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T

innitus is defined as the perception of sound
when no external acoustic source is present
and is a common condition that is believed to

Abstract

Background: Tinnitus sufferers commonly report concentration difficulties. Despite several previous
studies investigating this, the underlying cause and the role of hearing status remains unclear.

Purpose: To investigate whether there are any differences between normal hearing individuals with and
without tinnitus in terms of working memory capacity, and whether working memory capacity correlates
with high-frequency hearing thresholds.

Research Design: Participants had their hearing thresholds measured (0.125—-16 kHz) and performed a
visual n-back test. All participants completed the Hospital Anxiety and Depression Scale, in addition tin-
nitus participants filled out the Tinnitus Questionnaire.

Study Sample: Sixty-two individuals participated, 31 had tinnitus (tinnitus group) and 31 did not have
tinnitus (control group). Groups were age- and sex matched, and all participants had normal hearing
thresholds (20 dB HL or better at 0.125-8 kHz).

Data Analysis: Friedman test of differences among repeated measures was conducted on the collected
data of n-back performance, and Mann—-Whitney U-test was used to compare groups. Age-corrected
correlations were calculated for high-frequency hearing and each n-back condition.

Results: We found no significant differences between the groups in terms of n-back task performances,
except for the 2-back condition where the tinnitus group performed significantly better than the controls
(p=0.007). Furthermore, we found high-frequency hearing thresholds of the best ear (10—16 kHz) to correlate
with performances at more demanding n-back conditions (p = 0.029 for 1-back and p = 0.015 for 2-back).

Conclusion: This suggests that presence of tinnitus might not imply poorer working memory capacity
and that deteriorated high-frequency hearing thresholds.

Key Words: cognitive performance, high-frequency hearing, n-back, normal hearing, tinnitus, working
memory

Abbreviations: HADS = Hospital Anxiety and Depression Scale; SD = standard deviation; TQ =
Tinnitus Questionnaire; WM = working memory

INTRODUCTION affect about 15% of all adults (Andersson et al, 2005). Until
recently, research has indicated poorer cognitive perfor-
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mance in tinnitus sufferers compared with individuals
without tinnitus, usually in the form of longer response
times of intense short duration tests such as the Stroop
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test (Andersson et al, 2000; Stevens et al, 2007; Jackson
et al, 2014). The interpretation has usually been that the
presence of tinnitus is likely to be the underlying cause of
the differences between the groups’ performances. How-
ever, previous research has consistently been limited by
the lack of proper control of hearing status among par-
ticipants (Andersson et al, 2000; Hallam et al, 2004;
Dornhoffer et al, 2006; Rossiter et al, 2006; Stevens et al,
2007; Jackson et al, 2014). This is highly relevant be-
cause hearing loss itself seems to have negative impact
on cognitive performance (Lyxell et al, 1994; Lin et al,
2011). To address the lack of thorough examination of
the participants’ hearing status in previous research,
Waechter and Brannstrom (2015) examined normal hear-
ing individuals with and without tinnitus and reported
equal performances between the two groups. This indi-
cates that the differences in cognitive performance be-
tween the tinnitus group and control group in earlier
studies could be a result of hearing loss, alternatively
the combination of hearing loss and tinnitus. However,
the fact remains that part of the tinnitus population ex-
perience concentration deterioration as a result of their
tinnitus. This was also highlighted by Waechter and
Brannstrom (2015) as a majority of their tinnitus par-
ticipants reported that their tinnitus had a negative impact
on concentration. Overall, this means that tinnitus is possibly
having an effect on cognition, although perhaps solely the
presence of tinnitus might not explain the aforementioned
differences in terms of response times.

Rossiter et al (2006) proposed that the prolonged re-
sponse times in tinnitus patients could be a result of
poorer working memory (WM) capacity in subjects with
tinnitus and reported results indicating significantly
smaller reading span in tinnitus subjects compared with
controls. However, as Rossiter et al (2006) only controlled
hearing status by assuring that “all participants could
hear normal conversation,” the possible confounder of
hearing loss cannot be excluded. One way to test WM ca-
pacity and avoid the risk of not detecting differences be-
tween tinnitus group and control group due to too high or
too low cognitive load is to administrate a visual n-back
test which increases the load in steps throughout the
task. N-back was first introduced by Kirchner (1958)
and tests the participant’'s WM (Braver et al, 1997,
Cohen et al, 1997) as well as mental arithmetic (Hubber
et al, 2014).

