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Section I: Literature Search Strategy

Database searched: Scopus
Date of coverage: 2000 to November 2021

Search undertaken: August 2020, September 2020, February 2021, November 2021

((TITLE-ABS-KEY ("multiple sclerosis")AND (hearing OR auditory OR "hearing loss" OR
"auditory function" OR “hearing dysfunction”)) OR (TITLE-ABS-KEY ("multiple sclerosis")
AND (dizziness OR vestibular OR vertigo OR equilibrium OR balance OR balanced OR

“vestibular function™ )
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Database searched: Pubmed
Date of coverage: 2000 to November 2021

Search undertaken: August 2020, September 2020, February 2021, November 2021

(("multiple sclerosis"[MeSH Terms] AND ("auditorially"[All Fields] OR "auditory"[All Fields]
OR ("hearing"[MeSH Terms] OR "hearing"[All Fields] OR "hearings"[All Fields]) OR "hearing
loss"[All Fields] OR "hearing” [All Fields] OR "auditory function"[All Fields]) OR ("multiple
sclerosis"[MeSH Terms] AND ("vestibular"[All Fields] OR ("dizziness"[MeSH Terms] OR
"dizziness"[All Fields] OR "dizzy"[All Fields] OR "vertigo"[MeSH Terms] OR "vertigo"[All
Fields]) OR ("vertigo"[MeSH Terms] OR "vertigo"[All Fields] OR "vertigos"[All Fields] OR
"vertigoes"[All Fields]) OR ("equilibrium"[All Fields] OR "equilibriums"[All Fields]) OR
("balance"[All Fields] OR "balanced"[All Fields] OR "balances"[All Fields] OR "balancing"[All
Fields]) OR "vestibular function"[All Fields]) AND

Translations

Multiple SclerosisifMeSH Terms]: "multiple sclerosis"[MeSH Terms]

auditory: "auditorially"[All Fields] OR "auditory"[All Fields]

hearing: "hearing"[MeSH Terms] OR "hearing"[All Fields] OR "hearings"[All Fields]
multiple sclerosisfMeSH Terms]: "multiple sclerosis"[MeSH Terms]

dizziness: "dizziness"[MeSH Terms] OR "dizziness"[All Fields] OR "dizzy"[All Fields] OR
"vertigo"[MeSH Terms] OR "vertigo"[All Fields]

vertigo: "vertigo"[MeSH Terms] OR "vertigo"[All Fields] OR "vertigos"[All Fields] OR
"vertigoes"[All Fields]

equilibrium: "equilibrium"[All Fields] OR "equilibriums"[All Fields]

balance: "balance"[All Fields] OR "balanced"[All Fields] OR "balances"[All Fields] OR
"balancing"[All Fields]

\]
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Database searched: Web of Science

Date of coverage: 2000 to November 2021
Search undertaken: August 2020, September 2020, February 2021, November 2021

Databases= WOS, BCI, BIOSIS, CCC, DRCI, DIIDW, KJD, MEDLINE, RSCI, SCIELO,
ZOOREC, Timespan=2000-2021

#1 TS=("multiple sclerosis")

#2  TS=(auditory OR audio OR "auditory function" OR “‘auditory system”)
#3  TS=(hear* OR hearing OR "hearing loss")

#4  #2 OR#3

#5  #4 AND #1

#6  TS=(vestibular OR vestibul* OR "vestibular dysfunction" OR "vestibular system")
#7 TS=(vertigo)

#8  TS=(dizzy OR dizziness)

#9  TS=(balance OR balanced OR balances OR balanc*)

#10 #6 OR #7 OR #8 OR #9

#11 #1 AND #10

#12 #5OR #11 AND
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Database searched: NICE

Date of coverage: 2000 to November 2021
Search undertaken: August 2020, September 2020, February 2021, November 2021

(("multiple sclerosis") AND (hearing OR auditory OR "hearing loss" OR "auditory function" OR
hear* OR “hearing dysfunction)) OR (("multiple sclerosis") AND (dizziness OR vestibular OR
vertigo OR equilibrium OR balance OR balanced OR “vestibular function™))
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Section II: Assessment of Bias

