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Introduction

* Click-evoked auditory brainstem responses
(ABRs) routinely used in clinical practice to

/_\ [ > Baln objectively assess lower auditory pathways
s " N g
<N \ ok, @ A

— — R o+ » ABR latencies determined by speed and
synchrony of neural activity. Mainly affected by
hearing loss, sex, and age

ABR waves

« ABR amplitudes reflect the number and
synchrony of neurons firing, but factors affecting
them are less well understood
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T Wavel  wave i — independent of the psychological state?

Han et al., 2021
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Introduction

» Generally, inconsistent findings when

comparing ABRs of tinnitus patients and
controls

Smaller and delayed wave | for normal-
hearing tinnitus patients (Milloy et al., 2017),
focus hidden hearing loss (e.g., Schatte &
McAlpine, 2011)

Recent attempts to distinguish tinnitus
subgroups based on ABRs:

Delayed wave V in constant versus
intermittent tinnitus (Edvall et al., 2022)

Larger amplitudes in tinnitus patients with
additional hyperacusis (Hofmeier et al., 2021)
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ABR wave |: amplitude | left
ABR system: Eclipse-

HADS A-
Sex: male- ]
Marital status: single- |
Noise sensitive: yes- I
Tinnitus onset: sudden-
Tinnitus pulsatile: yes-
Smoking: yes-
Marital status: sep/div/wid-
p-values
<.001***
<.01"
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n.s.
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Standardised coefficients (z—scores)
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Results

» For the wave | amplitudes, final regression
models featured HADS A (anxiety) and THI
(tinnitus distress) among significant predictors

 Better predictors than any hearing- and
tinnitus-related variables



ABR wave |: amplitude | right
ABR system: Eclipse-
THI- I
Noise sensitive; yes-
Sex: male-
Employment: yes-

p—values
<.01™
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n.s.
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Results

» For the wave | amplitudes, final regression
models featured HADS A (anxiety) and THI
(tinnitus distress) among significant predictors

 Better predictors than any hearing- and
tinnitus-related variables



Results

ABR wave V: amplitude | left

Tinnitus pulsatile: yes-
Sex: male-

Education: low- EEG_— » For the wave | amplitudes, final regression
Hyperacﬂs’?;?ie’gﬁ -_ models featured HADS A (anxiety) and THI

(tinnitus distress) among significant predictors

 Better predictors than any hearing- and tinnitus-
related variables

* For the wave V amplitudes, HADS A and THI
were also included in the final models

* No consistent effects across ears for hyperacusis

p-values

<.001**
<.01**
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ABR wave V: amplitude | right

Sex: male-

ABR system: Eclipse-
Tinnitus pulsatile: yes- |

Tinnitus onset: sudden- I
THI- [

Hyperacusis: yes-

Employment: yes-

Alcohol: yes-

PTAS8-

Hearing impaired: yes-

Education: low-

Education: mid-

p-values
<.01™

B <o

<1

n.s.

-0.25  0.00 0.25
Standardised coefficients (z—scores)
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Results

» For the wave | amplitudes, final regression

models featured HADS A (anxiety) and THI
(tinnitus distress) among significant predictors

 Better predictors than any hearing- and tinnitus-

related variables

* For the wave V amplitudes, HADS A and THI

were also included in the final models

* No consistent effects across ears for hyperacusis
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ABR wave V: amplitude (uV)
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Results

» HADS A and THI scores highly correlated (r = 0.63)

« Significant positive correlations with wave | and V
amplitudes for both questionnaires, i.e., tests
likely explained the same portion of variance
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Results

HADS A scores

Tinnitus max loudness-
Employment: yes- |

ABR wave VV: amplitude- — » HADS A and THI scores highly correlated (r = 0.63)
ABR wave |: amplitude- I
Education: mid- I o . . .
Tinnitus stress-related- E— » Significant positive correlations with wave I and V
Tinnitus localisation: left- . . . .
Tinnitus percept; sine- amplitudes for both questionnaires, i.e., tests
Education: low- likely explained the same portion of variance

