat. Rev. Neurol. 10, 661-670. https://doi.org/10.1038/nrneurol.2014.184

Tartaglia, M.C., Rowe, A., Findlater, K., Orange, J.B., Grace, G., Strong, M.J., 2007.
Differentiation Between Primary Lateral Sclerosis and Amyotrophic Lateral Sclerosis:
Examination of Symptoms and Signs at Disease Onset and During Follow-up. Arch.
Neurol. 64, 232-236. https://doi.org/10.1001/archneur.64.2.232

Tekle-Haimanot, R., Abebe, M., Gebre-Mariam, A., Forsgren, L., Heijbel, J., Holmgren, G.,
Ekstedt, J., 1990. Community-based study of neurological disorders in rural central
Ethiopia. Neuroepidemiology 9, 263-277.

Testa, D., Lovati, R., Ferrarini, M., Salmoiraghi, F., Filippini, G., 2004. Survival of 793 patients
with amyotrophic lateral sclerosis diagnosed over a 28-year period. Amyotroph. Lateral
Scler. Mot. Neuron Disord. Off. Publ. World Fed. Neurol. Res. Group Mot. Neuron Dis.
5, 208-212.

The United Nations Statistics Division, n.d. Demographic and Social Statistics [WWW
Document]. URL https://unstats.un.org/unsd/demographic-social/products/dyb/

Thijs, V., Peeters, E., Theys, P., Matthijs, G., Robberecht, W., 2000. Demographic
characteristics and prognosis in a Flemish amyotrophic lateral sclerosis population.
Acta Neurol. Belg. 100, 84-90.

Tomik, B., Nicotra, A., Ellis, C.M., Murphy, C., Rabe-Hesketh, S., Parton, M., Shaw, C.E.,
Leigh, P.N., 2000. Phenotypic differences between African and white patients with
motor neuron disease: a case-control study. J. Neurol. Neurosurg. Psychiatry 69, 251—
253. https://doi.org/10.1136/jnnp.69.2.251

Traynor, B.J., Alexander, M., Corr, B., Frost, E., Hardiman, O., 2003. Effect of a
multidisciplinary amyotrophic lateral sclerosis (ALS) clinic on ALS survival: a population
based study, 1996-2000. J. Neurol. Neurosurg. Psychiatry 74, 1258-1261.
https://doi.org/10.1136/jnnp.74.9.1258

Tysnes, O.B., Vollset, S.E., Aarli, J.A., 1991. Epidemiology of amyotrophic lateral sclerosis in
Hordaland county, western Norway. Acta Neurol. Scand. 83, 280-285.

United Nations, 1999. Standard Country or Area Codes for Statistical Use.

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 192
Licence CC BY-NC-ND 3.0



US Census Bureau, 2010. 2010 Census Data Products: United States. [WWW Document].
URL http://www.census.com/

Valenzuela, D., Zitko, P., Lillo, P., 2015. Amyotrophic lateral sclerosis mortality rates in Chile:
A population based study (1994-2010). Amyotroph. Lateral Scler. Front. Degener. 16,
372-377. https://doi.org/10.3109/21678421.2015.1026827

Valle, J., Roberts, E., Paulukonis, S., Collins, N., English, P., Kaye, W., 2015. Epidemiology
and surveillance of amyotrophic lateral sclerosis in two large metropolitan areas in
California. ~ Amyotroph. Lateral Scler. Front. Degener. 16, 209-215.
https://doi.org/10.3109/21678421.2015.1019516

van Es, M.A., Dahlberg, C., Birve, A., Veldink, J.H., van den Berg, L.H., Andersen, P.M., 2010.
Large-scale SOD1 mutation screening provides evidence for genetic heterogeneity in
amyotrophic lateral sclerosis. J. Neurol. Neurosurg. Psychiatry 81, 562-566.
https://doi.org/10.1136/jnnp.2009.181453

van Es, M.A., Hardiman, O., Chio, A., Al-Chalabi, A., Pasterkamp, R.J., Veldink, J.H., van den
Berg, L.H., 2017. Amyotrophic lateral sclerosis. Lancet Lond. Engl. 390, 2084-2098.
https://doi.org/10.1016/S0140-6736(17)31287-4

Van Vught, PW.J., Sutedja, N.A., Veldink, J.H., Koeleman, B.P.C., Groeneveld, G.J.,
Wijmenga, C., Uitdehaag, B.M.J., de Jong, J.M.B.V., Baas, F., Wokke, J.H.J., Van den
Berg, L.H., 2005. Lack of association between VEGF polymorphisms and ALS in a
Dutch population. Neurology 65, 1643-1645.
https://doi.org/10.1212/01.wnl.0000184514.39853.56

Vandenbroucke, J.P., Elm, E. von, Altman, D.G., Ggtzsche, P.C., Mulrow, C.D., Pocock, S.J.,
Poole, C., Schlesselman, J.J., Egger, M., Initiative, for the S., 2007. Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE): Explanation and
Elaboration. PLOS Med. 4, €297. https://doi.org/10.1371/journal.pmed.0040297

Vazquez, M.C., Ketzoian, C., Legnani, C., Rega, |., Sanchez, N., Perna, A., Penela, M.,
Aguirrezabal, X., Druet-Cabanac, M., Medici, M., 2008. Incidence and prevalence of
amyotrophic lateral sclerosis in  Uruguay: a population-based study.
Neuroepidemiology 30, 105-111. https://doi.org/10.1159/000120023

Veldink, J.H., Kalmijn, S., Groeneveld, G.-J., Wunderink, W., Koster, A., de Vries, J.H.M., van
der Luyt, J., Wokke, J.H.J., Van den Berg, L.H., 2007. Intake of polyunsaturated fatty
acids and vitamin E reduces the risk of developing amyotrophic lateral sclerosis. J.
Neurol. Neurosurg. Psychiatry 78, 367—371. https://doi.org/10.1136/jnnp.2005.083378

Vinceti, M., Bonvicini, F., Rothman, K.J., Vescovi, L., Wang, F., 2010. The relation between
amyotrophic lateral sclerosis and inorganic selenium in drinking water: a population-
based case-control study. Environ. Health Glob. Access Sci. Source 9, 77.
https://doi.org/10.1186/1476-069X-9-77

Vinceti, M., Guidetti, D., Bergomi, M., Caselgrandi, E., Vivoli, R., Olmi, M., Rinaldi, L., Rovesti,
S., Solimé, F., 1997. Lead, cadmium, and selenium in the blood of patients with
sporadic amyotrophic lateral sclerosis. Ital. J. Neurol. Sci. 18, 87-92.

Visser, J., van den Berg-Vos, R.M., Franssen, H., van den Berg, L.H., Wokke, J.H., de Jong,
J.M.V., Holman, R., de Haan, R.J., de Visser, M., 2007. Disease course and prognostic
factors of progressive muscular atrophy. Arch. Neurol. 64, 522-528.
https://doi.org/10.1001/archneur.64.4.522

Vittinghoff, E., Glidden, D.V., Shiboski, S.C., McCulloch, C.E., 2012. Regression Methods in
Biostatistics: Linear, Logistic, Survival, and Repeated Measures Models, 2nd ed,
Statistics for Biology and Health. Springer-Verlag, New York.

Wall, D.W., Gelfand, M., 1972. Motor neuron disease in Rhodesian Africans. Brain J. Neurol.
95, 517-520.

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 193
Licence CC BY-NC-ND 3.0



