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Abstract

Objective—In a multicenter study of newly diagnosed ALS patients without a reported family 

history of ALS, we are prospectively investigating whether markers of oxidative stress (OS) are 

associated with disease progression.

Methods—An extensive structured telephone interview ascertained environmental, lifestyle, 

dietary and psychological risk factors associated with OS. Detailed assessments were performed at 

baseline and at 3 to 6 month intervals during the ensuing 30 months. Our biorepository includes 

DNA, plasma, urine, and skin.

Results—355 patients were recruited. Subjects were enrolled over a 36 month-period at 16 sites. 

To meet the target number of subjects, the recruitment period was prolonged and additional sites 

were included. Demographic and disease characteristics were similar between 477 eligible/non-

enrolled and enrolled patients, with the only difference being type of health insurance among 

enrolled patients. Sites were divided into 3 groups by the number of enrolled subjects. Comparing 

these 3 groups, the Columbia site had fewer “definite ALS” diagnoses.
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Conclusion—This is the first prospective, interdisciplinary, in-depth, multicenter 

epidemiological investigation of OS related to ALS progression and was accomplished by an 

aggressive recruitment process. The baseline demographic and disease features of the study 

sample are now fully characterized.

Keywords

ALS; Oxidative Stress; Disease Progression; Survival; Epidemiology

INTRODUCTION

Diverse environmental and lifestyle factors associated with amyotrophic lateral sclerosis 

(ALS), include aging, environmental exposures, viral infections, physical exertion, body 

habitus, diet, smoking, and occupation (1). Many of these factors are associated with 

oxidative stress (OS). OS is defined as a disruption in the pro- and anti-oxidant balance with 

increases occurring in reactive oxygen and nitrogen species. In ALS, OS is intimately linked 

to a series of cellular events in motor neurons that apparently contribute to neuronal 

degeneration and death (2-4). Much of what is hypothesized concerning the cause of ALS 

comes from molecular studies of specific SOD1 mutations linked to ALS (2, 5, 6). These 

studies also point to a role for neuronal OS in the etiology of ALS. However, few data are 

available to determine whether the presence of OS biomarkers or exposure to agents related 

to OS mechanisms are associated with ALS progression; this forms the overall hypothesis of 

our study.

While the onset of ALS is insidious, once diagnosed, disease progression is both observable 

and measurable. Progression is highly variable: some patients have a rapid disease course, 

whereas others have a much slower course. Here, we describe the ALS COSMOS study, 

which was designed to determine whether markers of OS, measured either directly in blood 

or urine or indirectly by structured interviews, are associated with ALS disease progression. 

We describe the study structure, methods, recruitment, and demographic and disease 

characteristics of this multicenter case-only cohort study in patients with ALS without 

family history.

PATIENTS AND METHODS

IRB Approval

The study protocol, including informed consent procedures and HIPAA compliance was 

approved by the Institutional Review Board (IRB) of each participating site and of Columbia 

University.

Development of the Structured Questionnaire

Our instrument was developed with the advice of outside ALS experts (Drs. Lorene Nelson, 

Edward Kasarskis, and Ammar Al-Chalabi) in 2003. We first used this instrument to query 

diagnostic, demographic, familial, lifestyle and other risk factors in 91 sALS cases and 121 

controls, participating in a genetic epidemiological study funded by the MDA. Out of 91 

patients, 67 living patients agreed to be enrolled in the ALS COSMOS study.
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We evaluated the test-retest reliability of the questionnaire for in-person versus telephone 

administration in 29 ALS cases and 29 controls. Cases and controls were randomly assigned 

to either an in-person interview followed by a telephone interview or to a telephone 

interview followed by an in-person interview. For most items, reliability was in the good to 

excellent range (kappa ≥ .85) (7). For items pertaining to neurological history and physical 

activity, the reliability was in the moderate range (kappa ranging from .62 to .65) (8). To 

improve overall reliability, redundant and confusing questions were eliminated from the 

final instrument.

