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The effectiveness of nonsteroidal
anti-inflammatory drugs

and acetaminophen in reduce
the risk of amyotrophic lateral
sclerosis? A meta-analysis

Min Cheol Chang?, Sang Gyu Kwak?, Jin-Sung Park?® & Donghwi Park**

To test the hypothesis that aspirin, non-aspirin nonsteroidal anti-infammatory drugs (NA-NSAIDs),
or acetaminophen can reduce the risk of ALS, we conducted a systematic review and meta-analysis of
related previous studies. A comprehensive search was conducted on the PubMed, Embase, Cochrane
Library and SCOPUS databases. It included studies published up to 29 February 2020 that fulfilled
our inclusion criteria. Aspirin, acetaminophen and NA-NSAIDs use information, between the ALS and
control groups, was collected for the meta-analysis. Rates of aspirin, NA-NSAID, and acetaminophen
use in ALS group, compared with control group were investigated. In the results, only three studies
that relate the risk of ALS to aspirin, NA-NSAIDs and acetaminophen use satisfied the inclusion
criteria for the meta-analysis. Regarding aspirin, the studies did not show any statistically significant
difference in aspirin use between the ALS and control groups (Odds ratio, 1.04 [95% confidence
interval, 0.90-1.21]). NA-NSAIDs and acetaminophen use, however, did show up statistically
significant differences in between the ALS and control groups. (Odds ratio, 0.82 [95% confidence
interval, 0.73-0.91]) and (Odds ratio, 0.80 [95% confidence interval, 0.69-0.93]). However, our study
has some limitations. Firstly, we only included a small number of studies. Secondly, the included
studies did not control for past medical history, which may have confounded their results, and in
turn, could have caused bias in our study. Thirdly, in this meta-analysis, the ALS patients were not
subdivided into sporadic or familial type. Lastly, the studies also did not consider the types of NSAIDs
and dosages used of each drug. For more convincing evidence regarding the effectiveness of aspirin,
NA-NSAIDs and acetaminophen to reduce the risk of ALS occurrence, more qualified prospective
studies are required. In conclusion, the use of NA-NSAIDs and acetaminophen is associated with

a decreased risk for the development of ALS. In contrast, aspirin did not have any effect on the
reduction of the risk of ALS occurrence.

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disorder that affects the motor neurons in
the spinal cord, brainstem and cerebral cortex, and which eventually leads to fatality"2 Patients diagnosed with
ALS show gradual-onset, progressive muscle weakness and atrophy’. As ALS progresses the respiratory muscles
are eventually involved and this leads to respiratory failure and death**. Although the course of progression
can vary, the prognosis for most patients with ALS is extremely poor. The median survival time from onset of
clinical signs to death is only 20 to 48 months®. A small percentage, about 10% of patients, diagnosed with ALS
survive for more than 10 years after the disease onset’. Bulbar onset and advanced age specifically are reported to

!Department of Rehabilitation Medicine, College of Medicine, Yeungnam University, Daegu, Republic of
Korea. 2Department of Medical Statistics, College of Medicine, Catholic University of Daegu, Daegu, Republic
of Korea. 3Department of Neurology, School of Medicine, Kyungpook National University, Kyungpook National
University Chilgok Hospital, Daegu, Republic of Korea. “Department of Physical Medicine and Rehabilitation, Ulsan
University Hospital, University of Ulsan College of Medicine, 877, Bangeojinsunghwndo-ro, Dong-gu, Ulsan 44033,
Republic of Korea. *email: bdome@hanmail.net

SCIENTIFICREPORTS |  (2020) 10:14759 | https://doi.org/10.1038/s41598-020-71813-1


http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-020-71813-1&domain=pdf

www.nature.com/scientificreports/

have a very poor prognosis®. Researchers have attempted to develop disease-modifying medications, but to date
the results have not been favorable. Only a few medications, such as riluzole and edaravone, are known to have
the potential to improve the patient’s quality of life, as well as the survival rate for patients living with ALS"12.

