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What is fatigue? 

“[I recommend] that the term fatigue be absolutely 
banished from precise scientific discussion”.  

 

  ----Muscio (1921) 

• No universally accepted definition exists 
 

• Subjective fatigue is an ongoing “state”, a mood or 
feeling of tiredness, exhaustion or lack of energy, a 
reduced desire or motivation to continue a task 
• Often (not always) a consequence of sustained, 

effortful, physical or mental work 
 

• Behavioral (Cognitive) fatigue is an outcome, a 
decrement in performance 
• Physical or mental performance 

 

• Physiologic measures can be used as indirect 
markers of subjective and behavioral fatigue 

See Hornsby, Naylor & Bess, 
2016 for review 

Presenter
Presentation Notes
Physical fatigue has received the most attention but cognitive fatigue is more common—less research attention has been given to cognitive fatigue especially as it relates to hearing loss; Prevalence rates vary depending on how fatigue is defined and the characteristics of the group assessed (e.g., healthy adults, cancer patients).

Effects on cognitive processing are particularly relevant for children in school as this can impact learning.

The Muscio (1921) quote is referring to frustration from trying to develop a “fatigue test” which could be used to quantify work related fatigue. Muscio felt that no such test could be developed as the only way you knew the person was fatigued was by  giving them the test that fatigued them. Therefore, you have no confirmation of the magnitude of their current fatigue without the test- which is by design, fatiguing.
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Everybody!- 
Complaints of mild transient fatigue are 
common even in healthy populations 
 

Severe, recurrent fatigue- is not common 
in healthy populations 
-Common in many chronic health conditions 
 -Cancer, HIV AIDs, Parkinson’s, MS 
 

-Very limited work on hearing loss and fatigue— 
 -Especially in children 

Who Has Fatigue? 

Presenter
Presentation Notes
Although likely related it is not clear that the underlying construct of mental fatigue and listening effort are the same. Fatigue is described as a state of decreased optimal performance due to sustained cognitive demands.
Shift to a lab based task to reduce variability and develop a more sensitive metric for detecting changes in processing demands over time associated with hearing loss and hearing aids




Adults— 
• Inattention, lack of concentration, poor mental 

processing and decision-making skills 
 

• less productive and more prone to accidents 
 

• less active, more isolated, less able to monitor own 
self-care 
 

Children w/ Chronic Illnesses— 
• inattention, concentration, distractibility 

 

• poorer school achievement, higher absenteeism 

Amato, et al. 2001; van der Linden et al. 2003; DeLuca, 2005; Eddy and Cruz, 2007; Ricci 
et al. 2007 

Severe, recurrent, fatigue 
negatively affects quality of life 

Presenter
Presentation Notes
Mentally fatigued adults in the workplace are less productive and more prone to accidents. Older adults suffering from mental fatigue are less active, more socially isolated, less able to monitor their own self-care, and more prone to depression than non-fatigued adults (Amato, et al. 2001; Eddy and Cruz, 2007; Ricci et al. 2007). 

Interviews and survey data reveal that adults with hearing loss experience more stress and fatigue in the workplace than normal hearing workers—and such stress and fatigue negatively impacts work performance (Kramer, Kapteyn & Hutgast 2006; Morata, Themann, Randolph et al., 2005). Fatigue has been studied in children with other chronic health conditions, such as cancer, sleep deprivation, cerebral palsy, rheumatic diseases, and chronic fatigue syndrome (CFS). Results uniformly show that fatigue is associated with reduced academic performance, increased school absences, an inability to engage in usual daily activities, sleep disturbances, changes in social relationships, and a negative change in life quality (Beebe, 2011; McCabe, 2009; Ravid, Afek, Suraiya et al., 2009a,b; Berrin, Malcarne, Varni et al., 2007; Garralda & Rangel, 2002; Stoff, Bacon & White, 1989).


Prone to depression; Impact on quality of life can be severe



 

“....... I can attest to the FATIGUE 
caused by prolonged intensive 
listening in noise through hearing 
aids…….”. 
 
 
    

Mark Ross, 2006, 2012 
Pediatric Audiologist 

Is fatigue a problem for people with 
hearing loss? 



Hearing Loss, Listening Effort and 
Fatigue 

 
• But why would fatigue be a 

problem? 
– Active listening can be hard 

work! 
 

