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HYPERACUSIS, AUTONOMOUS REGULATION AND 
EXECUTIVE FUNCTIONING  

 

Oskar Nilsson 

 

Hyperacusis is a condition in which sufferers experience everyday sounds in their surroundings as 
unmanageable and disturbing. The condition is often associated with symptoms such as fatigue, 
headaches, sleep disturbances and difficulties concentrating. Present study aimed to investigate how 
people are affected when exposed to noise over time. This was operationalized by collecting data 
from essentially three domains; subjective, psychophysiological and cognitive. Since hyperacusis is 
largely defined by the individuals’ subjective experience, participants were divided into three groups 
based on their own subjective reports of discomfort during exposure to white noise (60db). Cognitive 
performance was assessed using two well established measurements in the beginning and the end of 
the exposure session. Contrary to expectations, the groups did not differ significantly in cognitive 
performance. Heart rate variability was measured during the exposure session and was hypothesized 
to be lower in participants experiencing higher discomfort. As expected, the groups differed in their 
expressed variability in the direction of the hypothesis. 

 

Personer som lider av hyperakusi upplever vardagliga ljud i deras omgivning som störande och icke-
hanterbara. Symptom associerade med hyperakusi innefattar bland annat utmattning, huvudvärk, 
sömnproblem och koncentrationssvårigheter. Målet med föreliggande studie var att undersöka hur 
människor påverkas av exponering för buller över tid. Detta operationaliserades genom att samla in 
data från huvudsakligen tre domäner; subjektiva, psykofysiologiska och kognitiva. Eftersom att 
hyperakusi till stor definieras av individers subjektiva upplevelser, delades deltagarna in i tre 
grupper baserat på deras egna subjektiva bedömningar av obehag under exponering av vitt brus 
(60dB). Kognitiv prestation bedömdes med hjälp av två väletablerade mått i början och slutet av 
exponeringen. I motsats till förväntningarna så påträffades inga signifikanta skillnader mellan 
grupperna beträffande kognitiv prestation. Hjärtfrekvensvariabilitet mättes under exponeringen och 
det hypotiserades att variabiliteten skulle vara lägre hos deltagare som upplevde högre grad av 
obehag. Som förväntat skilde sig grupperna åt i termer av variabilitet i den riktning som hypotesen 
förutsåg.  

 

 

When we listen to or for something, we focus our hearing to a specific source of 
sound and our best efforts are put in to filter out all surrounding sounds as noise. 
Noise is referred to as an accumulation of all surrounding sounds within a specific 
setting. The word noise has an intrinsic property of annoyance and disturbance and 
is often thought of as irrelevant and unwanted. 
 
Since our hearing is constantly active (i.e. there is no way for us to “stop hearing” 
except for physically covering our ears), the ability to ignore noise is crucial. For 
most people, everyday noise is fairly easy to ignore but for sufferers of hyperacusis 
this can be more difficult. Hyperacusis is a condition in which sounds in everyday 
life can be perceived as unmanageable and disturbing. Symptoms include fatigue, 
headaches, sleep disturbances and difficulties concentrating (Paulin, Andersson, & 
Nordin, 2016; Tyler et al., 2014). Characteristically for hyperacusis is that it is 
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sounds in general, rather than specific sounds that are problematic. This differ from 
misophonia (a dislike for sound) and phonophobia (a fear of sound) which are both 
characterized by symptoms from specific sounds, often with an underlying 
emotional association (Baguley, 2003). 
 
Little is known about the prevalence of hyperacusis. A postal- and web-based 
questionnaire-study proposed a prevalence of 8,6 percent for the Swedish 
population (G. Andersson, Lindvall, Hursti, Carlbring, & Andersson, 2002). Another 
Swedish study found a prevalence of 9,2% for self-reported hyperacusis (Paulin et 
al., 2016). A polish prevalence study, cited in Paulin et al., (2016) reports a 
prevalence of around 15,2% for the polish population. Fyhri & Klæboe, (2009) found 
a similar prevalence (11,5%) when investigating traffic noise, noise sensitivity and 
self-reported health in 1852 individuals living in Oslo, Norway.  
 