Wang, H., Abajobir, A.A., Abate, K.H., Abbafati, C., Abbas, K.M., Abd-Allah, F., Abera, S.F.,
Abraha, H.N., Abu-Raddad, L.J., Abu-Rmeileh, N.M.E., Adedeji, I.A., Adedoyin, R.A.,
Adetifa, 1.M.O., Adetokunboh, O., Afshin, A., Aggarwal, R., Agrawal, A., Agrawal, S.,
Kiadaliri, A.A., Ahmed, M.B., Aichour, M.T.E., Aichour, A.N., Aichour, I., Aiyar, S.,
Akanda, A.S., Akinyemiju, T.F., Akseer, N., Lami, F.H.A., Alabed, S., Alahdab, F., Al-
Aly, Z., Alam, K., Alam, N., Alasfoor, D., Aldridge, R.W., Alene, K.A., Al-Eyadhy, A.,
Alhabib, S., Ali, R., Alizadeh-Navaei, R., Aljunid, S.M., Alkaabi, J.M., Alkerwi, A. 'a,
Alla, F., Allam, S.D., Allebeck, P., Al-Raddadi, R., Alsharif, U., Altirkawi, K.A., Alvis-
Guzman, N., Amare, A.T., Ameh, E.A., Amini, E., Ammar, W., Amoako, Y.A., Anber,
N., Andrei, C.L., Androudi, S., Ansari, H., Ansha, M.G., Antonio, C.A.T., Anwari, P.,
Arnlov, J., Arora, M., Artaman, A., Aryal, K.K., Asayesh, H., Asgedom, S.W., Asghar,
R.J., Assadi, R., Assaye, A.M., Atey, T.M., Atre, S.R., Avila-Burgos, L., Avokpaho,
E.F.G.A., Awasthi, A., Babalola, T.K., Bacha, U., Badawi, A., Balakrishnan, K., Balalla,
S., Barac, A., Barber, R.M., Barboza, M.A., Barker-Collo, S.L., Barnighausen, T.,
Barquera, S., Barregard, L., Barrero, L.H., Baune, B.T., Bazargan-Hejazi, S., Bedi, N.,
Beghi, E., Béjot, Y., Bekele, B.B., Bell, M.L., Bello, A.K., Bennett, D.A., Bennett, J.R.,
Bensenor, I.M., Benson, J., Berhane, A., Berhe, D.F., Bernabé, E., Beuran, M.,
Beyene, A.S., Bhala, N., Bhansali, A., Bhaumik, S., Bhutta, Z.A., Bicer, B.K., Bidgoli,
H.H., Bikbov, B., Birungi, C., Biryukov, S., Bisanzio, D., Bizuayehu, H.M., Bjerregaard,
P., Blosser, C.D., Boneya, D.J., Boufous, S., Bourne, R.R.A., Brazinova, A., Breitborde,
N.J.K., Brenner, H., Brugha, T.S., Bukhman, G., Bulto, L.N.B., Bumgarner, B.R., Burch,
M., Butt, Z.A., Cahill, L.E., Cahuana-Hurtado, L., Campos-Nonato, I.R., Car, J., Car,
M., Céardenas, R., Carpenter, D.O., Carrero, J.J., Carter, A., Castafieda-Orjuela, C.A.,
Castro, F.F., Castro, R.E., Catala-Lopez, F., Chen, H., Chiang, P.P.-C., Chibalabala,
M., Chisumpa, V.H., Chitheer, A.A., Choi, J.-Y.J., Christensen, H., Christopher, D.J.,
Ciobanu, L.G., Cirillo, M., Cohen, A.J., Colquhoun, S.M., Coresh, J., Criqui, M.H.,
Cromwell, E.A., Crump, J.A., Dandona, L., Dandona, R., Dargan, P.l., Neves, J. das,
Davey, G., Davitoiu, D.V., Davletov, K., Courten, B. de, Leo, D.D., Degenhardt, L.,
Deiparine, S., Dellavalle, R.P., Deribe, K., Deribew, A., Jarlais, D.C.D., Dey, S.,
Dharmaratne, S.D., Dherani, M.K., Diaz-Torné, C., Ding, E.L., Dixit, P., Djalalinia, S.,
Do, H.P., Doku, D.T., Donnelly, C.A., Santos, K.P.B. dos, Douwes-Schultz, D., Driscall,
T.R., Duan, L., Dubey, M., Duncan, B.B., Dwivedi, L.K., Ebrahimi, H., Bcheraoui, C.E.,
Ellingsen, C.L., Enayati, A., Endries, A.Y., Ermakov, S.P., Eshetie, S., Eshrati, B.,
Eskandarieh, S., Esteghamati, A., Estep, K., Fanuel, F.B.B., Faro, A., Farvid, M.S.,
Farzadfar, F., Feigin, V.L., Fereshtehnejad, S.-M., Fernandes, J.G., Fernandes, J.C.,
Feyissa, T.R., Filip, I., Fischer, F., Foigt, N., Foreman, K.J., Frank, T., Franklin, R.C.,
Fraser, M., Friedman, J., Frostad, J.J., Fullman, N., Furst, T., Furtado, J.M., Futran,
N.D., Gakidou, E., Gambashidze, K., Gamkrelidze, A., Gankpé, F.G., Garcia-Basteiro,
A.L., Gebregergs, G.B., Gebrehiwot, T.T., Gebrekidan, K.G., Gebremichael, M.W.,
Gelaye, A.A., Geleijnse, J.M., Gemechu, B.L., Gemechu, K.S., Genova-Maleras, R.,
Gesesew, H.A., Gething, P.W., Gibney, K.B., Gill, P.S., Gillum, R.F., Giref, A.Z., Girma,
B.W., Giussani, G., Goenka, S., Gomez, B., Gona, P.N., Gopalani, S.V., Goulart, A.C.,
Graetz, N., Gugnani, H.C., Gupta, P.C., Gupta, Rahul, Gupta, Rajeev, Gupta, T.,
Gupta, V., Haagsma, J.A., Hafezi-Nejad, N., Hakuzimana, A., Halasa, Y.A., Hamadeh,
R.R., Hambisa, M.T., Hamidi, S., Hammami, M., Hancock, J., Handal, A.J., Hankey,
G.J., Hao, Y., Harb, H.L., Hareri, H.A., Harikrishnan, S., Haro, J.M., Hassanvand, M.S.,
Havmoeller, R., Hay, R.J., Hay, S.I., He, F., Heredia-Pi, I.B., Herteliu, C., Hilawe, E.H.,
Hoek, H.W., Horita, N., Hosgood, H.D., Hostiuc, S., Hotez, P.J., Hoy, D.G., Hsairi, M.,
Htet, A.S., Hu, G., Huang, J.J., Huang, H., Iburg, K.M., Igumbor, E.U., lleanu, B.V.,
Inoue, M., Irenso, A.A., Irvine, C.M.S., Islam, S.M.S., Islam, N., Jacobsen, K.H.,
Jaenisch, T., Jahanmehr, N., Jakovljevic, M.B., Javanbakht, M., Jayatilleke, A.U.,
Jeemon, P., Jensen, P.N., Jha, V., Jin, Y., John, D., John, O., Johnson, S.C., Jonas,
J.B., Jurisson, M., Kabir, Z., Kadel, R., Kahsay, A., Kalkonde, Y., Kamal, R., Kan, H.,
Karch, A., Karema, C.K., Karimi, S.M., Karthikeyan, G., Kasaeian, A., Kassaw, N.A.,
Kassebaum, N.J., Kastor, A., Katikireddi, S.V., Kaul, A., Kawakami, N., Kazanjan, K.,

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 194
Licence CC BY-NC-ND 3.0



