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Abstract

Background: Few well-established factors are associated with risk of amyotrophic lateral 

sclerosis (ALS). We comprehensively evaluate prescription drugs use in administrative health 

claims from U.S. Medicare beneficiaries in relation to ALS risk to generate hypotheses for further 

research.

Methods: This is a population-based case–control study of 10,450 U.S. Medicare participants 

(ages 66–89 years) diagnosed with ALS, based on Medicare Parts A and B fee-for-service claims, 

between 1 January 2008, and 31 December 2014, and 104,500 controls (1:10 ratio) frequency-

matched on age, sex, and selection year. Odds ratios (ORs) for the ALS association with 685 

prescription drugs were estimated using logistic regression models for both a one- and three-year 

lag period. Covariates included demographic characteristics and key comorbidities, among other 

factors. Prescription drug use was based on Medicare Part D claims. We adjusted for multiple 

comparisons using a Bonferroni correction. Additional a priori analyses of sex hormone drugs 

were also undertaken.
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Results: In the large drug screen, we found 10 drugs significantly associated with lower ALS 

risk after the multiple-testing correction in a one-year and three-year lag analysis. These included 

several drugs for hypertension, diabetes, and cardiovascular disease. In a separate a priori inquiry 

of sex hormone drugs, tamoxifen was related to lower ALS risk, and testosterone to a higher risk 

in women.

Conclusions: These associations warrant replication in databases that include information on 

the severity and duration of medical conditions underlying drug use, and drug use over a longer 

portion of individuals’ lifespans, to further help evaluate confounding by indication.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a rapidly progressive fatal neurodegenerative disease; 

about one-half of patients die within two to three years of symptom onset (1,2). ALS is most 

common among persons over age 60 and 90–95% of cases are considered sporadic, rather 

than familial, in origin (3). Although much has been learned about genetic mutations linked 

to ALS risk, the causal pathophysiologic mechanisms are poorly understood (4,5).

Only two drugs, riluzole (anti-glutamatergic, among other functions) and edaravone (free 

radical scavenger), have been approved by the US Food and Drug Administration for 

ALS treatment, but both only modestly affect survival (5). Absent effective treatments, 

identifying new factors, including medications that might influence disease incidence and 

progression, is important. One cost-effective approach is to investigate drugs approved for 

other indications. Unintended effects of marketed medications may include an elevated or 

decreased ALS risk. When risk is lower, this approach may lead to “repurposing” drugs and 

is especially attractive for rare diseases such as ALS (6). This strategy was also highlighted 

in a 2011 neurologic meeting as an approach to herald an advanced therapeutic era for ALS 

(1).

Few studies have investigated the impact of drugs on the risk of ALS incidence. We recently 

showed that statin use was related to a lower ALS risk in a Medicare population (7). 

However, many drugs approved for other medical conditions have not been investigated. 

We therefore conducted this hypothesis-generating investigation to identify approved 

prescription drugs that may be related to ALS risk. Here, we use claims data from Medicare 

patients across the U.S. from 2006 to 2014 to assess associations between a wide range of 

prescription medications and risk of ALS.

Materials and methods

Overview

Medicare is a U.S. federal insurance program for those aged 65 and older; it covers 97% of 

the age-eligible population. The program offers all participants inpatient care, Part A, and 
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95% of participants elect to subscribe to Part B (physician and other outpatient services). 

Since 2006, enrollees could subscribe to Part D, the Medicare Prescription Drug Plan.

ALS case identification

ALS case selection was based on International Classification of Diseases (ICD), 9th 

Revision Code 335.20. ALS cases were required to have one hospital claim or ≥2 outpatient/

health professional claims at least 30 days apart between 1 January 2008, and 31 December 

2014 (hospital claims are more thoroughly audited for accuracy) (8). Cases were restricted 

to those with a first ALS claim (the selection date) between ages 66 through 89. Those aged 

≥90 years were excluded because of potential under-diagnosis of ALS.

Additionally, we required cases have 13 months participation in Parts A, B (not in a health 

maintenance organization (HMO)), and D prior to the selection date. HMO coverage was not 

counted because Medicare does not receive HMO claims (8).

Control identification

Ten controls per case were randomly selected, frequency-matched on sex, calendar year 

of case selection (2008, 2009, …, 2014) and age group at diagnosis/selection (66–<70; 

70–<75; 75–<80; 80–<85; 85–<90 years). Individuals were ineligible to be selected as a 

control in or after any year in which they had an ICD 335.20 claim by 30th June of that year. 

