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Abstract

Background: Studying whether medications act as potential risk factors for amyotrophic lateral sclerosis (ALS) can
contribute to the understanding of disease etiology as well as the identification of novel therapeutic targets. There-
fore, we conducted a systematic review to summarize the existing evidence on the association between medication

use and the subsequent ALS risk.

Methods: A systematic review was conducted in Medline, Embase, and Web of Science from the date of database
establishment to December 10, 2021. References of identified articles were further searched for additional relevant
articles. Studies were included if (1) published in English, (2) explored medication use as exposure and development
of ALS as outcome, and (3) the design was a human observational study. Clinical trials, reviews, comments, editorials,
and case reports were excluded. Quality assessment was performed using a pre-validated tool for non-randomized

studies, the Newcastle-Ottawa Assessment Scale (NOS).

Results: Of the 4760 studies identified, 25 articles, including 13 case—control studies, five nested case—control stud-
ies, six cohort studies, and one retrospective chart review, were included in the review. Among these studies, there
were 22 distinct study populations that included 171,407 patients with ALS, seven classes of medication examined,
and 23 studies with a NOS > 5. There was a general lack of agreement between studies on the associations of choles-
terol-lowering drugs, anti-inflammatory drugs, immunosuppressants, antibiotics, oral contraceptives (OCs) or hor-
mone replacement therapy (HRT), antihypertensive drugs, antidiabetics, and drugs for psychiatric and neurological
disorders with the subsequent risk of ALS. However, it appeared that statins, aspirin, OCs/HRT, antihypertensives, and
antidiabetics were unlikely related to a higher risk of ALS. The positive associations noted for antibiotics, antidepres-
sants, and skeletal muscle relaxants might be attributable to prodromal symptoms of ALS.

Conclusions: There is currently no strong evidence to link any medication use with ALS risk.
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Background

Amyotrophic lateral sclerosis (ALS) is a neurodegen-
erative disease, featuring progressive loss of motor neu-
rons in the brain and spinal cord. Globally, around 4.5
per 100,000 people are living with this disease and 1.9
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per 100,000 people are newly diagnosed with ALS each
year [1]. As no effective treatment is currently avail-
able, patients with ALS usually die within 3-5 years after
symptom onset [2]. The cause of ALS remains unknown.
Although various risk factors have been proposed, older
age, male gender, family history, and specific genetic
mutations are the only established risk factors [3]. A
vivid area of research in ALS concerns medication use,
with the aim to improve understanding of disease etiol-
ogy as well as identify novel therapeutic targets (e.g.,
through drug repurposing). To this end, we performed a
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systematic review of the existing literature aiming to pro-
vide a comprehensive view of the current knowledge on
the roles of different medication use on the subsequent
risk of ALS.

Methods

This systematic review was conducted according to the
Preferred Reporting of Systematic Reviews and Meta
Analyses (PRISMA) guidelines [4]. A unique searching
strategy (online material) was applied in the databases
Medline (1947-), Embase (1974-), and Web of Science
(1900-) from the dates of database establishment to
December 10, 2021. References of identified articles were
further searched for additional relevant articles.

Inclusion and exclusion criteria

All original articles in English which used medication
use as exposure and development of ALS/ motor neuron
disease (MND) as outcome among human subjects were
included. Clinical trials, systematic reviews and meta-
analyses, comments, editorials, and case reports were
excluded.

Ascertainment of exposure and outcome

Exposure was defined as any medication use according to
questionnaire data, medical records, or drug prescription
registers. Alternative medicine which lacks biological
plausibility and is untested or dietary supplements were
not considered as exposure. The diagnosis of ALS was
derived from patient register, medical records, or other
sources.

Study selection and quality assessment

The screening process was divided into two stages (stage
1: title and abstract; stage 2: full text). Two researchers
independently evaluated the articles and reached con-
sensus at each stage. The screening tools Rayyan and
Endnote were used. A pre-validated tool, the Newcas-
tle—Ottawa Assessment Scale (NOS) [5], was used at the
final stage for quality assessment of included articles. The
NOS scales the quality of each article based on the selec-
tion of study groups, the comparability of the groups, and
the ascertainment of the exposure and outcome of inter-
est (from O to 9; 9 being the highest quality).

Results

Out of a total 3360 unique studies that were screened
by title and abstract, 33 articles were selected for a full-
text screening. After consensus by the two researchers
who performed the screening independently, 25 articles
were included in the review (Fig. 1). Many articles were
excluded because of wrong article type (review, clinical
trial, post-marketing surveillance, etc.), exposure (dietary
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supplements, chemicals, etc.), outcome (prognosis,
comorbidities, etc.), or study subject (mice, cell cultures,
etc.). Finally, a total of seven categories of medications,
including cholesterol lowering drugs, anti-inflammatory
drugs, immunosuppressants, antibiotics, oral contracep-
tives (OCs) or hormone replacement therapy (HRT),
antihypertensive drugs, antidiabetics, and drugs for psy-
chiatric and neurological disorders, were assessed for an
association with risk of ALS.

Table 1 summarizes the characteristics of the 25 arti-
cles, including publication information, study type,
demographics of the participants, data source, exposure,
and outcome ascertainment, adjusted covariates, main
findings, consideration of reverse causation, and quality
score. Among these studies, there were 22 distinct study
populations including 171,407 persons with ALS. Nine-
teen of these studies considered to some extent reverse
causation and 23 studies had a quality score > 5.

Cholesterol lowering drugs (mainly statins)

Eight studies have explored the associations of choles-
terol lowering drugs with the subsequent risk of ALS [7-
13, 22], among which seven studies focused on statins [7,
9-13, 22] while one focused on a collection of cholesterol
lowering drugs [8]. Four studies demonstrated a protec-
tive role of cholesterol lowering drugs in ALS develop-
ment [8-11], while another four reported a lack of or
near-null association between statins and risk of ALS [7,
12,13, 22].

A case—control study from the Netherlands included
334 patients with ALS and 538 age- and sex- matched
controls and found an inverse association between cho-
lesterol lowering agent use and ALS risk (OR=0.6; 95%
CI 0.4-0.9) [8]. A US population-based case—control
study included 10,450 cases and 104,500 age-, sex-, and
calendar year-matched controls and found a 13% lower
ALS risk in relation to statin use, but not for non-statin
anti-cholesterol medication use, after adjusting for age,
sex, calendar year, race, socioeconomic status, Medi-
care use, indications for statin prescription, obesity,
chronic obstructive pulmonary disease (COPD), and
average number of physician visits [10]. In this study,
lipophilic statins showed greater inverse association
with ALS, compared with other statins [10]. Another
Dutch study also found a 55% lower risk of ALS in rela-
tion to statin use in a case—control study of 722 patients
with sporadic ALS and 2268 age- and gender-matched
controls, adjusted for gender, age, education, current
smoking, and current alcohol consumption [9]. Exclud-
ing smoking and alcohol consumption or adding BMI
in the multivariate analyses or excluding patients with
C9orf72 repeat expansion did not change the result
[9]. Finally, a US retrospective cohort study, including
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Fig. 1 Flowchart of the study selection. Steps and number of articles included and excluded per step during the study selection process

144,214 individuals with statin use and 144,301 individ-
uals without statin use, who were individually matched
by a propensity score, found statin use to be associated
with a lower risk of ALS (RR=0.46; 95% CI 0.30-0.69)
[11].

In contrast, four studies showed a null or near-null
association between statin use and risk of ALS, includ-
ing a Danish population-based case—control study with
556 cases and 5560 controls [7], a Swedish nested case—
control study with 2475 cases and 12,375 controls [12],
and a German case—control study with 200 cases and
197 controls [22], demonstrating a null association;
and a Danish population-based cohort study including
974,304 individuals with statin use and 1,948,606 indi-
viduals without statin use [13], showing a weak associa-
tion between statin use and ALS risk.