• “I go to bed most nights with nothing left. It 
takes so much energy to participate in 
conversations all day, that I’m often asleep 
within minutes.” 

• https://hearingelmo.wordpress.com/2008/06/17/fatigue-fear-and-
coping/ 
 
 

– Some data also supports a link b/w 
effort and fatigue 

Presenter
Presentation Notes
Active listening is hard work. This work is fatiguing for some people with HL.

Listening IS exhausting!!!
From multiple people/sites.
http://www.hearinglikeme.com/supporting/challenges/listening-exhausting
http://www.hearingaidforums.com/showthread.php?t=4531
_______________________________________________________________
“…since I lost most of my hearing…, I've had periodic bouts of tiredness that are deeper and of a different quality than I ever experienced before.”
From: The Fatigue Factor: How I Learned to Love Power Naps, Meditation, and Other Tricks to Cope With Hearing-Loss Exhaustion (Healthy Hearing)
http://www.healthyhearing.com/content/articles/Hearing-loss/Treatments/7844-The-fatigue-factor-how
__________________________________________________
“I go to bed most nights with nothing left. It takes so much energy to participate in conversations all day, that I’m often asleep within minutes.”
http://hearingelmo.wordpress.com/2008/06/17/fatigue-fear-and-coping/
______________________________________
“…at the end of every day I am physically exhausted.”
Hearing Journal:
December 2010 - Volume 63 - Issue 12 - p 37
http://journals.lww.com/thehearingjournal/Fulltext/2010/12000/Hearing_Loss_Is_Exhausting.10.aspx


https://hearingelmo.wordpress.com/2008/06/17/fatigue-fear-and-coping/
https://hearingelmo.wordpress.com/2008/06/17/fatigue-fear-and-coping/


Perceived effort and fatigue 

• Four groups of adults 
(N=31) with 
– Bilateral HAs 
– SSD (UHL) 
– CIs 
– Control 

• Rated their subjective 
effort and fatigue 
experienced on a daily 
basis 
– Similar trends across all 

groups 
Alhanbali et al., 2016 
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Effort Increases 

(R2 = 0.16, p < 0.05) 

Presenter
Presentation Notes
Fatigue Assessment Scale (FAS)
1. I am bothered by fatigue
2. I get tired very quickly
3. I do not do much during the day
4. I have enough energy for everyday life
5. Physically, I feel exhausted
6. I have problems starting things
7. I have problems thinking clearly
8. I have no desire to do anything
9. Mentally, I feel exhausted
10. When I am doing something, I can concentrate quite well


Effort assessment scale (EAS )
1. Do you have to put in a lot of effort to hear what is being said in
conversation with others?
2. How much do you have to concentrate when listening to
someone?
3. How easily can you ignore other sounds when trying to listen to
something?
4. Do you have to put in a lot of effort to follow discussion in a
class, a meeting, or a lecture?
5. Do you have to put in a lot of effort to follow the conversation in
a noisy environment (e.g., in a restaurant, at family gatherings)?
6. Do you have to put in a lot of effort to listen on the telephone?

Correlations significant for each group except for HA users.
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• But why would fatigue be a 

problem? 
– Active listening can be hard 

work! 
 

• “I go to bed most nights with nothing left. It 
takes so much energy to participate in 
conversations all day, that I’m often asleep 
within minutes.” 

• https://hearingelmo.wordpress.com/2008/06/17/fatigue-fear-and-
coping/ 
 
 

– So active listening can be hard 
work, but… 

Presenter
Presentation Notes
Active listening is hard work. This work is fatiguing for some people with HL.

Listening IS exhausting!!!
From multiple people/sites.
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Fatigue- more than just high effort 

High effort/difficulty ≠ always lead to fatigue 

Presenter
Presentation Notes
Sometimes we can apply high effort for long periods of time but find it fun rather than fatiguing.
Likewise, some low effort conditions- e.g., passenger on a long drive- may lead to feelings of fatigue.
The athlete, following a physically demanding experience, may feel energized rather than fatigued.
Fatigue reflects a lack of desire, or aversion, to continue on with an activity, not necessarily a inability to continue.



