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14 Abstract: A critical review was conducted to examine whether the peripheral hearing status of participants with neurological and
15 psychological disorders was documented in published clinical studies of the auditory P300 response. Literature searches were conducted with
16 three databases: PubMed, PsycINFO, and Scopus. Studies of participants with seven neurological or psychological disorders were included in
17 the study. Each disorder was coupled with the main search phrase in separate searches on each database. Of the total 102 papers which met
18 the inclusion criteria, the majority (64%) did not describe the peripheral hearing sensitivity of participants. In this review with studies that
19 included participants at risk for hearing impairment, particularly age-related hearing loss, only a single publication adequately described
20 formal hearing evaluation. Peripheral hearing status is rarely defined in studies of the P300 response. The inclusion of participants with a
21 hearing loss likely affects the validity of findings for these studies. We recommend formal hearing assessment prior to inclusion of participants
22 in studies of the auditory P300 response. The findings of this study may increase the awareness among researchers outside the field of

23 audiology of the effects of peripheral hearing loss on the auditory P300.

24 Keywords: peripheral auditory function, auditory P300 response, event-related potentials, clinical application, neurological and psychological

25 disorders
26

27
28 The auditory P300 response is an electrophysiological
29 cognitive measure (Polich, 2007). The P300 response is
30 typically observed as a positive peak occurring approxi-
31 mately 300 ms after the presentation of a target auditory
32 stimulus randomly presented among frequent, non-target
33 auditory stimuli in a test strategy referred to as the oddball
34 paradigm (Picton, 1992; Polich, 2007). Latency of the audi-
35 tory P300 response reflects auditory neural activity related
36 to information discrimination and processing speed,
37 whereas amplitude reflects the attention and working mem-
38 ory abilities (Polich, 1986; Polich & Heine, 1996).
39 For over 50 years, the auditory P300 response has widely
40 been studied and applied clinically for a variety of neurolog-
41 ical and psychological disorders, such as schizophrenia,
42 dementia, Alzheimer disease, and depression (Cui et al.,
43 2009; Frodl et al., 2002; Hall, 2015; Karaaslan et al.,
44 2003; Pedroso et al., 2012; Picton, 1992). Research findings
45 confirm differences in auditory P300 response amplitude
46 and latency reported in individuals with these disorders
47 (Polich, 1991, 2004; Roth & Cannon, 1972). For example,

48individuals with a diagnosis of schizophrenia typically yield
49reduced P300 amplitudes (Jeon & Polich, 2003). The audi-
50tory P300 response can also be applied as an objective
51measure of central auditory function in persons with
52suspected auditory processing disorder (APD) (Reis et al.,
532015). Increased latency and decreased amplitude of the
54auditory P300 response in individuals with APD are associ-
55ated with deficits in auditory attention, auditory memory,
56discrimination, integration, and information processing
57(Jirsa & Clontz, 1990).
58Multiple subject factors such as age, gender, peripheral
59hearing sensitivity, and certain medications may also influ-
60ence the P300 response (Melynyte et al., 2018; Picton,
611992; Pollock & Schneider, 1992; Puttabasappa et al.,
622017). There is evidence of larger P300 amplitudes in
63females versus males, likely due to hormonal and anatom-
64ical differences (Melynyte et al., 2018). Advancing age with
65age-related hearing impairment is also associated with
66prolonged latencies and reduced amplitudes (Pollock &
67Schneider, 1992). The effect of advanced age alone on
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68 the auditory P300 response shows an increase in latencies
69 due to auditory maturation associated with advancing age
70 in adults while hearing loss causes an increase in latency
71 and a decrease in amplitude (Puttabasappa et al., 2017; Reis
72 et al., 2015). The degree of hearing loss is also a factor in
73 auditory P300 measurements (Reis et al., 2015). Although
74 the auditory P300 response is typically not applied clinically
75 in assessing peripheral auditory status, hearing sensitivity
76 affects P300 recordings (Picton, 1992).
77 Peripheral hearing loss may compromise the clinical
78 application of the P300 response in patients with neurolog-
79 ical and psychological diseases and disorders. Hearing loss
80 is not uncommon in participants in P300 studies. Studies
81 focusing on disorders such as Alzheimer’s disease and
82 dementia often include elderly participants (Ralli et al.,
83 2019). Target populations at risk for age-related hearing
84 loss (Fjell & Walhovd, 2003). According to the World
85 Health Organization (2019), a disabling hearing loss is
86 expected in an estimated 25% of persons over 60 years
87 of age. Recent studies have also shown that adults with
88 hearing loss are at higher risk for developing dementia
89 (Brewster et al., 2021; Loughrey et al., 2018; Thomson
90 et al., 2017). Age-related hearing impairment is character-
91 ized by a gradual decrease in high-frequency hearing
92 thresholds (Gates & Mills, 2005; Hall, 2014; Rigters et al.,
93 2019; Salvi et al., 2018). High-frequency stimuli often used
94 to elicit the auditory P300 response (Picton, 1992; Polich
95 et al., 1996), increase the likelihood of age-related hearing
96 impairment impacting the outcome of P300 response mea-
97 surements. Failure to document and account for hearing
98 sensitivity in participants of P300 studies may influence
99 data analysis and even compromise the conclusions of
100 studies.
101 We critically review publications describing auditory
102 P300 findings in persons with neurological and psycholog-
103 ical disorders to determine whether the hearing sensitivity
104 of participants was formally evaluated, adequately
105 described, and documented in the methods section of the
106 papers.