Keiyoro, P.N., Kelbore, S.G., Kemp, A.H., Kengne, A.P., Keren, A., Kereselidze, M.,
Kesavachandran, C.N., Ketema, E.B., Khader, Y.S., Khalil, I.A., Khan, E.A., Khan, G.,
Khang, Y.-H., Khera, S., Khoja, A.T.A., Khosravi, M.H., Kibret, G.D., Kieling, C., Kim,
Y.J., Kim, C., Kim, D., Kim, P., Kim, S., Kimokoti, R.W., Kinfu, Y., Kishawi, S., Kissoon,
N., Kivimaki, M., Knudsen, A.K., Kokubo, Y., Kopec, J.A., Kosen, S., Koul, P.A,,
Koyanagi, A., Kravchenko, M., Krohn, K.J., Defo, B.K., Kuipers, E.J., Kulikoff, X.R.,
Kulkarni, V.S., Kumar, G.A., Kumar, P., Kumsa, F.A., Kutz, M., Lachat, C., Lagat, A.K.,
Lager, A.C.J., Lal, D.K,, Lalloo, R., Lambert, N., Lan, Q., Lansingh, V.C., Larson, H.J.,
Larsson, A., Laryea, D.O., Lavados, P.M., Laxmaiah, A., Lee, P.H., Leigh, J., Leung,
J., Leung, R, Levi, M., Li, Y., Liao, Y., Liben, M.L., Lim, S.S., Linn, S., Lipshultz, S.E.,
Liu, S., Lodha, R., Logroscino, G., Lorch, S.A., Lorkowski, S., Lotufo, P.A., Lozano, R.,
Lunevicius, R., Lyons, R.A., Ma, S., Macarayan, E.R., Machado, |.E., Mackay, M.T.,
Razek, M.M.A.E., Magis-Rodriguez, C., Mahdavi, M., Majdan, M., Majdzadeh, R.,
Majeed, A., Malekzadeh, R., Malhotra, R., Malta, D.C., Mantovani, L.G., Manyazewal,
T., Mapoma, C.C., Marczak, L.B., Marks, G.B., Martin, E.A., Martinez-Raga, J.,
Martins-Melo, F.R., Massano, J., Maulik, P.K., Mayosi, B.M., Mazidi, M., McAlinden,
C., McGarvey, S.T., McGrath, J.J., McKee, M., Mehata, S., Mehndiratta, M.M., Mehta,
K.M., Meier, T., Mekonnen, T.C., Meles, K.G., Memiah, P., Memish, Z.A., Mendoza,
W., Mengesha, M.M., Mengistie, M.A., Mengistu, D.T., Menon, G.R., Menota, B.G.,
Mensah, G.A., Meretoja, T.J., Meretoja, A., Mezgebe, H.B., Micha, R., Mikesell, J.,
Miller, T.R., Mills, E.J., Minnig, S., Mirarefin, M., Mirrakhimov, E.M., Misganaw, A.,
Mishra, S.R., Mohammad, K.A., Mohammadi, A., Mohammed, K.E., Mohammed, S.,
Mohan, M.B.V., Mohanty, S.K., Mokdad, A.H., Mollenkopf, S.K., Molokhia, M.,
Monasta, L., Hernandez, J.C.M., Montico, M., Mooney, M.D., Moore, A.R., Moradi-
Lakeh, M., Moraga, P., Morawska, L., Mori, R., Morrison, S.D., Mruts, K.B., Mueller,
U.O., Mullany, E., Muller, K., Murthy, G.V.S., Murthy, S., Musa, K.l., Nachega, J.B.,
Nagata, C., Nagel, G., Naghavi, M., Naidoo, K.S., Nanda, L., Nangia, V., Nascimento,
B.R., Natarajan, G., Negoi, ., Nguyen, C.T., Nguyen, Q.L., Nguyen, T.H., Nguyen, G.,
Ningrum, D.N.A., Nisar, M.l.,, Nomura, M., Nong, V.M., Norheim, O.F., Norrving, B.,
Noubiap, J.J.N., Nyakarahuka, L., O’'Donnell, M.J., Obermeyer, C.M., Ogbo, F.A., Oh,
[.-H., Okoro, A., Oladimeji, O., Olagunju, A.T., Olusanya, B.O., Olusanya, J.O., Oren,
E., Ortiz, A., Osgood-Zimmerman, A., Ota, E., Owolabi, M.O., Oyekale, A.S., Pa, M.,
Pacella, R.E., Pakhale, S., Pana, A., Panda, B.K., Panda-Jonas, S., Park, E.-K.,
Parsaeian, M., Patel, T., Patten, S.B., Patton, G.C., Paudel, D., Pereira, D.M., Perez-
Padilla, R., Perez-Ruiz, F., Perico, N., Pervaiz, A., Pesudovs, K., Peterson, C.B., Petri,
W.A., Petzold, M., Phillips, M.R., Piel, F.B., Pigott, D.M., Pishgar, F., Plass, D.,
Polinder, S., Popova, S., Postma, M.J., Poulton, R.G., Pourmalek, F., Prasad, N.,
Purwar, M., Qorbani, M., Quintanilla, B.P.A., Rabiee, R.H.S., Radfar, A., Rafay, A.,
Rahimi-Movaghar, A., Rahimi-Movaghar, V., Rahman, M.H.U., Rahman, S.U.,
Rahman, M., Rai, R.K., Rajsic, S., Ram, U., Rana, S.M., Ranabhat, C.L., Rao, P.V.,
Rawaf, S., Ray, S.E., Rego, M.A.S., Rehm, J., Reiner, R.C., Remuzzi, G., Renzaho,
A.M.N., Resnikoff, S., Rezaei, S., Rezai, M.S., Ribeiro, A.L., Rivas, J.C., Rokni, M.B.,
Ronfani, L., Roshandel, G., Roth, G.A., Rothenbacher, D., Roy, A., Rubagotti, E.,
Ruhago, G.M., Saadat, S., Sabde, Y.D., Sachdev, P.S., Sadat, N., Safdarian, M., Safi,
S., Safiri, S., Sagar, R., Sahathevan, R., Sahebkar, A., Sahraian, M.A., Salama, J.,
Salamati, P., Salomon, J.A., Salvi, S.S., Samy, A.M., Sanabria, J.R., Sanchez-Nifio,
M.D., Santos, I.S., Milicevic, M.M.S., Sarmiento-Suarez, R., Sartorius, B., Satpathy,
M., Sawhney, M., Saxena, S., Saylan, M.l., Schmidt, M.l., Schneider, 1.J.C.,
Schulhofer-Wohl, S., Schutte, A.E., Schwebel, D.C., Schwendicke, F., Seedat, S.,
Seid, A.M., Sepanlou, S.G., Servan-Mori, E.E., Shackelford, K.A., Shaheen, A.,
Shahraz, S., Shaikh, M.A., Shamsipour, M., Shamsizadeh, M., Sharma, J., Sharma,
R., She, J., Shen, J., Shetty, B.P., Shi, P., Shibuya, K., Shifa, G.T., Shigematsu, M.,
Shiri, R., Shiue, 1., Shrime, M.G., Sigfusdottir, I.D., Silberberg, D.H., Silpakit, N., Silva,
D.A.S,, Silva, J.P., Silveira, D.G.A., Sindi, S., Singh, J.A., Singh, P.K., Singh, A., Singh,
V., Sinha, D.N., Skarbek, K.A.K.-, Skiadaresi, E., Sligar, A., Smith, D.L., Sobaih,

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 195
Licence CC BY-NC-ND 3.0



B.H.A., Sobngwi, E., Soneji, S., Soriano, J.B., Sreeramareddy, C.T., Srinivasan, V.,
Stathopoulou, V., Steel, N., Stein, D.J., Steiner, C., Stockl, H., Stokes, M.A., Strong,
M., Sufiyan, M.B., Suliankatchi, R.A., Sunguya, B.F., Sur, P.J., Swaminathan, S.,
Sykes, B.L., Szoeke, C.E.I., Tabarés-Seisdedos, R., Tadakamadla, S.K., Tadese, F.,
Tandon, N., Tanne, D., Tarajia, M., Tavakkoli, M., Taveira, N., Tehrani-Banihashemi,
A., Tekelab, T., Tekle, D.Y., Temsah, M.-H., Terkawi, A.S., Tesema, C.L., Tesssema,
B., Theis, A., Thomas, N., Thompson, A.H., Thomson, A.J., Thrift, A.G., Tiruye, T.Y.,
Tobe-Gai, R., Tonelli, M., Topor-Madry, R., Topouzis, F., Tortajada, M., Tran, B.X.,
Truelsen, T., Trujillo, U., Tsilimparis, N., Tuem, K.B., Tuzcu, E.M., Tyrovolas, S.,
Ukwaja, K.N., Undurraga, E.A., Uthman, O.A., Uzochukwu, B.S.C., Boven, J.F.M. van,
Varakin, Y.Y., Varughese, S., Vasankari, T., Vasconcelos, A.M.N., Velasquez, |.M.,
Venketasubramanian, N., Vidavalur, R., Violante, F.S., Vishnu, A., Vladimirov, S.K.,
Vlassov, V.V., Vollset, S.E., Vos, T., Waid, J.L., Wakayo, T., Wang, Y.-P., Weichenthal,
S., Weiderpass, E., Weintraub, R.G., Werdecker, A., Wesana, J., Wijeratne, T.,
Wilkinson, J.D., Wiysonge, C.S., Woldeyes, B.G., Wolfe, C.D.A., Workicho, A., Workie,
S.B., Xavier, D., Xu, G., Yaghoubi, M., Yakob, B., Yalew, A.Z., Yan, L.L., Yano, Y.,
Yaseri, M., Ye, P., Yimam, H.H., Yip, P., Yirsaw, B.D., Yonemoto, N., Yoon, S.-J.,
Yotebieng, M., Younis, M.Z., Zaidi, Z., Zaki, M.E.S., Zeeb, H., Zenebe, Z.M., Zerfu,
T.A., Zhang, A.L., Zhang, X., Zodpey, S., Zuhlke, L.J., Lopez, A.D., Murray, C.J.L.,
2017. Global, regional, and national under-5 mortality, adult mortality, age-specific
mortality, and life expectancy, 1970-2016: a systematic analysis for the Global Burden
of Disease Study 2016. The Lancet 390, 1084-1150. https://doi.org/10.1016/S0140-
6736(17)31833-0

Wang, H., O’Reilly, EJ., Weisskopf, M.G., Logroscino, G., McCullough, M.L., Thun, M.J.,
Schatzkin, A., Kolonel, L.N., Ascherio, A., 2011. Smoking and risk of amyotrophic
lateral sclerosis: a pooled analysis of 5 prospective cohorts. Arch. Neurol. 68, 207-213.
https://doi.org/10.1001/archneurol.2010.367

Weisskopf, M.G., O’Reilly, E.J., McCullough, M.L., Calle, E.E., Thun, M.J., Cudkowicz, M.,
Ascherio, A., 2005. Prospective study of military service and mortality from ALS.
Neurology 64, 32—-37. https://doi.org/10.1212/01.WNL.0000148649.17706.D9

Werneck, L.C., Bezerra, R., Silveira Neto, O. da, Scola, R.H., 2007. A clinical epidemiological
study of 251 cases of amyotrophic lateral sclerosis in the south of Brazil. Arqg.
Neuropsiquiatr. 65, 189-195.

Wijesekera, L.C., Mathers, S., Talman, P., Galtrey, C., Parkinson, M.H., Ganesalingam, J.,
Willey, E., Ampong, M.A., Ellis, C.M., Shaw, C.E., Al-Chalabi, A., Leigh, P.N., 2009.
Natural history and clinical features of the flail arm and flail leg ALS variants. Neurology
72, 1087-1094. https://doi.org/10.1212/01.wnl.0000345041.83406.a2

World Health Organization, 2010. International Statistical Classification of Diseases and
Related Health Problems - Volume 2 Instruction manual.

World Health Organization, the World Federation of Neurology, 2017. ATLAS Country
Resources for Neurological Disorders.