Thirty controls later became cases (0.29% of cases). Controls were assigned 30th June as the 

selection date for the relevant selection year. Although controls could be sampled multiple 

times, only 0.25% were selected twice. Like cases, controls were required to have 13 months 

participation in Parts A/B (non-HMO) and D before selection. Finally, we required controls 

to have 1+ claims before their selection date to ensure minimum Medicare participation.

Ascertainment of medications

Drug use was based on Medicare Part D prescription claims data. Individuals were 

considered to have used a medication if they had ≥2 prescriptions on different days, both 

filled ≥one year before the selection date. Drugs were included in the analysis if they were 

used by ≥10 individuals (cases and controls) in the selected sample.

Ascertainment of covariates

We controlled for the matching factors, race, indicators of socio-economic status, Medicare 

use, selected comorbidities, obesity and chronic obstructive pulmonary disease (COPD) 

as a surrogate for smoking (9). Race/ethnicity was derived from the Research Triangle 

Institute algorithm (10). We used two indicators of socio-economic status: “LIS”, identifying 

participants receiving low-income subsidies, and “Medicaid”, identifying participants using 

a US medical assistance program for poverty. Medical comorbidities identified by Part B 

claims using ICD 9 codes (restricted to claims at ages ≥65 years, between 1 January 2006, 

and one year before selection) were dyslipidemia (272); diabetes (250); stroke (434.91); 

renal disease (585); hypertension (401); acute myocardial infarction (410); and COPD (490, 

491, 492, 494, 496). Obesity was derived from the Chronic Conditions Data Warehouse 

obesity definition, based on both diagnostic and procedural codes (including V85.3 and 

V85.4). To account for medical surveillance intensity, we calculated the average number 
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of physician visits for six-month intervals between 2006 and selection, omitting the first 

and last interval. We excluded claims from specialists with limited patient contact (i.e. 

radiologists, anesthesiologists, and pathologists).

Statistical analyses

We estimated odds ratios (ORs) and 95% confidence intervals (CIs) for the relationship 

between prescription drugs and ALS risk using adjusted logistic regression models. Because 

it was so rare, we did not account for multiple control selection. Fully adjusted models 

included: drug use (ever/ never); sex; age; race; calendar year of selection; duration 

of Part D coverage prior to selection date (quintiles; ≤30; 31–42; 43–54; 55–78; ≥79 

months); Medicare LIS (ever/never); Medicaid (ever/never); comorbidities (dyslipidemia, 

diabetes, stroke, renal disease, hypertension, acute myocardial infarction, obesity, COPD), 

and physician visits per six-month period (quintiles, cutpoints: 0.75; 2.06; 3.55; 5.92 visits).

We present a one-year lag (lag1) to maximize generalizability, since longer lag periods select 

for an older study population, and a three-year lagged (lag3) analysis, to check for reverse 

causation bias, as ALS has a median survival of 2–3 years from symptom onset (11). In 

interpreting the results, we focus on those drugs that showed associations at lag1 and lag3.

In the lag1 analysis, we tested ALS associations with 772 drugs, and for lag3, 677 drugs 

were included. However, logistic models only converged for 685 drugs in lag1 and for 590 

drugs in lag3. The lag3 drugs were mostly a subset of lag1 drugs.

In evaluating statistical significance, we adjusted for multiple testing by using a Bonferroni 

correction that divided the nominal significance level of 0.05 by the number of drugs that 

were tested in the lag1 analysis (n=685), resulting in a p-value threshold of 7.30(10−5), the 

“corrected p-value threshold”.

Because the list of drugs tested is so extensive, the main table only presents associations for 

drugs with a p-value of ≤0.005 in either the lag1 or lag3 analysis. Supplementary e-Table 

1 provides the complete list of drugs analyzed for both lagged periods. We also present 

sex-stratified associations for sex hormonal drugs (e.g. testosterone, estrogen), because some 

studies suggest that sex hormones may play a role in ALS pathogenesis (12). Because of the 

a priori hypothesized associations between hormones and ALS, the conventional p<0.05 was 

applied to these analyses to assess statistical significance.