Fatigue- more than just high effort 

• Risk for fatigue increases in: 
– Mentally/physically challenging conditions 

• Requires effortful control to attain/maintain performance 
• Maintaining “acceptable” performance is difficult or not 

possible 
– Low control conditions 

• Timed or scheduled tasks with limited flexibility  
• Limited ability to modify the task characteristics 

– Important conditions 
• High motivation to succeed, along with 
• Negative consequences for poor performance 

Hockey & Earle (2006); Boksem & Tops (2008); Ackerman (2011); Hockey (2013); Earle & Hockey (2015). 

Presenter
Presentation Notes
Imagine how this combination of conditions might be for someone with hearing loss trying to listen to listen and understand in a noisy setting:
-Mentally challenging, effortful condition where good performance is not necessarily possible. 
-Limited control over the situation (other than assertive strategies)
-Situation is potentially important (wants to understand) AND has potential for negative consequences for poor performance (embarrassment; incorrect responses; inadequate understanding of information) creating a high stress condition.




A motivational control theory of 
cognitive fatigue (Hockey, 2013) 

• Fatigue is an emotional response serving an 
adaptive, goal-directed, function 
– forces us to evaluate current goal-directed behaviors 

in terms of an effort/reward balance 

Hockey, R. (2013). The Psychology of Fatigue: Work, Effort and 
Control: Cambridge  

• Fatigue is a “protective” 
mechanism to help us 
decide if the effort applied 
towards a goal is worth 
the reward. 

Presenter
Presentation Notes
Is my goal of getting this rock to the top of the hill, really worth the effort? Fatigue may develop to force us to reevaluate this goal.

Support for this comes from research in the domain of physical fatigue- showing fatigue begins to develop PRIOR to depletion of muscle resources. This forces us to reevaluate our current energy expenditure in relation to the goal benefits and potentially protects us from physical harm due to over exertion.



Goal: Successful 
Communication 

Successful 
communication with 

minimal effort 

Unsuccessful 
communication with 

allocated effort 

Evaluate 
effort/reward 

ratio 

Low 
reward/benefit 

Maintain effort: 
No change in 
performance 

Reduce effort: 
Disengage 

Variable effort: 
Change goal 

High 
reward/benefit 

Increase effort: 
Successful 

communication with 
allocated effort 

Increase effort: 
Unsuccessful 

communication with 
allocated effort 

A motivational control theory of 
cognitive fatigue (Hockey, 2013) 

A simple block diagram 
interpretation of Hockey’s 
(2013) model 

A continuum 

Presenter
Presentation Notes
The model of cognitive fatigue I’ll discuss is based on Robert Hockey’s work.
The actual model assumes multiple control and feedback loops. My version is a simplification that may be useful in helping us understand listening-related fatigue.

More accurately Hockey proposes a motivational control model of executive control, effort and fatigue.
The model incorporates three executive functions- goal maintenance, monitoring/interruption and effort regulation and two, primary, monitor loops:
-A lower control “action monitor” loop where, under optimal conditions, task performance is monitored and maintained with minimal effort. Small disruptions in goal achievement/maintenance are handled with minimal executive control.
-An “Effort monitor” and regulation loop where expended effort to achieve a task goal is compared to the “effort budgeted” to achieve the goal.
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A motivational control theory of 
cognitive fatigue (Hockey, 2013) 

A simple block diagram 
interpretation of Hockey’s 
(2013) model 

Fatigue develops/increases 

Fatigue development is minimal 

A continuum 

Presenter
Presentation Notes
This model of cognitive fatigue, based on Robert Hockey’s work, may be useful in helping us understand hearing loss-related fatigue.
More accurately a motivational control model of executive control, effort and fatigue.
Model incorporates three executive functions- goal maintenance, monitoring/interruption and effort regulation and two, primary, monitor loops:
-A lower control “action monitor” loop where, under optimal conditions, task performance is monitored and maintained with minimal effort. Small disruptions in goal achievement/maintenance are handled with minimal executive control.
-An “Effort monitor” and regulation loop where expended effort to achieve a task goal is compared to the “effort budgeted” to achieve the goal.



Effects of Hearing Loss 

• Listening-related fatigue may be associated with 
factors that increase perceived effort 
– Like unilateral (UHL) or bilateral (BHL) hearing loss 

• UHL, or BHL, can ↑ 
listening difficulties, 
– Which can ↑ listening effort,  
– Which may ↑ risk for fatigue 

• and may impact evaluation 
of effort-reward ratio 

HL (unilateral 
or bilateral) 
may have 
effects here 

Presenter
Presentation Notes
Its possible that people with HL are particularly susceptible to this type of situational fatigue. However, the frequency of this problem may be limited and the ability to recover following an experience may be rapid enough to not cause complaints of long-term fatigue. 