Participating Sites and Study Enrollment

Originally 11 study sites were selected based on experience with ALS studies and previous 

collaboration with Columbia ALS studies (7, 8). The site locations are geographically 

dispersed throughout the United States. Although we planned to recruit 1 to 2 new patients 

every month per site for a two-year recruitment period, enrollment was slower than 

expected. We therefore added 5 sites at the end of the 2nd year (see Figure 1 and the ALS 

COSMOS sites listed at the end of the manuscript) and extended the enrollment period by 12 

months for a total of 3 years. To encourage and support site-based recruitment, monthly 

conference calls and biannual investigators’ meetings were held with the principal 

investigators and coordinators during the course of the study.

New Patient Log

Each study site was asked to collect de-identified data on all new ALS patients at their 

clinic, including demographics, insurance type, referral source, disease duration after 

symptom onset to the diagnosis, the El Escorial Criteria (EEC) for ALS diagnostic 

categories, participation in a clinical trial and use of alternative therapy. Screening data were 

used to determine: (1) overall eligibility of patients at the site; (2) reasons for non-

participation among eligible patients and (3) whether enrolled patients represented the 

overall patient population.

Patient Eligibility

ALS was diagnosed as “definite,” “probable,” or “possible” according to the EEC/Airlie 

House revision, widely used in current clinical trials (9). We added the new Awaji Criteria, 

which increases the chance of early diagnosis due to its acceptance of electrophysiological 

criteria as equivalent to the clinical criteria (10). Bulbar-onset or spinal-onset ALS, 

predominantly upper motor neuron (PLS type) or lower motor neuron (PMA type), were all 

included. Inclusion and exclusion criteria are shown in Table 1.

Enrollment, Case Ascertainment and Study Assessment

Clinical Assessment—Table 2 shows the study schedule of assessments for baseline and 

follow-up visits. Table 3 details items on enrollment and case ascertainment forms. Clinical 

assessment included the ALS Functional Rating Scale-Revised (ALSFRS-R), forced vital 

capacity (FVC), and a comprehensive neurological examination. The primary outcome for 

the study was defined as death or tracheostomy/long-term mechanical ventilation, endpoints 

used in most ALS clinical trials (7, 11-15). All of the study sites had participated in ALS 

Mitsumoto et al. Page 4

Amyotroph Lateral Scler Frontotemporal Degener. Author manuscript; available in PMC 2015 January 29.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



clinical trials, and the evaluators and coordinators at each site were highly experienced with 

the measures used in this study. Detailed clinical assessments were performed at baseline 

and 3 months following enrollment, thereafter at 6 month intervals for 24 months or until 

death/outcome or study drop out. Survival status for all enrolled patients was confirmed at 

Month 30 after enrollment.

Cognitive Impairment—To screen patients for fronto-temporal dementia (FTD), we used 

the UCSF Cognitive Test Battery for FTD, which is comprised of the ALS Cognitive 

Behavioral Screen (ALS-CBS) (16), either the Abrahams phonemic verbal fluency or the 

Controlled Oral Word Association Test, Frontal Behavioral Inventory (FBI) and Center for 

Neurological Study (CNS) Lability Scale (see Table 4). The assessment involved both 

patients and caregivers as outlined in Table 4 and averaged 20 to 30 minutes. FTD screening 

was performed at enrollment and month 12 (17). Special training for cognitive assessment 

was given to all the evaluators, and a refresher training video (developed by one of the co-

authors, J. Murphy) was made available to the evaluators as well.

Biospecimen Collection and Biomarker Analyses—Overnight fasting blood 

samples were obtained. Blood was immediately processed to obtain aliquots of white blood 

cells, plasma and whole blood. First void urine specimens were also obtained. Biospecimens 

were collected at the baseline visit and at each follow-up visit at the clinical site. All samples 

were stored at -80°C and shipped on a quarterly basis on dry ice to the Biomarkers Core 

Facility (RS) at Columbia University, where sample custody was monitored using a secure 

web-based database that allowed a full inventory of stored samples and shipment records. 