 Since hyperacusis is largely defined by the individuals’ subjective experience 
(opposed to other conditions which may have more quantifiable properties to 
them), self-reports and reports of the unpleasantness from an exposure is an 
important aspect when investigating hyperacusis. Waye et al., (2002) attempted to 
quantify noise sensitivity using stress. They used salivary cortisol levels as a 
measure on stress and found a correlation between elevating cortisol levels during 
exposure to low-frequency noise and self-reported sensitivity to noise in general. 
What’s more, the results indicated an interaction between low-frequency noise, 
sensitivity and time. Given these results and given the symptoms associated with 
hyperacusis, noise seems to act as a stressor for individuals experiencing difficulties 
tolerating everyday sounds.  
 
Another way in which exposure to a stressor can affect an individual is by regulation 
of the autonomous nervous system (ANS).  One way to measure such regulation is 
by using electrocardiography to record changes in heart-rate variability (HRV) over 
time (Thayer & Sternberg, 2006).  Low HRV has been linked to stress as well as panic 
anxiety, emotional control and negative influence on cognitive functions (Thayer, 
Hansen, Saus-Rose, & Johnsen, 2009; Thayer & Sternberg, 2006). Negative influence 
on cognitive functions from exposure to stressors have also been reported using 
salivary cortisol levels (Waye et al., 2002) and heart rate (Starcke, Wiesen, Trotzke, 
& Brand, 2016). One implication of increased stress associated with hyperacusis is 
that a large group of individuals possibly experience reduced performance in their 
everyday tasks; whether it be in their working life, in their educational situation or 
in their social relations.  
 
Given the variability in reaction to noise exposure between individuals, there seems 
to be a difference in how noise is interpreted. Based on the previously mentioned 
finding of  Waye et al., (2002), the time aspect seems to be an important component 
when studying hyperacusis. Exposure over time, seems to evoke stronger reactions 
for some and weaker reactions for others. This phenomenon has been described in 
the literature as sensitization and habituation of a stimulus (Overmier, 2002). 
 



4 
 

Because of the lack of literature investigating autonomous regulation and executive 
functions as measurements on noise sensitivity this study aims to investigate how 
people react to noise exposure over time. I hypothesize that individuals 
experiencing high levels of discomfort during exposure will have a lower HRV as a 
function of perceived discomfort, compared to the non-sensitive groups. I also 
hypothesize that participants rating discomfort as high will express a performance 
decline between a baseline assessment and a test, in two cognitively demanding 
tasks, compared to individuals rating discomfort as lower. However, it is reasonable 
to expect some degree of improvement from the first to the second test, whereby 
this improvement is expected to be lower in participants rating discomfort as high. 
 

 
 

METHOD 
 

Participants and recruitment 
58 participants (30 women, 28 men, mean age 28,2, std. deviation 9,19 years) were 

recruited through social media and using flyers on various public advertisement 

boards around Umeå on two occasions. The first recruitment generated 40 

participants (22 women, 18 men) and the second recruitment generated the 

remaining 18 participants (8 women, 10 men).  When signing up for the study, using 

an online form, the participants answered the question “Do you have trouble 

tolerating everyday sounds from your surroundings, that most other people seem to 

tolerate?”. The question was answered with either “yes”, “no” or “I am neither more 

nor less bothered than other people”. The participants were included regardless of 

their answers and no statistical analysis was implemented for this question. 

However, the answers were used as a preliminary prognosis during data collection, 

to make sure that the sample would include enough individuals with self-reported 

noise sensitivity.  

 

Design 
The test was designed to expose participants seated inside a sound proof booth to 
an increasingly loud noise stimulus.  During the exposure, the participants took part 
in two cognitively demanding tasks (Stroop and n-back), once in the beginning of 
the exposure and once in the end. The session also included subjective assessments 
of discomfort and noise intensity at 13 occasions. Symptoms such as dry eyes, 
anxiousness, tiredness, headaches, emotional irritability and nausea, were assessed 
at three different points in time.  Psychophysiological data was collected from the 
participants during the entire exposure session. After the exposure, participants 
filled out an online questionnaire from home (see material section).  
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Data for cognitive performance (Stroop and n-back), heart rate variability and 
discomfort ratings was collected with intention to test the hypotheses. Data 
regarding potential symptoms, intensity ratings and answers from the online 
questionnaire was used as descriptive statistics for the sample only. 