Previous studies of magnetic resonance imaging have
indicated less gray matter in the subcallosal region in
tinnitus sufferers compared with the controls (Miithlau
et al, 2006; Leaver et al, 2011). This could be an expla-
nation for the experienced decline in cognitive perfor-
mance in tinnitus patients as the region, among other,
is involved in attentional processes (Melcher et al, 2013).
However, this type of study has been repeated by
Melcher et al (2013) with the difference that the latter
study controlled their participants’ hearing status more
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carefully. Melcher et al (2013) reported amount of gray
matter in subcallosal region to correlate negatively with
hearing thresholds of 9—14 kHz, but not with the pres-
ence or degree of tinnitus. This implies that the relation-
ship between high-frequency hearing thresholds and
cognitive performance in tinnitus sufferers should be
further investigated.
Therefore this study aims to

e determine whether there are any differences be-
tween tinnitus group and control group in terms of
response time and accuracy on a visual n-back task.

e determine whether there is a correlation between high-
frequency hearing thresholds and n-back task perfor-
mance for all participants regardless of group affiliation.

METHODS
Participants

All included participants (n = 62) were recruited via
public advertising, through personal contacts and from au-
diological clinics in southern Sweden. Participants were
split into two groups; tinnitus (n = 31, of which 19 were
female and 12 were male) and control (n = 31, of which
19 were female and 12 were male). Inclusion criteria for
all participants were hearing thresholds <20 dB HL at oc-
tave intervals 0.125-8 kHz (see Table 1 for data on hearing
status—group wise and all participants together) as well as
being more than 18-yr old. An additional inclusion criterion
for the tinnitus group was experience of tinnitus for the past
six mo or more (see Table 2 for tinnitus characteristics).
Control participants were age- (maximum 18 mo difference
of age) and sex matched to each tinnitus participant. Ages
among the included participants were spanning from 20.9
to 44.3 yr for the tinnitus group (average age = 26.9 yr) and
from 21.1 to 43.8 yr for the control group (average age =
27.1 yr). Fifty of the 62 included participants had Univer-
sity education (27 individuals from the tinnitus group and
23 individuals from the control group), whereas remaining
12 participants (4 from the tinnitus group and 8 from the
control group) had completed high school.

Initially 64 (33 tinnitus and 31 controls) volunteers
were recruited for the study; however, one tinnitus par-
ticipant was excluded because of hearing thresholds
poorer than 20 dB HL and another tinnitus participant
was excluded because of difficulties finding an age- and
sex-matched control participant meeting our hearing
status criteria. Before participation all volunteers were
informed about the purpose and conditions of the study.
All participants agreed in writing and no participant
withdrew their participation neither at the time of test-
ing nor afterward. Ethical approval for this study was
granted from Regional Ethical Review Board in Lund
(approval number 2014/95).
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Table 1. Hearing Status

Tinnitus and N-Back Performance/Waechter et al

Total Tinnitus Group Control Group
PTA (0.5-4 kHz)
Right ear Span -6to 14 —-6to 10 —5to0 14
Average 1.6 0.9 2.3
SD 4.3 4.6 4.0
Left ear Span —-6to 15 —-6to 15 —-6to 10
Average 1.7 2.0 1.4
SD 4.2 4.7 3.7
High-frequency PTA (10-16 kHz)
Right ear Span —10 to 39 —10 to 38 —91to 39
Average 8.1 8.6 7.6
SD 1.8 11.7 12.0
Left ear Span -910 43 —6to 30 -9 10 43
Average 8.7 7.5 10.0
SD 12.2 10.7 13.6

PTA = pure tone audiometry.

Materials
Technical Equipment

Madsen Astera® (GN Otometrics, Taastrup, Denmark)
audiometer was used for assessment of pure-tone hear-
ing thresholds. Auditory stimuli were presented via HDA
200 (Sennheiser, Wedemark, Germany) earphones cali-
brated in accordance with ISO 389-8 (2004) and ISO
389-5 (2006).