ABR wave llI: amplitude-
Tinnitus localisation: right-
Tinnitus percept: other-

 Finally, when predicting HADS A and THI scores
via regression modelling, ABR wave | and V
amplitudes again among the most important
predictors
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Tinnitus max loudness-
ABR wave |: amplitude -
Marital status: single-
Employment: yes-

Age-

Tinnitus percept: sine-
Noise sensitive: yes-
Tinnitus type: intermittent-
ABR wave Ill: amplitude-
Tinnitus pulsatile: yes-
ABR wave V: amplitude-
Tinnitus percept: other-
Marital status: sep/div/wid-
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Results

THI scores
— » HADS A and THI scores highly correlated (r = 0.63)
]
_ . . e . . . .
—— « Significant positive correlations with wave | and V
I— amplitudes for both questionnaires, i.e., tests
likely explained the same portion of variance
 Finally, when predicting HADS A and THI scores
via regression modelling, ABR wave | and V
amplitudes again among the most important
S predictors
<.001**
<.01™
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Standardised coefficients (z—scores)

13



" Midbrain
: i
= i ¥ Wave \
z f
(
| Pons

\ |
U \\2'\(' Il - ,4
= —Wave IV

Cochlear ‘ﬂ‘ :

nerve |

Cochlea

1) g\‘ —— }; f e
% ;__t ~‘._‘ '\L/! bOC MO
Wavel  wive i —

Han et al., 2021

@HARITE ‘ Steinmetzger | TRI 2025

Discussion

Psychological factors (anxiety and tinnitus distress)
appear to act as gain factors of the ABR amplitudes,
down to the level of wave | (auditory nerve)

Psychological factors better predictors of ABR
amplitudes than hearing loss and age

Unlikely to be an attention effect, as top-down
effects usually not observed below inferior colliculi in
midbrain (e.g., Forte et al., 2017; Tabas et al., 2024)

However, ABR amplitudes may be driven by
sympathetic ANS activity, which is associated with
tinnitus distress (e.g., Mgller, 1997; Vanneste, 2013).
Sympathetic innervation throughout auditory
system, including cochlea
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Table 1. Sociodemographics, health-related information, and psychometric questionnaire data.

Characteristic
Sociodemographics
Age
Sex
male
female
Education
high
mid
low
Employment
Marital status
single
cohabiting/married
separated/divorced/widowed
Health-related information
BMI
Smoking
Alcohol
Psychometric questionnaires
HADS A
HADS D
THI
IMean (SD); n (%)
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N =217?

50(12)

106 (49%)
111 (51%)

73 (34%)
93 (43%)
51 (24%)
151 (70%)

56 (26%)
122 (56%)
39 (18%)

25.5 (4.6)
34 (16%)
75 (35%)

8.7 (4.0)
7.0 (4.4)
44 (21)

Description

University degree

University of applied sciences degree
Secondary school

Currently employed?

Body mass index
Do you smoke?

Do you drink alcohol?

Anxiety subscale
Depression subscale
Tinnitus handicap inventory, total score

Characteristic N =217?
Hearing-related information

PTA8

Hyperacusis 36 (17%)
104 (48%)
161 (74%)
Tinnitus-related information

163 (75%)

Hearing impairment
Noise sensitivity

Localisation
Percept
sine tone

narrow-band noise

other
Onset
gradual 107 (49%)
sudden 110 (51%)
Duration
<1year 65 (30%)
>1 year 152 (70%)
Pulsatile 50 (23%)
Type
intermittent 97 (45%)
constant 120 (55%)
Max loudness 67 (18)
Stress-related 157 (72%)
ABRs
Wave | latency
Wave lll latency
Wave V latency
Wave | amplitude
Wave Il amplitude
Wave V amplitude
ABR system
Eclipse 111 (51%)
Corona 106 (49%)

IMean (SD); n (%)

Left

22(12)

34 (16%)

111 (51%)
37 (17%)
69 (32%)

1.62 (0.16)
3.78(0.21)
5.70 (0.29)
0.07 (0.37)
0.32(0.30)
0.48 (0.37)

Right

21(11)

20 (9.2%)

106 (49%)
23 (11%)
88 (41%)

1.63 (0.16)
3.79(0.22)
5.69 (0.28)
0.08 (0.30)
0.36 (0.29)
0.51(0.35)

Table 2. Hearing- and tinnitus-related information as well as ABR data.