The test in the booth lasted for approximately 45 minutes during which time the 
participant received continuous instructions from a monitor, guiding them through 
the two cognitively demanding tasks and instructing them when to change answer 
sheet for the subjective assessments.  
 
The first 11 minutes of the session were quiet. This was followed by an increasingly 
loud noise (up to 60dB) for 9 minutes, when a plateau of noise intensity was reached. 
The plateau of 60dB continued for the remaining 25 minutes of the session. Changes 
in noise intensity was used to see how participants varied in their 
intensity/discomfort ratings at different decibel levels depending on their level of 
sensitivity. For timeline of the procedure, see figure 1. 
 

 
 

Material 
 

Sound proof booth and setting 

A sound proof booth was used to ensure that the participants would not perceive 
any other sounds than those intended. The seated booth was equipped with a 
speaker (70W 87dB/W) mounted under the seat, exposing the participant to white 
noise (60dB) playing from an iPod. White noise is a randomized sound signal 
containing all frequencies at equal intensity. The noise used in this study was 
generated using the open source audio editor Audacity. White noise was considered 
suitable for this type of exposure because it has possible unpleasant characters to it 
but at the same time it is semantically neutral, i.e. there are no apparent associations 
that can be made to this kind of noise. The use of white noise was also considered a 
convenient way to avoid neglecting participants that would possibly only 
experience discomfort on certain frequencies. 
 
Continuous instructions regarding the cognitive tasks and the subjective 
assessments were given to the participants using a presentation sequence written 
in E-prime. The instructions were presented on a 22” screen mounted to the outside 
of the window, in front of the participant. The experimental setting also included a 
small num-pad keyboard mounted to a knee-board and a microphone. The keyboard 

Figure 1. Timeline of the complete procedure in sound proof booth. 
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was used for the participants to answer the n-back task and the microphone was 
used to collect the participants’ answers from the Stroop task.  
 
To test for physiological reactions of the exposure, the participants were also 
equipped with a wireless monitoring kit from Biopac Systems (MP150). The kit 
included a heart rate monitor with two electrodes, these were placed around the left 
and right collarbone approximately 10 centimeters from the neck. A device to 
measure respiration was fixed around the chest using a Velcro belt and a device to 
measure skin conductance was put around the wrist of the non-dominant hand with 
electrodes fixed to the index- and middle finger. Data from the biopac equipment 
was recorded and saved using the data acquisition and analysis software 
Acqknowledge and was further analyzed using Kubios HRV. 

 

Questionnaire 

The online questionnaire consisted of seven standard surveys and was used to 
collect data about possible comorbidity between hyperacusis and other conditions 
and to collect descriptive data about the participants. The most essential survey for 
this study was the noise sensitivity scale (NSS) (Weinstein, 1978), which is a 21-item 
survey with most answers ranging from 6 (agree strongly) to 1 (disagree strongly) 
with 5,4,3,2 representing agree, agree mildly, disagree mildly respectively. Each item 
in the NSS scale represents a relatable claim such as “I wouldn’t mind living on a noisy 
street if the apartment I had was nice.” Or “At movies, whispering and crinkling candy 
wrappers disturb me”.  
 

Cognitive tasks and subjective assessments 

The participants performed repeated cognitive assessments using a n-back (3-back) 
test and a Stroop test. The n-back test is a well-established working memory test in 
experimental research (Conway, Kane, & Al, 2005). Although, more complex 
relationships between subgroups of working memory and recollection functions 
have also been suggested (Jaeggi, Buschkuehl, Perrig, & Meier, 2010). In the n-back 
test the participant was presented with a sequence of numbers. The task was to 
correctly report whether the number being presented on the screen was the same 
as the number that had appeared three numbers before or not. In the Stroop test, 
which is a commonly used test to measure selective attention of conflicting stimuli 
(Macleod, 1991; Neil & Westberry, 1987), a screen with 84 written color words was 
presented (e.g. green, blue, red… etc.). The color of the written words differed from 
the meaning of the words and the task was to correctly announce the color of the 
ink for each word as fast as possible. The Stroop test was answered using the 
integrated microphone and the n-back test was answered using the small keyboard 
(yes/no).  
 