Anti-inflammatory drugs, immunosuppressants,
or antibiotics
Two studies examined steroids [22, 24] and five have
evaluated the relationship of non-steroidal anti-inflam-
matory drugs (NSAIDs) [14-16, 22, 24] in relation to risk
of ALS, among which four studies examined aspirin [14—
16, 24]. In addition, three studies assessed the association
between immunosuppressant use as a broad category
and ALS risk [9, 17, 22] whereas two studies explored
antibiotic use in relation to ALS risk [6, 18], focusing on a
broad category of drugs or sub-class or individual drugs.
The findings on the association of NSAIDs with ALS
risk are not conclusive. A German case—control study
found a twofold risk increase of ALS in individuals with
use of NSAIDs (OR=2.3, 95% CI 1.2—4.4) [22]. How-
ever, two US studies, including one case—control study



Page 4 of 23

(2022) 20:251

Cui et al. BMC Medicine

(C67=H0)

2U0I31501

-$9) pue

(1TZ=40)

uajopeq

0} Uone|al

ursu Sy

19YbIH

(L90=40)

uajIxoule}

pue

(80=40)

pLoIYd

wnisseiod

(S£0=40)

uobeon|b
1UeUIGUIOD3)

uewny

'(6£0=40)

pouad upiejiem
Yiuow-9  (69°0=40)
12d SUSIA uixobip
uepisAyd  (¥8'0=40)
pue‘saniplq  |ojoidolow
-lowod  ‘(980=4O)

SEIBEIEN judouisi|
‘ssnated  (S£0=40)
[P SpIWRsOINy sbnip
‘snels  (S80=4Y0) auowuoy
djwouods  auidipojwe X3S PazIsd Apnis
-00sJ0  (6,0=4Y0) 19A3U/I9A -y1odAy |0J3U0d
SDUIBYIP OU  SIOILDIPUl  UDAWOIYIZe ‘(31qejiene uoud e —-3sed
Sowp be|Jeak-¢  ‘9deJ Ueak 01 Uoliejal J0UDlY) puesbnip paseq VSN
pue Jeak-| buisn lepuajed urysu Sy elep  eleppaseq  uonduds - ssledyausqg -uone|  ‘[g]'|e1d
8 Aq paiapisuod x5 9By 13m0 pased-1alsibay 1By -aud G89  BIEdIPAA SN 6Y v/ - 00S'%0L /05¥'0L  -ndod 134194d
uosuedwod
sbuipuy urew Jo Aem syuedpnied
uo dudANpUI {(@p0od (saeak) pasodxaun
‘uonesned J1Y) asn (s4eaKk) awn /pasodxa A1uno>
21005 95I19A94 JO  SD)ELIBAOD sbuipuy STvjo uonedipaw sjuedpnaed (%) abe dn-mojjop Josjonuod  ubisap ‘(1K)
Ayjenp uoneiapisuo)  paarsnipy ulely juswWUIeLIADSY jouoniuysg d4nsodxy jJoadnos  3ew uesy uesy /sasedjo'oN  Apnis  ioyiny

(s3110631e2 Bnup 7 BUIpN|PUL SIDILIR §7) SISOID|DS [2i1e] 21YdOII0AUIR JO 3SI PUR 3SN UONEDIPSUI U93MI3G UOIRIDOSSE JO SaLeIWINS 21n1elali] L ajqel



Page 5 of 23

(2022) 20:251

Cui et al. BMC Medicine

(98'0-80°0
12 %56
'9C0=40)
sbnip anls
uon -saiddns
-dwnsuod -ounwiwi
[0yodle o (650-5€°0
1U1IND pue 1D %56 Apnis
dUIYIP ‘Bupows  ‘s0=4Y0O) 19A3U/IDNS |0J1U0D
OU '}95U0 95e35|p a4nd supeIs 01 elep ‘(3)qe|lRAR  SBNIP SIS (NVd) spug| —-3s5ed spuepi
oyJoudasn  ‘uonednpa uone|al  paseg-gam pue Jou DJy)elep  -saiddns  -I9ylaN oy3 paseq  -UiaN 2yl
Bnup bupoesxa ‘Sbe UISTVJo  ‘paseg-ialsibas paseg-alleu  -ounuwwl Ul Apnis Sy -uone|  ‘le]e e
/ AQ palapisuod) ‘Iapuan 3S1 19MOT  ‘paseq-|endsoH -uonsenND puesunels  aAnRdadsold 09 €9 - 89¢7/zz/,  -ndod VEIEEIN
ERIETe
-e|plue Jo
saAIsuaad
-Aynue 1o}
uofeosse
ON (6'0-+0
12 %56 soheqelp
‘90=Y0) -hue pue
sjuabe ‘SOAISU)
9OUIYIP Bullamol 19A3U/IaNS  -1adAynue
OU }95U0 95e35|P |0J2153|04d ‘(3)ge|lRAR 'sbnip spuejia
01 Joud asn 0} Uone|al JjouDly)eiep  buuamol Wyoann a4 Apnis  -U1aN 2yl
Bnip BundeIXd REN ursv Jo elep  paseq-aileu [012159]  -U3D) [eDIPaN |0Jjuod  [g] eI
% AQ paiapisuod) pue sby 3SUJ9MOT  paseq-|endsoH -uonsanp -0y JSTISEN[Va! /S 09 - 8€S/pEE —ase) efpaing
(8T'1-€£0 asn jlewusq
D %56 Jo uoneinp ulayuou
suopedIpul ‘960 =4Y0O) UEYCRYIENY uonduasald Apnis
Iejjuis ‘sisou [edIpaW SV 4o su -10§/3Udd31 Hnip pue |0I3Uod
-Beip sy 210429 pue ‘awil pue unes 'J9ASU/IDNS SYSIA |eudsoy —-3sed
'skep 09= <'65-1 lepuajed usamiaq (WVO0L1D) Jo sIsibal paseq  ewuag
Buisn Aq "Ik uonen elep e1ep paseq [euoneu -uonel  [/]7ew
6 palspisuc) YuIgq xS -0sseON  paseq-Iaisibay ~1915169y suiels Yysiued %S 99 - 0955/956  -ndod  uasusI0§
uosuedwod
sbuipuy urew Jo kem syuedpnied
uo duANUL {(3p0od (s4eaKk) pasodxaun
‘uonesned J1V) asn (saeak) awn /pasodxa Anunod
2103s 9SI9A3J JO  SdjelIeAOD sbuipuy S7Yjo  uonedipaw sjyuedpiyied (%) abe dn-mojjoy 1o sjonuod  ubisap ‘(1eak)
Aujenp uonesapisuod  paisnlpy Ulel\  JUSWIUIRLIBDSY jouoniuysag adunsodxy Jo @21nos Sle ued|y uesapy /s9sedjooN  Apms  Joyiny

(panunuod) L ajqey



Page 6 of 23

(2022) 20:251

Cui et al. BMC Medicine

pouad
yiuow-9
12d SSIA
ueisAyd
4O Jaquinu
abelane ‘bul
-{ows Joy
21ebouNs
Se 95easip
Areuow|nd (9qIwneze
SAI1ONIISGO pue ‘syues
JluoIYd pue  -sanbas pioe
‘ANsaqo  9|Iq ‘sa1es3lu)
‘uonduds sbnup bul
-aid upels  -1amo| |0491
10j suon  -s3joyd JaY10
-ed|pul ‘asn j0U1INQ Apnis
2IeDIPaN (16'0-€8°0 asn |0I3Uod
‘snyeis 1D %56 JO uoneinp sbnip —-3ased
JIWOU0dd  /80=Y0) JansU/IdAS  Bupamo paseq
9OURI3YIp OU  -01D0S ‘el sunes 0} ‘(3)ge|IleAR -|0J3} -uone|
‘sown be| Jeaf-¢ ‘1eak sep uollejaJ ul 10U DY) -s9104yd -ndod  vsn’[01]
pue Jeak-| buisn  -Uajed pue 3SU STV elep elep PISEg  J9Yl0 puB  Saleldyausq SpIM  ‘|e 19 uew
8 Aq pasepisuod RENEl 1Mo paseq-asibay ~1915169y sunels  =ledIpsiN SN 67 v/ - 00S'701/0S¥'0L  -uoneN -posud
uosuedwod
sbuipuy urew Jo kem syuedpnied
uo duANUL {(3p0od (s4eaKk) pasodxaun
‘uonesned J1V) asn (saeak) awn /pasodxa Anunod
2103s 9SI9A3J JO  SdjelIeAOD sbuipuy S7Yjo  uonedipaw sjyuedpiyied (%) abe dn-mojjoy 1o sjonuod  ubisap ‘(1eak)
Aujenp uonesapisuod  paisnlpy Ulel\  JUSWIUIRLIBDSY jouoniuysag adunsodxy Jo @21nos Sle ued|y uesapy /s9sedjooN  Apms  Joyiny

