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Introduction

Incidence of ALS: 1.75 per 100,000 persons/years of follow-up.

Prevalence of ALS: 5-5.4 per 100,000 inhabitants.

ALS is a heterogeneous disease and its causes cannot be explained only from

the genetic point of view.
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Familial ALS only accounts for 10% of all ALS patients, although in

approximately 30% of familial ALS, the genetic aetiology is still unknown.

Sporadic ALS has no apparent heritability despite the fact that the genetic

aetiology is also not known.

So far, the only recognized risk factors for ALS are advanced age, being male

and having a family history of ALS.
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Genetic mutations do not entirely explain the heterogeneity because the same

mutation can be associated with a large variability of ALS phenotypes.

In fact, exposure to environmental factors in combination with an underlying

genetic risk is the most likely explanation for how ALS develops.
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The non-genetic factors may include variables related to:

o Lifestyle: smoking, consumption of antioxidants, physical exercise and Body

Mass Index.

o Medical conditions: head injury, metabolic diseases, cancer and inflammatory

diseases.

o Work and environmental related exposure: BMAA, viral infections,

electromagnetic fields, heavy metal toxicity and exposure to pesticides and

fertilizers.

Introduction
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However, the systematic evidence of the association between environmental

risk factors and the occurrence of ALS, besides being very limited, is

inadequate or insufficient.

Comparatively, there is much more evidence on the association with ALS to

the exposure to pesticides. In particular, with organochlorine pesticides.
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There is also enough evidence of the existence of spatial clusters of ALS, some

of which are associated with environmental factors.

Our results suggest that these clusters could be related to some of the

environmental variables, in particular agricultural chemicals.

In addition, in high-risk clusters, besides corresponding to agricultural areas,

key road infrastructures with a high density of traffic are also located.
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Objectives
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Our objective here is twofold:

1) To investigate the association between long-term exposures to

environmental factors and the occurrence of amyotrophic lateral sclerosis (ALS)

in Catalonia, Spain.

2) To provide evidence of the existence of spatial clusters of ALS related to

these environmental factors.
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We carried out a nested case-control study constructed from a retrospective

population-based cohort, covering the entire region of Catalonia, Spain.

This cohort includes all the patients who were assessed at the Motor Disease

Functional Unit (UFMNA) of University Hospital of Bellvitge, L’Hospitalet de

Llobregat, Spain and met the ‘El Escorial’ diagnostic criteria for ALS.

Design

Methods
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Design

Methods
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Cases were subjects diagnosed with ALS between 1st January, 2011 and 31st

December, 2016 (n=383, 55.6% of whom were men).

Controls were subjects, alive and free of ALS and other neurodegenerative

diseases (including Alzheimer, Parkinson’s and parkinsonism), who had had

contact with the unit services from 2011 to 2016.

Cases were matched with the controls by sex, age at diagnosis (or visit) with a

tolerance range of +/- 5 years and year of the ALS diagnosis or visit.
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- Exposure to pesticides.

- Exposure to air pollutants associated with traffic.

- Other environmental variables.

Variables – Environmental exposure variables

Methods
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- Variables associated with the individual: sex, age (at diagnosis or visit), year of

ALS diagnosis (for cases) and year of visit (for controls).

- Variables associated with the subject's family: indicator of family, family history

of the disease.

- Contextual variables: deprivation index.

Since the original cohort consisted of a non-random sample, we included in the model as an offset the

expected numbers of ALS cases in each census tract of each municipality of the study area.

Variables – Control variables

Methods
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Estimating and representing the smoothed standardized incidence rates

Methods
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To estimate the smoothed standardized incidence rates we included several

random effects in the linear predictor of the logistic model but no observable

explanatory variables (although we did include the expected cases in each

census tract as an offset).

- Family and individual heterogeneity.

- Spatial dependence.

- Temporal trends.

Estimating and representing the smoothed standardized incidence rates

Methods
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WHY SMOOTH SMALL AREA DISEASE RATES?

• Typically dealing with rare events in small areas Ai

Yi is the observed count of disease in area Ai

Ei is the expected count based on population size,  adjusted for age, sex, other 
strata …., 

• Relative risk usually estimated by SIRi = Yi / Ei

• Standard practice is to map SIRs

Methods
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Map of SMR of adult leukaemia in West Midlands Region, England 1974-1986
(Olsen, Martuzzi and Elliott, BMJ 1996;313:863-866)
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WHY SMOOTH SMALL AREA DISEASE RATES?

• SIR represents estimate of ‘true’ (underlying) risk in an area, Ri, i.e. Ri
= SIRi

• Statistical uncertainty about estimate based on assuming Binomial 
(or Poisson) sampling variation for data

Yi ~ Binomial(Ri Ei)  

• SE(Ri) = SE(SIRi) µ 1 / Ei

– SIRi very imprecise for rare diseases and small populations

– precision can vary widely between areas
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Map of SMR of adult leukaemia in West Midlands Region, England 1974-1986
(Olsen, Martuzzi and Elliott, BMJ 1996;313:863-866)

 

 

(A) unsmoothed SMR (B) smoothed by Bayesian methods
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Comparison of estimation methods
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WHY SMOOTH SMALL AREA DISEASE RATES USING HIERARCHICAL 
BAYESIAN METHODS?

• SIRi in each area is estimated independently

– ignores possible spatial correlation between disease risk in nearby areas 
due to possible dependence on spatially varying risk factors

– leads to problems of multiple significance testing
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Childhood leukaemia incidence in London, 1986-1998
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Childhood leukaemia incidence in London, 1986-1998
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Our hypothesis is that most of the geographical patterns for ALS, if any, could

be explained by environmental variables.

We included in the linear predictor of each subject in the logistic model, those

variables that might explain the probability of being a case, i.e. the

environmental variables.

Estimating the probability of being a case conditioned on the explanatory variables
Methods
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Results
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We found a certain geographical pattern for the risk of ALS occurrence. In

addition, three clusters can be observed. Two of them with a high risk of

occurrence of ALS - one in the centre of the study region (north-south

direction) and another in the east (direction southwest-northeast), and the

other with a moderate-high risk in the west.

Discussion
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Our results could be in line with the findings of the studies that attribute some

role to the exposure to agricultural chemicals

In this sense, all the clusters we identified correspond to areas of intensive

agriculture.

In our case, the high-risk clusters, besides corresponding to agricultural areas,

also correspond to significant road infrastructures that carry a high density of

traffic.

Discussion
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The results of the multivariate model suggest that these clusters could be

related to some of the environmental variables.

Living near an agricultural area increased the risk of ALS occurrence.

Air pollution resulting from traffic could also be related to the occurrence of

ALS.

We also found a statistically significant association between exposure to

ozone and the occurrence of ALS.

And with benzopyrene and cadmium levels in the air.

Discussion
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Summing up, exposure to pesticides, which we approximated by proximity to

agricultural areas, as well as to certain pollutants (particularly those whose

source is traffic, most likely diesel vehicles, i.e. exposure to nitrogen oxides),

could be independent predictors of the occurrence of ALS.

But, in addition, both the high-risk clusters that we have found, as well as the

significance of the interactions in the multivariate models, allow us to

hypothesize that exposure to high levels of air pollutants as a result of traffic

could increase the risk associated with living close to agricultural areas.

Discussion
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