Perceived noise intensity, discomfort, concentration and physical symptoms were 
repeatedly assessed by each participant on a Borg CR-100 scale using pen and paper. 
The borg CR-100 scale is a ratio scale ranging from 0-120. The scale is anchored in 
words describing different levels of intensity. The words describing the intensities 
are (0) Nothing at all, (1,5) minimum, (2,5) extremely weak, (6) Very weak, (12) weak, 
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(25) moderate, (45) strong, (70) very strong, (90) extremely strong, (100) Maximal, 
and an arbitrary number over 120 representing absolute maximum (Borg & Borg, 
2002).  Symptoms listed in the answer sheet included Dry/irritated eyes, 
nervousness, breathing difficulties, difficulties in concentration, dizziness, tiredness, 
headaches, nausea, irritability (emotional). These symptoms had previously been 
reported in other types of environmental sensitivities (L. Andersson, Claeson, Ledin, 
Wisting, & Nordin, 2013) and were also in line with data collected by  G. Andersson 
et al., (2002a) regarding noise sensitivity.  
 

Procedure 
When signing up for the study, each participant answered the question “Do you have 
trouble tolerating everyday sounds from your surroundings, that most other people 
seem to tolerate? Descriptive statistics from this question was not generated but 
instead the answers served as a preliminary checkup to see if groups were fairly 
diverse in terms of sensitivity. 

For the exposure, the participants were required to visit the Department of 
Psychology on Umeå university campus area. Following the exposure, the 
participants filled out the online questionnaire. The online questionnaire could be 
answered immediately after the test or in a later stage from home.  After completing 
these steps the participants were paid 200 SEK in the form of gift cards.  
 
Arriving to the department of psychology, each participant was given a short oral 
description about the procedure and was then instructed to read and sign an 
informed consent. When the informed consent had been signed, the participant was 
equipped with devices for the psychophysiological measurements (Biopac) and 
further instructed about the details of the procedure. The details included a short 
introduction to the Stroop- and the n-back test and to the Borg CR-100 scale used to 
assess discomfort, symptoms and intensity.  The participants were then asked to 
step in to the sound proof chamber and asked to follow the instructions on the 
screen. 

 

Statistical analysis and grouping 
Statistical analysis was made using IBM SPSS Statistics. Participants were divided 
into groups based on a three-split of the mean subjective discomfort for each 
participants’ last five unpleasantness ratings. The grouping as well as the 
discomfort, intensity and cognitive performance was analyzed with a repeated 
measures analysis of variance (ANOVA) with discomfort/intensity/test 1, test 2 as 
within subjects factor and group assignment as a between subjects factor. A one-
way analysis of variance (ANOVA) was used to compare mean score for the Noise 
Sensitivity Scale (NSS).  
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RESULTS 
 

Data loss 
Data from four participants was excluded for the Stroop-test due to various 
misunderstandings of the instructions. Physiological data from 12 participants was 
lost as a consequence of poor signal from the Biopac equipment.  

 

Grouping 
Participants were divided into three groups based on mean subjective discomfort. 
The mean was calculated using the last five assessments made by the participants. 
The three groups were classified as having low (n=19), intermediate (n=20) or high 
levels of unpleasantness (n=19), here used as an operationalization of noise 
sensitivity.  The grouping was controlled using a repeated measures analysis of 
variance (ANOVA) with Time (14 ratings) as within subjects factor and Group (Low, 
Intermediate, High discomfort) as between subjects factor. The analysis showed a 
significant difference between the three groups F(26, 715) = 20,75, p< 0,000, ŋp2 = 
0,43. 

Corresponding intensity ratings of the three groups were analyzed using a repeated 
measures analysis of variance (ANOVA) with Time (14 ratings) as a within subjects 
factor, and Group (Low, Intermediate, High discomfort) as a between subjects factor. 
A Time × Group interaction F(26, 715) = 4,06, p < 0,001, ŋp2 = 0,13 revealed that the 
three groups differed in terms of how intense they rated the white noise over time. 
As suggested by Figure 2, the High discomfort group rated the noise as significantly 
more intense than the other groups did after time point 6, i.e. when the noise 
reached a plateau (see: figure 1).   
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Heart rate variability 
Heart rate variability was measured using Standard Deviation of NN (SDNN) which 
is a well-established measurement of heartrate variability over time (Task Force of 
the European Society of Cardiology and the North American Society of Pacing and 
Electrophysiology, 1996). As expected, a repeated measures ANOVA analysis with 
Group (low n=14, intermediate n=18, high discomfort n=14) as between subjects 
factor and Time (9 five minute intervals) as within subjects factor, indicated that 
there was a significant difference between the groups F(16, 344) = 2,64, p = .003, ŋp2 
= 0,11 in terms of HRV. As can be seen in Figure 3, the group reporting high 
discomfort also expressed a lower Logarithmically Transformed SDNN compared to 
the group reporting intermediate and low discomfort during exposure. The 
intermediate group expressed higher Log. transformed SDNN than did the high 
discomfort group but lower than the low-discomfort group, resulting in something 
that resembles a dose/response relationship between discomfort and heartrate 
variability. 