Table S1: Assessment of Bias for case-control studies according to ROBANs
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[ < = = = [

W @) = [ — n

2002  Japaridze et al.l! ? + + - + +
2002  Sartucci and Logi® + + + 5 o +
2004  Alpini et al.¥ - ? + - + +
2005  Aidar and Suzuki + + + 5 + -
2007  Patké et al.l”! ? - + - + +
2008  Zeigelboim et al.[® ? + + - + +
2009 Limaetal” ? ? + - + +
2010 Lewis et al.® + + + = oy +
2010 Matas et al.[”! + + + - + +
2012 Doty et al.l' - + + - + +
2012  Saberi et al.l"!l + + + - + +
2013  Gabeli¢ et al.l'? + + + - + +
2013  Harirchian et al.l'! + + + - + +
2014  Valadbeigi et al.l'¥ + + + - + +
2015  Pokryszko-Dragan et al.l'>) + + + - + +
2018 Doty et al.l'® - + + - + +
2018 Kavasoglu et al.ll”! + ? + - 2 a*
2018 Kouraet al.'8] + + + - oy +
2019  Elbeltagy et al.'”! - + + - + +
2021  Rishiq et al.?% ? + + - + +
2021  Srinivasan et al.?!! + + + - + +
2021 Elmoazen et al.l*?! + + + 5 + +

Green “+” = low risk of bias, red - = high risk of bias, yellow “?” = unclear risk of bias.

wn
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Table S2: Risk of bias assessment of cohort studies by the Newcastle-Ottawa Quality Assessment form for

cohort studies.
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2 3 g &£ E 2 = 3 =
= =2 = = =
T > @ = QS 3 7] © e S >
g S W < o = O 3 < = < 35 »n
2002 Versino et al.l?* ?
2008 Burina et al.*¥
2009 Eleftheriadou et al.*!
2010 Degirmenci et al.*®
2016 Kaytanci et al.?”)
2019 Di Mauro et al.?®
“*” = low risk of bias, ‘-’ = high risk of bias, "n/a” = the criteria does not apply to the paper, “?” = unknown quality

of the paper due to the presence of “n/a” criteria.

Table S3: Risk of bias assessment of cross-sectional studies by the Newcastle-Ottawa Quality Assessment

form which is adapted for cross-sectional studies.

Year

Author

Representativeness of

the sample

Sample Size

exposure (risk factor)
Comparability of
groups/confounders
Assessment of the

Non-respondents
outcome

Ascertainment of

Statistical test
Study quality

2015

Parsa et al.[*”!

2020

Yang and Liu®®”

2020

Inojosa et al.B!

2020

Inojosa et al.l?%!

2021

Delphi et al.**!

2021

Cochrane et al.’*!

2021

Cochrane et al.[*

“*” = low risk of bias, ‘-’ = high risk of bias.
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Section III: Multiple Sclerosis and Auditory Function

Table S4. Characteristics of studies examining the effects of MS on auditory function