(panunuod) L ajqey



Page 7 of 23

(2022) 20:251

Cui et al. BMC Medicine

(611860
12 %56
‘80'L =4HO)
35N UfeIs 10§ 1915163y
uonenosse Bnig paguos
uneis ON (060 -91d Ysipems Apnis
uo 1032 buois -59°0 1D %S6 (WVYOLD pue 1915163y |013U0D
‘sisoubelp Sy (dudpIsal  9/0=4YO) sunels A(VETR=N] dlewsy -95ed
210490 SIB9A 8—G  JO BAJE pUB  3SN SDARIP 0Ly sl ysipams 1040/ paisau
1064 'b-€ '€-¢ x3s ‘abe)  -nue oy uon -19qelphue) supes 1915163y pue paseq  UIpams
7-1 "1 >buisn S1010B) -ejaJ Ul ysu elep e1ep Paseq  pue sonsqg uone|ndod Slew -uone| ‘fzLl e
8 Aqpasspisuod  Buiydiey STV 1m0 paseq-Iasioay -1915169y -eIpRuY - [R10L YsIpams /S 10§89 - S/€TL/Siy'c -ndod  esouey
EN-EN[ePL]
-NJSeACIgD
-130 pue
'3seas|p
Je|noseAolp
-Jed ‘uols
-uanadAy
'sa19qelp ¢
2dA1'uoibai
CRlIRNEN SETIG)
‘abe bul 10} €
-J9pISUod (690-0€0 pue SI9
‘slenpiaipul 1D %56 SV -0}
pasodxaun 9’0 =4y) yum 99 pue
pue STV JoXsu 19A3U/I9A pasou SV Yum
pasodxa Jamoj e ‘(3)ge|IleAR -Beip pasou Apnis VSN
SDUSISYIP OU ‘Wl payolew Yum pale 10U DY) slenpia - -beip sje uoyod  [L1]e1e
Be| Jeak-| buisn 91025 AUS  -1D0SSe Sem elep  elep paseq aseqelep -lpul -NpIAIpUI 9AI109ds  oleH-||lap
el AQ paJapisuo) -usdouid asnunels  paseq-Jaisibay -1915169Y sulels euewnH 10} /v 10} /9 'S LOS Yy L/v LT YL -0J19Y -uelo|
uosuedwod
sbuipuy urew Jo kem syuedpnied
uo duANUL {(3p0od (s4eaKk) pasodxaun
‘uonesned J1V) asn (saeak) awn /pasodxa Anunod
2103s 9SI9A3J JO  SdjelIeAOD sbuipuy S7Yjo  uonedipaw sjyuedpiyied (%) abe dn-mojjoy 1o sjonuod  ubisap ‘(1eak)
Aujenp uonesapisuod  paisnlpy Ulel\  JUSWIUIRLIBDSY jouoniuysag adunsodxy Jo @21nos Sle ued|y uesapy /s9sedjooN  Apms  Joyiny

(panunuod) L ajqey



Page 8 of 23

(2022) 20:251

Cui et al. BMC Medicine

(®1-£0
12 %56
‘1'L=40)
ENY asn updse
uonedpaw 10(6'1-/0 asn
13410 pue 1D %56 Jo uopneinp
‘ued pue 'L =40) BEYVENYIENY
Siye 3sn dIVSN -10J/3Ua4Nd e|uloyl|ed
plolewnayl  upidse-uou JIAJU/IBAS  (SOIVSN) uldayuoN |0} S|0JIUoD
/SIiye pue 5y (3|qejiene  sbnip 1oy jo weiboid -Uuod 10§ 10479
-09350 JO usamiaq e1ep paseq JOUDJY) -PWWeYUl 31D [BJIPSKN 9 pue pue Apnis VSN
Kloisly 1ap uolen -|eudsoy pue elep PISeg  -llUB [BPIOS  S1USURWIDY sased S958D |0Ju0d  [1] eI
o paJopisuod joN  -uab ‘aby -0SSeON  paseq-1aisibay -MIIAIIU|  -21S-UON 1951y 10} 65 10J €9 8S7/ILL  —9se) 1edod
o51-11L
1D %56) 6C'1)
USWIoM
Buowe
suolned A|je1>adss
-pawuel  (€71-00'L
-JWOdU0d 1D %56
10949 BuUOIIS  pue ‘sanIpIq 11'L=Y0) Ansibay slasn
‘3sn Bnup 1ayje -lowod [eJauab Ul uondiosald -uou
sieak zz—0| <pue  pasoubelp SV 4o ysu [euolieN ysl pue SEN Apnis
01-6<'5—1<'|-0  Ajedipaw pue unes [Clle Il -ueq pue ‘A1 SJ9SN -Uou pue 110402
SMOPUIM  1B3K Jepud usamiaq 10U DY) -s16ay 1uBley unels  s1asn un paseq  ewuag
awin buisn Agq -led>1eak  uopeposse elep e1ep paseq |euonen ylogq -e1s yioq -uone| ‘[€1]7e1
6 palspisuc) YuIg 'xaS AeImy  paseg-iaisibay -1215169Y suels ysiueg 10jocS 104 Ag9 Ll 909'8v6'L/vOg'y/6  -ndod eefexs
uosuedwod
sbuipuy urew Jo kem syuedpnied
uo duANUL {(3p0od (s4eaKk) pasodxaun
‘uonesned J1V) asn (saeak) awn /pasodxa Anunod
2103s 9SI9A3J JO  SdjelIeAOD sbuipuy S7Yjo  uonedipaw sjyuedpiyied (%) abe dn-mojjoy 1o sjonuod  ubisap ‘(1eak)
Aujenp uonesapisuod  paisnlpy Ulel\  JUSWIUIRLIBDSY jouoniuysag adunsodxy Jo @21nos Sle ued|y uesapy /s9sedjooN  Apms  Joyiny

(panunuod) L ajqey



Page 9 of 23

(2022) 20:251

Cui et al. BMC Medicine

ploJais
pue ‘poe
BIVI=FETEN]
‘sulwelp (/80950 350p Ajtep
2ous  -Ayusydip 1D %56 pauyap aAl Apnis
-134JIp OU Lejiwis joasn  169°0=4Y0) -e|nwind pue aseqeieq sjol} |0I3U0D
‘s;soubelp oysoud  ‘winjwaid asn uidse I9ASU/IDAS Yoieasay -Uod  S|0JIUOD -95ed
Jeaksyrurasn  sdueINSUl 0} Uone|al elep piodal  (10VIZON) ERUEIaN] pue pue paseq uemie|
Bnip bulpnpxa  ‘aduaplisal ulis STV [eDlpaW pue  eyep paseq yiesH sased S958D -uone| Tol]
e} AQ paJapisuod ‘abe 'xa5 19MOT  paseg-1a1sibay -1915169Y uuidsy  jeuonen oyl 10} 79 10J /G - 062./6C/ -ndod ‘|19 Ies|
Apnis yiesH
pueisig
ddvv-yiesH
JO saINMISU|
|eUOnEN pue
sjuswW (ST'L-260 "Apnis 1oyoD
-9|ddns 1D %56 BIVHENTIY
Juweua 0 L=Yy) 1040 uoi
JO 3N '|2A3) asn upidse -UINN |1 Apnas
ANAIDR [BD 1O (7Z'1-9/°0 UORUIARI $3110y0d
-IsAyd ‘(I g) 1D %56 J9oue) “Apnig 1ua1341p Jo syued
Xapul ssew '96'0=4Y) J9ASU/IBNS dn-mojjo4 -pied $/7'98/
Apoq |2A3) 35N AIVSN e1ep PJ0d3l ‘(31qejiene S|eUOISSj0id AQ paanquiuod Apnis
Jejlwis oW} [euopednpa  ulidse-uou [EDIPSW pUB 10U DY) Blep yijeaH sieak-uosiad  10yod VSN
Be| 1eak+ Buisn ‘snyeis Joj uopnep ‘pauiodal-jes  paseg-alieu ‘APNIS Y3jeaH €85'/7/'6 buowe 9Adads  ‘[G|]7e 1
o Aq paJapisuod) Bupjows -0SSe ON  'paseq-191sibay -uonssnd SAIVSN S9SINN - - Gl STV Josased g0/ -oid ||opuoS
uosuedwod
sbuipuy urew Jo kem syuedpnied
uo duANUL {(3p0od (s4eaKk) pasodxaun
‘uonesned J1V) asn (saeak) awn /pasodxa Anunod
2103s 9SI9A3J JO  SdjelIeAOD sbuipuy S7Yjo  uonedipaw sjyuedpiyied (%) abe dn-mojjoy 1o sjonuod  ubisap ‘(1eak)
Aujenp uonesapisuod  paisnlpy Ulel\  JUSWIUIRLIBDSY jouoniuysag adunsodxy joadunos S| uespy uesy /sesedjo'oN  Apnis  Joyny