 

“....... I can attest to the FATIGUE 
caused by prolonged intensive 
listening in noise through hearing 
aids…….”. 
 
 
    

Mark Ross, 2006, 2012 
Pediatric Audiologist 

So… Is fatigue a problem for 
people with hearing loss? 

• What do the data say? 



*p<0.05 

• Compared to 
POMS normative 
data, older adults 
seeking help for 
HL report  
– similar fatigue but 
– significantly lower 

vigor 
 

• Age range: 55-94 years 
• N= 116 

* 
Severe 
Fatigue 

Severe 
Vigor Deficit 

 
POMS= Profile of Mood States (McNair et al., 1971) 

Subjective fatigue in Adults with HL 

Hornsby, B. & Kipp, A.  (2016) 

Presenter
Presentation Notes
Explain study groups and POMS
POMS 6 subscales
Anxiety, Depression, Anger, fatigue, vigor, confusion, (65 items total)
Below is a list of words that describe feelings that people have. Please read each word carefully. Then circle the number that best describes 
how you have been feeling during the PAST WEEK, including today.

E.g., How well does “Worn out” or “Alert” describe how you’ve been feeling?
5-point likert scale
Not at all, A little, Moderately, Quite a bit, Extremely

An advantage of the POMS is it has normative data with cutpoints (+/- 1.5 st. dev from the mean) for those potentially needing further follow-up

Participants and Procedures
Participants (Total): Individuals scheduled for a hearing test or hearing aid evaluation at the VBWC
N=143 adults Mean age = 66 years (22-94 years)
Wide range of, predominantly, SNHLs
Better ear PTA’s varied from 5-95 dB HL (mean = 36.7 dB HL)
Participants were mailed two self-report measures of fatigue and a measure of hearing handicap
POMS (fatigue and vigor subscales)
Multidimensional fatigue scale (MFSI)
Hearing handicap inventory (HHIE/HHIA)

Participants and methods for this study question:
Compared ratings from a subset of our study sample to normative data 
POMS- geriatric norms
Participants were a subset of older adults
≥ 55 years old (mean: 72 years)
range 55-94 years
N=116 adults (63% males)

Nyenhuis et al (1999): POMS data from an adult (n=400; 18–94 years) and geriatric (n=170; 55–94 years) samples. The geriatric group is a subset of the adult group.
The present study reports on two additional POMS standardization samples. 
For both samples, age, race, and gender proportions are based on 1990 United States census data.
Recruited via advertisements to undergraduate university student (n=70) and from community and church groups (n=444).

“Severe fatigue was operationally defined as ratings that were ≥1.5 standard deviations above the normative mean (fatigue scores ≥ 15). Severely low vigor was defined as ratings that were ≤1.5 standard deviations below the normative mean (vigor scores ≤12).”



• More than 2 times 
as likely to report 
severe fatigue and 

• More than 4 times 
as likely to report 
severe vigor 
deficits! 
 

• Severe = >1.5 st. 
dev. above mean 

Percentage of adults subjectively reporting 
severe fatigue and vigor deficits 

Adults with HL are at increased risk 
for severe fatigue and vigor deficits 

*p<0.05 

* 

* 

Hornsby, B. & Kipp, A.  (2016) 

Presenter
Presentation Notes
Percentage of 
fatigue scores ≥15 (corresponds to a T-score of 65 or more; 1.5 standard deviations above the mean for the geriatric normative data; from POMS scoring manual)
vigor scores ≤12 (corresponds to a T-score of 35 or less; 1.5 standard deviations below the mean for the geriatric normative data; from POMS scoring manual)
Approximately 7% of scores are expected to be above or below T-scores of 65 and 35, respectively (i.e., ~7% of scores would be expected to fall 1.5 standard deviations above and below the mean).
----------------------
In addition to examining differences in mean fatigue and vigor ratings we also examined differences in the relative occurrence of severe fatigue (scores ≥ 15) and vigor (scores ≤ 12) deficits between groups.  Older adults with hearing difficulty in the current study (ages 55-94; n= 116), experienced severe fatigue proportionately significantly more often than expected based on normative data (15% [n=17] versus 7%, respectively; prevalence ratio = 2.08 [95% Confidence intervals (CI): 1.03-4.18], p = 0.037). Severe vigor deficits were even more common in our population with 32% (n=37) of our older adults reporting severe vigor deficits compared to 7% from the normative data (prevalence ratio = 4.52 [95% CI: 2.46-8.29], p < 0.001).