N-Back

The n-back gives a measure of the participant’'s WM
(Braver et al, 1997; Cohen et al, 1997) and mental ar-
ithmetic (i.e., ability to perform calculations in your
mind without writing them down) (Hubber et al,
2014). This is done by presenting a range of stimuli,
one stimulus at the time. The participant’s task is to re-
port whether the present stimulus is identical to the
stimulus presented n presentations ago. This is a task
requiring a combination of “maintenance as well as ac-
tive manipulation, that is, executive processes, because
of the necessity to continuously encode, update, and dis-
card the information held in WM with the presentation
of each new stimulus” (Jaeggi et al, 2003, pp. 212).
There are several levels of difficulty for the n-back test,
depending on the n. When n equals 0 (i.e., 0-back), the
task is to report whether a given stimulus is presented
or not; when n equals 1 (i.e., 1-back), the task is to report
whether the present stimulus is identical to the previ-
ous or not; when n equals 2 (i.e., 2-back), the task is to
report whether the present stimulus is identical to the
presentation before the last—and so on. The load on
the participant’s WM is considered to be proportional
to the value of n (Braver et al, 1997). The test was written
in E-Studio 2.0 (E-Prime Professional, Sharpsburg, PA)

and presented via E-Run 2.0 (E-Prime Professional). The
n-back version used in the present study was developed
by Ben Robinson and Becky Fuller. It was downloaded
from http:/step.psy.cmu.edu/scripts-plus/ and adapted
by the last author for Swedish testing. It consisted of a
0-back, 1-back, and 2-back task. Each n-back condition
was repeated twice, one after the other. Stimuli used
were capital letters presented in random order. In each
trial, stimulus was presented for 500 msec followed by a
3,000 msec white screen before the next trial. For each
trial, responses were allowed during these 3,500 msec
and the participant had to decide whether the presented
letter was a target or not by pressing the corresponding
button on a keyboard. Each run consisted of 30 trials,

Table 2. Tinnitus Characteristics

N

Lateralization Bilateral 19

Unilateral 6

Undefined 6

Tinnitus Combination of tonal and noise 9

character Strictly tonal 18

Strictly noise 2

Undefined 2

Fluctuation in Combination of intensity and pitch 11

Strictly intensity 13

Strictly pitch 2

No fluctuations/constant tinnitus 5

Time with tinnitus  Min—Max 8-300

(mo) Mean 117

SD 76

Previous contact Yes 14

with health No 17
care

Subjectively Yes 20

affected No 10

concentration
due to tinnitus

Note: n = 31.
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where 10 were target stimuli. Before the actual trials,
the participants carried out one practice session (con-
sisting of 20 presentations, where 7 were targets) in
each n-back subtask before the actual testing. When an-
alyzing the results, participants’ accuracy scores (i.e.,
percentage correct responses) was divided by average
response times to obtain a measure of WM capacity
(Stenback et al, 2016).

Questionnaires

Previous studies have typically controlled for param-
eters such as depression, anxiety, and tinnitus distress
among their participants as these have been suggested
to possibly have impact on task performance (Andersson
et al, 2000; Kaiser et al, 2003; Hallam et al, 2004; Rossiter
et al, 2006; Stevens et al, 2007; Cisler and Koster, 2010;
Peckham et al, 2010). The most common ways to control
for these conditions have been by letting participants fill
out Hospital Anxiety and Disorder Scale (HADS) and the
Tinnitus Questionnaire (TQ).

HADS

The Swedish version of the HADS questionnaire
(Zigmond and Snaith, 1983; Andersson et al, 2003) was
used to assess the participants’ level of anxiety and depres-
sion (see scores in Table 3). HADS consists of 14 items, 7 of
them measuring anxiety and 7 of them measuring depres-
sion. Each item is a statement, which the respondent
scores 0—3 depending on how well the statement applies
to the individual’s situation. This results in scores ranging
from 0 to 21 for each subscale, where scores less than 8 are
categorized as normal, scores of 8-10 as borderline, and
scores higher than 10 as clinical levels of anxiety or depres-
sion depending on subscale (Zigmond and Snaith, 1983).
HADS has shown good validity and test—retest reliability
(Herrmann, 1997; Bjelland et al, 2002).