Skin biopsy and blood in PAXgene tubes for RNA were added as additional biosamples. 

Biospecimens will be used to measure the OS biomarkers, urinary F2-isoprostanes and 8-

oxodeoxyguanosine (18). They will also be used to analyze plasma lipid profiles (19, 20). 

The remaining biospecimens represent a resource for future studies.

Selected Exposure Analyses

We obtained data on exposures of interest and on potential confounding variables using the 

structured questionnaires described in eTables 1A and 1B. The exposures of interest 

included chemical and physical exposures associated with residence, workplace or hobbies; 

physical activity; and lifestyle factors, such as diet (see below), alcohol use, smoking, and 

psychological stress. Follow-up questionnaires queried about patients’ exposures since 

previous assessments.

Occupational Exposure Assessment—Occupational history was assessed using a 

semi-structured questionnaire developed by an industrial hygienist (LA). We focused in 

particular on occupational exposures previously thought to be associated with oxidative 

stress and ALS, notably, exposure to lead, pesticides, electromagnetic fields and military 

service. For subjects reporting an occupation thought to be associated with one of these four 

exposures, the questionnaire (1) identified specific agents to which they were most likely 

exposed and (2) assessed the extent and duration of exposures to those agents or factors. 

Interviewers followed a comprehensive and detailed protocol to ascertain characteristics of 

the work environment in which these exposures occurred, using visual aids (ventilation 
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designs, personal protective equipment, etc.) to assist the proper identification of worksite-

specific conditions and exposure-specific questionnaires (such as exposure to lead, 

agricultural chemical, electromagnetic fields, etc.) to estimate the extent and duration of 

exposure.

Assessment of Dietary Variables—To assess diet and specifically macro and micro 

nutrients associated with OS, we used a modification of the Block 2005 Food Frequency 

Questionnaire (FFQ).The modification entailed shortening the questionnaire so completion 

time would be approximately 15-20 minutes. Various brief versions of the original Block 

questionnaire have been validated in several studies (21-24). Our shortened FFQ assessed 

specific intake information, particularly anti-oxidants including multivitamins; antioxidant 

combination vitamins; vitamins A, C, and E; β-carotene; calcium; iron; zinc; and selenium. 

We asked the participants to self-administer the shortened Block FFQ at baseline and at the 

follow up visits (eTable 2). When subjects were unable to self-administer the FFQ, 

caregivers were asked to assist or an interviewer and subject completed the FFQ by phone. 

All completed FFQ forms were scanned by Nutritionquest® (formerly Block Dietary Data 

Systems), a company that designs nutrition questionnaires and provides dietary analysis 

services (25). Nutritionquest® converted FFQ data into average daily nutrient intake 

estimates using a standardized reference nutrient database, provided food-specific intake 

data as well as calculated macro- and micro-nutrient intake.

Assessment of Psychological Factors—Previous literature suggests that perceived 

stress may be associated with OS (26-28). We assessed perceived stress, depressive 

symptoms, and hopelessness, as well as factors which may mitigate the stress experience, 

including quality of life, hope for the future, and positive/negative mood using standardized 

measures. These measures were chosen because they 1) have been successfully used in the 

past with ALS patients (29-31), 2) have standardized norms, 3) are feasible for telephone 

administration, and 4) do not require extensive verbal communication. The content of the 

scales was also chosen to minimize patient fatigue and potential distress. Clinical 

psychologists at Columbia University (JR and MM) selected the instruments and were 

responsible for the assessment and interpretation of these psychological scales (see eTable 

3).

Interview Training and Assisted Interview

The CUCC interviewers administered all interviews by telephone except for the self-

administered dietary questionnaire. The interviewers were fully trained by the investigators 

at Columbia University, who were responsible for specific content areas. The interviews 

were in general limited to one hour, unless the patients wanted to finish during a single call. 