Figure 2. Showing mean discomfort ratings (grouping variable) and mean intensity ratings during 
exposure, with standard error (shaded) for low, intermediate and high discomfort group.  
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Cognitive tasks 
In the cognitive domain, the 3-back test showed an improvement in accuracy from 
43,3% (Std. deviation 0,2) to 62,8% (Std. deviation 0,21) for the low sensitive group 
(n=14); 43,2% (Std. deviation 0,21) to 54% (Std. deviation 0,23) for the 
intermediate group (n = 18) and 39,5% (Std. deviation 0,20) to 54,6% (Std. 
deviation 0,18) for the high sensitive group (n=14) between a baseline test and a 
second test. A repeated measures ANOVA analysis with Time (first and second test) 
as within subjects factor and Group (Low, Intermediate, High discomfort) as 
between subjects factor showed no significant differences in improvement between 
the groups F(2,55) = 1,16, p = 0,322, ŋp2 = 0,04. 

All three groups improved their performance from the first to the second Stroop-
test as measured in number of words given back minus non-corrected errors. The 
low sensitive group (n=17) improved from 43 words (Std. deviation 13,4) to 50 (Std. 
deviation 12,8). Corresponding results for the intermediate (n=20) and high group 
(n=17) was 42,4 (Std. deviation 8,3) to 51,7 (Std. deviation 10,9) and 43,8 (Std. 
deviation 12) to 47,1 (Std. deviation 10,4) respectively. A repeated measures 
ANOVA analysis with Time (first- and second test) as within subjects factor and 
Group (Low, Intermediate, High discomfort) as between subjects factor showed no 
significance between groups F(2, 51) =0,692, p = 0,505, ŋp2 = 0,026.  

Noise sensitivity Scale (NSS) 
A one way ANOVA revealed that there was a significant difference between groups 
in terms of NSS score F(2,55) = 4,95 p = 0,011. A post hoc comparison using the 
turkey HSD test indicated that the high (86,9 ± 14,2) and intermediate group (74,4 
± 12,4) differed significantly p = 0,035 in terms of mean NSS score, as did the high 

Figure 3. Showing Log. transformed heart rate variability (with standard error) as measured by SDNN 
for low, intermediate and high discomfort group.  
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(86,9 ± 14,2) and  low group (72,8 ± 18,76) p = 0,035. However, no significant 
difference was found for the corresponding analysis between the intermediate (74,4 
± 12,4) and low group (72,8 ± 18,76) p = 0,935. 

 

 

DISCUSSION 
 

Present study aimed to investigate how people are affected when exposed to noise 
over time. This was operationalized by collecting data from essentially three 
domains; subjective, physiological and cognitive. To summarize, it was hypothesized 
that participants experiencing higher levels of discomfort should also express lower 
heartrate variability (HRV) as a function of perceived discomfort. Support for this 
hypothesis was partly found. HRV does not seem to change as a function of perceived 
discomfort during the exposure session, however, there was a significant difference 
in HRV between the groups, indicating that there is a link between disposition to 
rate discomfort as high and expressing low HRV in general.  Moreover, the group 
with the lowest HRV maintained a somewhat stable level of HRV throughout the 
session while the intermediate and the high HRV-group expressed what resembles 
a u-shaped curve over time. 