Evidence of inflammatory processes in the motor neurons and glial cells, resulting in neurotoxicity and associ-
ated with the development of ALS has been found in several previous studies’**. Cyclooxygenase (COX) is an
enzyme that is responsible for the activation of inflammation by inducing factors such as prostaglandins, throm-
boxane and cytokines'®-*°. Therefore, it was proposed that non-steroidal anti-inflammatory drugs (NSAIDs),
which inhibit the action of COX and are typically used for reducing pain and fever, might reduce the occurrence
rate of ALS and delay the progression of symptoms of ALS?!~?%. Furthermore, some studies have demonstrated
that acetaminophen use also confers a neuroprotective effect?>?. So far, three previous studies have evaluated
the effect of aspirin, non-aspirin nonsteroidal anti-inflammatory drugs (NA-NSAIDs) and acetaminophen use
to the risk of developing ALS, but their results were inconsistent* -2,

Here, we conducted a meta-analysis of these previous studies to further explore whether aspirin, NA-NSAIDs
and acetaminophen can reduce the risk of ALS development.

Methods

Search strategy. This meta-analysis was conducted according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis guidelines. We systematically searched the relevant literature in PubMed,
Embase, Cochrane Library, and SCOPUS for studies published up to 29 February 2020. The following keywords
were used in the database search: (amyotrophic lateral sclerosis or ALS or motor neuron disease or MND) and
(nonsteroidal anti-inflammatory drugs or NSAIDs or aspirin or acetaminophen). The filters were used to select
studies with human participants. We only included articles published in English.

Study selection. Population-based, case-control studies that included incidence of ALS in NSAIDs and
non-NSAIDs-treated populations, aspirin and non-aspirin-treated populations, and acet-aminophen and non-
acetaminophen-treated populations were considered suitable for inclusion. We excluded the following: any stud-
ies with populations that did not include patients with ALS; those in which NSAIDs, aspirin or acetaminophen
were not part of the intervention; those in which the measure of incidence rate in case-controlled trials was
unreported; and trials in which the studied populations coexist with diseases other than ALS. We also excluded
review articles, letters and case reports.

Data extraction. All the data was independently investigated by two researchers (D.P and M.C.C) using
a standardized data collection form. Discrepancies were resolved through discussions with a third investigator
(S.G.K), and by referring to the original articles. In the three included studies*'~?, data on a total of 794,622 par-
ticipants were extracted (1,548 patients with ALS and 793,114 controls). Additionally, research characteristics,
study design, number of study and control groups, number of included participants, diagnostic criteria, number
of participants using aspirin, NA-NSAIDs, or acetaminophen in the ALS and control groups, incidence rate of
aspirin, NA-NSAIDs, or acetaminophen use between the ALS and control groups, and sex ratio in the study
group were investigated.

Quality assessment. Quality assessment was performed using the Newcastle-Ottawa Scale (NOS)?’. This
scale criticizes case—control and cohort studies according to three domains, including the selection of study
groups (4 items), comparability of study groups (2 items) and exposure and outcome measurement (3 items).
Those with an NOS score of at least 6 were considered high-quality studies.

Statistical analysis. The RevMan 5.3 software program (https://tech.cochrane.org/revman) was used for
statistical analysis of the pooled data. In each analysis, a heterogeneity test was performed using I statistics,
which measures the extent of inconsistency among the results. If p-values <0.05, it was considered as having
substantial heterogeneity, and the random-effects model was used in the analysis of the data. In contrast, if
p-values were>0.05, pooled data were considered homogenous, and the fixed effects model was applied. We
analyzed the odds ratio (OR) for association measures in case—control studies. The fixed and random effects
models were selected according to the different heterogeneity levels of the rate ratio outcomes. Furthermore, a
95% confidence interval (CI) was used in the analysis. A p-value <0.05 was considered statistically significant.

Results

In the pooled databases, 1,842 articles were searched and 152 duplicated articles were removed (Fig. 1). After
screening for eligibility, based on a review of the title and abstract, 12 articles were identified for full-text read-
ing. After a detailed assessment 9 articles were excluded; eight studies reported insufficient results and one
study was a poster presentation. Accordingly, three studies were left and finally included in our meta-analysis
(Table 1). Therefore, a total of three studies on the incidence of ALS in NA-NSAIDs- and non-NA-NSAIDs-
treated, aspirin- and non-aspirin-treated individuals were included to determine whether aspirin or NA-NSAIDs,
or acetaminophen use affect ALS incidence. In addition, a total of two studies on the incidence of ALS in aceta-
minophen- and non-acetaminophen-treated individuals were included to determine whether acetaminophen
use affect ALS incidence. The characteristics of the included studies are also presented in Table 1.