(panunuod) L ajqey



Page 10 of 23

(2022) 20:251

Cui et al. BMC Medicine

pueAiey
‘alouwlijeg ul
SUIDIPAA U
-doH suyor 1e
ABojoinan jo

1uswieds
QY1 pue
“JUOWIDA
‘uoibuljing
JEIVED)
[I1PaN
(20'1-050 JUOWLIDA JO
1D %S6 Ausionun ayy
'8:0=40) 18 S9DUBPS
asn juessaid [ed1b0joINaN
-dnsounuwiw 4O 1uBW
Joj uopnep -uedsg ay:
-0SSe ON ‘auysduey
(680-2C0 MIN ‘Uou
1D %56 -BQeT USIUSD
‘9’0 =40) [I1PSN
Adesayy J9ASU/IDAS  SPNIP 9AIS 32004dUH sjon
-owayd (3)gejlere  -sauddns  —yinowJe@ -UOD O  S|OJIUOD
Bupjows 01 Uone|al JouDJy)eiep  -ounwull e ABojoinaN S pue pue Apnis  wsn'[£1]
pue Japusb upIs SV elep  paseg-alleu  Jo Adesayy Jo1uswW sased S958D [0JJUOD |13 IS
% paJ9PISUOD JON ‘2by 19MO7  paseq-[eudsoH -uonssnd -owaydD -uedag 104 €9 10} 19 - 19E/Fly  —9SeD)  -Jewzony
uosuedwod
sbuipuy urew Jo kem syuedpnied
uo duANUL {(3p0od (s4eaKk) pasodxaun
‘uonesned J1V) asn (saeak) awn /pasodxa Anunod
2103s 9SI9A3J JO  SdjelIeAOD sbuipuy S7Yjo  uonedipaw sjyuedpiyied (%) abe dn-mojjoy 1o sjonuod  ubisap ‘(1eak)
Aujenp uonesapisuod  paisnlpy Ulel\  JUSWIUIRLIBDSY jouoniuysag adunsodxy Jo @21nos Sle ued|y uesapy /s9sedjooN  Apms  Joyiny

(panunuod) L ajqey



Page 11 of 23

(2022) 20:251

Cui et al. BMC Medicine

INg pue 95N Jo uon (1L4H)
2SN 1YH -einp JaAsu Adeiayy
‘asn joyode /ised/ausund ASEINY]
‘Bupjows "J9ASU/IDNS -90e|dal
‘uoneadsp (3|gejleAe  suowlIoy Apnis
‘uoibai 14H IO 10U DY) P1EP 10 (sD0) Apnis USWIOM  1I0yod N
‘yuig  SDO 404 uon elep  paseqg-alleu  saAndadeny USWIOAN 09€'61€'L Buowe aAndads  [07] e 19
9 PaJapISUOD 10N JOJe3A  -BDOSSEON  paseq-1a1sibay -uonsenD  -uod |eID 0 - 76 JOs9sed QN 75/ -o1d Elliele]
@1-€0
12 %56
'90=40)
2SN VSN 9sn aAndad
pue (SN -eJIUOD |eIO asn
uowlIoy 10 (8'€-60 4O uoneinp
lesned 1D %S6 WEYERYIEY
-ouswisod) '6'1=4Y0) -10}/AUa.Nd 95N 9AIL elulojied
asnedousw ESgIE[el! ‘J9ASU/IAS  -daDoRNIUOD UJayLIoN
joadAy  -ioy |esned (3ge|ieAR [el0J0  Jo weibold $|01U0D
Jejiwis ‘awy ‘adA1us  -ouswnisod e1ep paseq J0UDJY) Suowlioy  aled) [edIpay pue Apnis VSN
Be| 1eak-g buisn -puodsal 1oy uonep -leudsoy pue  eiep paseq |esned  31UdUBULIRY S958D jo1uod  [61] eI
S AQ paJapIsuod ‘aby -0SSeON  paseq-1a1sibay -M3IAISIU|  -OUSWISOd 19s1ey| 0 10} 89 - lEL/29  —9seD 1edod
(cz1-101
1D %S6
‘LI'L=Y0)
35N s2n0Iq
-llue 01 uon
BRIUISTY
JosIaybIH
‘PUNOJ SEM
SV Josu 1215163y BniQg Apnis
pue asn asn paqlosald |0J1u0d
sonoigiue 40 Aousnbauy pue 1215163y sjon —-9s5ed
SEETYNETe "J2A3U/IDND uonejndod -Uod  S|OAIUOD pa1sau
IBJILIS ‘SOWIl  9DUSPISAl  UOIRIDOSSe (XLOr-Y LOr) [e10] 1915169y pue pue paseq  USpaMS
Be|eak-c—| buisn  jo eale pue asuodsal elep  elep paseq 1ual1ed sased S95eD -uone| 81]
L Aq paispisuod X35 ‘9by -950pYy  Paseq-1sibay -1915169y  sonoignuy ysipams - 10J /G 10} 69 - oc'cL/¥8y'c  -ndod  le1aung
uosuedwod
sbuipuy urew Jo kem syuedpnied
uo duANPuUL {(apod (s1eak) pasodxaun
‘uonesned J1V) asn (saeak) awn /pasodxa Anunod
2101s 9SI9A31 JO  S9)elIBAOD sbuipuy SV jo  uonedipaw sjuedpiyied (%) abe dn-mojjoy Josjonuod  ubisap ‘(1K)
fAend uoneiapisuo)  paisnipy ulely lusWUIeLIBDSY jouoniuysg dinsodxy Jo 3dinos Sle uespy uesy /sesedjooN  Apnis  Jioyiny

(panunuod) L ajqey



Page 12 of 23

(2022) 20:251

Cui et al. BMC Medicine

spue|
BEGEINED!
Ul (S8°0-£€0
1D %S6
'£G0=40)
LHH 01 uon
-B[2J Ul ysu
J9MOT s3I
-Unod a1y}
||e U1103ya
asuodsal
—350p B Yim asn
(#80-150 40 uoeinp spuepis
9DUIBYIP OU 1D%S6 I9ASU/IDAS EHENET!
‘sisoubelp o3 Joud 'S9°0=40) ‘(=1qe|ieAe pue ey
sieah ¢ asn bnip dUS  sHOo01uUon e1ep paseq 10U DY) eiep Apnis ‘puejal|
Buipnpxa buisn  Apnis‘uon B2l Ul S -leudsoy pue  paseq-aileu 1YH Apnis j0Juod 17l e I
S Aq pasepisuod  -ednps ‘aby STV 1Mo paseqg-asibay -uonssnp 10sD0  YOLOW-0in3 0 99 - L1T'1/€59  —9seD  Asuooy
uosuedwod
sbuipuy urew Jo kem syuedpnied
uo duANUL {(3p0od (s4eaKk) pasodxaun
‘uonesned J1V) asn (saeak) awn /pasodxa Anunod
2103s 9SI9A3J JO  SdjelIeAOD sbuipuy S7Yjo  uonedipaw sjyuedpiyied (%) abe dn-mojjoy 1o sjonuod  ubisap ‘(1eak)
Aujenp uonesapisuod  paisnlpy Ulel\  JUSWIUIRLIBDSY jouoniuysag adunsodxy Jo @21nos Sle ued|y uesy /sesedjo'oN  Apnis  Joyny