Description

PTA up to 8 kHz, i.e., mean hearing loss in dB HL
Loudness discomfort levels <80 dB HL

Is your hearing impaired?

Are you noise sensitive?

Perceived sound quality of tinnitus
Tonal tinnitus
Tonal tinnitus

Non-tonal tinnitus, e.g. noise, hissing or rattling

Do you feel that your tinnitus is pulsating?
What is the course of your tinnitus?
Periods with/out tinnitus alternate
Constantly aware of tinnitus

Max self-perceived loudness (0-100)

Is your tinnitus affected by stress?

Inms

In pv

ABR recording system
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'ABR wave I: amplitude | left

HADS A —
‘male-
Marital stalus: single- —
Noise sensitive: yes —
Tinnitus anset: suddan - —
itus pulsatile: yes- —
3 I
Marital status: sep/diviwid - -
Hyperacusis: yes

Tinnitus percapt: sine-
Tinnitus percept: other-
THI-

Tinnitus siress-related-

Tinnitus max loudness-

Tinnitus type: intermittent-

Hearing impaired: yes-

Tinnilus duration: >=1 year-
Employment: yes-
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Tinnitus localisabion: left- B e
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Education: mid- <
Education: low- s
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Tinnitus percept: other- —
Tinnitus type: intermitient- —
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Tinnitus siress-related-
Tinnitus max loudness-
Hearing impaired: yes-
Tinnitus ansel. suddan-

Tinnilus duration: >=1 year-

Employment: yes-

Marital status: single~

Marital status: sep/diviwid-

Tinnilus localisatian: right-

Tinnitus localisation: Jef-
PT

HADS D- 0
HADS A- A5
Education: mid-~ 05"
Education: low- na
ABR system: Eciipse- | - -
4 -62 00 02

04
Standardised coefficients (z-scores)

ABR wave V: amplitude | left
Tinnitus pulsatile: yes- —
Sex: male-

v low
HADS A-

Hyperacusis: yes-
Education: mid-
Tinmitus percapt. sing-
Tinnitus percept other-
THI-

BMI-

Alcohol: yes-

Smoking: yes-

Noise sensitive: yes-
Tinnitus stress-related-
Tinnitus max Ioudness-
Tinnitus type: intermittent-
Hearing impaired: yes-

Tinnilus localisation: right-
Tinnitus localisation: lefi-
PTAS-

HADS D-

ABR system: Eclipse-
Age-

-050 -025 000 025 050
Standardised coefficients (z-scores)
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'ABR wave |: amplitude | right

THI- —
Noise sensitive: yes -
Sex: male-
: yes- —
Hyperacusis: yes-
Tinnitus percept: sine~
Tinnitus percapt: other-
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Tinnitus stress-relatad-
Tinnitus max loudness-
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Tinnitus onset: sudden-
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Tinnitus localisation: efi~ =
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Standardised coefficients (z-scores)

ABR wave lIl: amplitude | right
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Tinnitus percept: sine-
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PTAB- —
Tinnitus percept: other-
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Tinnitus localisation: left-
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Noise sensitive: yes-
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Tinnitus max lowdness-
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peracusis: yos-
Tinnitus percept: sine-
Tinitus percapt; other-
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Smoking: yes-
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Tinnitus stress-related -
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Tinnitus duration: >=1 year-
nl: yes-
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DS A~
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Education: low-,
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Tinnitus percept: sine-
Tinnitus percept: other -
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Tinnitus localisation: eft-
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ABR wave I: latency | right
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