 It can be speculated that the low-HRV/high-discomfort-group had already been 
exposed to unpleasant levels of noise prior to the exposure, either on their way to 
the department of psychology or from leading a life with hyperacusis. This would 
explain the initially low HRV expressed by this group, but also the stable levels of 
HRV throughout the session. Such an explanation would also have support from a 
habituation/sensitization point of view (Overmier, 2002). E.g. the low and 
intermediate discomfort group had not experienced discomfort prior to the 
exposure session which could be why they also initially had higher HRV. As the 
exposure proceeded their HRV decreased and then increased again towards the end 

Figure 4. Group mean score on the NSS scale for low, intermediate and high discomfort group. 
Error bars represent 95% confidence interval. 
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of the exposure session (i.e. habituation). On the other hand, the low-HRV/high-
discomfort-group had already experienced a drop in HRV by being exposed to 
everyday noises (i.e. sensitization) generating HRV at floor levels throughout the 
test as a consequence. Another possible explanation to these results is that the low-
HRV/high-discomfort-group entered the sound proof chamber with expectations of 
an unpleasant experience with increased stress as a result, or that they, for some 
reason were distressed or ill at the time. 

The second hypothesis stated that the group that would rate discomfort as high, 
would also be more negatively affected in two cognitively demanding tasks. More 
specifically a decline in performance between a baseline test and a second test, 
carried out in the end of the exposure session, was expected for this group. Although, 
it was speculated that all participants might express an improvement. In such a case 
this improvement was expected to be smaller in the high-discomfort group. 
Contrary to the hypothesis, the groups showed an equal amount of improvement in 
both the Stroop-test and the 3-back test. These results differed from those of Waye 
et al., (2002) who found that individuals sensitive to noise in general as well as 
individuals sensitive to low-frequency noise performed worse in a test battery 
simulating office work, when exposed to low-frequency noise similar to that of 
ventilation noise. speculatively the discrepancy between the results in the present 
study and those of Waye et al., (2002) can be derived from differences in the 
character of the tasks carried out by the participants and the time-period over which 
the participants carried out the tasks. While Waye et al., (2002) used several tasks 
ranging over time period of two hours, the present study included fewer tasks 
executed in the beginning and the end of a 45-minute exposure session. Moreover, 
it can be argued that the low-frequency, 40dB noise used by Waye et al., (2002) is 
not comparable to the 60 dB white noise used in the present study.  

There was a difference in mean subjective sound intensity between the groups, 
starting at around time point six, i.e when the noise started to peak around 50-60dB. 
This is surprising, considering the fact that the Borg CR-100 scale that was used is 
anchored in words. This indicates that there is a difference between individuals in 
terms of intensity scales. Tyler et al., (2014) created a hypothetical model in which 
it was differentiated between subgroups of hyperacusis, depending on 
accompanying hearing losses. In the model, a hearing loss of 15dB accompanied 
with hyperacusis would result in a perceived loudness level of 60dB for a stimulus 
of 40dB. Although it must be stressed, the mentioned model is purely hypothetical, 
it still brings to light an important aspect of hyperacusis, namely that individuals can 
have similar perceptual sensations on some levels of intensity but very different 
sensations on other intensity levels. The results from this study supports this idea 
further. 

There was a significant difference between the high- and intermediate and high- and 
low group in terms of NSS score, but the corresponding result for the low- and 
intermediate group was not statistically significant. The NSS scale is widely used tool 
and NSS score has proven to be suitable for grouping of sensitive and non-sensitive 
individuals. However, under the conditions that applied for the present study, the 
use of subjective discomfort as grouping variable seems to be more precise than 
grouping based on NSS score. As can be seen in Figure 4, grouping based on NSS 
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score would not have captured the differences between the two lower discomfort 
groups that was successfully captured using subjective discomfort of actual 
exposure. 

In summary, the present study has contributed with valuable data for future 
research within the field of environmental sensitivity. The main finding was that 
HRV seems to be related to perceived discomfort during noise exposure, and vice 
versa. Put in other words, the results imply that autonomous dysregulation, as 
measured by variations in HRV, can follow from noise induced discomfort. 
Speculatively, this holds possible interesting implications of easier and quicker 
diagnosing of hyperacusis. Secondly, this study contributed with the finding that 
perceived sound intensity differs between sensitive and non-sensitive groups. This 
indicates that it may not only be the thresholds for discomfort that are lower in 
sufferers of hyperacusis, but also their judgement of intensity, for sounds louder 
than 50-60dB, that are higher. This study did not find support for the hypothesis 
stating that elevating subjective discomfort is followed by impaired executive 
functioning as would have been expected given previous research about cognitive 
abilities and noise. 
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