Vanderbilt Bill Wilkerson Center 

What about kids with 
hearing loss? 

Presenter
Presentation Notes
Kids are in a mentally challenging setting. 
Kids with HL are additionally disadvantaged due to their HL.
Mental strain due to trying to understand teachers, classmates, ancillary sounds is demanding and continuous. Anectdotal reports suggest that CHL would experience fatigue due to these sustained demands. In fact more so than adults.



Hearing Loss, Listening Effort and 
Fatigue- Child and Parent Report 

"First thing I do when I get 
home is take my hearing aids 
out. I just need a break.” 
   - Student with hearing loss 

“Trying harder to listen and understand 
drains me and makes me feel down.” 
 - Student with hearing loss 

“My brain needs a rest 
from listening.” 
 - Students with hearing loss 

“My child will zone out or go into a bubble 
when she needs a break from listening.” 
 - Parent of a child with hearing loss 

“My child will withdraw at the end 
of a long day of listening.” 
 - Parent of a child with hearing loss 

Presenter
Presentation Notes
Why the interest in listening effort and fatigue?
How common a complaint is it in your experience? Rarely, Occasionally, Frequently?

Listening IS exhausting!!!
From multiple people/sites.
http://www.hearinglikeme.com/supporting/challenges/listening-exhausting
http://www.hearingaidforums.com/showthread.php?t=4531
_______________________________________________________________
“…since I lost most of my hearing…, I've had periodic bouts of tiredness that are deeper and of a different quality than I ever experienced before.”
From: The Fatigue Factor: How I Learned to Love Power Naps, Meditation, and Other Tricks to Cope With Hearing-Loss Exhaustion (Healthy Hearing)
http://www.healthyhearing.com/content/articles/Hearing-loss/Treatments/7844-The-fatigue-factor-how
__________________________________________________
“I go to bed most nights with nothing left. It takes so much energy to participate in conversations all day, that I’m often asleep within minutes.”
http://hearingelmo.wordpress.com/2008/06/17/fatigue-fear-and-coping/
______________________________________
“…at the end of every day I am physically exhausted.”
Hearing Journal:
December 2010 - Volume 63 - Issue 12 - p 37
http://journals.lww.com/thehearingjournal/Fulltext/2010/12000/Hearing_Loss_Is_Exhausting.10.aspx




Hearing Loss, Listening Effort and 
Fatigue- Child and Parent Report 

"First thing I do when I get 
home is take my hearing aids 
out. I just need a break.” 
   - Student with hearing loss 

“Trying harder to listen and understand 
drains me and makes me feel down.” 
 - Student with hearing loss 

“My brain needs a rest 
from listening.” 
 - Students with hearing loss 

“My child will zone out or go into a bubble 
when she needs a break from listening.” 
 - Parent of a child with hearing loss 

“My child will withdraw at the end 
of a long day of listening.” 
 - Parent of a child with hearing loss 

• What do the data say? 

Presenter
Presentation Notes
Why the interest in listening effort and fatigue?
How common a complaint is it in your experience? Rarely, Occasionally, Frequently?

Listening IS exhausting!!!
From multiple people/sites.
http://www.hearinglikeme.com/supporting/challenges/listening-exhausting
http://www.hearingaidforums.com/showthread.php?t=4531
_______________________________________________________________
“…since I lost most of my hearing…, I've had periodic bouts of tiredness that are deeper and of a different quality than I ever experienced before.”
From: The Fatigue Factor: How I Learned to Love Power Naps, Meditation, and Other Tricks to Cope With Hearing-Loss Exhaustion (Healthy Hearing)
http://www.healthyhearing.com/content/articles/Hearing-loss/Treatments/7844-The-fatigue-factor-how
__________________________________________________
“I go to bed most nights with nothing left. It takes so much energy to participate in conversations all day, that I’m often asleep within minutes.”
http://hearingelmo.wordpress.com/2008/06/17/fatigue-fear-and-coping/
______________________________________
“…at the end of every day I am physically exhausted.”
Hearing Journal:
December 2010 - Volume 63 - Issue 12 - p 37
http://journals.lww.com/thehearingjournal/Fulltext/2010/12000/Hearing_Loss_Is_Exhausting.10.aspx