TQ

The TQ, introduced by Hallam (1996), was used to assess
tinnitus distress. TQ is a 52-item questionnaire that pro-
vides an estimate of tinnitus complaint across five dimen-

Table 3. Anxiety and Depression

sions; intrusiveness, auditory perceptual difficulties, sleep
disturbances, emotional distress, and somatic complaints.
Each item is a statement, which the respondent marks as
“not true,” “partly true,” or “true” depending on how well
the statement applies to the individual’s situation. The
score is based on 41 of the 52 items. Thus, a score range
of 0-82 where a total score of 82 on the questionnaire in-
dicates immense tinnitus distress and a score of 0 indi-
cates very low tinnitus distress. TQ can be divided into
five subscales: emotional distress (items 3, 8, 13, 16, 17,
18, 19, 20, 21, 24, 27, 28, 30, 37, 39, 41, 43, 44, and 47),
auditory perceptual difficulties (items 2, 9, 14, 26, 33,
38, and 50), intrusiveness (items 5, 7, 10, 11, 15, 35, and
45), sleep disturbances (items 4, 12, 31, and 36), and so-
matic complaints (items 22, 25, 29, and 34). The TQ has
shown good test-retest reliability (Hiller et al, 1994) and
high validity (Snow, 2004).

Procedure

All testing was carried out in a sound-proof booth
complying with ISO 8253-1. Each participant went
through the following test battery:

e First, each participant’s hearing thresholds were
measured in accordance with ISO 8253-1 (2010) at
octave intervals 0.125-8 kHz and also at higher fre-
quencies (10, 12.5, 14, and 16 kHz).

e Thereafter, each participant was seated approxi-
mately one meter in front of a computer screen.
They were presented with written instructions for
the visual n-back test and were asked to indicate tar-
get and nontarget stimulus by pressing the desig-
nated key on a keypad as fast as possible. The
participants performed 0-back, 1-back, and 2-back
subtasks.

e Finally, each participant completed the HADS ques-
tionnaire, and the participants of the tinnitus group
also completed the English version of the TQ as no
Swedish translation was available. Ten participants
of the tinnitus group completed the TQ at a later date
and one participant did not complete the TQ, both
deviations from the standard procedure because of
administrative failure.

Total Tinnitus Group Control Group
HADS total score Span 1-23 1-23 1-20
Average 9.6 11.0 8.0
SD 5.8 5.8 5.4
HADS anxiety score Span 0-17 1-17 0-11
Average 6.3 7.6 50
SD 3.9 4.4 2.9
HADS depression score Span 0-14 0-11 0-14
Average 3.1 3.3 3.0
SD 3.2 2.6 3.7
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Further tests were carried out; however, those will
not be reported in the present article.

RESULTS

HADS

Visual inspection of the histograms and Q-Q plots,
calculation of skewness, and kurtosis z-values of collected
data indicated normal distribution of HADS scores. See
Table 3 for ranges, average, and standard deviations
(SDs). T-tests revealed significant differences between
the groups in terms of total (¢t = 2.127, p = 0.038) and
anxiety scores (¢ = 2.748, p = 0.008), but no significant
differences were seen between the groups in terms of
depression scores (¢ = 0.360, p = 0.720) on HADS, in-
dicating the tinnitus group to be more anxious but
equally depressed compared with the control group.

TQ

The collection of the TQ revealed mean scores of
35.17, SD = 14.350 (range 15-72) for the tinnitus par-
ticipants. Mean subscale scores: emotional distress:
11.7 (SD = 9.4), auditory perceptual difficulties: 3.7
(SD = 3.9), intrusiveness: 6.5 (SD = 2.7), sleep distur-
bances: 2.0 (SD = 1.9), somatic complaints: 3.7 (SD =
2.0). Twenty of the 30 tinnitus participants who filled
out the TQ reported the statement “the noises have af-
fected my concentration” to be true or partly true,
whereas the remaining 10 participants reported that
their tinnitus noises did not affect their concentration.
When controlling for age, partial correlation between
TQ score and 2-back performance was nonsignificant
(r = —0.214, p = 0.265).

N-back

Visual inspection of the histograms and Q-Q plots,
calculation of skewness, and kurtosis z-values of col-
lected data indicated significant deviation from normal
distribution for both response times and accuracy on
the visual n-back test. Because of this, all n-back test
data were analyzed using nonparametric statistical
methods.