To further address potential confounding, we also present associations organized by drug 

categories based on the general medical condition for which the drugs are prescribed (e.g. 

diabetes, hypertension). This can facilitate hypothesis generation about drugs with disparate 

relationships to ALS within a drug category, along with the medical conditions underlying 

the drug prescription.

This study’s use of de-identified Medicare claims was exempt from review by an 

Institutional Review Board.
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Results

We identified 10,450 ALS cases diagnosed between 1 January 2008, and 31 December 

2014, and 104,500 controls. The median age at diagnosis was 74 years, and 51% of these 

cases/controls were female (Table 1). The median number of months of Part D coverage was 

similar in cases and controls (49 vs 50 months). The distributions of other characteristics by 

case–control status are presented in Table 1. The three-year lag analysis included 7891 cases 

and 78,794 controls.

Table 2 presents results for 90 drugs, organized by drug category, that showed an association 

with ALS risk at a p-value of <0.005 for either the lag1 or lag3 analysis. Figure 1 depicts 

the ORs for associations and corresponding p-values for five main categories of drugs 

(antibiotics, antidiabetics, anti-hyperlipidemic, antihypertensive, other cardiovascular (CVD) 

drugs).

Three of the eight antibiotic medications—amoxicillin, cephalexin, and azithromycin—were 

significantly associated (multiple-testing corrected) with lower ALS risk at lag1; only 

azithromycin showed associations at both lag periods. All eight drugs showed a 10–20% 

lower ALS risk in both lag periods (Table 2; Figure 1).

None of the four anti-ulcer medications were associated at both lags. Only omeprazole was 

statistically significant (multiple-testing corrected) at lag3 with a reduced risk (~20–25%) 

similar to other antiulcer drugs (Table 2).

One of the three corticosteroids, methyprednisolone was statistically significant (multiple-

testing corrected) at lag3. It was related to lower ALS risk, and showed declining risk from 

lag1 to lag3.

All anti-hyperlipidemic drugs (five statin or statin combination drugs and one fibrate) were 

related to lower ALS risk at both lag times. However, only simvastatin was statistically 

significant (multiple-testing corrected) at lag1, with similar lag1 and lag3 risk magnitudes 

(OR = 0.89 and OR = 0.88, respectively) (Table 2; Figure 1). Risks generally declined from 

lag1 to lag3 in all.

The group of 15 antihypertensive drugs included beta blockers (BBs), calcium 

channel blockers (CCBs), angiotensin-converting enzyme (ACE) inhibitors, diuretics, and 

angiotensin2 receptor blockers (A2RBs). Four drugs were significantly (multiple-testing 

corrected) associated with lower ALS risk at both lag times: amlodipine (CCB), furosemide 

(diuretic), lisinopril (ACE), and metoprolol (BB). Risks at lag3 ranged from OR = 0.75 for 

furosemide to OR= 0.88 for lisinopril and OR = 0.85 for amlodipine (Figure 1). Carvedilol 

showed a significantly reduced risk (OR = 0.74) only in the lag1 analysis, but with a similar 

lag3 OR magnitude (OR = 0.77). Risks largely declined from lag1 to lag3.

In a “miscellaneous” category of 10 CVD drugs, three (clopidogrel, digoxin, warfarin) were 

significantly associated (multiple-testing corrected) at lag3, and digoxin and warfarin at lag1 

as well, both with 20–30% lower risks at the two lags (Table 2; Figure 1). Most drugs in that 

category followed a similar pattern, though the risks were not quite as low.
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All 11 diabetes drugs in Table 2 were related to lower ALS risks (Figure 1), but only human 

recombinant glucagon was statistically significant at both lags (multiple-testing corrected), 

with ~25% reduced ALS risks.

All six drugs in the central nervous system group showed elevated risks for ALS at lag1, 

with statistically associations for baclofen and carbidopa/levodopa. For all drugs besides 

gabapentin, the magnitude of the adverse association declined between lag1 and lag3, and 

remained statistically significant only for baclofen, an anti-spasticity drug.

Pyridostigmine was associated with a strongly increased ALS risk at lag1 (OR= 4.45), but 

the association was weaker and no longer significant at lag3 (Table 2).

In a miscellaneous drug category, potassium chloride was significantly associated with 

reduced ALS risk (multiple-testing corrected) at both lag-times. Immune globulin, γ-

caprylate had a highly elevated risk in lag1, but the model did not converge at lag3 (Table 2).