Wright Willis, A., Evanoff, B.A., Lian, M., Criswell, S.R., Racette, B.A., 2010. Geographic and
Ethnic Variation in Parkinson Disease: A Population-Based Study of US Medicare
Beneficiaries. Neuroepidemiology 34, 143-151. https://doi.org/10.1159/000275491

Zaldivar, T., Gutierrez, J., Lara, G., Carbonara, M., Logroscino, G., Hardiman, O., 2009.
Reduced frequency of ALS in an ethnically mixed population: a population-based
mortality study. Neurology 72, 1640-1645.
https://doi.org/10.1212/WNL.0b013e3181a55f7b

Zhang, Y., Zhang, H., Fu, Y., Song, H., Wang, L., Zhang, J., Fan, D., 2006. VEGF C2578A
polymorphism does not contribute to amyotrophic lateral sclerosis susceptibility in

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 196
Licence CC BY-NC-ND 3.0



sporadic Chinese patients. Amyotroph. Lateral Scler. Off. Publ. World Fed. Neurol.
Res. Group Mot. Neuron Dis. 7, 119-122. https://doi.org/10.1080/14660820600600657

Zhou, H., Chen, G., Chen, C., Yu, Y., Xu, Z., 2012. Association between extremely low-
frequency electromagnetic fields occupations and amyotrophic lateral sclerosis: a
meta-analysis. PloS One 7, e48354. https://doi.org/10.1371/journal.pone.0048354

Zoccolella, S., Beghi, E., Palagano, G., Fraddosio, A., Guerra, V., Lepore, V., Simone, I.L.,
Lamberti, P., Serlenga, L., Logroscino, G., 2007. ALS multidisciplinary clinic and
survival. Results from a population-based study in Southern Italy. J. Neurol. 254, 1107—
1112. https://doi.org/10.1007/s00415-006-0401-y

Zou, Z.-Y., Zhou, Z.-R., Che, C.-H., Liu, C.-Y., He, R.-L., Huang, H.-P., 2017. Genetic
epidemiology of amyotrophic lateral sclerosis: a systematic review and meta-analysis.
J. Neurol. Neurosurg. Psychiatry 88, 540-549. https://doi.org/10.1136/jnnp-2016-
315018

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 197
Licence CC BY-NC-ND 3.0



Appendices

Appendix 1. The TROPALS study qUESHIONNAIIE...........ceeieeeeiiiiiiiiiie e e e e e e e e e eeaanns 199
Appendix 2. Death certificate in ECUATON ..............uuuiiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeees 221
Appendix 3. The number of ALS cases and population at risk in Ecuador by age and sex
L0 L IR L0 L0 o 124 0 X T 223
Appendix 4. The number of ALS cases and population at risk (INEC census 2010) in
Ecuador by ethnic groups, SEX and Ag0€ ........cc.oeuuiiiiiiii i 224
Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 198

Licence CC BY-NC-ND 3.0



Appendix 1. The TROPALS study questionnaire

SLA et syndromes
apparentes en zone

tropicale
CRF

Pays:
Nom Investigateur :
Numéro patient: || | |
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SLA et syndromes apparentés en zones tropicales

Pays :

Numeéro patient :

IDENTIFICATION DU PATIENT

NUMERO DU PATIENT : R I

NOM DU PATIENT :

Y Y R R ) A O O A U YOS

Y I Y R Y N O ) ) N Y ) ) O O O |

NOM DE JEUNE FILLE DU PATIENT :

ADRESSE DU PATIENT| | | | | | | || ||| || ||| ||| ||
] A R Y R ) Sy R S Ry R O

VILLE| || ]

TELEPHONE DU PATIENT |_ | | | |||l ]

SEXE : 0 [ Féminin 1 [ Masculin
DATE DE NAISSANCE : | ji/mm/aaaa
OU AGE ACTUEL si date de naissance non connue : |__|__|__| ans

PAYS DE NAISSANCE @ ..ottt

PRESENCE D'AIDANT : 0 (] Non 1 [] Qui

Lien de parenté avec l'aidant : 0 [ Non 1[]Oui
2 Si Oui lequel 1- [0 Epoux/ conjoint

2- [0 Enfant

3- O Autre

NOM DE L’'AIDANT

PRENOM DE L'AIDANT
) ) B R S O )
) Y R ) O O ) A

TELEPHONE DE L'AIDANT |__|__|__ ||| ||| || __|—|—_]_|
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SLA et syndromes apparentés en zones tropicales

Pays :

Numéro patient :

NIVEAU D'ETUDE DU PATIENT :

Le patient est il allé & I'école [Jo non []; oui
2 Si Oui, indiquer le niveau scolaire

[ - PRIMAIRE (ECOLE PRIMAIRE)
[ - SECONDAIRE (COLLEGE, LYCEE)

[J - SUPERIEUR (UNIVERSITE)

LE PATIENT EST IL RETRAITE [Jo non [J; oui

PROFESSION (actuelle ou passée si patient retraité :
N ) R ) N R ) R O A O A O |

STATUT MARITAL : 0[] Célibataire 1 [] Marié/en concubinage 2 [] Divorcé 3 [] Veuf
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SLA et syndromes apparentés en zones tropicales

Pays :

Numeéro patient :

ANTECEDENTS

ANTECEDENTS PERSONNELS :
O Ne connait pas les antécédents personnels du patient

O Aucune pathologie pertinente a retenir

Antécéden rdiov lair

O Insuffisance cardiaque O Coronaropathie

O Troubles du rythme O Malaises, vertiges, P d C, chutes

O Hypertension artérielle O Accidents vasculaires cérébraux

Affections Neurologigues et Psychiatrigues

O Poliomyélite O Syndrome démentiel

O Comitialité focale et généralisée [0 Syndrome parkinsonien

[J Syndrome confusionnel aigu [ Troubles chroniques du
comportement

OJ Etats dépressifs [J Etats anxieux

O Psychose 0 Délires, hallucinations

0 Maladie infectieuse ou complication de maladie infectieuse, touchant le Systéme
Nerveux

2 Si Maladie infectieuse ou complication de maladie infectieuse, touchant le Systéeme
Nerveux, préciser :

O Méningite

[0 Méningo-encéphalite
[0 Radiculite

O Myélite

J Neuropathie

Antécédents Traumatiques

O Traumatisme cranien 0 Traumatisme rachidien

Autr nté n
O Infection par le VIH [J Diabéte
3
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SLA et syndromes apparentés en zones tropicales
Pays :
Numeéro patient :
0 Syndromes infectieux [0 Pathologies osseuses et
articulaires
O Syndromes digestifs [J Affection hépatique, biliaire,
pancréatique
(1 Dénutrition et troubles de I'hydratation O Insuffisance rénale
O Cancer
2 Si cancer, indiquer le niveau et e type de CanCer ... e
Autres Dathologies, PréCISEr & ittt ettt a e e
4
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SLA et syndromes apparentés en zones tropicales

Pays :

Numeéro patient :

ANTECEDENTS FAMILIAUX :
0 Ne connait pas les antécédents familiaux du patient

ANTECEDENTS FAMILIAUX :

Cas de SLA dans la famille [(Jo non [J: oui
9 Si Oui, indiquer le lien de parenté

Cas de Maladie de Parkinson dans la famille [Jo non [J1 oui
9 Si Oui, indiquer le lien de parenté

Cas de Démence dans la famille [Jo non [: oui
2 Si Oui, indiquer le lien de parenté

Y a-t-il une consanguinité connue dans la famille [(Jo non [ oui
2 Si Oui, indiquer laquelle
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SLA et syndromes apparentés en zones tropicales

Pays :

Numéro patient :

DEBUT DE LA MALADIE

DATE DES PREMIERS SYMPTOMES : [__|__| [__|__|__|__| mm/aaaa

POIDS DE FORME AVANT LA MALADIE : |_ |__|__ | kg - (poids estimé 6 mois avant le début
des symptomes)

SITE DES SYMPTOMES DE DEBUT :

0 [ spinal
< Si Spinal, préciser :

[ Atteinte Membre Supérieur

[] proximale
[1 pistale

[ unilatérale
[ Bilatérale

[ Atteinte Membre Inférieur

[] Proximale
[1 Distale

O unilatérale
[ Bilatérale
1 [ Bulbaire
2 Si Bulbaire, préciser :
[J Troubles de la phonation
[ Troubles de la déglutition

2 [] Respiratoire
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SLA et syndromes apparentés en zones tropicales

Pays :

Numéro patient :

DIAGNOSTIC
DATE DE DIAGNOSTIC |__ | | |_|_|_]__] mm/aaaa
POIDS LORS DU DIAGNOSTIC : |_ | |_|,|__| kg

TAILLE |__|__|__|cm
EXAMEN NEUROLOGIQUE
a) Signes d’atteinte du NEURONE MOTEUR PERIPHERIQUE [Jo non [J; oui [J Ne Sait Pas

a.1 - Atrophie musculaire o non [ oui
2 Si atrophie, préciser le siége

[ Langue
[] Membre supérieur
[0 Membre inférieur

a.2 - Fasciculations

[J Langue
[] Thorax
[J Membre supérieur
[J Membre inférieur

b) Signes d’atteinte du NEURONE MOTEUR CENTRAL [Jo non [J: oui [] Ne Sait Pas

b.1 - Réflexe masséterin

[ vif

[ normal
b.2 - Réflexes ostéotendineux

Bicipital
Coté GAUCHE
[ vifs
[ diffusés
[] normaux
[ abolis

Tricipital
Coté GAUCHE
[ vifs
[ diffusés
[] normaux
[ abolis

Stylo-radial
Coté GAUCHE
[ vifs
[] diffusés
[] normaux
[1 abolis

o non [ oui

< Si fasciculations, préciser le siege

Coté DROIT
[ vifs

[ diffusés
[J normaux
[ abolis

Coté DROIT
[ vifs

[ diffusés
[ normaux
[ abolis

Coté DROIT
[ vifs

[ diffusés
[1 normaux
[ abolis
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SLA et syndromes apparentés en zones tropicales