(panunuod) L ajqey



Page 13 of 23

(2022) 20:251

Cui et al. BMC Medicine

aupipaw
o1yied
-oswoy Jo
‘sondsjoinau
‘syuessaid
-dnsounuwiul
'SPI0J3S ‘SDI
-lageiphue
‘uoled|pPaW
proshu
'sues 1oy
uoneosse
ON(£0-20
1D %56 [upIpaW
¥0=40) dlyted
sanndaden -oawoy
-uod 01 uoh 10 ‘sonds)
-BJaJ Ul ysu -oInau
SV Jomo| ‘syuessaud
YAl -dnsou
1D %56 -nuiwil
'€T=Y0) ‘spiois1s
SAIVSN pue 'soaqelp
©99-9'1 -ue ‘uon
1D %S6 -edpswi
‘T€=40) proiAuyy
syuessaidap 'suels
-AUR (81 'SAIVSN
1D %S6 ‘syuessaid
AYAIDE [BD ‘ST=Y0) J9ASU/IBNS -apnue |0} S|0Juod
-IsAyd pue  wnisaubew ‘(31qejiene ‘wnisau -Uuo> 10} 10} 65 Auewlan
‘uonednddo 01 Uone|al 10U DY) elep -bew |oOYdS  9G pue pue Apnis  ‘[zz] e e
NG 4op upIs SV elep  paseg-alleu  ‘saAiRdad |e2IPaN sased S958D |0J1U0d uuew
S paJopisuod joN  -Uab ‘aby 1_YbIH  paseqg-jeudsoH -uonssnd -elU0D JsAOUURH 10§ 9 10} 79 - /61/007  —9s5e) Elle!
uosuedwod
sbuipuy urew Jo kem syuedpnied
uo duANUL {(3p0od (s4eaKk) pasodxaun
‘uonesned J1V) asn (saeak) awn /pasodxa Anunod
2103s 9SI9A3J JO  SdjelIeAOD sbuipuy S7Yjo  uonedipaw sjyuedpiyied (%) abe dn-mojjoy 1o sjonuod  ubisap ‘(1eak)
Aujenp uonesapisuod  paisnlpy Ulel\  JUSWIUIRLIBDSY jouoniuysag adunsodxy Jo @21nos Sle ued|y uesy /sesedjo'oN  Apnis  Joyny

(panunuod) L ajqey



Page 14 of 23

(2022) 20:251

(I2)

xapu| Al

-pigiowod

uospieyd

pue ‘ssnipiq

-JOWO0d

‘3061 ‘obe

Buipnpul

‘slenpiaipul

pasodxaun

pue

pasodxa

usamiaq

Bulydrew

9DUIBYIP OU ‘Wi paseq
Be| Jeak-| buisn -21025

8 AQ passpisuo)  Ausuadoid

aseqeiep
1HH euewWNH

Apnis
1Joyod
andads SN 'fed]

9/9'681/9/9'68L  -Ol9Y  [e 1S Wy

sbuipuy urew

uo aduanpul

‘uonesned
21005 9SI9A94JO  S)RLIRAOD
fAend uonesapisuod  paisnlpy

Ulel\  JUSWUIRMIAISY JO uoIHUYdQ

sjuedpiyed

ainsodx3 JO 92In0Sg

syuedpnied
pasodxaun
/pasodxa Anunod
1o sjonuod  ubisap ‘(1eak)
/sasedjooN  Apnis  ioyiny

Cui et al. BMC Medicine

(panunuod) L ajqey



Page 15 of 23

(2022) 20:251

Cui et al. BMC Medicine

Apnis
adaa? (sguv) |013u0d
SdUIBYIP OU JOASU/IDND SI9320[q  Ajey] uidyoN sjol} —-ased
‘s;soubelp oysoud  9dUIPISY (3)ge|ieAR  si01dedal  ‘Uoibay Apleq -Uod  S|0JIUOD pa1sau
163k | asn Bnip jo eale sgyy 1o elep pI0dal 10U DY) [JUISU3}  -WOT Y3 Jo pue pue paseq Aey|
Buipn|oxe buisn pue ‘9be  s|3DV Joj uon |eJIpaW pue e1ep paseq -olbue  aseqelep oAl sased S958D -uone|  ‘[gz]e1s
S Aq pasepisuod U9pUSD  -BIDOSSEON  Paseq-1aisibay ~1915169y ‘SI3DV  -eAslUlWpY  10j9G 10} 89 - 000'0Z1/00¢1 -ndod 1youel
SAIVSN
10 'sp1oIals
'S9AISUL
-ladAynue
194310 J0j Uoi
-BIDOSSe ON
‘uidse pue
(#6:0-85°0
1D %56
¥/ 0=4H0O
SUSIA 1SN Aue 1o}
juanedino '2/°0-92°0
40 Jeaquinu 1D %56
puehels  '€0=YO
|eydsoy jo ‘aaa> SAIVSN
Wous| DD SR <uo) pue
‘SAIVSN £0'1-590 ‘sploJa1s
'SploJa1s D %56 'SOAISU]
‘uudse ‘€80 =40 (@a@>)esop  -;adAynue
'SOAISUD] :aqa> Ajiep pauysp ‘upidse
-1adAynue g6y >10)) SAIIRINWIND ‘(s13DV) Apnis
9DUIBYIP OU J9Y10 3DV 01 uon J3ASU/IDAS  SIoNqIYUL sjol} |0I3Uod
‘s;soubelp oysonud  ‘winjwaid -B[2J Ul ysu ‘(31qejiene QWAZUD -Uod  S|0JUOD —-3sed
183k | asn brup  adueInsul SV Jamoy elep pJodal 10UDY) buisAuod ERII pue pue paseq uemie|
Buipnppxe buisn - ‘sduspisal uspuadap [eJIpaW pue e1ep paseq -UISUS)  -Insu| YiesH sased S958D -uone| iizd|
e} AQ paJapisuo) ‘abe 'xaS -950q  paseq-1a1sibay -1915169Y -olbuy |euonen 10J 29 10) /G - 085V 1/67/ -ndod  je12Un
uosuedwod
sbuipuy urew Jo kem syuedpnied
uo duANUL {(3p0od (s4eaKk) pasodxaun
‘uonesned J1V) asn (saeak) awn /pasodxa Anunod
2103s 9SI9A3J JO  SdjelIeAOD sbuipuy S7Yjo  uonedipaw sjyuedpiyied (%) abe dn-mojjoy 1o sjonuod  ubisap ‘(1eak)
Aujenp uonesapisuod  paisnlpy Ulel\  JUSWIUIRLIBDSY jouoniuysag adunsodxy Jo @21nos Sle ued|y uesapy /s9sedjooN  Apms  Joyiny