General Sleep/Rest Cognitive Overall

Pe
ds

Q
L 

Sc
or

e

40

50

60

70

80

90
HL group 
NH group

*
*

Subjective fatigue in Children with HL 

• CHL show more cognitive and overall fatigue than controls 
– No interaction with Parent/Child report 
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Hornsby, B., et al., (2017) 

• 43  CNH  & 60 CHL  
• Aged: 6 – 12 years 
• Mean data collapsed 

across parent/child 
reports 
 

• CHL had bilateral, mild 
to severe losses 

– No CI users 
– No UHL 

PedsQL-MFS: Pediatric Quality of Life- Multidimensional Fatigue Scale (Varni et al., 2002) 

* p< 0.05 

Presenter
Presentation Notes
Recall preliminary data showed mean differences of 17-30 points.
Take home here is that the children with hearing loss (and their parents) are reporting more fatigue than their peers, across all domains (significant only for cognitive and overall). Although the magnitude of the differences are much smaller than in the preliminary data.
Note in preliminary work difference between CHL and CNH was NOT significant in the cognitive domain (although the trend was the same as for other domains variability was greater and so difference was not significant).



 

“....... I can attest to the FATIGUE 
caused by prolonged intensive 
listening in noise through hearing 
aids…….”. 
 
 
    

Mark Ross, 2006, 2012 
Pediatric Audiologist 

Is fatigue a problem for people with 
UNILATERAL hearing loss? 

• Data are limited but…. 
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• N= 143 
• Age range: 22-94 years 

 
MFSI= Multidimensional fatigue symptom inventory- short form 

PTA = 0.5, 1 & 2 kHz 

• Surprisingly, no 
association bw degree 
of loss and fatigue in 
Adults 
– Where does UHL fit on 

this continuum? 

• But perceived hearing 
problems and fatigue 
are related… 

Some results suggest those with UHL 
could have similar risk for fatigue- e.g., 

Hornsby, B. & Kipp, A. (2016) 

Presenter
Presentation Notes
Note here we show data for the total MFSI fatigue score but similar results were found for all domains and POMS data.

Multivariable quantile regression, controlling for gender and age, was used to analyze associations between better ear PTA (multiple PTA combinations were evaluated- 500, 1000 and 2000 Hz; 1, 2 and 4 kHz; 2, 3 and 4 kHz) and  fatigue (5 fatigue domains from the MFSI (general, physical, emotional, mental, vigor) and the total fatigue score.
No associations bw any PTA and any fatigue domain.

Again used the full data set (n=143)
PTAs ranged from 5 dB to 95 dB (Median: 35 dB)
Looked at associations between MFSI domains and better ear PTA
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But, in adults, hearing handicap is 
associated with subjective fatigue 

• Fatigue increases with 
increases in hearing 
handicap 

 

• And research 
suggests adults with 
UHL are at increased 
risk for hearing 
handicap 
– de Araújo, et al., 2010; 

Iwasaki, et al., 2013 

Hornsby, B. & Kipp, A.  (2016) 

Presenter
Presentation Notes
Same 143 participants as for PTA analysis
Used HHIE/A to assess perceived social (S) and emotional (E) problems resulting from hearing loss. 
Does a hearing problem cause you to avoid groups of people? (S)
Does a hearing problem cause you to feel left out when you are with a group of people? (E)
Select Yes, Sometimes, or No (4, 2 or 0 points) for each item
Responses are summed to calculate an emotional, social and total score


Same pattern seen in POMS data
Results of quantile regression. Significant association bw HHIE and MFSI across all domains. Controlling for age, gender and degree of loss (male, 67 years old, 35 dB HL PTA).
Someone with a 35 dB PTA and low HHIE score will be more likely to report low fatigue. In contrast someone with the same PTA but a high HHIE score will report a high fatigue.