Study characteristics. In the three studies*' >3, 1,548 participants with ALS and 793,114 participants with-
out ALS (as controls) were recruited. Regarding to aspirin, in a study by Tsai et al.”%, 111 out of a total of 729

SCIENTIFIC REPORTS |

(2020) 10:14759 | https://doi.org/10.1038/s41598-020-71813-1


https://tech.cochrane.org/revman

www.nature.com/scientificreports/

ISVe PRISMA 2009 Flow Diagram

~

c

-] Records identified through Additional records identified

g database searching through other sources

=‘E (n =1842) (n=0)

-}

=

A A 4
P Records after duplicates removed
(n=152)

-]

=

c

@

2 A 4

e

) Records screened - Records excluded

(n =1690) (n=1678)
S/
A 4
Full-text articles assessed Full-text articles excluded, with

= for eligibility > reasons

= (n=12) (n=9)

=)

—

A
S Studies included in
qualitative synthesis
(n=3)

-

- A

3

< Studies included in

£ quantitative synthesis

(meta-analysis)
(n=3)

From: MoherD, LiberstiA, Tetzlaff J, Atman DG, The PRISMA Group (2009). Preferred Re items for Sy R and Mets-

Anaslyses: The PRISMA Statement. PLoS Med 6(7): @1000097. doi:10. 1371/)oumal pmed1000091

For more information, visit www.prisma-statement.org.

Figure 1. Flowchart showing the search results of the meta-analysis.

Participants Period of lnilitames veie ()
Trial Location | (cases/controls) | recruitment Cases Controls Age [mean (SD)] | % males
Popat et al. USA 111/258 1996-2000 35.1(39/111) 34.4 (89/258) 62.6 (12.7) 61.1
21 _ 36.7
Fondell et al. USA 708/785,566 1976-1996 30.7 (217/708) (288,323/785,566) 60.8 (7.7) 50.8
Tsai et al?® Taiwan | 729/7,290 2002-2008 52.7 (384/729) | 56.7 (4,134/7,290) | 57.4 (13.1) 61.9

Table 1. Characteristics of case control trials assessing non-aspirin NSAIDs use and incidence of ALS in the
systematic review.

patients with ALS used aspirin. Out of a total of 7,290 patients without ALS, 1,369 patients used statins (OR 0.78;
95% CI 0.63-10.96) (Table 2). In a study by Popat et al.*%, 41 out of a total of 111 patients with ALS used aspirin
and 90 out of a total of 258 patients without ALS used aspirin (OR 1.09; 95% CI 0.69-1.74). A study by Fondell
etal.?!, had 374 in a total of 708 patients with ALS use aspirin. Of a total of 784,492 patients without ALS, 405,806
used statins (OR 1.04; 95% CI 0.90-1.21). However, data on the doses of aspirin administered to the ALS and
control groups was incomplete.
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Participants Period of L )
Trial Location | (cases/controls) | recruitment Cases Controls Age [mean(SD)] | % males
Popat et al.22 USA 111/258 1996-2000 36.9 (41/111) | 34.9 (90/258) 62.6 (12.7) 61.1
) 517
Fondell et al. USA 708/784,492 1976-1996 52.8 (374/708) (405,806/784,492) 60.8 (7.8) 50.4
Tsai et al.”? Taiwan 729/7,290 2002-2008 15.2 (111/729) | 18.8(1,369/7,290) | 57.4 (13.1) 61.9

Table 2. Characteristics of case control trials assessing aspirin use and incidence of ALS in the systematic
review.

Participants Period of Incidence rate (%)
Trial Location | (cases/controls) | recruitment Cases Controls Age [mean (SD)] | % Males
21 29.0
Fondell et al. USA 375/417,360 1976-1996 22.7 (85/375) (120,900/417,360) 59.8 (8.7) 45.5
Tsai et al.”? Taiwan 729/7,290 2002-2008 83.0 (605/729) | 84.8 (6,183/7,290) | 57.4 (13.1) 61.9

Table 3. Characteristics of case control trials assessing acetaminophen use and incidence of ALS in the
systematic review.

Regarding NA-NSAIDs, in a study by Popat et al.??, out of a total of 111 patients with ALS, 39 used NA-
NSAIDs. In the total of 258 patients without ALS, 89 used NA-NSAIDs (OR 1.03; 95% CI 0.65-1.64). In a study
by Fondell et al.*, 217 out of a total of 708 patients with ALS used NSAIDs and 288,313 out of a total of 785,566
patients without ALS used NA-NSAIDs (OR 0.76; 95% CI 0.65-0.89). In a study by Tsai et al.”*, 384 out of a total
of 729 patients with ALS used NA-NSAIDs and 4,134 out of a total of 77,290 patients without ALS used NSAIDs
(OR 0.85; 95% CI 0.73-0.99). However, data on the different classes of NA-NSAIDs used by the ALS and control
groups were not fully available, except in a study by Tsai et al.”* Additionally, data on the doses of NA-NSAIDs
administered to the ALS and control groups were also not fully available.