Friedman test of differences among repeated mea-
sures was conducted on the collected data of n-back per-
formance, which rendered a x? value of 74.00, which
was significant (p < 0.001). Wilcoxon signed-rank tests
indicated all n-back conditions to generate performances
statistically significant different from each other, 0-back
condition resulting in significantly higher scores than
1-back condition performances (z = —4.58, p < 0.001),
and 1-back condition resulting in significantly higher
scores than 2-back condition performances (z = —6.44,
p < 0.001).

Tinnitus and N-Back Performance/Waechter et al

Figure 1 shows group performance on the visual
n-back test. See Table 4 for ranges, average, SDs, and
z- and p-values for each n-back condition. Mann—Whitney
U-test revealed no statistical differences between the tin-
nitus group performance and the control group, with the
exception of 2-back task where the tinnitus group had
greater compared with the control group (p = 0.007,
z = —2.696). This difference was still statistically
significant when using the Benjamini—-Hochberg pro-
cedure to adjust p-values for false discovery rate
(Benjamini and Hochberg, 1995) (as the adjusted
p-value = 0.01).

High-Frequency Hearing Thresholds

See Table 1 for average hearing thresholds at 10,
12.5, 14, and 16 kHz for all participants together and
both groups separately. The following data analysis
was done for all participants, irrespective of the groups.
As age may be a confounding factor for both hearing
status and WM capacity, we performed an initial
Spearman’s rank coefficient to examine the relationship
between those parameters. This analysis showed age to
be significantly correlated with mean hearing thresh-
olds at 10, 12.5, 14, and 16 kHz of the participants’ best
ear (r = 0.290, p = 0.022), and therefore, a partial cor-
rection for age was included in the following analysis.

When controlling for age, we found significant partial
correlations between mean hearing thresholds at 10,
12.5, 14, and 16 kHz of the participants’ best ear and
1-back performance (r = —0.280, p = 0.029), as well
as 2-back performance (r = —0.309, p = 0.015), but
not between mean hearing thresholds at 10, 12.5, 14,
and 16 kHz of the participants’ best ear and 0-back

0.0025 4 NS Tinnitus group
T ,£| M Control group

@ T * %
§ 0.00204 | L —— —
. 1
c
(]
£ 0.0015
2
]
o
< 0.00101
©
e}
<
&
7] 4
2 0.0005

0.0000

0-back 1-back 2-back

Figure 1. Mean performance scores (percentage correct re-
sponses divided by average response time) on the n-back test
for each group and condition. Confidence interval for error bars:
95%. N.S. indicates nonsignificant difference (p > 0.05), asterisks
indicate significant difference (*p < 0.05, **p < 0.01, and ***p <
0.001).
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Table 4. Performance Scores (Accuracy Divided by Average Response Times) on Each N-Back Condition

for Each Group

0-Back 1-Back 2-Back
Tinnitus group Range 0.0010-0.0028 0.0013-0.0031 0.0008-0.0028
Average 0.0021 0.0020 0.0016
SD 0.0004 0.0004 0.0005
Control group Range 0.0013-0.0027 0.0012-0.0025 0.0007-0.0020
Average 0.0021 0.0019 0.0013
SD 0.0003 0.0003 0.0004
Mann-Whitney U z -0.317 —0.443 —2.696
p 0.751 0.657 0.007
performance (r = —0.150, p = 0.248) (see visual presen- terms of educational level. Tinnitus participants at

tation in Figure 2). These correlations were still signifi-
cant when using the Benjamini—Hochberg procedure to
adjust p-values for false discovery rate (Benjamini and
Hochberg, 1995), as the adjusted p-values were equal to
0.044 for the 1-back condition and 0.023 for the 2-back
condition.