107 Method

108 Research Design

109 A critical review was conducted through the review of
110 published studies relating to the auditory P300 response
111 being applied clinically for neurological and psychologi-
112 cal disorders to investigate whether the peripheral
113 hearing status of participants was accounted for and docu-
114 mented. A critical review aims to comprehensively research
115 literature to critically review its quality (Grant & Booth,
116 2009).

117Literature Search Strategy

118PubMed, PsycINFO, and Scopus were searched to identify
119studies that met the inclusion criteria. Pubmed was
120searched using available Medical Subject Headings (MeSH)
121terms. As seven disorders were included in the study, each
122disorder was coupled with the main search phrase (“audi-
123tory P300”) in separate searches on each database (e.g.,
124“auditory P300 response” AND “schizophrenia”). A total
125of 21 searches were conducted across each one of the
1263 databases (Table 1). The initial search resulted in a total
127of 278 articles.

128Inclusion and Exclusion Criteria

129The inclusion criteria were: (1) peer-reviewed published
130studies of the auditory P300 response used as a biomarker
131for selected psychological and neurological disorders, as a
132measurement of treatment progress, or as a predictor of
133genetic risk for such disorders; (2) study participants with
134disorders including schizophrenia, dementia, Alzheimer’s
135disease, bipolar disorder, depressive disorder, traumatic
136brain injury, and auditory processing disorder. A pilot study
137with a review of literature published from 1990 to 2019 was
138conducted in 2019. The search terms consisted of the
139“auditory P300 response” combined with 25 different dis-
140orders to identify the most frequently occurring disorders
141in literature. The seven disorders with the most published
142literature available then were, therefore, included in the
143review; (3) English-language articles, and (4) articles pub-
144lished from 2000 to 2020. Our last literature search was
145conducted in August 2020.
146Exclusion criteria were: (1) non-English-language
147publications; (2) publications that were not peer-reviewed;
148(3) papers describing studies of the visual P300 response
149but not the auditory P300 response; (4) non-clinical (ani-
150mal) studies; (5) review articles; (6) pilot or preliminary
151studies, and (7) papers that did not describe amplitude
152and latency data for the P300 recordings.