Pays :

Numéro patient :

Rotulien
Coté GAUCHE
[ vifs
[ diffusés
[J normaux
[ abolis

Achilléen
Coté GAUCHE
[ vifs
[] diffusés
[ normaux
[ abolis

b.3 - Reéflexes cutanéoplantaires

Coté GAUCHE
[ Flexion

[] Extension
[ Indifférent

b.4 - Signe de Hoffman
Coté GAUCHE

[ présent
[] Absent

Coté DROIT
[ vifs

[1 diffusés
[ normaux
[ abolis

Coté DROIT
[ vifs

[] diffusés
[J normaux
[ abolis

Coté DROIT
[ Flexion

[] Extension
[ Indifférent

Coté DROIT
[ présent
[] Absent
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SLA et syndromes apparentés en zones tropicales

Pays :

Numéro patient :

c) Signes ATYPIQUES [(Jo non [J; oui [J Ne Sait Pas
2 Si signes atypiques, préciser

c.1 - Troubles cognitifs [Jo non [ oui
2 Si troubles cognitifs, préciser

[J Troubles de la mémoire
[J Troubles du langage
[J Troubles des fonctions exécutives

c.2 - Troubles sensitifs o non [J: oui
< Si troubles sensitifs, préciser

[ Troubles subjectifs
[ paresthésie
[] Dysesthésie

[J Troubles objectifs

.3 - Troubles dysautonomiques o non [ oui
2 Si troubles dysautonomiques, préciser

[] Troubles digestifs
[J Troubles sexuels
[] Hypotension orthostatique

c.4 - Troubles vésicosphinctériens o non [ oui
¢.5 - Troubles extrapyramidaux Oo non [J: oui
c.6 - Troubles occulomoteurs (o non [: oui
c.7 - Autres signes atypiques [Jo non [ oui

o Si troubles sensitifs objectifs, préciser le type et le Siege @ ..o

< Si autres signes atypiques, préciser le type et 1€ SIEQE & ...
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SLA et syndromes apparentés en zones tropicales

Pays :

Numéro patient :

d) SYMPTOMES PRESENTS A LA DATE DE DIAGNOSTIC

Non Oui Ne Sait Pas
Symptomes ou signes cliniques

Asthénie/fatigue

o[ 10 |90
Crampes

o[d 10 9
Déficit moteur

od 10 J90
Spasticité

o 10 9
Douleurs

o 10 5[
Troubles de la parole

od 100 |90
Troubles de la déglutition

od 10 9]
Hypersalivation

o 10 9
Dyspnée

od 10 9]
Anxiété/dépression

o 10 e
Laryngospasmes

o 10 9
Hypersécrétions bronchiques

0[] 10 190]
Rires et pleurs spasmodiques

o[ 10 o0
Troubles du sommeil

o 10 9

10
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SLA et syndromes apparentés en zones tropicales

Pays :

Numeéro patient :

d) ALS Functional Rating Scale

1. Parole 4 — normale
3 — perturbations détectables
2 — intelligible avec répétition
1 — utilise occasionnellement une communication non verbale
0 — perte de la parole
2. Salivation 4 — normale
3 — hypersialorrhée discréte avec bavage nocturne
2 — hypersialorrhée modérée mais permanente
1 — hypersialorrhée génante
0 — bavage continu nécessitant I'utilisation d’'un mouchoir
3. Déglutition 4 — alimentation normale
3 — quelques fausses routes
2 — consistance des aliments modifiée
1 — suppléments alimentaires
0 — alimentation parentérale exclusive
4. Ecriture/ 4 — normal
Bricolage 3 — écriture: lente et imprécise mais compréhensible /
bricolage : ralenti mais réalisable
2 — écriture : tous les mots ne sont pas compréhensibles /
bricolage : ne parvient pas toujours a réaliser I'opération
souhaitée
1 — écriture : tient un stylo mais incapable d’écrire / bricolage :
tient un outil mais incapable d’utiliser 'outil
0 — incapable de tenir un stylo / outil
5. Hygiene 4 — normale
3 — autonome mais avec efficacité diminuée
2 — assistance occasionnelle ou substitution
1 — assistance d’une tierce personne requise
0 — assistance permanente totale
6a. Préparation des |4 - normale
aliments et ou capacité | 3 — lente et maladroite mais seul
de s’alimenter seul 2 — aide occasionnelle pour couper les aliments
1 — aide systématique pour couper les aliments mais mange seul
0 — doit étre nourri
6b. En cas de | 4 — utilisation normalement autonome
gastronomie de gastrostomie 3 — maladroit mais toutes les manipulations
sont effectuées seul
2 — aide nécessaire pour la mise en place
1 — fourni une aide minime aux soignants
0— doit étre nourri
7 Mobilisation au lit 4 — normale
3 — lenteur et maladresse mais autonome
2 — ajuste les draps avec difficulté
1 — peut bouger mais pas se retourner dans le lit
0 — dépendant
8 Marche 4 — normale
3 — difficultés de déambulation
2 — marche avec assistance
1 — mouvements sans déambulation
0 — pas de mouvement des jambes

11
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Pays :

Numeéro patient :

SLA et syndromes apparentés en zones tropicales

9 Montée d’escaliers

4 — normale
3 - lente
2 — fatigue

1 — aide nécessaire
0 — impossible

10 Dyspnée

4 — absente

3 — ala marche

2 — dans une ou plus des situations suivantes : repas, toilette,
habillage

1 — au repos, difficultés respiratoires en position assise ou
allongée

0 — difficulté importante, envisage I'utilisation d’un appareil

de ventilation mécanique

11 Orthopnée

4 — absente

3 — quelques difficultés pour dormir la nuit en raison
d’'un souffle court, n'utilise habituellement pas plus
de 2 oreillers

2 — besoin de plus de 2 oreillers pour dormir

1 — ne peut dormir qu’assis

0 — ne peut pas dormir

12 Insuffisance
respiratoire

4 — absente respiratoire

3 — utilisation intermittente d’une assistance ventilatoire
2 — utilisation continue d’une VNI la nuit

1 — utilisation continue d’une VNI jour et nuit

0 — ventilation mécanique invasive par intubation

ou trachéotomie

Total / 48
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SLA et syndromes apparentés en zones tropicales

Pays :

Numeéro patient :

EXAMENS COMPLEMENTAIRES REALISES POUR CONFIRMER LE
DIAGNOSTIC DE SLA

Electroneuromyographie réalisée [Jo non [J; oui
2 SiOui, préciserdate |__|__ | ||| |__|__|__]__|ji/mm/aaaa
2 Si Oui, préciser

Tracé neurogene

Membre supérieur Droit [Jo non [ oui
Membre supérieur Gauche o non [ oui
Membre inférieur Droit o non [ oui
Membre inférieur Gauche o non [ oui
Bulbaire o non i oui
Vitesse de conduction nerveuse normale [Jo non [: oui

Examen Morphologique ENCEPHALIQUE réalisé [Jo non [J; oui
2 Si Oui lequel :

OrM
D Préciserdate |__|_ | |__|__||__|__|__]__|jj/mm/aaaa
2 Préciser résultat [Jo normal []; anormal
S Si anormal, Préciser FESUItat & ... e e

[] Scanner
o Préciserdate |__|_ | |__|__||__|__|__l__|jj/mm/aaaa
o Préciser résultat []o normal [1; anormal
2 Sianormal, préciser résultat @ ...

Examen Morphologique MEDULLAIRE réalisé [Jo non [J; oui
2 Si Oui lequel :

[J Scanner
S Préciserdate |__ | | ||| |__|__|__|__|ji/mm/aaaa
< Préciser résultat [Jo normal [J; anormal
2 Sianormal, Préciser rESUILAt © ...ovvivueiiriee e e

O rM
O Préciserdate |__|_ | |__|__||__|__|__|__|jji/mm/aaaa
o Préciser résultat [Jo normal []; anormal

2 Si anormal, préciser résultat : ..

O rRadiographie du rachis cervical
S Préciserdate |__ | | ||| |__|__|__|__|ji/mm/aaaa
o Préciser résultat [Jo normal []; anormal
2 Sianormal, Préciser rESUILAt & ...vvivie i e e e e

EXAMEN Liquide Céphalo-Rachidien réalisé [Jo non []; oui
o Sioui, préciserdate |__|_ | |__|__||__|__|__|__|jj/mm/aaaa
2 Si oui, préciser résultat [Jo normal []; anormal
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SLA et syndromes apparentés en zones tropicales

Pays :

Numeéro patient :
< Si anormal, préciser résultat :

TRAITEMENTS

Le patient prend t-il un ou plusieurs traitements ? [Jo non []: oui

TRAITEMENT DE TYPE OCCIDENTAL [Jo nen [J; oui
2 Si Oui lequel

Traitement mis en place par vous ou collégues de votre service/hépital :

Traitement mis en place par un autre médecin (n‘exer¢ant pas dans votre hdpital) :

TRAITEMENT TRADITIONNEL [Jo non [J; oui
2 Si Oui lequel

14
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SLA et syndromes apparentés en zones tropicales
Pays :

Numéro patient :