No drugs were statistically significant in the groupings of analgesics, anti-asthma 

medications, anti-muscarinic medications, and psychiatric drugs (Table 2).

Table 3 presents sex-stratified associations at lag1 and lag3 for male and female hormones. 

As noted in Methods, statistical significance for this group with a priori hypotheses refers 

to p<0.05. Among the estrogen associations we analyzed, tamoxifen, a selective estrogen 

receptor modulator (SERM), was significant at both lags, with OR = 0.62 (p=0.011) for 

lag1 and OR = 0.61(p=0.04) for lag3. In contrast, another SERM, raloxifene, was unrelated 

to ALS risk. In women, testosterone had an OR = 3.93 (p=0.002) at lag1, and OR = 4.92 

(p=0.003) at lag3. In men, testosterone was linked to a modestly increased risk only at lag1.

Discussion

In this Medicare study of nearly 700 drugs approved for various medical conditions, we 

found 10 drugs significantly associated with risk of ALS incidence after correcting for 

multiple comparisons at both, a one and a three-year lagged analysis. Nine drugs from 

five different categories were significantly associated with decreased ALS risk. These 

associations were generally more inverse in the longer lag period, evidence against a 

reverse causation bias. The drug associated with significantly elevated ALS risk, baclofen, is 

prescribed for spasticity and showed a lessening risk with longer lag time, consistent with a 

reverse causation bias. Thus, rather than the drug elevating risk, it may have been prescribed 

in response to early symptoms of yet undiagnosed ALS. There were also some significant 

associations with sex hormone drugs tested as a priori hypotheses.

Confounding by indication could, however, influence these findings. Within each drug 

category defined by underlying medical conditions, more than one drug frequently met the 

corrected statistical threshold, and there were other medications inversely associated with 

ALS to the same degree, even though not statistically significant. Thus, one cannot easily 

discern whether the associations are due to the drugs or the medical conditions underlying 

the prescriptions. Antidiabetes medications illustrate this problem. In Table 2, all 11 diabetes 

drugs were inversely related to ALS risk, one significantly. It is not possible to disentangle 
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if the reduced risks relate to the physiological conditions associated with diabetes or the 

medications prescribed for it. Several studies suggest that diabetes or metabolic syndrome 

is associated with lower ALS risk among older populations (13–15) or overall (16), but 

did not adjust for drug use in their models, so these associations are ambiguous as well. 

That we could control for medical conditions on a yes/no basis is insufficient to distinguish 

clearly between drug use and the prescribing condition, when virtually all drug users have 

the underlying condition.

The same issue, confounding by indication, may arise for the antihyperlipidemic drugs 

in Table 2. Although all antihyperlipidemic drugs were associated with lower ALS risk, 

Simvastatin use was the only statistically significantly associated drug in that class, 

likely due to larger numbers than all other antihyperlipidemic drug. Two recent studies 

found that hyperlipidemia was associated with increased ALS risk using Mendelian 

randomization techniques (17,18), which was confirmed in our case–control population 

by a higher prevalence of dyslipidemia in cases compared to controls. The fact that the 

antihyperlipidemic drugs were associated with lower ALS risk, whereas hyperlipidemia 

appears to be positively related to ALS makes it unlikely that hyperlipidemia accounts for 

the inverse associations with antihyperlipidemic drugs. Additional evidence is provided by 

data presented using the same population from a previous publication (Table 4(e); 7), that 

indicate that the overall association of statins is protective both in those with and those 

without hyperlipidemia.

Future studies that account for duration and severity of the underlying medical conditions, 

as well as intensity of medication use over the treatment period may help elucidate the 

contribution of drugs and conditions to observed associations.

Despite these difficulties, we note several findings that are supported by experimental or 

other studies. The antibiotic azithromycin in conjunction with another compound, extended 

survival (beyond that expected from the other compound alone) in an animal model for 

spinal muscular atrophy, another motor neuron disease (19). Prior evidence supports the role 

of ACE inhibitors as modulators of neurodegenerative disorders (20). In our study, an ACE 

inhibitor, lisinopril, was significantly associated with lower ALS risk. A population-based 

case–control study in Taiwan also found that ACE inhibitors taken over several years were 

related to lower ALS risk (21).