DISCUSSION

verall, there appeared to be no negative impact on

WM capacity because of the presence of tinnitus.
Although there were significant differences between
the groups in terms of performance, it only occurred
in one test condition of three possible and it indicated
better performances in the tinnitus group than the con-
trol group. This finding is inconsistent with most of the
previous studies investigating cognitive performances
in tinnitus sufferers as they generally have indicated
poorer performances on cognitive tests in partici-
pants with tinnitus compared with participants without
(Andersson et al, 2000; Hallam et al, 2004; Dornhoffer
et al, 2006; Rossiter et al, 2006; Stevens et al, 2007;
Jackson et al, 2014). However, most previous studies have
had a major limitation in common—poor control and
matching of hearing status (Mohamad et al, 2016), which
could play a critical role for the results as hearing impair-
ment can have a negative impact on cognitive perfor-
mance (Lin et al, 2011). However, the finding of this
study is overall in line with the findings of Waechter
and Brannstrom (2015), indicating tinnitus do not have
a negative impact on cognitive performance in normal
hearing individuals. The fact that the tinnitus group per-
formed better on the 2-back condition may have several
explanations. It is not impossible to by chance find a sin-
gle significant difference between the two groups; how-
ever, the p-value of the effect is small enough to still
be statistically significant after adjusting p-value using
the Benjamini—-Hochberg procedure, indicating that this
difference probably is not a false discovery due to multiple
testing. A more likely explanation could lie in the fact
that the groups are not entirely optimally matched in
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group level had somewhat higher education than the
control participants, which may have provided a slight
advantage as higher education could lead to a greater ex-
perience of heavy load on WM. Furthermore, it is possi-
ble that the tinnitus participants were more motivated
to perform their best, knowing that the study examined
possible cognitive interference due to tinnitus. To
compensate for such parameters, future studies should
also include subjective or objective measures of effort
while performing cognitive tasks.

HADS scores indicated equal levels of depression in tin-
nitus and control group, which leads us to conclude that
level of depression cannot explain the lack of differences in
response time between the groups. Nevertheless, we de-
tected differences in terms of anxiety between the groups.
However, anxiety, which has been suggested to imply
poorer task performance (Cisler and Koster, 2010;
Peckham et al, 2010), was higher in the tinnitus group.
Therefore, the difference in terms of anxiety detected in
the present study would not be an advantage for the tin-
nitus group and cannot be accounted for the results of
this study being inconsistent with previous studies.

o~.0-back
0--.. 1-back
&~ 2-back

0.0035 -

0.0030 4

0.0025

‘v 0
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0.005 4

T T T T T
10 0 10 20 30

Mean PTA (10, 12.5, 14, 16 kHz) for best ear (dB)

N-back performance score
(percentage correct responses divided by mean response time)

Figure 2. Correlation between n-back performance scores and
mean pure tone audiometry (PTA) (10, 12.5, 14, and 16 kHz) of
the best ear, for each participant and condition.
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The presence of tinnitus does not seem to affect the
participants’ performance negatively, but hearing sta-
tus may play a role. We found negative correlations be-
tween n-back performance and high-frequency hearing
thresholds (10-16 kHz) of the participants’ best ear (i.e.,
the poorer the high frequency hearing in best ear the
lower WM capacity) for the more demanding n-back
conditions (1-back and 2-back). The correlations had
p-values indicating statistical significance after com-
pensating for multiple testing, indicating that they were
not false discoveries due to multiple testing. Further-
more, the trend was present even in the 0-back condition
(as seen in Figure 2). A possible explanation for this
effect could be the findings of Melcher et al (2013) indi-
cating an amount of gray matter in subcallosal region
to correlate negatively with high-frequency hearing
thresholds (>8 kHz), but not the presence of tinnitus
as previously proposed. As the subcallosal region is in-
volved in attentional processes (Diamond, 2013), less
gray matter in that region could imply greater difficulty
with demanding cognitive tasks such as the visual
n-back which supposedly could lead to the aforementioned
poorer performances in individuals with poorer high-
frequency hearing. It is possible that an individual with
tinnitus would suffer from a decline in high-frequency
hearing thresholds simultaneously with the initial ex-
perience of tinnitus (as both could follow an acoustic
trauma). In such case individuals with tinnitus might
experience cognitive decline due to their deteriorated
high-frequency thresholds, but might subjectively link
the effect on cognitive performance to their tinnitus as it
is a more distinct symptom that arose same time as the
actual underlying effect. Whether this indeed is the ex-
planation is currently unclear, and further research is
needed to better understand the underlying causes.