The interviewer monitored the patient's fatigue level and most interviews were divided into 

2 occurrences and occasionally into more.

Depending on the patient's ability to verbally communicate, the spouse, a family member or 

friend was able to assist during the interview. We devised and validated the interview 

method by a study in which 18 non-dysarthric patients were interviewed by a standard 

telephone interview and then re-interviewed with the assistance of a family caregiver. The 
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patients were not allowed to have any verbal or written communication with the family 

member but instead were asked to rely only on head nods, finger signals and other body 

language. We compared responses between the two methods on 98 selected key 

questionnaire items, including occupation, hobbies, physical activities, diet, and health 

issues, and used intraclass correlation statistics and kappa statistics when appropriate. Fifty 

items (51%) showed 100% agreement. Of the remainder, agreement was mostly in the 

moderate to excellent range, kappa = .5 to .9.

Data Management

All data were managed by the Data Coordinating Center (DCC), Mailman School of Public 

Health Biostatistics Department. Clinical assessments, interview questionnaire data, 

biosample collection status, and laboratory results were entered into structured web-based 

data entry screens and transmitted to a central relational database at the DCC. Security of 

web-based data transfer was established using Citrix authentication and encrypted 

transmission. DCC data management procedures have been certified by the Columbia 

University Information Security Office.

Statistical Analyses

We used t-tests and chi square statistics to compare eligible patients who were and were not 

enrolled. The overall study aims were to estimate associations between exposure to factors 

associated with OS and disease progression. For the overall study, we estimated the 

minimum detectable effect size for a sample of 350 patients, given a type 1 error of .01 (to 

be conservative due to the multiple comparisons) and power of 80%. This resulted in a 

minimum detectable correlation of .185 between exposure and outcome.

RESULTS

A total of 355 patients were eligible/enrolled (see below), and 477 potentially eligible/non-

enrolled patients were reported by the sites in the screening logs. There were no differences 

between those enrolled and those not enrolled in demographics, disease duration, EEC 

diagnostic groups, clinical trial participation and use of alternative treatments. At the 

Columbia site only, enrolled patients were referred more by private neurologists and less by 

doctors other than neurologists compared to eligible non-enrolled patients (p = .006). 

However, there were no overall differences in the referral types among the two other groups. 

Regarding insurance coverage, enrolled patients were more likely to have private insurance 

and less likely to be covered by Medicare compared to the non-enrolled eligible group (p = .

003) (Table 5). The most common reasons that potentially eligible patients did not enroll 

were 1) the study was not discussed with the patient (53%), 2) patients refused for other 

reasons (30%), 3) patients were overwhelmed with the diagnosis (8%), and 4) others (9% in 

total), including patients were too sick (3%), too busy (1.3%), off the originally-set monthly 

recruitment deadline (4.3%), and had issues with informed consent (0.4%).

Over the three year recruitment period, we enrolled a total of 358 patients. Of these patients, 

three were disqualified as they were later found to not meet the inclusion criteria, resulting 

in a total of 355 patients. The overall enrollment status is summarized in Figure 2 and 

Mitsumoto et al. Page 7

Amyotroph Lateral Scler Frontotemporal Degener. Author manuscript; available in PMC 2015 January 29.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



suggests a slower subject accrual period in the middle of the study. Site-specific enrollment 

is shown in Figure 3. The Columbia University Coordinating Center (CUCC) was the 

highest enrolling center and already, prior to any other center, enrolled 67 patients, who 

were investigated under the same protocol in an earlier MDA funded study (see above) and 

then subsequently enrolled 72 new patients for the ALS COSMOS study.