Test

Sample Size

PwMS Mean PwMS Age % MS Type (sample MS Duration Mean Results of PwMS compared to
Battery Author (Year) Study Type PwMS Controls Age (years) range (Years) Female size) (range) years controls / normative data
Japaridze et al. (2002)t1 Case-Control 40 33 30.5 18-57 715 ? ? 65% Abnormal
Versino et al. (2002)1?*! Cohort 65 18 355 19-61 ? ? ? 37.5% Abnormal
Burina et al. (2008)24 Cohort 60 NA 37.2 ? 68.3 RRMS ? 95% Abnormal
Eleftheriadou et al. (2009)/>! Cohort 46 40 40 20-66 45.6 RRMS 4.6 26% Abnormal
RRMS (14), PPMS
Lima et al. (2009)"! Case-control 25 NA 42.6 (female) 33-53 (female) 64.0 (8), Unspecified ? 30% Abnormal
38 (male) 24-56 (male) X
Progressive (3)
Matas et al. (2010)"’ Case-control 25 25 34.88 25-55 76.0 RRMS 4.25(?) Significantly different
o~ Saberi et al. (2012)!"" Case-control 60 38 29.9 ? 73.3 ? 3.2(?) 20% Abnormal
-]
< ?;é‘gfﬁiﬁ"'maga“ etal. Case-control 86 40 39.55 19-60 720 9 8.57 (1-30) Szt iy e
Kaytanci et al. (2016)127) Cohort 20 20 31.3 ? 55.0 ? ? Significantly different
Di Mauro et al. (2019)22% Cohort 40 40 37 18-50 60.0 RRMS 0.8 (0.8-2) No difference
Delphi et al. (20213 Cross- 25 25 3143 18-45 72.0 ? 2 Significantly different
sectional
Lo RRMS (9), PPMS (1), Significantly different at high
1201 g , ;
Rishiq et al. (2021) Case-control 11 9 49.5 34-68 72.7 SPMS (1) 11.9 (2-30) click rate
.. Significantly different and
121 g :
Srinivasan et al. (2021) Case-control 45 45 31.77 18-50 73.3 RRMS 6.1(5.37) 55 56 % abnormal
. 57.7RRMS, 28.6 RRMS (26), SPMS RRMS: 12.6 (2-43)
8] - -
Lewis et al. (2010) Case-control 47 49 51.4 21-65 SPMS Qn SPMS: 233 (8-50) Worse thresholds
, RRMS (57), PPMS _ )
Doty et al. (2012)!1% Case-control 73 73 Males: 45.24 ? 71.2 (3), SPMS (6), Males: 7.36 (7) No significant difference
Females: 45.6 . Females: 7.84 (?)
< Unspecified (7)
E S . T Worse thresholds in female
aberi et al. (2012) Case-control 60 38 29.9 ? 73.3 ? 32
PwMS
Di Mauro et al. (2019)/% Cohort 40 40 37 18-50 60.0 RRMS 0.8 (0.8-2) No significant difference
Srinivasan et al. (2021)"?" Case-control 45 45 31.77 18-50 73.3 RRMS 6.1 (5.37) Significantly different
3 ., Saberi et al. (2012)!"" Case-control 60 38 29.9 ? 73.3 ? 3.2(?) No significant difference
'
é =) Kaytanci et al. (2016)7! Cohort 20 20 31.3 ? 55.0 ? ? No significant difference
-9
=Aa
& Di Mauro et al. (2019)128 Cohort 40 40 37 18-50 60.0 RRMS 0.8 (0.8-2) Significantly lower
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Table S4 continued: Characteristics of studies examining the effects of MS on auditory function

MS & Audio-Vestibular System: Systematic Review

Test Author (Year) Study Type Sample Size PwMS Mean PwMS Age % MS Type (sample MS Duration Mean Results of PwMS compared to
Battery Y P PwMS Controls Age (years) range (Years) Female size) (range) years controls / normative data
. 57.7RRMS, 28.6  RRMS (26), SPMS RRMS: 12.6 (2-43) L .
. 8] 9 R
Lewis et al. (2010) Case-control 47 49 51.4 21-65 SPMS @n SPMS: 23.3 (8-50) No significant difference
wn
g Valadbeigi et al. (2014)['¥ Case-control 26 26 28.9 18-40 ? RRMS ? Lower scores PwMS
Elbeltagy et al. (2019)!* Case-control 20 20 37.6 30-50 ? RRMS ? Significantly lower
[
E Valadbeigi et al. (2014)!'4 Case-control 26 26 28.9 18-40 ? RRMS ? Significantly different
a
Valadbeigi et al. (2014)!!4 Case-control 26 26 28.9 18-40 ? RRMS ? Significantly different
Z
&}
Elbeltagy et al. (2019)!" Case-control 20 20 37.6 30-50 ? RRMS ? Significantly different
Japaridze et al. (2002)! Case-Control 40 33 30.5 18-57 71.5 ? ? 30% Abnormal
-9
=
<
o Matas et al. (2010)"! Case-control 25 25 34.88 25-55 76.0 RRMS 4.25(7) 16% Abnormal

Abbreviations: PTA= Pure Tone Audiometry, ABR= Auditory Brainstem Response, OAE= Oto-acoustic Emissions, TEOAE= Transient Evoked Oto acoustic emission, DPOAE= Distortion Product Oto acoustic Emissions, CAEP=
Cortical Auditory Evoked Potentials, SCP= Slow Cortical Potentials, GIN= Gaps in Noise test, WDS= Word Discrimination Scores, DPST= Duration pattern sequence test, MS= Multiple Sclerosis, PWMS = Persons with Multiple

Sclerosis, ? = not reported.