(panunuod) L ajqey



Page 16 of 23

(2022) 20:251

Cui et al. BMC Medicine

(1=

12 %56
71 =40
sisouberp
210J2q
sleah £<i67
=1 1D %S6
'6'l=40
sisoubelp
210§3q
1 ak z—| 1915169y
LSV uonesnp3
sniels 12 %56 Ysipams
DIWOUO0DD 'IG=Y0 pue 1335163y
-01205 sisoubelp 19A3U/IDNS yeaq Jo Apnis
iRENIE] pue ‘|ang) 210J2q {(XY9ON sasne) U9l |0J3U0d
Buons ‘sisoubelp  [euoneonpa  Jeak |)asn pue 590N -sibay bnig sjon —-ased
STV 210j3q  ‘dudplsal  Juessaidap ‘aY90N p=qliosaid -uod  sjonuod pa1sau
sleak ¢ <'c—7 jouolbal  -ue 0} uon Y\V90N) USIPOMS 191s| pue pue paseq uspamsg
‘7-1 "1 >buisn X35 ‘Yuiq -B|2J Ul ysu elep elep paseq  syuessaid  -Bay 1uslied S9seD  S95eD I0J -uone| ‘[gz] e
L Aq passpisuod jousesy STy IaybiH  paseqg-sasibay ~1915169y -ophuy ysipams 104 /S G/=99 - 09/8/75/1 -ndod SO0Y
(0z1-90
12 %56
Jspusb pue 'S5/ 7=Y40) 19A3U/IBNS SOIUID Ajnde4 sjo1
‘abe oy ENAETN (3ge|ieAR ABojoINaN  -U0> 10}
-0d|e ‘2asN -e}aydwe 10U DY) elep 0dsjouel{ UBS €€ pue Apnis VSN
022eq0} 10} uonep elep  paseg-aileu SulW  ‘BlUlole) JO saseD S958D joluod /7] eI
S PaJapISUOD 10N ‘aulRyed) -0SseON  paseq-|endsoH -uonsanp  -eraydwy AUsIanlun  10J €9 l0) ¢€g - 8G/7/  —958D) POOMIRD)
sisoubelp 1915169y
210497 Jek | yieaq Jo
1583 18 JO sasned) pue
MOpUIM bBej 1215163y BnIQg
e buizin pagosald Apnis
usaym asn YSIpams 191! |0J1u0d
Idd 104 (6171 ada» -bay wusiied sjol —9SED
90Ud /601D %S6 'J9ASU/IDNS (Sldd) ysipams -Uod  S|0JUOD pa1sau
-Iylp oulsawll  3dUBPISI ‘0'L =4HO) (Ogzoy)  Jouqiyul 1915162y pue pue paseq  uspamg
Be| Jeak-¢—| Buisn o ease pue uonen elep e1ep paseq dwnd uone|ndod sased S958D -uone| ‘[97] e 1
/ AQ paJapisuo) ‘abe '%xaS -0SSEON  Ppaseq-1a1sibay -1915169Y uo)Old  |e10] YSIpamS  10J /G 10} 69 - oV8've/¥81 e -ndod upad
uosuedwod
sbuipuy urew Jo kem syuedpnied
uo duUdANUI {(3p0od (s4eaKk) pasodxaun
‘uonesned J1V) asn (saeak) awn /pasodxa Anunod
2103s 9SI9A3J JO  SdjelIeAOD sbuipuy Sy jo  uonedipaw sjyuedpiyied (%) abe dn-mojjoy 1o sjonuod  ubisap ‘(1eak)
Aujenp uonesapisuod  paisnlpy Ulel\  JUSWIUIRLIBISY jouoniuysg dunsodxy Jo 921nos Sle uedpy uedpy /sosedjooN  Apms  Joyiny

(panunuod) L ajqey



Page 17 of 23

(2022) 20:251

Cui et al. BMC Medicine

st 9AIR|DY Yy “ongiyul dwnd uoloid sidd 1915169y STV
©ISOV,P 3|6/ PUR JUOWIPRId YL STVYHYJ ‘SPUBHAYIBN Y3 Ul ApNis STy 9A13D3ds0Id NV ‘O11es SPPO YO ‘saAirdadeiuod [eiQ sOO ‘sbnip Alojewwepui-iue [eploidls-uoN sgjysn ‘Adesayl Juswade|dal suowyoy [yH ‘olel
piezeH YH ‘|eAI31UI 22USPYUOD) [D ‘@s0p A[1lep pauyap aAnenwnd ggag> ‘Xapul ssew Apog g ‘sia320|q $103dadai || uisualolbuy sgyy ‘sisosa|ds [elaie| diydojoAwy STy ‘siodgiyul swAzua Builiaauod-uisualolbuy sj3oy

siues
-sa1dapnue
pue ‘s2|
-JoydAsdiue KNSt
‘sbnip 950p -bay sbnig
uejuosupyled SAIIRINWIND |euolbay
-lJue Joj uon |edlobhaed Juowipalyd
-BID0SSe ON pUE LJaASU pue ‘(STvYvd)
(00C-t60 /1973 ((Y9ON 1915169y
12 %56 :syuessald SV eIsoy,p
'SETLYH) o1 -ophue pue o|[eA pue
-dajidanue "YSON 21 sjues uowpsld
0} uofiejal ul -JoydAsdiue -saidsp oYy ‘Ansibay
S 1aybiy ‘PON:Sbnup  -nue pue  uondudsald
leuiblew e uejuosupyied ‘Sa0Yyd bniqg |ed
pue (£60 -ue'veoN  -Asdiue -wRYD
alnsodxa  —S€°0 1D %56 :sbnip on ‘sbrup  dpnadelsy) s|ol
-02 brup '65°0=4YH) -dajidanue  ueluosupy |eDIWOIRUY SjoJ1 -UOD 10y
JelWIS  pue‘sniels spiojdo o0y VZON -led-nue  ay1‘AnsiBay  -uod oy 65-St Apnis
:saull} be| Jeak-g |eaIewW uole|aJ ul sploido)  ‘sbnupon Ayjedpiunpy /iy pue pue 110402 Aey|
pue’-z ‘-] buisn  ‘uoiedNpPa MU STV elep elep paseq -dajdsnue  ‘elep snsuad S9SeD  S95eD I0J oAI1Dads  ‘[pg] e 19
8 Aq passpisuod CISEREN 1OMOJY  pased-1a1sibay -1235169Y ‘spioido 100C  10JSS ¥/-09 - ¥20'/89/00€ -0id  opinod
wniyin
suon puiAizdal
-ed|paul 10U
onoyaAsd (260100 sjuaned
-ue jo 12 %56 10} ey
35N pue "1'0=40) 19A3U/INS pue
‘9duepualie wniy3l| o3 ‘(31qejiene wniyi MIIADI
o Jo uole|al ul 10U DY) 103(0ld BulAlRI2) ueyd VSN
uoneinp JSH STV elep  elep plodal SAIYDIY siuaned aAdads  ‘[67] e
9 po1opISUOd 10N 5By 19MOlY  plO3al [BSIPSN [ESIPSN wniyin - wniyi eyl or 10} 17 - LG¥//LS5  -Oney 1955014
uosuedwod
sbuipuy urew Jo kem syuedpnied
uo dusNpuI {(9pod (s1eaKk) pasodxaun
‘uopesned J1Y) 9sn (s4eaKk) awn /pasodxa Anunod
2100s 9SI9A31 JO  SIRLIBAOD sbuipuy STV Jo  uonedipaw sjuedpiyjied (%) abe dn-mojjoy 1o sjonuod  ubisap ‘(1eak)
Ajjend uonesapisuod  paisnlpy ulel\  JUSWUIRIIADSY jouoniuysag adunsodx3 Jo @2unos ETEN uespy uespy /s9sedjooN  Apms  Joyiny

(PanupuOd) | 3jqey



Cui et al. BMC Medicine (2022) 20:251

(111 cases and 258 controls) and one prospective cohort
study (708 cases of ALS during a follow-up of 9,727,583
person-years) found that neither non-aspirin NSAID nor
aspirin use was associated with the risk of ALS [14, 15]. A
population-based case—control study in Taiwan including
729 ALS cases and 14,580 controls also failed to observe
an association between NSAID use and risk of ALS [24].
However, together with another population-based case—
control study in Taiwan (including the same 729 cases
as the previously mentioned study in Taiwan and 7290
controls) [16], both studies showed a lower ALS risk with
aspirin use, including some evidence for a dose—response
relationship [16]. When it comes to steroids, no associa-
tion with ALS was found in either the German or Tai-
wanese study [22, 24].

Regarding immunosuppressants, a Dutch population-
based case—control study found a 74% reduced ALS
risk in relation to the use of immunosuppressive drugs
(OR=0.26, 95% CI 0.08-0.86) [9]. A US case—control
study [17] and a German case—control study [22] failed
however to observe an association between immunosup-
pressant use and ALS. The US study did report a lower
ALS risk among individuals with a history of chemother-
apy (OR=0.46, 95% CI 0.22—-0.89) [17].

A nested case—control study in Sweden, including 2484
newly diagnosed patients with ALS and 12,420 sex-,
birth year-, and area of residence-matched population
controls, found that antibiotic use was associated with a
higher risk of ALS (OR=1.11, 95% CI 1.01-1.22) with a
dose-response relationship (P for trend =0.0069), while
no association was noted for macrolide-type antibiotics
[18]. A US study found azithromycin, a macrolide-type
antibiotic, to be associated with a lower risk of ALS, on
the other hand [6].