The recruitment numbers markedly varied among study sites (Fig 3). The average number of 

all enrolled patients after the recruitment began was 0.5 per month and per active site. To 

further analyze the effects of imbalanced enrollment that may have skewed the data, we 

divided the sites into three groups based on average enrollment number per month: the 

CUCC site, which enrolled on average 2.0 patients per month after recruitment began at 

other sites, 72 patients in total; ‘high’ enroller group, which included 6 sites with an average 

> 0.5 patients per month, 160 patients in total; and ‘low’ enroller group, which included 9 

sites with an average ≤ 0.5 patients per month, 56 patients in total.

The number of eligible/non-enrolled patients and the ratio of enrolled patients are described 

in Table 6. Sex, age, racial and ethnic background and educational attainment were not 

different among sites grouped according to enrollment (Fig 4 and Table 6). Disease 

characteristics are summarized in Table 7. Although no differences were found in disease 

characteristics, such as disease duration, ALSFRS-R, percentage of predicted FVC, and the 

body region of onset, there were significant differences in diagnostic certainty based on the 

EEC among the three enrollment groups with more definitive ALS category at the Columbia 

site.

Discussion

The ALS COSMOS study was not a population-based epidemiological study and thus 

patients who had a very short course of the disease may have not been included. Further, 

although our study showed no enrollment selectivity by age, older patients may have not 

been referred to the ALS Clinic and may have been potentially excluded from center-based 

studies (32, 33). Our study was designed to investigate associations between oxidative stress 

(OS) and ALS disease progression in a multicenter design. Currently, we are investigating 

multiple risk factors in the life course environment, including environmental, occupational, 

lifestyle, dietary, and psychological factors (1). To find a cause and pathogenesis of ALS, 

more well-designed, in-depth epidemiologic studies are needed (34). Table 8 lists recent 

major epidemiologic studies, showing highly diverse studies focused on many different 

patient populations and objectives. Although population-based studies provide the best 

quality data for many questions, such studies are more difficult to conduct in the US than in 

European countries because of its distributed healthcare system (35). The National ALS 

Registry, which has been established in the US, aims to develop a population-based study in 

the future (36). Multicenter-based studies are clearly an alternative way to study a large 

number of ALS patients for epidemiologic investigations.

While an attractive and well-thought-out design is essential in highly innovative 

epidemiologic studies, effective patient recruitment is equally critical. Although our study 

was successful in reaching beyond its goal of the 350 patients required for statistical power, 
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the study faced major challenges in enrollment. In fact, extensive recruitment efforts were 

made, including newsletters to patients and study sites and continuing encouragement to 

enrolling sites. Despite these efforts, it took three years to reach our target recruitment goal. 

To attain this goal, we modified the original protocol by extending the enrollment period 

(originally 2 years) and adding 5 additional clinical sites. After the first year, there was a 

substantial slowdown in enrollment, which coincided with large multicenter trials, as shown 

in Figure 2. Other factors that made recruitment a challenge include: 1) the design of the 

study, which requires many visits, and multiple outcome measures; these may have been 

perceived as burdensome not only by the patients but also by the site teams; 2) the 

observational nature of the study (as opposed to a clinical trial) possibly resulted in a 

perception of less potential benefits for patients and their clinicians. Prior analyses in 

clinical trials have not shown trial design factors to be significant determinants of enrollment 

(37). Furthermore, prior work suggests that “patient factors” and “doctor factors” are more 

important determinants of enrollment, at least in clinical trials (38). Patient factors include 

perceived fear of unexpected costs. This may relate to the one statistically significant 

difference in demographics between enrolled and potentially eligible, non-enrolled patients, 

i.e. insurance coverage, where subjects with privately purchased health insurance were more 

likely to enroll. Doctor factors may have contributed to our enrollment as 1) there was a 

large variation in the enrollment rate among sites, and 2) the main reason for eligible 

patients not enrolling was the fact that the study was not offered to them. Timely recruitment 

is crucial particularly in Federally-funded research. Our experience suggests a serious need 

to investigate and improve patient enrollment.