Cells shaded in grey represent test results that were abnormal or showed a difference between PwMS and Controls

Gur E, et al. BMJ Open 2022; 12:€060540. doi: 10.1136/bmjopen-2021-060540



Supplemental material

BMJPuinshingCGrou Li,mitedFBMe\R
ed on this supplement

pl

disclaims all liabili
al material which h:

%andr onsihility arising from any reliance
been supplied by the author(s)

BMJ Open

Giir, Binkhamis, Kluk (2022)

Table S5: Pure Tone Audiometry Thresholds

MS & Audio-Vestibular System: Systematic Review

Extracted Pure Tone Audiometry Thresholds and Auditory Brainstem Response Results

PTA Threshold Per Frequency (Hz)

Author (Year) Group Test Ear 125 250 500 1000 2000 4000 8000
X SD X SD X SD X SD X SD X SD X SD
Male PwMS 1587 539 1405 594 1252 743 1279 897 2003 1171  17.02  17.26
Doty et al (20121 Male Controls Average Across Not Tested 1435 824 1590 868 1553 858 1774 893 2277 1608 2023 2249
Female PwMS Ears 1285 688 1249 650 1205 659 1462 7.9 1565 897 1328 1238
Female Controls 1128 777 1252 760 1045 682 1162 817 1392 879 1265 12.60
PwMS Right 1030  1.60 1010 008 10.10 008 1040 110 11.10 170 1080  1.80  13.00  2.60
Controls Right 1090 140 1080 1.60 11.00 190 10.80 230 11.00 120 1190 240 1390 240
Di Mauro et al. (2019)128]
PwMS Left 1030 170 1090 120 1040 190 1040 130 10.80 1.10 1140 170 1250 220
Controls Left 1090 140 1080 1.60 11.00 130 1090 210 11.10 190 1190 280 1390 240
Srinivasan et al. PwMS Average Across Not Tested 1222 640 1311 592 1361 590 1255 7.19 1366 806  16.16  9.08
(2021121 Controls Ears 894 505 950 417 988 382 950 545 1088 583 1205 589
Abbreviations:

PwMS = Persons with Multiple Sclerosis, PTA = Pure Tone Audiometry, X = Mean, SD = Standard Deviation

9
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Table S6: Auditory Brainstem Response Parameters and Results