153Study Selection

154After the initial search, the titles of all articles were
155reviewed, and duplicate articles were removed (Figure 1).
156Abstracts of the remaining 67 articles were reviewed,
157resulting in the exclusion of an additional 15 articles that
158did not meet the inclusion criteria or for which we could
159not obtain the entire article. The full text of the remaining
16052 articles was then reviewed, of which a further 6 articles
161were excluded due to not completely meeting the inclusion
162or exclusion criteria.
163A secondary search strategy was then conducted by
164reviewing the reference lists of the remaining 46 articles
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165 from the initial search to ensure that all existing literature
166 was considered. A total of 56 additional articles were iden-
167 tified and added, resulting in a total of 102 articles that
168 were included in the review. To avoid selection bias, search

169strategies were established in advance. The first author
170reviewed the full text of all remaining articles, and any
171discrepancies were highlighted. The discrepancies were
172discussed among the authors. Articles were included in

Table 1. Databases and search strategies utilized

Search
strategy Seven phrases Limiters

Number of
articles

PsycINFO Terms occurring in all fields “auditory P300” AND “schizophrenia” English journal articles published
from 2000 to 2019

84
“auditory P300” AND “dementia”

PubMed MeSH terms relating to
specific disorders and terms
occurring in all fields

“auditory P300” AND “Alzheimer’s disease” English journal articles published
from 2000 to 2019

96
“auditory P300” AND “depression”

Scopus Terms occurring in all fields “auditory P300” AND “bipolar disorder” English peer-reviewed journal
articles published from 2000 to 2019

98
“auditory P300” AND “traumatic brain injury”

“auditory P300” AND “auditory processing
disorder”

Articles identified through 
database searching

n = 278

Duplicates removed
n = 143

Remaining articles 
abstracts screened 

n = 67

Records excluded
n = 15

Full-text articles 
assessed for eligibility

n = 52

Full-text articles 
excluded

n = 6

Studies included 
from initial search

n = 46

Articles remaining after title 
screening 
n = 210

Additional articles identified through 
article reference list screening

n = 70

Remaining articles after abstract 
screening of additional studies

n = 56

Studies included in 
critical review

n = 102

Figure 1. Data collection process.
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174 three of the authors.

175 Data Extraction and Analysis

176 DistillerSR, a literature review software program, was
177 utilized to aid in data extraction and analysis. Data extrac-
178 tion was completed with a close review of all selected
179 publications. Quantitative data were collected from each
180 study and descriptive data analysis was used to organize
181 and analyze data collected from each study.

182 Results

183 Characteristics

184 Of the 102 studies included in the review, 61% were
185 published over the years 2000–2009, whereas 39% were
186 published from 2010 to 2020. Participant ages across the
187 studies ranged from 8 to 90 years. Two studies included
188 participants younger than 18 years of age, and 43 studies
189 (42%) included some participants above the age of 50 years.
190 The number of participants varied across studies, with the
191 lowest being an N of 10 and the highest an N of 1,790. Most
192 studies (93%) included male and female participants, with
193 7% male-only participants.
194 All but one of the studies (99%) was published in
195 psychology, psychiatry, or neurology-related journals. The
196 one exception, a study of the P300 response in participants
197 with APD, was published in an audiology journal. Three
198 main study themes were identified across studies (Figure 2).
199 Papers included in the review reported P300 findings for
200 seven disorders included in the initial database search or
201 combinations of these disorders. The distribution of disor-
202 ders investigated across studies is presented in Table 2.

203The two most prevalent disorders investigated across
204included studies were schizophrenia, psychosis, or a combi-
205nation of these disorders (n = 80; 78%). In addition to the
206auditory P300 response, 43% of studies (n = 44) also
207included other electrophysiological assessments, such as
208the N100, N200, and P200 components, as well as the
209visual P300 response.

210Description of Peripheral Auditory Status
211of Participants

212Most studies did not describe participants’ peripheral hear-
213ing status, such as hearing sensitivity (64%; n = 65). Among
214papers that did mention peripheral hearing status, the
215methods used to assess hearing differed considerably
216(Figure 3).
217Of the 37 studies (36%) that did account for hearing
218sensitivity, most (70%; n = 26) excluded participants based
219on self-reported hearing loss. However, only two of these

67%

20%
13%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

P300 as biomarker P300 as predictor of
genetic risk

P300 as treatment
progess tracker

Figure 2. Main themes regarding the auditory P300 identified (n = 102).