It is important to ensure that enrolled patients represent the eligible patient base in each 

study site. Other than the difference in insurance coverage, demographic, disease duration 

(symptom onset to the diagnosis), and disease characteristics were comparable for non-

enrolled eligible and enrolled patient populations. Further, among enrolled patients, although 

the diagnostic certainty based on magnitude of enrollment, there were no differences in 

demographic and disease characteristics. Thus, it is fair to say that our study likely 

represents the patient population. For the factors that did vary as a function of enrollment 

status and site, we will determine whether these selection factors are potential confounders 

of the effects that emerge from the analyses that we will conduct at the completion of the 

study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
This is a multicenter design consisting of 16 ALS clinic study sites. The distribution of sites 

is fairly evenly dispersed throughout the Unites States.
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Figure 2. 
The overall enrollment performance is demonstrated. The anticipated target was 350 patients 

(broken line). The Columbia University Coordinating Center enrolled 67 live patients from 

an earlier study, who agreed to participate in this study, and also began recruiting patients 

before other sites. Actual enrollment (solid line) showed a clear slowdown in the middle of 

the enrollment period, to 4.5 patients per month. Although the ceftriaxone clinical trial 

continued their enrollment throughout most of the COSMOS study, other clinical trials 

enrolled in the middle of the COSMOS study, perhaps one of the reasons why enrollment 

slowed down. TL: talampanel, NP: NP9001, DX: dexpramipexole, CK: CK2017357
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Figure 3. 
The Columbia site had two patient populations composed of C1, an earlier MDA study (67 

patients), and C2, usual recruitment based on the current NIH ALS COSMOS study.
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Figure 4. 
Mean age for males was 59.7 ± 10.8 years (median=60.3 years) and 63.2 ± 9.2 years 

(median=64.3 years) for females.
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Table 1

Inclusion and Exclusion Criteria.

Inclusion Criteria:

• Disease duration of 18 months or less after symptom onset.

• At least age 20 years and older.

• A reliable family caregiver who gives independent Informed Consent for providing the information from structured interviews.

• English fluency due to intensive structured interviews and diet questionnaires

• The capacity to consent (by performing a capacity assessment (39), i.e. patient able to understand and sign the Informed Consent approved by 
the IRB at each study site and also sign the form for HIPAA regulations.

• Willing to return to the site for follow-up examinations.

Exclusion Criteria:

• Familial ALS (fALS) based on a clear history of disease in first-degree relatives or a positive fALS molecular test results, such as SOD1 or 
C9ORF72 mutations.

• Already participating in clinical trials prior to enrollment. Those who participate in a trial after enrollment in this study remain eligible for 
follow up.

• Major active neurological diseases other than ALS or a history of major neurological diseases.

• Major unstable medical diseases that require active medical treatment (e.g., active cancer, dialysis) in the past 6 months.
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Table 2

Procedure Schedule at Individual Sites and the Columbia University Coordinating Center Coordinating Center 

(CUCC).

Study Activity Month 0 Baseline 3 6 12 18 24 End 30

Done at individual study sites

Eligibility X

Informed Consent X

Medical Evaluation & Assessment X X X X X X

Physical Exam X X

Neurological Exam X X

Cognitive Screening X X

Forced Vital Capacity X X X X X X

ALSFRS-R X X X X X X

Blood and urine X X X X X X

Drug list X X X X X X

Final Survival X

Web-based data entry X X X X X X X

Done by the CUCC

Baseline interview X

Follow up interview X X X X X

Brief FFQ X X X X

Psychological interview X X X X X X
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Table 3

Description of Case Enrollment and Ascertainment Data Collection.