Peroxisome proliferator-activated receptor (PPAR) γ-agonists have also shown promise as 

neuroprotective agents for Alzheimer’s disease, Parkinson’s disease, and ALS (22–24). 

Here, PPAR γ-agonists, including pioglitazone, rosiglitazone, and the PPAR α-agonist, 

fenofibrate, were suggestively inversely related to ALS.

In addition to exploring nearly 700 drugs, we also hypothesized a priori relationships 

between sex hormones and ALS risk. Prior evidence suggests that estrogens may protect 

against ALS. Experimental research supports a role for estrogens in promoting neuronal 

survival and recovery (25). A recent epidemiologic study showed some exogenous estrogens 

and progestogens were related to reduced risk (26). In an animal ALS model ovariectomized 

female mice had earlier disease onset (27). Also, males generally have higher sporadic 
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ALS incidence (2). While we did not observe inverse associations with female hormones or 

estrogenic drugs generally, one SERM, tamoxifen, was related to reduced risk. Although a 

clinical trial found that higher tamoxifen doses extended survival after ALS onset (28), to 

our knowledge, no study examined tamoxifen in relation to incident risk. However, there 

was no relationship between ALS and raloxifene, another SERM hypothesized to have 

therapeutic neuroprotective effects (29).

While some evidence points to a neuroprotective role of testosterone (25), the higher 

ALS incidence in men (3), and a study showing higher testosterone levels in women with 

ALS compared to controls (30), suggest that male hormones may increase risk. We found 

testosterone use related to elevated risk, particularly in women, with a stronger association in 

lag3, supporting a causal relationship.

Strengths of this study include the large number of ALS cases (more than 10-fold 

larger than any other study), using incident cases identified by physician and hospital 

visits; the population-based, nationwide design; multiple races/ethnicities; and adjusting for 

surveillance intensity and underlying conditions. Due to the large numbers of cases, we 

could investigate drugs that are rarely used, such as testosterone in women. We applied a 

strict multiple-testing adjustment, and of note, an even stricter adjustment for the number 

of both lag1 and lag3 tests combined, would still lead to the same conclusions, as only 

two drugs, lisinopril and glucagon, human recombinant, would not be significant using the 

stricter threshold.

One limitation is the restriction of the study population to those aged 66+ years, when 

the median age of onset is somewhat younger (31). Other limitations include reliance 

on administrative data and thus an inability to apply clinical criteria such as the Airlie 

House diagnostic criteria, to identify cases. However, these criteria have been found to 

be too restrictive (32), and when we previously defined ALS cases more conservatively, 

associations of ALS risk with statins use did not change (7).

Using administrative data also leads to missing information on covariates such as fitness, 

and inadequately defined factors, including obesity and smoking. BMI has been negatively 

related to ALS while smoking probably increases ALS risk (33). Because both smoking 

and BMI are important risk factors for cardiovascular disease, and BMI is a risk factor for 

diabetes, smoking and BMI are likely positively related to drug prescriptions intended to 

treat these medical conditions. Our limited ability to adjust for BMI could thus potentially 

have contributed to the negative association we observed with several drugs. In contrast, 

because smoking increases ALS risk (assuming it is related to risk), inadequately controlling 

for smoking would not have contributed to the inverse relationships that we observed for 

many drugs.

Another potential limitation is that individuals signing up for part D coverage could do so 

because of preexisting conditions requiring medications, and thus, our controls could be 

enriched by those with diabetes or cardiovascular diseases. However, both ALS cases and 

controls had similar durations of Medicare Part D coverage before selection, and ALS cases 
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would have had to enroll due to ALS-related clinical symptoms, which seem unlikely to 

have been present 3+ years before diagnosis.

In summary, in this exploratory study of nearly 700 drugs using nationwide Medicare data, 

nine drugs were significantly associated with lower ALS risk at both, a one-year and a 

three-year lag, after a strict multiple-testing correction. In a focused inquiry of sex hormone 

drugs, tamoxifen was related to lower and testosterone, to higher ALS risk in women. Future 

studies able to adjust more fully for BMI and other possible confounders should replicate 

our findings on the associations of the identified drugs with ALS risk and possibly examine 

their associations also in relation to duration and intensity of medication use and medical 

conditions.
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Figure 1. 
p-values of association and corresponding odds ratios (ORs) for various drug categories. The 

horizontal line corresponds to the multiple testing corrected p-value threshold.
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