Table 2. Different disorders investigated across included studies (n =
102)

Disorder(s) investigated Percentage of studies

Schizophrenia 60

Psychosis 14

Alzheimer’s disease/Dementia 5

Bipolar disorder 5

Depression 4

Schizophrenia and psychosis 4

Psychosis and depression 2

Schizophrenia and bipolar disorder 2

Schizophrenia and Alzheimer’s disease 1

Psychosis and bipolar disorder 1

Bipolar depression 1

Auditory processing disorder 1
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220 studies (8%) described the degree of self-reported hearing
221 loss that warranted the exclusion of participants. Of the
222 studies that excluded participants based on self-reported
223 hearing loss, 4 (15%) indicated that only “normal hearing”
224 participants were included, whereas 22 studies (85%)
225 excluded participants who reported hearing impairments.
226 Of the total number of studies that considered hearing
227 sensitivity, three excluded participants based on the pres-
228 ence of other unspecified physical disorders associated with
229 hearing loss and one participant excluded who could not
230 perceive the auditory P300 stimulus tone during a trial
231 run of the assessment.
232 Of all the articles reviewed, seven papers (7%) described
233 the evaluation of peripheral hearing sensitivity of partici-
234 pants. However, among these seven papers, only one spec-
235 ified that a comprehensive audiological assessment was
236 conducted to identify participants with hearing impairment.
237 One paper reported that a 500 Hz tuning fork was
238 employed to test hearing. The remaining five papers failed
239 to mention how hearing status was assessed.
240 Another study conducted two experiments with two dif-
241 ferent participant groups. Peripheral hearing sensitivity
242 was noted only for participants in the first experiment.
243 Finally, the authors of one paper among those included in
244 the review acknowledged that the failure to assess periph-
245 eral hearing sensitivity was a limitation of their study
246 (Iwanami et al., 2002).

247 P300 Frequency and Stimulus Intensity

248 Most papers (96%) described the intensity levels of stimuli
249 that elicit the auditory P300 response stimulus. One paper
250 indicated that normal hearing sensitivity was confirmed
251 with “1,000 kHz” tones (Light et al., 2015). This is presum-
252 ably a typographical error or an error in terminology
253 because 1,000 kHz is a frequency of 1,000,000 Hz. Four
254 papers included in the review failed to describe the inten-
255 sity level of stimuli that elicit the auditory P300 response.

256The authors of one paper erroneously indicated that the
257stimulus intensity was at 480 dB. Six other papers
258stated that the stimuli were presented within the range of
25943–75 dB, which referenced the participant’s subjective
260hearing threshold for the stimulus. All papers that specified
261P300 test parameters reported stimulus intensity levels
262between 55 and 90 dB. Most studies (59%) presented a
263P300 target stimulus of 1,000 or 2,000 Hz and non-target
264stimuli of 1,500 and 1,000 Hz. The remaining studies
265utilized other (rare) target versus frequent (non-target)
266frequency combinations, whereas 3% of studies provided
267no details on stimulus frequency.

268Participant Age and Hearing Sensitivity

269Almost two-thirds of the studies (64%) that did not account
270for hearing sensitivity included participants at risk for age-
271related hearing loss, namely participants above 50 years of
272age. Table 3 summarizes age and hearing status and the
273stimulus parameters of frequency and intensity for studies
274that included participants aged 50 years and older.
275Among studies that included participants 50 years of age
276and older, three (7%) elicited the auditory P300 response
277with stimuli 43 or 50 dB above the participants’ subjective
278hearing threshold but did not evaluate the participant’s
279hearing status. Thirty-three studies (77%) utilized target
280(rare) stimuli presented at a higher frequency than the
281non-target (frequent) stimulus. Some of these studies (n =
28216) also included one or more stimuli at a frequency of
2832,000 Hz or higher. None of the papers listed hearing
284status as a factor in the analysis of P300 recordings.