Items Number of Items Administered

Subject initials 1

Capacity Assessment Record 13

Case Eligibility Form 12

Enrollment Form 4

ALS Center physician 1

Date of birth 1

Date of enrollment 1

Date of diagnosis 1

Date of symptom onset 1

Duration between symptom onset and enrollment 1

Anatomical region of onset 1

LMN and UMN Signs 54

Diagnostic Testing 5

Familial ALS 6

Atypical Features 4

Disease Progression 2

Diagnostic Certainty 1

PLS or PMA 1

Total items (exam or question) 110
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Table 4

University of California San Francisco (UCSF) Cognitive Test Battery for Fronto-Temporal Dementia (FTD).

1) ALS Cognitive Behavioral Screen (ALS-CBS) (16)

    a. Patient's portion

    b. Caregiver's portion

2) Either the Abrahams phonemic verbal fluency or the Controlled Oral Word Association Test (to be used in place of the Written Verbal 
Fluency Test if significant hand weakness is present) (40)

3) Frontal Behavioral Inventory (FBI) (41) –Caregiver only.

4) Center for Neurological Study (CNS) Lability Scale (42)
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Table 5

Differences in Insurance Coverage between Eligible and Enrolled Patients.

Insurance type Eligible and non-enrolled (n=477) Eligible and enrolled (n=354
1
)

Private insurance
2 51% 64%

Medicare 42% 29%

Medicaid 2% 2%

Veterans Affairs 1% 1%

No insurance 2% 1%

Unknown 2% 3%

1
Screening data was missing for one.

2
Private insurance includes Workers' compensation, Union, and individual insurances.
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Table 6

Demographic Characteristics of Enrolled Patients by Sites Defined by Number of Enrolled Subjects.

CUCC (n=139) High Enroller (n=160) Low Enroller (n=56) Total (n=355)

Eligible/non-enrolled patients 249 110 118 477

Percentage of enrolled patients among all 
eligible patients

34% 59% 32% 43%

Male:Female (%) 58:42 61:39 61:39 60:40

Age (mean±s.d.) 62±10 60±11 61±9 61±10 (Range: 27 - 
90)

Race

    White 85% 92% 89% 88%

    African American 6% 4% 6% 6%

    Asian 4% 1% 0% 2%

    Others 4% 3% 6% 4%

Ethnicity Hispanic/Latino Educational 5% 2% 6% 4%

    Less than high school 3% 5% 0% 3%

    High school or GED 23% 19% 23% 21%

    Some college, AA or technical college 23% 32% 32% 28%

    4-year college 25% 25% 25% 25%

    Masters, doctorate or higher 26% 20% 21% 22%

CUCC: Columbia University Coordinating Center. GED: general education development. AA: Associate of Art. There are no differences in the 
demographic features among the 3 enrolling groups of sites.
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Table 7

Disease Characteristics of Enrolled Patients.

CUCC (n=139) High Enroller (n=160) Low Enroller (n=56) Total (n=355) Comments

Disease duration (months) 11.6±4.8 11.5±4.4 11.3± 4.9 11.5±4.6 Symptom onset to 
enrollment

ALSFRS-R 36±6 36±7 37±6 36±7 Range (7-47)

FVC% of expected 79±22 82±22 75±23 80±23 Rage (20-138)

Region of onset B (31%) B (28%) B (39%) B (31%)

C (33%) C (39%) C (25%) C (35%)

LS (35%) LS (30%) LS (30%) LS (32%)

Others (1%) Others (3%) Others (5%) Others (3%)

EEC Criteria Chi-square

    Possible
39%

* 20% 20% 27% (P<0.001)

    Probable 47% 37% 34% 40%

    Definite
4%

* 40% 45%
27%

*

    PMA
9%

* 3% 2% 5%

    PUMND 1% 1% 0% 1%

CUCC: Columbia University Coordinating Center - high enroller site.

*
indicating the diagnostic categories leading to key differences in the diagnosis group. ALSFRS-R: ALS Functional Rating Scale-Revised. FVC: 

forced vital capacity. EEC: El Escorial Criteria. PMA: lower motor neuron type. PUMND: pure upper motor neuron disease
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Table 8

Recent Epidemiologic Studies in ALS.