The fact that the effect on cognitive performance is not
found in all n-back conditions could be due to floor effects
which would be in line with the results presented in
Figure 1 and results of Friedman test and Wilcoxon
signed-rank tests conducted on the collected n-back per-
formance data, indicating greater cognitive load for in-
creased value of n at the n-back test. In other words,
the 0-back condition might have constituted insufficient
cognitive load. Another possible explanation could be
that the effect size might be smaller for the 0-back con-
dition, which in such case means that the lack of signif-
icance of less demanding n-back conditions could be a
matter of sample size. Optimally one would define a min-
imal clinically important difference in advance to know
critical sample size. However, because of scant previous
empirical basis, any definition of minimal clinically im-
portant difference would essentially be guesses.

The finding that n-back performance and high-
frequency hearing thresholds correlates could explain
the conflicting findings among previous research. As
most of the previous studies have a clear and common

Tinnitus and N-Back Performance/Waechter et al

lack of proper control of hearing status among its par-
ticipants (Andersson et al, 2000; Hallam et al, 2004;
Dornhoffer et al, 2006; Rossiter et al, 2006; Stevens
et al, 2007; Jackson et al, 2014), the possibility of hear-
ing status in general and high-frequency hearing in
particular having influenced the results cannot be ruled
out. Furthermore, the probability of differences in terms
of high-frequency hearing thresholds (10-16 kHz) to be
present between the tinnitus and control groups in the
study of Waechter and Brannstrom (2015) would be con-
siderably lower as their participants had equal hearing
thresholds on group level and every single subject had
confirmed normal hearing thresholds between 0.125
and 8 kHz.

Alimitation of the present study is that the participants
were mainly young and with a relatively mild degree of
tinnitus distress on average. The average TQ score was
slightly lower for participants in the present study com-
pared with previous studies—35.17 (maximum 82) com-
pared with 47.64 reported by Stevens et al (2007) and
40.05 reported by Waechter and Brannstrom (2015). Pre-
vious studies have indeed indicated that impaired cogni-
tive performance appears to be present even for groups
with a low degree of tinnitus distress (Jackson et al,
2014). However, Jackson et al (2014) used a different
questionnaire to evaluate tinnitus distress which makes
it difficult to carry out an adequate comparison. Further-
more, because of the lack of control of hearing status in
the study presented by Jackson et al (2014), it is also dif-
ficult to know to what extent these findings are applicable,
thus it is possible that examination of individuals with
more severe tinnitus could generate different results.
We did, however, investigate whether tinnitus sufferers
with greater distress performed worse than ones with
milder degrees of distress, but as TQ score did not corre-
late with 2-back performance when controlling for age
(r = —0.214, p = 0.265), we concluded that greater tinni-
tus distress did not imply poorer cognitive performances
in our sample. Regarding the role of age, the empirical
basis is too scant at the time of writing. Therefore, future
research should investigate whether the tinnitus suf-
ferer’s age is of importance for the tinnitus’ impact on cog-
nitive performance.

Future studies should also investigate whether there is
a link between subcallosal brain structure and n-back
performance in individuals with and without tinnitus.
The results of the present study and the results of Melcher
et al (2013) suggests this could be the case, but to the au-
thors’ knowledge, no study has investigated this so far.
Another point worth mentioning is that there is a growing
empirical basis for determining which structures in the
brain are active when performing the n-back task and
how the neurological activity is affected by increased cog-
nitive load (see Owen et al, 2005 for an overview). Inves-
tigating whether such functional magnetic resonance
imaging data differ in tinnitus sufferers compared with
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individuals without tinnitus could entail a significant con-
tribution to the current state of knowledge in the area of
tinnitus and its relation to cognition.

CONCLUSIONS

ur present data suggest that presence of tinnitus

might not have a negative impact on performance
on a WM test with increasing load in normal hearing
individuals, which is consistent with the findings of
Waechter and Brannstrom (2015). However, the col-
lected data indicate high-frequency hearing (10-16
kHz) to correlate with WM capacity, which is in line
with the findings of Melcher et al (2013). Taken to-
gether, we suggest that hearing thresholds seem to
be a critical parameter in the perceived effect of tinnitus
on cognitive performance and that the relationship
should be further investigated to enable establishment
of proper interventions for tinnitus sufferers experienc-
ing decline in cognitive performance.
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