OCs or HRT

Five studies have assessed the roles of OCs or hormone
use as a broad category on the risk of ALS [19-23]. No
association was found between OC or HRT use and ALS
risk in either a US case—control study with 62 cases and
131 controls [19] or a British prospective cohort study
including 1,319,360 women among whom 752 developed
MND [20]. However, a case—control study conducted in
Ireland, Italy, and the Netherlands found a lower risk of
ALS in relation to OC use (OR=0.65, 95% CI 0.51-0.84)
with a dose—response relationship in all three countries,
whereas a lower risk in relation to HRT use was only
shown in the Netherlands (OR=0.57, 95% CI 0.37-0.85)
[21]. In addition, OC use was found to be associated with
a lower risk of ALS (OR=0.4, 95% CI 0.2-0.7) in a Ger-
man case—control study [22], and HRT use was found to
be associated with a lower ALS risk in a US cohort study
(RR=0.42, 95% CI 0.28-0.63) [23].
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Antihypertensive drugs

Four studies have evaluated the association of antihyper-
tensive use with risk of ALS [6, 8, 16, 25]. A case—con-
trol study in the Netherlands did not find an association
between any antihypertensive use and ALS risk [8]. A
US population-based case—control study, on the other
hand, screened 685 individual prescription drugs and
found that, among antihypertensive drugs, the use of
amlodipine (calcium channel blocker), furosemide (loop
diuretic), lisinopril (angiotensin-converting enzyme
inhibitor/ACEI), or metoprolol (beta blocker) was asso-
ciated with a lower risk of ALS [6]. Two other studies
examined the roles of ACEIs or angiotensin II receptor
blockers (ARBs) on ALS risk. The first is an Italian nested
case—control study, with 1200 cases and 120,000 controls,
showing no clear association between ACEIs or ARBs
and the risk of MND [25]. In contrast, the other study, a
case—control study in Taiwan with 729 cases and 14,580
controls found use of ACEIs to be associated with a lower
risk of ALS, including a dose—response relationship when
studying ACEIs by cumulative defined daily dose (cDDD)
[16]. However, no association was found for other anti-
hypertensives [16]. Among the individual compounds of
ACEIs, captopril and enalapril were shown to be associ-
ated with a lower ALS risk [16].

Antidiabetics

Four studies have estimated the association of anti-
diabetic use with the risk of ALS [6, 8, 12, 22]. Among
these, two case—control studies (one from the Nether-
lands and one from Germany) did not observe an asso-
ciation between antidiabetic use and risk of ALS [8, 22].
Contrary to these findings, a nested case—control study
in Sweden reported a lower risk of ALS among persons
exposed to antidiabetics, among which an inverse associ-
ation was noted for insulin, metformin and sulfonylureas
[12]. A US study also found a lower ALS risk among indi-
viduals who used human recombinant Glucagon using
either a 1- or 3-year lag time, although a lower risk for
metformin was only noted using a 1-year lag time, com-
pared with controls [6].

Proton pump inhibitor (PPI)

Only one study has evaluated the association between
PPI use and ALS risk [26]. This study included 2484 cases
with ALS and 24,840 controls in Sweden and failed to
find an association between PPI use and ALS risk [26].

Drugs for psychiatric and neurological disorders

An Italian prospective cohort study with 687,324 par-
ticipants examined the association of multiple nervous
system drugs (opioids, antiepileptic drugs, anti-parkin-
sonian drugs, antipsychotics, and antidepressants) with
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ALS risk [30]. In this study, a 41% lower ALS risk was
found in relation to the use of opioids (HR=0.59, 95%
CI 0.35-0.97) and a higher ALS risk was suggested in
relation to the use of antiepileptics (HR 1.35, 95% CI
0.92-2.00), whereas no association was noted for use of
anti-parkinsonian drugs, antipsychotics, or antidepres-
sants [30]. A nested case—control study in Sweden found
however a higher prevalence of antidepressant use before
ALS diagnosis, compared with controls [28]. A German
case—control study found a threefold risk increase of
ALS in individuals with use of antidepressants (OR=3.2,
95% CI 1.6—6.6) [22]. Lithium, used for bipolar and some
depressive disorders, was found to be associated with
a lower ALS risk in a US cohort study [29]. The central
nervous system (CNS) stimulant amphetamine, used in
the treatment of attention deficit hyperactivity disorder
(ADHD) and narcolepsy, was not found to be associated
with ALS risk in a US case—control study [27]. Skeletal
muscle relaxant, baclofen, was found to be associated
with a higher risk of ALS in a US case—control study [6].

Discussion

This systematic review summarized all available stud-
ies assessing the link between the use of seven classes of
medications, including cholesterol lowering drugs, anti-
inflammatory drugs, immunosuppressants, and antibiot-
ics, oral contraceptives (OCs) or hormone replacement
therapy (HRT), antihypertensive drugs, antidiabetics,
proton pump inhibitors, and drugs for psychiatric and
neurological disorders and risk of ALS. In brief, we found
that there was generally a lack of agreement on the asso-
ciations of these medications with the subsequent risk of
ALS between studies. However, it appeared that statins,
aspirin, OCs/HRT, antihypertensives, and antidiabetics
were unlikely related to a higher risk of ALS. The positive
associations suggested for the use of antibiotics, antide-
pressants and skeletal muscle relaxants might be attribut-
able to prodromal symptoms of ALS.

An inverse association of cholesterol lowering drugs
with ALS risk was found in four studies [8—11], while a
null or marginal association was observed in four [7,
12, 13, 22]. The marginal association was likely due to
the higher risk of ALS during the first year after statin
use [13]. The differing results between studies might be
attributable to diverse study designs, sample sizes, vari-
able adjustments, or biological difference between popu-
lations. Although still controversial, some studies have
suggested that hyperlipidemia may be a risk factor ALS
[31, 32]. If this is the case, the null or inverse association
noted between cholesterol lowering drugs, especially
statins, and ALS risk might indicate a potentially protec-
tive role of statins on ALS. After considering indications
for statin use, Freedman et al. indeed found a lower ALS
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risk in relation to statin use, but not other cholesterol-
lowering drugs [10]. The potentially protective role of
statins may be attributed to their antioxidative and anti-
inflammatory properties [33].

Steroids were not associated with the risk of ALS in the
present study. Some experimental studies have shown
that steroids may exhibit a neuroprotective role on neu-
rons, glial cells, and blood vessels via steroid receptor
signaling [34, 35], whereas others found a detrimental
effect of steroids on motor neurons [36—38]. In terms of
NSAIDs, most previous studies failed to show an associa-
tion with ALS risk [14—16], except for one [22]. The dis-
crepancy between studies might be partly due to sample
size, recall bias with self-reported data, not considering
reverse causation, and lack of correction for multiple
testing. Real population differences might also exist. For
instance, two US studies did not find an association
between aspirin use and ALS [14, 15], whereas two Tai-
wanese studies found aspirin use to be associated with
a lower risk of ALS [16]. A potentially protective role of
aspirin on ALS has been identified in an experimental
study which suggested that a derivative of aspirin “AAD-
2004” might decrease motor neuron degeneration and
improve motor function and life span by blocking free
radical production, prostaglandin E [2] formation, and
microglial activation in the spinal cord of ALS mice [39].

The findings on immunosuppressants are inconsist-
ent [9, 17, 22]. Further, immunosuppressive treatment
was not shown to be related to disease progression and
survival of ALS patients [40, 41]. Emerging evidence sug-
gests that gut microbiota dysbiosis might influence the
development and disease progression of ALS through
the microbiota-gut-brain axis [42, 43]. The relationship
between antibiotics use and ALS risk, however, is less
studied in human. One study showed a positive associa-
tion, which was mainly attributable to the use of antibiot-
ics during the years before ALS diagnosis [18].