MS & Audio-Vestibular System: Systematic Review

ABR Parameters Peak Latency (ms) Interpeak Latencies (ms) Peak Amplitude (nV)
Author Click BP I v I-1I1 I-v IV 1 \4
(Year) Polarity - PR PL Ave. . Group  Test Ear — — — — — — — —
Transducer Filter X Sb X SO x SD X SD X SD X SD X SD X SD
ima et : Rarefaction : Right 150 016 3.63 030 556 040 213 022 193 031 406 033 2 ? ? ?
Limaetal. © ppy 39 1310 0B g 100 pns
(2009) Headphone SL 3000 Left 153 020 363 030 564 043 210 031 201 029 411 039 ? ? 2 ?
Rarefaction PwMS  Average 153 0.3 372 031 578 037 221 026 203 027 426 035 2 ? ? ?
Matasetal.  tpg3g 1990 8098 990 100- Across
(2010) Headphone nHL 3000 Controls g 153 007 357 009 550 045 204 006 198 008 403 006 ? 22 ?
PwMs 172 019 388 033 581 081 218 019 200 030 419 039 029 018 037 020
— Right
Pokryszko- 7 - 65 dB 150. Comwols  © 170 014 385 016 573 023 214 012 187 018 402 020 030 010 046 0.19
Dragan et Earphone 20.30 % 200
al. (2015)15  unspecified SL 3000 pwMms Lot 1.68 012 387 0.7 577 073 219 0.6 196 030 4.5 034 032 014 040 024
: eft
Controls 1.69 013 3.83 0.2 570 021 213 014 187 0.7 400 019 030 0.14 044 0.16
PwMs 203 027 436 049 626 035 233 049 190 028 423 042 2 ? ? ?
— Right
Controls  © 145 030 352 031 538 053 207 044 185 048 392 053 ? ? ? ?
Kayanciet  ?-TDH39 .00 70dB o 2000- PwMS 1.86 024 441 039 625 043 254 034 184 020 438 043 2 ? ? ?
. eft
al. (2016)*” Headphone nHL 4000 Controls 147 024 340 043 539 046 192 048 199 053 391 047 2 ? 7 ?
PwMSs ? ? ? ? 040 046 035 024 049 046 040 048 ? ? ? ?
11T,
Controls ? ? ? 2 015 012 034 035 027 030 019 016 ? ? ? ?
PwMs 1.89 011 425 014 632 0.3 230 011 221 009 448 013 2 ? ? ?
1ght
Delphietal. Rarefaction o 70dB 30.  Controls  © 1.87 014 401 0.3 579 014 217 009 199 013 412 0.1 ? ? ? ?
(202D -? ‘ nHL 3000 pwMs Lot 1.80 0.15 430 015 619 014 229 008 219 014 451 011 2 ? ? ?
ett
Controls 179 011 396 0.3 587 015 215 0.4 196 008 4.09 0.4 ? ? ? ?
PwMS  Average 144 0.8 361 040 563 073 217 038 203 050 419 070 2 ? ? ?
_ . 21.10 Across
Srinivasan  Rarefaction 30 dB 100.  Controls  Earg 143 016 348 019 530 024 204 017 182 018 38 021 ? ? ? ?
etal. — Insert 1500
(2021)21! earphones nHL 3000 pwms  Average ? ? ? 7 612 072 ? ? ? ? ? ? ? ? ? ?
80.10 Across
Controls  Ears ? ? ? ? 576 027 ? ? ? ? ? ? ? ? ? ?
Abbreviations:

PR = Presentation Rate, PL = Presentation Level, Ave. = Number of Averages, BP = Band Pass, , X = Mean, SD = Standard Deviation, dB SL = Decibels Sensation Level, dB nHL = Decibels normal Hearing Level, PWMS = Persons with

Multiple Sclerosis, IA Diff. = Inter-aural Difference, ? = not reported.
* dB SL reference to hearing thresholds (did not specify hearing thresholds to click or to pure tones)
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MS & Audio-Vestibular System: Systematic Review

Section IV: Multiple Sclerosis and Vestibular Function

Table S7. Characteristics of studies examining the effects of MS on vestibular function

Sample Size

Test Mean Age PwMS PwMS Age range % MS Type (sample ~ MS Duration Mean Results of PwMS compared to controls /
Battery Author (Year) Study Type PwMS  Controls (years) (Years) Female size) (range) years normative data

f;ég‘zc)fz‘, & Logi Case-Control 15 15 445 26-59 66.6 ? ? Significantly different
Versino et al. (2002)!? Cohort 70 18 35.5 19-61 ? ? ? 31.4% Abnormal
Alpini et al. (2004)"! Case-control 40 25 38 17-71 57.5 ? ? 70% Abnormal
é‘ggg)ﬂ}d Suzuki Case-control 15 15 39.3 ? ? ? ? Significantly different
Patkd et al. (2007)5! Case-control 30 30 434 27-60 66.6 ? ? Significantly different
ggg;;g;?d"“ etal. Cohort 46 40 40 20-66 45.6 RRMS 4.6 () Significantly different
Gabeli¢ et al. (2013)! Case control 30 15 ? ? 46.6 RRMS 3.93 (0.2-21) Significantly different
Harirchian et al. RRMS 9