Studies (the first 
author)

Location of the study ALS Patient # Study Design Study Objectives

Kamel 2002 (43)
Chen 2007 (44)
Fang 2009 (45)

Boston, MA 109 Two center-based studies, 
CCS

Risk: self-reported 
occupational exposure to 
smoking, and head trauma. 
Lead exposure study

Sorenson 2002 (46)
Mateen 2010 (47)

Olmsted County, MN 94 PB Incidence, long surviving 
cases

Horner 2003 (48) USA 107 Military population Incidence and risks

Weisskopf 2004 (49)
Wang 2011 (50)
Ascherio 2005 (51)
Weisskopf 2005 (52)

USA
1 621 deaths or 832 

patients
Cohort studies (see below) 
and Military service-
subpopulation

Incidence; risks: cigarette 
smoking; Vitamin E; and 
military service

Abhinav 2007 (53)
Johnston 2006 (54)

South-East England 138 PB Incidence and prevalence

Popat 2006 (55)& 2007 
(56)

Northern California, USA 111 (65 female) Kaiser Permanente patient-
based, CCS

Risks: reproductive factors 
and postmenopausal hormone 
(female only); NSAID effects

Forbes 2007 (57) Scotland 1222 PB Incidence and ascertainment 
of ALS

Chio 2009 (58) Italy 7 Professional soccer players 
(n=7325)

Risks: soccer players

Atsuta 2009 (59) Japan 3428 (prevalent) ALS Registration Cross-sectional overview, 
Tracheostomy invasive 
ventilator

Zaldivar 2009 (60) Cuba 433 Central Mortality Statistics Mortality rate in different 
Hispanic populations

O'Toole 2008 (61)
Yeo 2010 (62)
Phukan 2011 (63)

Ireland
2 465 or 398 deaths PB, Death certificate based 

and CCS
Incidence, survival, 
demographic and clinical 
features, co-morbid dementia 
occurrences

Donaghy 2009 (64) & 
2010 (65) Ireland

3 109 PB Incidence

Hanby 2011 (66) UK 1502 Center-based ALS risks in siblings and 
offspring

Huisman 2011 (67)
de Jong 2012 (68)

Netherlands 1128 (incident) 
and 833 
(prevalent)

PB, PB and OOS Incidence, prevalence, and 
disease characteristics, 
current smoking, alcohol 
consumption

Beghi 2007 (69) Lombardi, Italy 517 PB Incidence

Sabatelli 2012 (70) Italy 1757
ITALSGEN

4
, PB, OOS

C9ORF72 mutations

Ohio 2012 (71)
Ohio 2012 (72)
Ohio 2010 (73)
Ohio 2011 (74)

Italy 1332
PARALS

5
, PB

Risks: genetic mutations 
Non-invasive ventilation & 
tracheostomy Phenotypic 
heterogeneity

Logroscino 2010 (75) Ireland, UK, Italy 1028 PB Incidence

This is not an exhaustive list of epidemiologic studies and is limited to ‘classical’ ALS cases and studies published after 2000, cases studied 
involved were at least ~100. Endemic ALS cases are not included. A number of studies derived from one clearly identifiable study population were 
collapsed into one group. The number of patients varies depending on the study purpose (please refer to the references).

Other abbreviations: OOS=case-control study; PB=population-based; NSAID=nonsteroidal anti-inflammatory drugs.
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1
American Cancer Society's Cancer Prevention Study II (OPS II), Nurses' Health Study (NHS), Health Professionals Follow-up Study (HPFS), 

Multiethnic Cohort (MEO), NIH-American Association of Retired Persons Diet and Health Study (AARP-DH)

2
The Irish ALS Register

3
Registers of Northern Ireland (NI) and the Republic of Ireland (ROI)

4
Italian ALS Genetic Oonsortium (ITALSGEN)

5
Piemonte and Valle d'Aosta Register for ALS (PARALS).
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