VISITE 1

DATEDELAVISITE: |__ | | |__|_||__|_|_|_|jj/mm/aaaa
POIDS : ||| _Ikg

EXAMEN NEUROLOGIQUE

a) Signes d’atteinte du NEURONE MOTEUR PERIPHERIQUE [, non

a.1 - Atrophie musculaire [Jo non [ oui
2 Si atrophie, préciser le siége

[J Langue
[J Membre supérieur
[ Membre inférieur

a.2 - Fasciculations Oo non [J: oui
O Si fasciculations, préciser le siege

[ Langue

[ Thorax

[J Membre supérieur
[J Membre inférieur

b) Signes d’'atteinte du NEURONE MOTEUR CENTRAL o non [ oui

b.1 - Réflexe masséterin

[ vif

[ normal

b.2 - Réflexes ostéotendineux

Bicipital
Coté GAUCHE Coté DROIT
[ vifs ] vifs
[] diffusés [] diffusés
[] normaux [J normaux
[ abolis [ abolis
Tricipital
Coté GAUCHE Coté DROIT
[ vifs [ vifs
[ diffusés [ diffusés
[ normaux [ normaux
[ abolis [ abolis
Stylo-radial
Coté GAUCHE Coté DROIT
[ vifs [ vifs
[ diffusés [ diffusés
[ normaux [ normaux
[1 abolis [ abolis
Rotulien
Coté GAUCHE Coté DROIT
O vifs O vifs

[+ oui
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SLA et syndromes apparentés en zones tropicales

Pays :

Numéro patient :
[] diffusés [ diffusés
[ normaux [ normaux
[] abolis [ abolis

Achilléen

Coté GAUCHE Coté DROIT
[ vifs [ vifs
[ diffusés [ diffusés
[J normaux [J normaux
[ abolis [ abolis

b.3 - Réflexes cutanéoplantaires

Coté GAUCHE Coté DROIT
[ Flexion [ Flexion

[ Extension [ Extension
[ indifférent [ indifférent

b.4 - Signe de Hoffman

Coté GAUCHE Coté DROIT
[] présent [ présent
[] Absent [] Absent
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SLA et syndromes apparentés en zones tropicales

Pays :

Numéro patient :

c) Signes ATYPIQUES o non [ oui
2 Si signes atypiques, préciser

c.1 - Troubles cognitifs Oo non 1 oui
o Si troubles cognitifs, préciser

[ Troubles de la mémoire
[ Troubles du langage
[ Troubles des fonctions exécutives

c.2 - Troubles sensitifs [Jo non [ oui
2 Si troubles sensitifs, préciser

[ Troubles subjectifs
[] Paresthésie
[ Dysesthésie

[ Troubles objectifs

¢.3 - Troubles dysautonomiques o non [ oui
o Si troubles dysautonomiques, préciser

[ Troubles digestifs
[ Troubles sexuels
[ Hypotension orthostatique

c.4 - Troubles vésicosphinctériens [Jo non [ oui
¢.5 - Troubles extrapyramidaux o non 1 oui
c.6 - Troubles occulomoteurs [Jo non [ oui
c.7 - Autres signes atypiques [Jo non [Ji oui

2 Si troubles sensitifs objectifs, préciser le type et 1@ SI&ge 1 ..o

< Si autres signes atypiques, préciser e type et 1€ SIEQE & ..o eaa
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Pays :

Numéro patient :

SLA et syndromes apparentés en zones tropicales

d) SYMPTOMES PRESENTS LORS DE LA VISITE

Non Oui
Symptémes ou signes cliniques
Asthénie/fatigue
o 10
Crampes
o[ 10
Déficit moteur
0[] 1
Spasticité
0[] 1]
Douleurs
o[ 10
Troubles de la parole
0[] 1]
Troubles de la déglutition
o 10
Hypersalivation
0 i
Dyspnée
0[] 1]
Anxiété/dépression
0[] 1]
Laryngospasmes
ryngosp 0[] 1O
Hypersécrétions bronchiques
0[] 1]
Rires et pleurs spasmodiques
o[ 10
Troubles du sommeil
o[ 10
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SLA et syndromes apparentés en zones tropicales

Pays :

Numéro patient :

d) ALS Functional Rating Scale

6. Parole 4 — normale
3 — perturbations détectables
2 — intelligible avec répétition
1 — utilise occasionnellement une communication non verbale
0 — perte de la parole
7. Salivation 4 — normale
3 — hypersialorrhée discréte avec bavage nocturne
2 — hypersialorrhée modérée mais permanente
1 — hypersialorrhée génante
0 — bavage continu nécessitant I'utilisation d’'un mouchoir
8. Déglutition 4 — alimentation normale
3 — quelques fausses routes
2 — consistance des aliments modifiée
1 — suppléments alimentaires
0 — alimentation parentérale exclusive
9. Ecriture / 4 — normal
Bricolage 3 — écriture: lente et imprécise mais compréhensible /
bricolage : ralenti mais réalisable
2 — écriture : tous les mots ne sont pas compréhensibles /
bricolage : ne parvient pas toujours a réaliser I'opération
souhaitée
1 — écriture : tient un stylo mais incapable d’écrire / bricolage :
tient un outil mais incapable d’utiliser I'outil
0 — incapable de tenir un stylo / outil
10. Hygiéne 4 — normale
3 — autonome mais avec efficacité diminuée
2 — assistance occasionnelle ou substitution
1 — assistance d’'une tierce personne requise
0 — assistance permanente totale
6a. Préparation des |4 - normale
aliments et ou capacité | 3 — lente et maladroite mais seul
de s’alimenter seul 2 — aide occasionnelle pour couper les aliments
1 — aide systématique pour couper les aliments mais mange seul
0 — doit étre nourri
6b. En cas de | 4 — utilisation normalement autonome
gastronomie de gastrostomie
3 — maladroit mais toutes les manipulations sont effectuées seul
2- aide nécessaire pour la mise en place
1 — fourni une aide minime aux soignants
0- doit étre nourri
7 Mobilisation au lit 4 — normale
3 — lenteur et maladresse mais autonome
2 — ajuste les draps avec difficulté
1 — peut bouger mais pas se retourner dans le lit
0 — dépendant
8 Marche 4 — normale
3 — difficultés de déambulation
2 — marche avec assistance
1 — mouvements sans déambulation
0 — pas de mouvement des jambes

19
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Pays :

Numéro patient :

SLA et syndromes apparentés en zones tropicales

9 Montée d’'escaliers

4 — normale
3 —lente
2 — fatigue

1 — aide nécessaire
0 — impossible

10 Dyspnée

4 — absente

3 - alamarche

2 — dans une ou plus des situations suivantes : repas, toilette,
habillage

1 — au repos, difficultés respiratoires en position assise ou
allongée

0 — difficulté importante, envisage I'utilisation d'un appareil

de ventilation mécanique

11 Orthopnée

4 — absente

3 — quelques difficultés pour dormir la nuit en raison
d’'un souffle court, n'utilise habituellement pas plus
de 2 oreillers

2 — besoin de plus de 2 oreillers pour dormir

1 — ne peut dormir qu’assis

0 — ne peut pas dormir

12 Insuffisance
respiratoire

4 — absente respiratoire

3 — utilisation intermittente d’'une assistance ventilatoire
2 — utilisation continue d’'une VNI la nuit

1 — utilisation continue d’'une VNI jour et nuit

0 - ventilation mécanique invasive par intubation

ou trachéotomie

Total |__|__| /48
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SLA et syndromes apparentés en zones tropicales
Pays :

Numéro patient :

TRAITEMENTS

Le ou les traitement(s) du patient ont-ils été modifiés ? [Jo non [ oui

Si oui, mentionnez le traitement actuel du patient :

TRAITEMENT DE TYPE OCCIDENTAL [Jo non [J: oui
2 Si Oui lequel

TRAITEMENT TRADITIONNEL [Jo non [J; oui
< Si Oui lequel

21
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Appendix 2. Death certificate in Ecuador

TRAMITACION SON GRATUITOS

DOCUMENTO Y SU

: ESTE

NOTA

Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019

2016
EL PRESENTE FORMULARIO DEBE SER

LLENADO CON LETRA CLARA, LEGIBLE, 3 h Form. EV-3
i POrRiTA Y 3 BOTAOHS M —
ENMENDABRAS { .I 4 FOLIO

JNTES DE LLENAR ESTE FORMULARID instituto nacianal de estadistica y censos Ministerio do Salud Publica 1 1 6 0 0
- FORMULARIO DE DEFUNCION GENERAL
La informacion de este recuadro deberd ser llenado por funcionarios de las Oficinas del Registro Civil, en el momento de la Inscripcion. USO INEC Fecha de
Of
1) OFICINA DE REGISTRO CGIVILDE: .....\ovveieeen. . i Y A
Afia Mes Dia
2) PROVINCIA: . :
) 3) FECHA DE INSCRIPCION: - S
CANTON: oo Afio Mes bia

PARROQUIA URBANA O RURAL ..ottt 4 ACTADE'NSCR'PC'C’N‘ L | | ‘ | ‘ ‘ | | ‘ I ‘

(Debe ser el mismo que conste en e libro de inscripciones)