E (2013113 Case-control 20 20 30 20-40 50 SPMS ? 70% Abnormal

E Parsa et al. (2015)2 Cross- 34 15 29.8 ? 100 2 2 Significantly different

o sectional
Kavasoglu et al. N o 23.3% Abnormal
(2018)!"7 Case-control - 30 31 30 18-45 600 ) <1 No significant difference
gg‘;;ﬁgd Hussein Case-control 20 10 36.80 9 65.0 9 4409 100% Abnormal
Delphi et al. (20213 Cross- 25 25 3143 18-45 72,0 ? ? Significantly different

sectional
Elmo al Brainstem lesions: 40
(23;013%23]“ e Case-control 20 10 No Brainstem lesion: ~ ? ? ? ? Significantly different
34.1

Cochrane et al. Cross- 40 20 424 21-55 88.0 RRMS 9.9 No significant difference
(2021)B3+31 sectional ) : ) )
Gabeli¢ et al. (2013)!"% Case control 30 15 ? ? 46.6 RRMS 3.93 (0.2-21) Significantly different
Parsa et al. (2015)2" Cross- 34 15 29.8 ? 100 2 2 Significantly different

a sectional

= . .

= Elmoazen ct al Brainstem lesions: 40

% 2021y ’ Case-control 20 10 No Brainstem lesion: ~ ? ? ? ? Significantly different

34.1

Cochrane et al. Cross- - .
(2021)3435] sectional 40 20 424 21-55 88.0 RRMS 9.9 No significant difference
(Z;(;ggl)?;"m etal. Case-control 30 0 4223 27-64 80 RRMS ? 86.7% Abnormal

&}
Degirmenci et al. Cohort 30 30 37.9 23-56 56.7 RRMS ? 90% Abnormal

(201012
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Table S7 continued: Characteristics of studies examining the effects of MS on vestibular function

Sample Size .
Test Author (Year) Study Type Mean Age PwMS PwMS Age range % MS Typf (sample MS Duration Mean Results of PwMS c0{npared to controls /
Battery PwMS  Controls (years) (Years) Female size) (range) years normative data
=
28
E% | poyeta (2018)1 C trol 58 72 Males:44.61 ? 68.9 ? Male: 7.03 (7) Significantly different
g E oty et al. ase-contro Females: 44.60 ’ : . Female: 6.54 (?) rgniicantly ditteren
a -
£
E Cross-
E] Inojosa et al. (2020)13!-32] sectional 99 30 35.01 18-50 68.7 ? 5.5(7) Significantly different
QO o h
E=IN-)
s S
@ E Cross-
2 Yang and Liu (2020)13" sectional 30 25 50.8 ? 76.7 ? 14.(7) Significantly different
= s
[
g i:“; (Cz%;*f;gz;t al. Scerc‘;fznal 40 20 424 21-55 88.0 RRMS 9.9 Significantly different
&~

Abbreviations: cVEMP = Cervical Vestibular Evoked Myogenic Potentials, oVEMP = Ocular Vestibular Evoked Myogenic Potentials, MS= Multiple Sclerosis, PWMS = Persons with Multiple Sclerosis, ? = not reported.
Cells shaded in grey represent test results that were abnormal or showed a difference between PwMS and Controls.
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Extracted Vestibular Evoked Myogenic Potentials Results