Regarding to acetaminophen, in a study by Fondell et al.?, 85 out of a total of 375 patients with ALS used
acetaminophen and 120,900 out of a total of 417,360 patients without ALS used acetaminophen (OR 0.72; 95%
CI0.56-0.92) (Table 3). In a study by Tsai et al.?, 605 out of a total of 729 patients with ALS used acetaminophen
and 6,183 out of a total of 77,290 patients without ALS used acetaminophen (OR 0.87; 95% CI 0.71-1.07). Once
again, data on the doses of acetaminophen administered to the ALS and control groups were not fully available.

Risk of bias. The three studies were assessed using NOS and all were rated with 8 stars, which is considered
as having a relatively high quality (selection of subjects, 4 stars; comparability of groups, 2 stars; assessment of
outcome, 2 stars).

Meta-analysis results. In the meta-analysis of aspirin use, a fixed effects model was adopted. The OR of
the three studies is presented in Fig. 2A. There was no statistical difference in ALS incidence between the aspirin
and non-aspirin groups (OR 0.94 [95% CI 0.75-1.18]). In the meta-analysis of NA-NSAIDs, a fixed effects model
was adopted, because the P-values for heterogeneity of all our analyses were >0.05. The OR of the three studies
is presented in Fig. 2B. There was a statistically significant difference in ALS incidence between the NA-NSAIDs
and non-NA-NSAIDs groups (OR 0.82 [95% CI 0.73-0.91]). In the meta-analysis of acetaminophen, a fixed
effects model was adopted, because the P-values for heterogeneity of all our analyses were >0.05. The OR of the
three studies is presented in Fig. 2C. There was a statistically significant difference in ALS incidence between the
acetaminophen and non-acetaminophen groups (OR 0.80 [95% CI 0.69-0.93]).

Publication bias. Based on a few distinct methods, two of the authors (DP and MCC) individually assessed
the risk of bias. We determined the risk of publication bias using a funnel plot and Egger’s test?®. The Egger's
test of aspirin and NA-NSAIDs were not significant (p=0.4596, p=0.9673). Moreover, funnel plots of aspirin,
NA-NSAIDs, and acetaminophen meta-analysis were produced to investigate the risk of publication bias, as
shown in Fig. 3. Performing a visual inspection suggested funnel plot symmetry, suggesting there is no risk of
publication bias?.

Discussion
In our meta-analysis review we evaluated the association between the use of aspirin, NA-NSAIDs and acetami-
nophen and the occurrence of ALS. We found that NA-NSAIDs and acetaminophen significantly reduced the
occurrence of ALS. The effect sizes were 0.82 and 0.80 for NA-NSAIDs and acetaminophen, respectively. Based
on Cohen’s study®, these effect sizes indicate that NA-NSAIDs and acetaminophen have very positive effects for
reducing the risk of ALS development.

COX plays a pivotal role in the neurotoxicity seen in AL , and it includes two isoforms: COX-1 and
COX-2'%17. While COX-1 is constitutively expressed in most tissues and produces prostanoids which sustain
homeostasis in several organs and cells, i.e. the gastrointestinal tract, kidneys, and platelets'®-2%; COX-2 on the
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( A) Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed, 95% CI
Fondell etal. 2012 374 708 405806 784492 585% 1.04 [0.90,1.21] —_i—
Popat et al. 2006 41 11 a0 258 5.8% 1.09[0.69,1.74)
Tsaietal 2014 111 729 1369 7290 357% 0.78 [0.63, 0.96) —
Total (95% Cl) 1548 792040 100.0%  0.95][0.85, 1.07] -
Total events 526 407265
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Figure 2. Forest plot of aspirin, non-aspirin non-steroidal anti-inflammatory drugs (NA-NSAIDs), and
acetaminophen use in patients with amyotrophic lateral sclerosis versus controls. Note: Three studies were
included. Regarding to aspirin, there was no statistically significant difference in aspirin use between the ALS
and controls groups (Odds ratio, 1.04 [95% confidence interval, 0.90-1.21]) (A). Regarding to non-aspirin
NSAIDs and acetaminophen, however, there were statistically significant differences in NA-NSAIDs (B) and
acetaminophen (C) use between the ALS and controls groups. (Odds ratio, 0.82 [95% confidence interval,
0.73-0.91]) vs. (Odds ratio, 0.80 [95% confidence interval, 0.69-0.93]).