285Discussion and Conclusion

286The auditory P300 response is widely investigated and
287applied clinically in selected neurological and psychological
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Figure 3. Criteria utilized regarding peripheral hearing status of participants (n = 37).
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293293293293293293 disorders. Usually, P300 response latency and amplitude
294 are analyzed in participants suspected of or diagnosed with
295 these disorders (Hall, 2015; Picton, 1992). Hearing loss
296 influences the amplitude and latency of the auditory
297 P300 response (Picton, 1992; Reis et al., 2015). It is likely
298 that the inclusion of participants with peripheral hearing
299 loss has affected the P300 results of some of these
300 published studies and, therefore, the conclusions drawn
301 from data analysis.
302 We found that authors of studies exploring the application
303 of the auditory P300 response being clinically applied for
304 neurological and psychological disorders do not consistently
305 account for the peripheral hearing sensitivity of participants.
306 Over 90% of studies of the auditory P300 response did not
307 include an evaluation or a description of participant hearing
308 status, and participants with hearing impairments were not
309 excluded from these studies. The lack of documentation
310 of hearing status was most troublesome for studies with
311 participants over 50 years of age and at greater risk of
312 age-related hearing loss. These studies accounted for 42%
313 of the articles reviewed. Decreased auditory P300 ampli-
314 tudes and prolonged latencies are characteristic of persons
315 with hearing loss (Pollock & Schneider, 1992; Reis et al.,
316 2015). In addition, the degree and configuration of the hear-
317 ing loss may differentially influence the P300 response for
318 frequent (non-target) versus rare (target) stimuli. Further-
319 more, it is possible that participants with hearing loss may
320 not completely hear or fully understand instructions for
321 the required P300 task. Unrecognized or inadequately
322 described hearing loss in participants in P300 studies may
323 confound the neurophysiological assessment of higher-level
324 auditory and cognitive function.
325 The relatively small proportion of studies that took hear-
326 ing status into account relied on self-reports of hearing diffi-
327 culty. There is a general agreement that self-reported
328 hearing impairment and actual hearing status based on
329 pure-tone hearing assessment are not well correlated (Choi
330 et al., 2019; Nondahl et al., 1998; Valete-Rosalino & Rozen-
331 feld, 2005). The inclusion or exclusion of participants in
332 auditory P300 studies based on self-reported hearing status
333 is not recommended. Rather, participant hearing status is
334 best defined with accepted methods and procedures for
335 hearing assessment, such as pure tone audiometry con-
336 ducted by a licensed audiologist or validated automated
337 audiometer software (Hall, 2014).
338 Less than 10% of the reviewed studies evaluated partic-
339 ipant hearing sensitivity, and only two publications docu-
340 mented how the hearing was assessed. Five studies did
341 not indicate how the hearing was assessed but stated that
342 hearing thresholds were below 40 dB at 1,000 Hz. None
343 of the studies specified how the hearing was assessed or
344 the skill level or training of personnel conducting the
345 assessment.

346Remarkably, the authors of only one study evaluated
347hearing sensitivity using a comprehensive diagnostic
348audiological test battery to exclude participants with any
349degree of hearing loss (Mattsson et al., 2019). The article
350was published in the International Journal of Audiology. A
351hearing assessment conducted in an isolated sound room
352included pure tone audiometry, tympanometry, acoustic
353reflexes, otoscopic examination, word recognition score
354testing, and auditory brainstem response (ABR or BAER)
355measurements. Unfortunately, no information was provided
356on the clinical credentials of the person(s) who conducted
357the assessments. In this study (Mattsson et al., 2019), partic-
358ipants with hearing thresholds greater than 20 dB were
359excluded. Clinical practice guidelines call for formal assess-
360ment of the peripheral auditory status of children and adults
361who undergo diagnostic evaluation for APD with behavioral
362or electrophysiological procedures (American Academy of
363Audiology Practice Guidelines [Musiek et al., 2010]).
364We hope this paper will increase awareness of the impor-
365tance of adequately documenting peripheral hearing status
366and establish a greater appreciation of the effects of periph-
367eral hearing sensitivity on the auditory P300 response
368among P300 researchers. We recommend regular docu-
369mentation of the peripheral hearing status of participants
370in all studies of the auditory P300, including those con-
371ducted by researchers from the disciplines of neurology,
372psychology, and psychiatry. Our review also suggests a role
373for hearing health care professionals in the peer-review pro-
374cess prior to publishing manuscripts on the P300 being clin-
375ically applied for neurological and psychological disorders.
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