Table S8: Ocular Vestibular Evoked Myogenic Potentials Parameters and Results

MS & Audio-Vestibular System: Systematic Review

i Peak Lat Amplitud \J
Author Stimulus PR BP Filter ) eak Latency (ms) mplitude (nV)
(Year) (polarity) - (Hz) PL Ave (Hz) Group Side nl pl nl-pl
Trasducer X SD X SD X SD
Gabeli et Click (%) 130 dB PwMS A 10.30 ? 14.90 ? 13.10 ?
abeli¢ el ick (7) - ) verage
al. (2013)[1?l Headphone ! SPL 100 >-1000 Across sides
Controls 9.5 ? 14 ? 13.3 ?
PwMS with infratentorial plaque 15.67 1.32 20.59 1.65 6.61 0.88
Right
PwMS without infratentorial plaque 12.21 1.00 1690 1.32 6.61 0.60
500 Hz Tone
Parsa et al. Burst () - ) 95 db ) ) Controls 10.2 0.48 15.1 0.87 12.77 4.12
(2015)129 Insert ’ nHL ’ ’
earphones PwMS with infratentorial plaque 15.74 1.66 2140 2.88 6.48 0.68
Left
PwMS without infratentorial plaque 1178 0.89 1692 0.82 6.82 0.75
Controls 10.3 0.51 14.9 0.84 12.6 4.04
500 Hz Tone PwMS with Brainstem lesions 1143 142 1686 1.79 3.59 3.82
Elmoazen et Burst 95 dB Average
» (condensation) 5 150 1-1000 PwMS without Brainstem lesions g 10.58 250 1581 142 3.22 2.00
al. (2021)22 ~Supra aural nHL Across sides
headphones Controls 10.09 092 14.71 1.20 2.76 1.28
Unspecified PWMS 850 170 1290 220 520 3.50
Cochrane et  Tone Burst (?) 9 9 9 9
1. (2021)B34  — earphone ’ ’ 100 ’ ’
ak TPhol Controls 840  1.50 1230 210 470 2.50
unspecified

Abbreviations:
PR = Presentation Rate, PL = Presentation Level, Ave. = Number of Averages, BP = Band Pass,

Decibels normal Hearing Level, PwWMS = Persons with Multiple Sclerosis, ? = not reported.

, X = Mean, SD = Standard Deviation, dB SPL = Decibels Sound Pressure Level, dB nHL =
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Table S9: Cervical Vestibular Evoked Myogenic Potentials Parameters and Results

MS & Audio-Vestibular System: Systematic Review

i Peak Lat Amplitud \%4
Author Stimulus PR BP Filter ‘ eak Latency (ms) mplitude (1V)
(polarity) - PL Ave. Group Side p13 n23 p13-n23
(Year) (Hz) (Hz) — — —
Trasducer X SD X SD X SD
PwMS ) 15.30 3.10 22.50 2.30 63.00 65.50
. Right
Sartucciand  CHEK Controls 12,5 0.8 213 1.5 186.4 82.8
Logi (2002)12 (Rarefaction) 3 140 dB SPL 256 10-1500
2 - Headphone PwMS Left 14.00 2.30 20.80 2.30 73.10 58.80
Controls 12.3 0.9 20.8 1.3 141.1 85.8
Alpini et al. Click . 95 dB nHL + 70 dB ) Right 14.40 9 22.40 9 9 ?
(2004) (Rarefaction) 5 SPL contralateral 400 ] PwMS 5 5 () 5
- Headphone Masking Left 14.90 : 2250 : : :
PwMS Rish 13.40 2.87 18.64 2.67 12.17 6.50
. . 1ght
Aidar and Click Controls £ 1112 164 1515 251 7.54 5.95
Suzuki (Rarefaction) 2 95 dB HL 200 20-1000
(2005)141 - Headphone PwMS Left 13.49 1.77 17.84 1.27 13.30 3.63
Controls 10.76 1.59 14.86 2.85 7.23 4.76
PwMS ) 14.40 1.50 21.30 3.20 11.61 3.63
Click Right
Patké et al. 1 ) Controls 12.7 1.5 21.3 3.7 16.02 5.34
(20075 (Rarefaction) 5 133 dB SPL 250 10-1600
- Headphone PwMS Left 14.8 1.5 21.2 32 11.07 2.87
Controls 12.9 1.9 20.7 2.8 13.85 43
- - - 5 o
Eleftheriadou  Click PwMS with brainstem leasions Average 15.48 1.40 23.94 1.51 ? ?
et al. (Rarefaction) 5 105 dB HL 250 5-1500 PwMS without brainstem leasions acrross 14.56 1.20 23.25 1.42 ? ?
[25] _ i
(2009) Headphone Controls sides 12.67 11 2166 111 ? 7
< S (D) PwMS Average  15.80 ? 24.90 ? 1.90 ?
Qabeli¢etal.  Click () 1 130 dB SPL 100 51000 across
(2013) Headphone Controls sides 14.6 ? 22.1 ? 1.6 ?
PwMS 22.20 9.30 30.02 11.20 ? ?
Right
Controls 12.9 14 21.3 1.6 ? ?
irchi Click 95 db nHL +40 dB PwMS 20.20 705 3071 1620 ? ?
Sazlzrglll;a;r[ll;t (Rarefaction) 2 nHL contralateral 200 10-1000 Left
- - Headphone Masking Controls 13.1 1.9 20.6 1.9 ? ?
PwMS 2.05 8.80 0.70 10.90 ? ?
1A Diff.
Controls 0.17 2.2 0.4 2.5 ? ?
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Table S9 Continued: Cervical Vestibular Evoked Myogenic Potentials Parameters and Results