(B) ©

0 SEC00[ORD s - SE(0I(ORD

or oR . / N orR
1 8 2 ’ 07 085 1 12 15 07 085 i 12 15

Figure 3. Graphic funnel plot of included studies. Aspirin (A), NA-NSAIDs (B), and acetaminophen (C).

other hand is responsible for the transcriptional control of pro- and anti-inflammatory cytokines'®-*. COX-2
activates the synthesis of prostaglandin and thromboxane, which in turn stimulates the secretion of inflamma-
tory cytokines, such as tumor necrosis factor-alpha and interleukin-1, and induces the inflammatory pathway
cytokines'®2, Non-aspirin NSAIDs inhibit the activity of COX-2, consequently inhibiting the inflammatory
process by inhibiting prostaglandin synthesis***?-*. This explains why non-aspirin NSAIDs would confer neu-
roprotective effects which seem to suppress the development of ALS.

Acetaminophen only confers weak effects on the inhibition of the action of COX-2 in humans®. Due to its
minor anti-inflammatory effect, acetaminophen is not classified as an NSAID®. In a previous study, however,
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acetaminophen reportedly has the potential of exerting anti-oxidant effects to protect neurons from oxidative
stress, i.e. by reducing the release of cytokines and chemokines such as tumor necrosis factor alpha, interleukin-1,
and macrophage inflammatory protein, from the neurons by a superoxide releasing oxidant stressor®. In that
study, acetaminophen was shown to have pro-survival effects on neurons by increasing expression of the anti-
apoptotic protein Bcl2 in brain neurons and by decreasing the superoxide-induced elevation of the pro-apoptotic
protein, cleaved caspase 3%. Considering that the ROS-related genes, such as SOD1 (copper zinc superoxide
dismutase 1%, are important genetic causes of ALS, the anti-oxidant effect of acetaminophen seems to be an
important mechanism in suppressing the development and progression of ALS.

In contrast to NA-NSAIDs and acetaminophen, in our meta-analysis, aspirin was not found to have an effect
on the development of ALS. Aspirin, or acetylsalicylic acid, belongs to NSAID family and inhibits the actions of
both COX-1 and COX-2 irreversibly***”. However, while high doses of aspirin (= 1,000 mg per day) inhibits the
COX-2 isozyme more strongly than COX-1; low doses of aspirin (< 100 mg per day) inhibits COX-1 more than
it inhibits COX-2%%%. Low-dose aspirin is used to prevent coronary syndromes and cerebral infarcts in patients
who are at high risk of developing these disorders®®*°. While high-dose aspirin use does confer anti-inflammatory
effects, it is rarely used in clinical practice due to the high risk of adverse effects, which include gastric ulcers and
hemorrhagic stroke**!. Although the doses in the three included reports in our meta-analysis were not described,
we suspect that low-dose aspirin was used by the subjects of these studies. Therefore, potential neuroprotective
effects by blocking the action of COX-2 seem to have been insignificant.

In conclusion, we found that the use of NA-NSAIDs and acetaminophen is associated with a decreased risk of
development of ALS, and these medications seem to confer neuroprotective effects. In contrast, aspirin did not
have any effect on the reduction of the risk of ALS occurrence. Our study is the first meta-analysis to evaluate
the association between aspirin, NA-NSAID, and acetaminophen use and the risk of ALS. However, our study
has some limitations. Firstly, we only included a small number of studies. Secondly, the included studies did not
control for past medical history, which may have confounded their results, and in turn, could have caused bias
in our study. Therefore, to confirm it, further studies using Mendelian randomization analysis may be necessary.
Thirdly, in this meta-analysis, the ALS patients were not subdivided into sporadic or familial type. Lastly, the
studies also did not consider the types of NSAIDs and dosages used of each drug. For more convincing evidence
regarding the effectiveness of aspirin, NA-NSAIDs and acetaminophen to reduce the risk of ALS occurrence,
more qualified prospective studies are required.

Data availability
Data availability depends on agreement from each of the participating studies, subject to their regulatory require-
ments and appropriate data sharing arrangements.
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