(A) DATOS DEL FALLECIDO O FALLECIDA

N - USO INEC
§) NOMBRES Y APELLIDOS O diioos o epiadin o b oot o pasps ' 0 6) NACIONALIDAD
Ecuatoriana N Sodaoapas
................................................................................................................................. Extranjera [ 2 b esais
7) CEDULA DE CIUDADANIA O PASAPORTE 11) EDAD AL FALLECER 12) RESIDENCIA HABITUAL DEL FALLECIDO (A)
Uso Establecimientos de Salud o Registro Civi
Anote una sola respuesta
| ‘ ‘ | ‘ | | | ‘ | ‘ | En Horas 1 Provincia
este campo, Jrese de copiar (Si es menor de 1 dia)
el nimero de la cédula o pasaparte Cantén
8) SEXO En Dias 2 Parrequia urbana o rural
I (Si es menor de 1 mes)
Hombre [ 1 Mujer ]2 Localidad
9) FECHA DE NACIMIENTO En Meses 3 Direccion domiciliaria
(Si es menor de 1 afio) I—‘
Ly S S—
Afo Mes Dia
- ' 4
10) FECHA DE FALLECIMIENTO Afios Gumplidos
I 7 P v
Afio Mes. Dia
13) ESTADO CIVIL y/o CONYUGAL 14) ALFABETISMO E INSTRUCCION 15) AUTOIDENTIFICACION ETNICA
(Para personas fallecidas de 12 afios y més). (Para personas fallecidas de 5 afios y més) DE ACUERDO CON LA CULTURA Y
14.1) ¢(SABIA LEER Y ESCRIBIR? COSTUMBRES, COMO SE AUTOIDENTIFICABA
Unido (a) m s 1 NO[[]2— EL FALLECIDO (A) ?
l Pase a la pregunta 15 Indigena |:| 1
2
Soltero (a) D P Afroecuatoriano (a) |:| 2
14.2) NIVEL DE INSTRUCCION ALCANZADO ‘Afrodescendiente
Casado (a) D 3 Ninguno mo .
_ Centro de alfabetizacion [ egro (a) | s
Divorciado (a) D 4
Primaria 2 Mulato (a) [ 4
Separado (a) W s Secundaria B 3 Montubio (a) | s
Educacion basica 4
Mesti
Viudo (a) D 6 Educacion media / Bachillerato |:| 5 estizo (a) D 6
B Ciclo posbachillerato M s Blanco (a) |:| 7
Union de hecho = 7 Superior m o M
Posgrado l:' 8

16) LUGAR DE OCURRENCIA DEL FALLECIMIENTO

Establecimiento del Ministerio [ 1 | 16.1) IDENTIFICACION DEL LUGAR DONDE L ‘|’s°’”'5° L

de Salud OCURRIO EL FALLECIMIENTO:

Cédigo del Establecimiento de Salud
Establecimiento del IESS

Establecimiento de la 16.1.1) Nombre del lugar (Establecimiento, casa, otros) L mmmmmmm—m

Junta de Beneficencia

Otro establecimiento publico I:l 4 16.1.2) Provi 16.1.3) Cantén 16.1.4) Parroquia urbana o rural
(Municipios, Consejos Provinciales,
FF. AA., Policia, SOLCA, efc.) 1515)\_or;a||dad
Hospital, clinica ¢ consultorio [
16.1.6) Direccion 16.1.7) Teléfono
Casa I:l 6
Otro |:| 7
Especifique ...
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| (B) CERTIFICADO MEDICO DE DEFUNCION

El presente certificado debe ser llenado con letra clara, legible y en imprenta

la CAUSA BASICA o fundamental.

PARTE Il

OTROS ESTADOS PATOLOGICOS
SIGNIFICATIVOS, que contribuyeron
a la muerte, pero no relacionados
con la enfermedad o estado
morboso que la condujo.

: - ; : causay la muerte (en Codigo CIE - 10

17) CAUSAS DE LA DEFUNCION CERTIFICADAS POR MEDICO: Anote sélo una causa por linea. minutos, horas, dias, USO INEC
semanas, meses o afios)
PARTE |
Er o estado
que produjo la muerte directamente. B e R S S S S S
debido a (0 como consecuencia de)

CAUSAS ANTECEDENTES:
Estados morbosos, si existiera alguno, <) OSSOSO PR | l
que produjeron la causa arriba debido a (0 como consecuencia de)
consignada, mencionandose
en ultimo lugar, B sivsminvasivsnstensEn s ne SRS .

debido a (o como consecuencia de)

Tiempo aproximado entre
el comienzo de cada

|

I

USQ INEC
Codigo CausalBasica CIE-10

18) MORTALIDAD MATERNA

19) MUERTES ACCIDENTALES Y/O VIOLENTAS

En el caso de que la defuncion
corresponda a una MUJER en edad fértil
(de 10 a 49 anos), Senale el tipo presuntivo:
(solo marcar una opcion)
Marque el periodo en el que ocurrié la
muerte:

(Solo marcar una opcién) Accidentes de transporte

Otros accidentes

(Esta informacion es valiosa para facilitar la determinacion del cédigo CIE-10 especifico).

19.1) Si la muerte fue accidental o violenta,

19.2) Lugar donde ocurrié el hecho.

Vivienda D 0 Calle o carretera

(via pablica)

[
[
[E

Area Agricola
(hacienda, rancho, granja.

g

tefreno de sembrio)
|:I 5 oo
[[]e seignora

Area comercial o
de servicios

Institucion residencial l:‘ 1

M 2

Areas industriales
(tailer, fabrica u obra)

Escuela u oficina
3 publica

EEEN

4
hreas deporas 1] 3

Embarazo I:‘ 1
Homicidio
Parto 2
D Suicidio
Puerperio
(hasta 42 dias) I:I 3

Descripcion: Describa b
Entre 43 dias y 11 meses
después del parto o aborto

B -

No estuvo embarazada durante l:‘ 5
los 11 meses previo a la muerte

la 6 i o motivos en que se produjo el hecho accidental y/o violento.

20) SE REALIZO NECROPSIA / AUTOPSIA? si

NO

(C) PARA MUERTES SIN CERTIFICACION MEDICA

21) CAUSA PROBABLE DE LAMUERTE: ...

Sintomas!: cooaaaininii

Informantes o
Testigos

Nombres y apellidos

Direccion Teléfono

(D) DATOS DE LA INSCRIPCION DE LA DEFUNCION

22) CERTIFICADO POR:

| K
Ml 2
[
| 4
B s

Médico Tratante
Médico no Tratante
Médico Legista ~ W 3 | o

Autoridad Civil o de Policia

Funcionario del Registro Civil

22.1) IDENTIFICACION DE QUIEN CERTIFICA LA DEFUNCION:

.............................................................................................. o SRR RS
Direccién de consultorio o domicilio

"Firma y sello

Nombres y apellidos No. cédula de ciudadania/pasaporte

Teléfono

23) Nombres y apellidos de quien solicita la inscripcion:

afios cumplidos

24) RELACION DE PARENTESCO CON EL FALLECIDO/A

Cényuge B o1 B s
M 2 W e
m s
[ 4

Padres o Suegros

Hijo (a)
Otros parientes
Yerno o Nuera

|

Nieto (a) Otros no parientes

la defuncién ocurrida.

Observaciones: Este espacio esta destinado para que se pueda anotar cualquier comentario que sirva para clarificar algtin dato o circunstancia sobre
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Appendix 3. The number of ALS cases and population at risk in Ecuador by age and sex from 1900 to 2016.

ALS deaths in Ecuador by age and sex from 1990 to 2016: ALS mortality study in Ecuador

Age 04 59 1014 1519 20-24 2529 30-34 35-39 40-44 4549 50-54 5559 60-64 6569 70-74 7579 280 Total

Sex

Male 0 0 0 3 2 0 5 13 21 24 43 43 41 44 25 28 17 309

Female 0 0 0 0 1 4 1 7 13 20 25 35 32 30 32 28 33 261

Total 0 0 0 3 3 4 6 20 34 44 68 78 73 74 57 56 50 570

Population at risk in Ecuador by age and sex from 1990 to 2016: ALS mortality study in Ecuador

Age 0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 280 Total
Sex

Male 20,206,198 19,966,823 19,371,725 18,006,041 16,331,286 14,429,271 12,721,301 11,083,730 9,538,229 7,958,410 6,652,880 5,345,413 4,254,881 3,313,022 2,475,784 1,713,122 1,761,679 175,129,795

Female 19,410,380 19,250,877 18,715,173 17,620,337 16,210,398 14,503,553 12,910,835 11,400,180 9,825,440 8,236,478 6,904,685 5,579,909 4,496,786 3,579,060 2,746,653 1,969,881 2,185,068 175,545,693

Total 39,616,578 39,217,700 38,086,898 35,626,378 32,541,684 28,932,824 25,632,136 22,483,910 19,363,669 16,194,888 13,557,565 10,925,322 8,751,667 6,892,082 5,222,437 3,683,003 3,946,747 350,675,488
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Appendix 4. The number of ALS cases and population at risk (INEC census 2010) in Ecuador by ethnic groups, sex and age

ALS cases in Ecuador by age, sex and ethnic group from 2009 to 2016: ALS mortality study in Ecuador