MS & Audio-Vestibular System: Systematic Review

Stimulus (polarity) BP Peak Latency (ms) Amplitude (nV)
Author (Year) '“_"};‘:sé’lfcsi' Y PR (Hz) PL Ave. Filter Group Side p13 n23 p13-n23
(Hz) X SD X SD X SD
PwMS with infratentorial plaque 1875 181 2815 143 11882 29.97
PwMS without infratentorial plaque  Right 1744 1.03  26.89 1.87 135.00 20.31
Parsa et al. ?%0 IHZ Tone Burst \ — , , _Controls 1525 09 2455 1.07 180 44.97
7) -Insert ! n { {
(20152 carphones PwMS with infratentorial plaque 19.11 172 2888 227  119.65 26.02
PwMS without infratentorial plaque  Left 17.21  1.05 26.87 136 133.78 22.89
Controls 1531 093 2448 1.8 175 57.59
PwMS , 1290 210 2120 178 7.10 2.80
Right
Kavasoglu et al. Click (Rarefaction) 5 100 dB nHL 100 10- Controls 12 0.9 20.6 1.95 7.1 3.1
(2017)17 - Headphone 1000 pwMsS Lot 1290 220 2140 210 7.00 2.50
eft
Controls 1203 096 20.76 1.63 7.6 3
PWMS 17.14 071 2682 0.84 41.88 1.71
Right 1.14
Koura and Hussein 300 Hz Tone Burst Controls 1383 ST 2076 343 61.18 34.64
(2018)118 (Rarefaction) -TDH 5.1 95 db HL 200 ?
39 Headphones PWMS L 1720 056 2717 075 54.95 28.27
eft
Controls 14.43 0'27 O 23 175 6574 18.51
PwMS Righ 1820 193 2737 245 | 12134 29.05
ight
Delphi et al. 500 Hz Tone Burst (?) S 05 dB nHL ) 10- Controls 1496 1.02 2421 210 & 169.21 48.76
(2021)833 - ’ ) 1200 pwMsS Lot 1895 201 2721 280 - -
eft
Controls 1502 110 2412 230 = .
Elmoazen et al 500 Hz Tone Burst N PwMS with Brainstem lesions Average 1649 149 2596 1.93 66.25 52.42
(2021) ’ (condensation) -Supra 5 95 dB nHL 150 1000 PwMS without Brainstem lesions across 1521 157 2397  2.06 93.12 78.01
aural headphones Controls sides 1405 094 2336 214 14442 12273
Unspecified Tone PwMS 1370 1.30  21.10  2.60 12.70 7.60
(Cz‘(’)czhlr;}?j etal. Burst (?) — earphone ? ? 79 ?
unspecified Controls 1330 050 2060 1.80 16.50 7.10
Abbreviations:

PR = Presentation Rate, PL = Presentation Level, Ave. = Number of Averages, BP = Band Pass, , X = Mean, SD = Standard Deviation, dB SPL = Decibels Sound Pressure Level, dB HL = Decibels Heraing
Level, dB nHL = Decibels normal Hearing Level, PWMS = Persons with Multiple Sclerosis, IA Diff. = Inter-aural Difference, ? = not reported. Cells Highlighted in Yellow indicate that "normalized
amplitudes" were reported as opposed to absolute amplitudes reported by other studies. Cells Highlighted in Green indicate results were reported without specifying side or if they are averaged across sides.
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