There is similarly no agreement on the association of
OCs or HRT use with the risk of ALS, but findings point
to a lowered or null risk. OCs use differs greatly between
populations due to cultural and socioeconomic differ-
ences [21] and is associated with many factors such as
age, marital status, and health status [44, 45]. Such differ-
ences may have contributed to the difference in findings
of different studies. In animal and cell studies, however,
estrogen was found to exert neuroprotective effects on
motor neurons through binding estrogen receptor a [46,
47] and hinder the progression of the female ovariec-
tomized SOD19%34 mice. The prognostic role of estrogen
has also been studied in ALS patients, however, with no
considerable influence on disease progression [22].

In general, antihypertensive drugs were not shown
to be associated with the risk of ALS. An Italian study
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demonstrated null associations of ACEIs and ARBs with
the risk of MND [25], which differed from the finding
of a protective role of ACEIs on ALS risk in a Taiwan-
ese study [16]. The ethnic and age differences between
the studies might explain the discrepancy to some extent.
Further, the disparity in vitamin E exposure between the
two populations may also contribute as ACEIs may func-
tion through increasing the levels of vitamin E whereas a
protective role of ACEIs might disappear at the presence
of relatively high vitamin E levels [25].

Antidiabetics use was shown to be associated with a
lower risk of ALS, although two studies did not find sta-
tistically significant results [8, 22] which might be partly
attributed to their relatively small sample sizes. It is dif-
ficult to conclude a neuroprotective role of antidiabetics
on development of ALS due to the difficulty of discern-
ing antidiabetics use from underlying diabetes. Previous
studies have indeed found type 2 diabetes to be associ-
ated with a lower risk of ALS [48, 49]. A recent study has
further suggested that the relationship might be causal
in the European population [49]. Experimental studies
have also supported a protective role of antidiabetics on
ALS development as ALS mice treated with pioglitazone
exhibited delayed onset and prolonged survival, in paral-
lel with morphological and functional improvement of
motor neurons [50].

Antidepressants and a skeletal muscle relaxant,
baclofen, were found to be associated with a higher risk
of ALS. Reverse causation might be the main explanation
for these associations as depression and muscle problems
are also symptoms of ALS and the risk is decreasing with
longer time before diagnosis [6, 22, 28]. For instance,
patients with ALS were more likely to receive a diag-
nosis of depression before diagnosis of ALS, especially
during the year before ALS diagnosis [28]. Although a
higher ALS risk was suggested in relation to antiepilep-
tics use in one study [30], the association was not statis-
tically significant. No genetic correlation was observed
between ALS and epilepsy either [51]. Opioids and lith-
ium, on the other hand, were found to be associated with
a lower risk of ALS. Opioids exert neuroprotective effect
through stimulating opioid receptors and upregulating
excitatory amino acid transporters [52]. The protective
effect of lithium in ALS may occur through an activa-
tion of autophagy in CNS [53]. Besides, findings that ALS
patients with the LINCI3A C/C genotype might benefit
from lithium treatment suggesting a role of lithium in the
promotion of synaptogenesis and neuronal outgrowth
[54]. However, as these medications have been relatively
rarely studied so far, a conclusion cannot be drawn before
more studies are available.

To our knowledge, this is the first systematic review
to evaluate the association between medication use and
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subsequent risk of ALS. The strengths of this review
include the systematic search strategy using three large
databases and the large numbers of articles included
without restricting the publishing time. Further, the
quality of the included studies was moderate to high
according to the results of the quality assessment tool
NOS.

Nonetheless, this review has several limitations. First,
variation exists between studies regarding genetic back-
ground, ethnicity, geographic location, sample size, study
design, consideration of reverse causation, and multivari-
able adjustment, making it difficult to make direct com-
parison between studies. Specifically, as ALS likely has a
long pre-clinical stage with various prodromal symptoms
and there is a known diagnostic delay of about 1 year for
ALS, due to patient and healthcare-related delays [55],
studies not considering potential reverse causation due to
such might reach artificial conclusions regarding benefi-
cial or harmful medications. Regardless, similar findings
across different genetic background, ethnicity, and geo-
graphic location may on the other hand provide a good
opportunity to find a robust risk factor for ALS. Second,
some medications were only studied as a broad category,
leaving the drug-specific effect unraveled. Third, some
studies were based on patients with other diseases such
as psychiatric disorders [29] and non-melanoma skin
cancer [56], which may lead to low generalizability of
the results to the general population. Finally, we focused
on articles in English in three large databases (Medline,
Embase, and Web of Science), studies from other data-
bases or in other languages were not included. The num-
ber of the latter is however presumably small.

The increased availability of medication data obtained
from medical records and administrative databases has
greatly promoted the development of pharmaco-epi-
demiological research [57]. Although there are inher-
ent challenges in pharmaco-epidemiological studies,
namely that it is difficult to disentangle the effect of the
studied medication from its underlying disease indica-
tion, so-called confounding by indication or indication
bias, pharmaco-epidemiological studies are currently
the main research tool to evaluate the long-term ben-
efits and adverse events of medication use in the real-
world practice [58]. Indication bias might be partially
addressed by specific study designs, such as restricting
the analysis to a target population (e.g., patients with
specific disease) with or without medication use and
active comparator design (i.e., comparing the effect of
the target medication with another active drug) [59].
These designs also have limitations. For instance, they
often rely on the assumption that there is little differ-
ence between the comparison groups other than medi-
cation use; however, it is almost always true that treated
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and untreated individuals as well as patients with dif-
ferent treatments for the same disease differ in disease
severity, comorbidity profiles, etc.

As previous reviews have summarized the existing lit-
erature on the roles of specific diseases, including cardio-
metabolic and inflammatory diseases, on the risk of ALS
[60, 61], in the present review, we focused on medication
use as potential risk factor for ALS. However, because
among the studies included in the present review, few
have made efforts to address the concern of indication
bias, it remains largely unknown whether it is the use
of a specific medication or its underlying disease that
is the real relevant factor for ALS. Although indication
bias is unlikely to be completely ruled out in any phar-
maco-epidemiological studies to date, new efforts should
regardless be encouraged to use state-of-the-art study
designs, such as analysis of target population [62], use of
active comparator [63], application of propensity score
to match comparison groups [64], and target trial emula-
tion [65], to estimate the potential influence of indication
bias. It would also be useful to provide more information,
if available, on medication use, including indication for
use, specific types of medication instead of using only a
broad category of the medication, and dose and quantity
of medication use.

In addition to indication bias, as important potential
confounders such as smoking are rarely available in pre-
vious studies, residual confounding due to factors other
than indication can also be a common source of systemic
error. Further, the low incidence of ALS makes some
studies underpowered to disclose real associations with
relatively small magnitude from noise. Finally, the het-
erogeneity of ALS as a disease means that an overall null
association for ALS in general does not necessarily pre-
clude an association for a specific type of ALS and this
has rarely been addressed in the literature.

Finally, the present review focused on studies where
different medications were studied as potential risk
factors for ALS. Additional efforts should be made to
summarize the existing literature where medications
are studied as potential factors influencing prognosis
of ALS. For instance, one study suggested an associa-
tion between status use and functional decline among
ALS patients [66], whereas another study failed to do so
[67]. In another study, aspirin or other NSAIDs use was
found to be associated with a shorter survival among
ALS patients; however, the association disappeared
after correcting for multiple testing [68]. Similarly,
although animal and cell studies have found estrogen to
exert neuroprotective effect on motor neurons [46, 47],
human studies failed to show an influence of estrogen
on disease progression of ALS [22]. Finally, in terms of
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antidiabetics, a randomized trial evaluated pioglitazone
as an add-on therapy in ALS patients without however
showing beneficial effects on survival [69].

Conclusions

Although there is currently no strong evidence to link
any medications with a higher risk of ALS, it appears
that statins, aspirin, OCs/HRT, antihypertensives, and
antidiabetics were unlikely related to a higher risk of
ALS. Although this might provide evidence for the con-
tinued use of these medications among individuals at
high-risk of ALS, interpretation of these results should
be done with caution as most of the studies examined
broad categories of these medications, leaving the
potentially harmful role of specific drug classes unrave-
led. The positive association noted for antibiotics, anti-
depressants, and skeletal muscle relaxants might on the
other hand be attributable to prodromal ALS symptoms
or reverse causation due to diagnostic delay.
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