Age 04 59 1014 1519 2024 2529 30-34 3539 40-44 4549 5054 5559 60-64 6569 70-74 7579 80-84 8589 90-94 95100 >100 Total

Ethnic

group

Qi’gxed 0 0 0 0 0 0 3 5 10 9 16 18 19 25 10 13 6 2 1 0 0 137

Admixed 0 0 0 0 1 1 0 3 7 11 15 16 15 12 16 15 14 5 2 2 0 135

Female

ﬁggl'xed 0 0 0 0 1 1 3 8 17 20 31 34 34 37 26 28 20 7 3 2 0 272

White

Male 0 0 0 0 0 0 0 1 0 1 0 0 1 2 3 0 0 0 0 0 0 8

White 0 0 0 0 0 0 0 1 0 1 1 1 1 1 1 2 2 1 0 0 0 12

Female

White

Total 0 0 0 0 0 0 0 2 0 2 1 1 2 3 4 2 2 1 0 0 0 20

Black 0 0 0 0 0 0 0 0 0 1 2 0 0 1 0 1 0 1 0 0 0 6

Male

Black

Ferale 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1

Black 0 0 0 0 0 0 0 0 0 2 2 0 0 1 0 1 0 1 0 0 0 7

Total

Others Male 0 0 0 0 0 0 0 0 1 0 0 2 0 0 0 0 0 1 0 0 0 4

Others 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 1 0 0 0 0 0 4

Female

Others

Total 0 0 0 0 0 0 0 0 1 0 0 2 1 2 0 1 0 1 0 0 0 8

Total

Ml 0 0 0 0 0 0 3 6 11 11 18 20 20 28 13 14 6 4 1 0 0 155

Total 0 0 0 0 1 1 0 4 7 13 16 17 17 15 17 18 16 6 2 2 0 152

Female

Total 0 0 0 0 1 1 3 10 18 24 34 37 37 43 30 32 22 10 3 2 0 307
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Ecuador population by ethnic groups, age and sex in 2010 Census

Age 0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80-84 85-89 90-94 95-100 >100 Total
Ethnic
group
Q‘iﬁg‘xe‘j 576,506 602,321 617,379 564,939 504,649 462,361 413958 365,110 322,527 297,077 241,792 204,060 157,631 124,558 92,074 62,874 42,642 21,912 8730 2,607 551 5,686,258
égm;gd 554,710 583,247 594,772 557,592 519,338 488,189 439,016 390,781 342,837 313,177 252,969 212,238 162,618 131,396 97,464 67,959 49,193 27,185 12,110 3,993 985 5,801,769
?gtn;;xec' 1,131,216 1,185,568 1,212,151 1,122,531 1,023,987 950,550 852,974 755,891 665,364 610,254 494,761 416,298 320,249 255,954 189,538 130,833 91,835 49,097 20,840 6,600 1,536 11,488,027
\'\/sz;ge 47,513 46,266 40,745 37,834 34,449 32,433 30,269 27,854 24,840 23,292 19,864 17,152 14,266 12,143 9589 6,687 4,727 2,475 922 264 59 433,643
:ﬁg:::le 46,695 45,333 39,812 38,244 33,449 31,905 30,938 29,009 25,886 24,996 21,629 18,970 16,225 14,056 11,103 8,363 6,370 3,582 1,566 492 117 448,740
¥\{)r’1(lz:|e 94,208 91,599 80,557 76,078 67,898 64,338 61,207 56,863 50,726 48,288 41,493 36,122 30,491 26,199 20,692 15,050 11,097 6,057 2,488 756 176 882,383
:\3/::"2( 55,070 57,934 59,309 53,905 52,961 49,859 42,464 34,320 27,948 24,436 19,478 15,910 11,366 8,943 6,475 3,835 2,508 1,089 443 149 45 528,447
E‘I::ﬁgle 53,373 56,608 57,752 52,950 50,888 48,841 40,723 32,699 26,702 23,226 18,493 15,452 11,258 9,038 6,341 3,940 2,592 1,322 621 218 75 513,112
.?(Iftlglk 108,443 114,542 117,061 106,855 103,849 98,700 83,187 67,019 54,650 47,662 37,971 31,362 22,624 17,981 12,816 7,775 5100 2411 1,064 367 120 1,041,559
3:}?5 65216 67,369 65544 56,870 47,081 42,297 34,200 28,918 23915 21,643 17,594 15984 13,151 11,160 8,065 5206 3,280 1,258 428 113 43 529,335
S;':ﬁ;lse 63,194 67,728 64,029 57,203 49,311 44,679 35721 30,035 24,347 22,294 18,313 16,127 14,244 12,523 8,980 6,354 4,240 1,912 680 203 78 542,195
.?;?aelrs 128,410 135,097 129,573 114,073 96,392 86,976 69,921 58,953 48,262 43,937 35,907 32,111 27,395 23,683 17,045 11,560 7,520 3,170 1,108 316 121 1,071,530
gﬂoiilation 744,305 773,890 782,977 713,548 639,140 586,950 520,891 456,202 399,230 366,448 298,728 253,106 196,414 156,804 116,203 78,602 53,157 26,734 10,523 3,133 698 7,177,683
gg;nu"’lﬂa%on 717,972 752,916 756,365 705989 652,986 613,614 546,398 482,524 419,772 383,693 311,404 262,787 204,345 167,013 123,888 86,616 62,395 34,001 14,977 4,906 1,255 7,305,816
;?)tlaal.ljlation 1,462,277 1,526,806 1,539,342 1,419,537 1,292,126 1,200,564 1,067,289 938,726 819,002 750,141 610,132 515,893 400,759 323,817 240,091 165,218 115552 60,735 25,500 8,039 1,953 14,483,499
Jaime Andres LUNA MENDEZ | Thése de doctorat | Université de Limoges | 2019 225

Licence CC BY-NC-ND 3.0






Epidemiological and clinical variability of amyotrophic lateral sclerosis between geographic
areas and populations: focus on Africa and Latin America.

Amyotrophic lateral sclerosis (ALS) is a rare neurodegenerative disorder with an invariable fatal
outcome. Current evidence supports ALS variability in terms of incidence, mortality and clinical
features between geographic areas and populations. This dissertation offers an updated review of
ALS heterogeneity along with two original epidemiological and clinical studies in Africa and Latin
America. First, a multicenter hospital-based study in eight African countries that described and
compared the sociodemographic characteristics, clinical features, treatments, prognoses and
survival times of patients with ALS. Certain specific characteristics were different in African cases
compared to Western cases like higher proportion of male patients, younger age at onset, lower
proportion of bulbar onset and shorter survival than expected. Subcontinental location and riluzole
treatment are independently associated with survival. Second, a population-based study estimated
ALS mortality rates in Ecuador, a predominant admixed population. The findings support a lower
ALS occurrence in admixed populations from Latin America compared to European and Northern
American populations. Standardized mortality rates were compared among ethnic groups with
significant differences between admixed and other ethnic groups (Indigenous, Asians and Arabs).
This work provides original and reliable data to improve our knowledge of ALS in Africa and Latin
America. An international and multidisciplinary collaboration is crucial to understand ALS variability
in different populations.

Keywords: Amyotrophic lateral sclerosis, variability, epidemiology, clinical features, methodology,
Africa, Latin America, Ecuador.

Variabilité épidémiologique et clinique de la sclérose latérale amyotrophique entre les zones
géographiques et les populations : focus sur I'Afrique et I'Amérique latine

La sclérose latérale amyotrophique (SLA) est une maladie neurodégénérative fatale. De récents
travaux suggeérent une variabilité en termes d'incidence, de mortalité et de caractéristiques cliniques
selon les régions géographiques et les populations. Cette thése offre une mise a jour sur
I'nétérogénéité de la SLA, accompagnée de deux études épidémiologiques et cliniques originales
en Afriqgue et en Amérique latine. La premiére est une étude hospitaliere multicentrique dans huit
pays africains qui décrit et compare les caractéristiques sociodémographiques et cliniques, les
traitements, les facteurs pronostics et la durée de survie chez les patients atteints de la SLA.
Certaines caractéristiques sont plus spécifiques aux cas africains par rapport aux occidentaux, telles
gu’une proportion plus élevée de patients masculins, un age de début plus jeune, une proportion
plus faible de début bulbaire et une survie plus courte que prévue. Le sous-continent et le traitement
par riluzole sont des facteurs indépendamment liés a la survie du patient. La seconde étude en
population générale a estimé les taux de mortalité en Equateur, pays composé d’une population
majoritairement métisse. Ces résultats soutiennent I'hypothése d’une survenue plus faible de cas
SLA dans les populations métisses d’Amérique latine comparée aux populations caucasiennes
d'Europe et d'’Amérique du Nord. Les taux de mortalité standardisés ont été comparés entre les
groupes ethniques, montrant des différences significatives entre le groupe métisse et le groupe
comprenant les autres ethnies (indigenes, asiatiques et arabes). Ce travail fournit des données
originales et fiables pour améliorer nos connaissances sur la SLA en Afrique et en Amérique latine.
Une collaboration internationale et multidisciplinaire est cruciale pour comprendre la variabilité de la
SLA dans différentes populations.

Mots-clés : Sclérose latérale amyotrophique, variabilité, épidémiologie, caractéristiques cliniques,
méthodologie, Afrique, Amérique latine, Equateur.
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