• N= 60 
• Age range: 6-12 years 

Overall Fatigue
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PTA = 0.5, 1 & 2 kHz 

• Likewise, no 
association bw degree 
of loss and any fatigue 
domain in children 
with hearing loss 
– Where does UHL fit on 

this continuum? 
• But language ability 

may play a role 

Some results suggest those with UHL 
could have similar risk for fatigue- e.g., 

Hornsby, B., et al., (2017) 

PedsQL-MFS: Pediatric Quality of Life- Multidimensional Fatigue Scale (Varni et al., 2002) 

Presenter
Presentation Notes
Note here we show data for the total MFSI fatigue score but similar results were found for all domains and POMS data.

Multivariable quantile regression, controlling for gender and age, was used to analyze associations between better ear PTA (multiple PTA combinations were evaluated- 500, 1000 and 2000 Hz; 1, 2 and 4 kHz; 2, 3 and 4 kHz) and  fatigue (5 fatigue domains from the MFSI (general, physical, emotional, mental, vigor) and the total fatigue score.
No associations bw any PTA and any fatigue domain.

Again used the full data set (n=143)
PTAs ranged from 5 dB to 95 dB (Median: 35 dB)
Looked at associations between MFSI domains and better ear PTA
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As language ability (CELF score) improves 
fatigue is reduced (higher scores) 
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Better Language Ability 

• And children w/ 
UHL are at 
increased risk for 
poorer language 
skills 
– Lieu et al., 2010 

Hornsby, et al., (2017) 

Presenter
Presentation Notes
CELF: Clinical evaluation of language fundamentals- Test of language ability.
A weak association, accounting for ~9% of variance in cognitive fatigue scores in CHL. Also, in CHL, associated with Overall fatigue scores (r=0.271, p=0.04) but not sleep/rest or general fatigue.

Should this hold, this finding has broad implications for school aged children with language disorders.



So ancillary data suggests those with 
UHL could have similar risk for fatigue 
• But research actually measuring fatigue in 

people with UHL is limited 
– Especially in children 

 

• Does the available evidence suggest UHL 
could increase risk for fatigue? 
– Yes, but we need more evidence… 



Fatigue in Adults with UHL is similar to 
adult CI and Bilateral Hearing aid Users 
• Alhanbali et al (2016) assessed subjective fatigue 

in adults with and without HL: 
– NH & HL (HA, CI & SSD) 
– Age matched groups 
– N= 50/group 

Modified from Alhanbali et al., 2016 

• All HL groups reported 
more fatigue than NH 
– But wide variability 
– No differences in fatigue 

bw HL groups 

• Fatigue measure- Fatigue Assessment Scale (FAS) 
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Presenter
Presentation Notes
Objective: Hearing loss may increase listening-related effort and fatigue due to the increased mental exertion required to attend to, and understand, an auditory message. Because there have been few attempts to quantify self-reported effort and fatigue in listeners with hearing loss, that was the aim of the present study.

Design: Participants included three groups of hearing-impaired adults: (1) hearing aid users (HA, n = 50; 31 male, 19 female; age range = 55 to 85 years); (2) cochlear implant users (CI, n = 50; 26 male, 24 female; age range = 55 to 80 years); and (3) single sided deafness (SSD, n = 50; 30 male, 20 female; age range = 58 to 80 years). There was also a control group of adults who passed a hearing screen at 30 dB HL at the frequencies: 500, 1000, 2000, and 4000 Hz in both ears (n = 50; 22 male, 28 female; age range = 55 to 78 years). The fatigue assessment scale (FAS) was used to quantify fatigue. The FAS is a generic standardized self-report scale consisting of 10 items that are scored using a five-point Likert scale. An effort assessment scale (EAS), developed for the present study, consisted of six questions with responses provided on a visual analog scale that ranges from 0 to 10.

Results: All hearing-impaired groups reported significantly increased effort and fatigue compared to the control group. The median fatigue score for the control group was 14 and around 22 for the three hearing-impaired groups. The median effort score for the control group was 20 and around 70 for the three hearing-impaired groups. There was no significant difference in mean effort or fatigue between the three groups of hearing-impaired adults. There was a weak positive correlation between fatigue and effort scores (r = 0.40, p < 0.05). The proportion of participants with extreme fatigue (scores above the 95th percentile of the control group) was 22, 10, and 22%, for the HA, CI, and SSD groups, respectively. The proportion of those with extreme effort was 46, 54, and 52%, for the HA, CI, and SSD groups, respectively. Results of factor analysis using the individual questions from both questionnaires indicated that the questions loaded into two factors: a “fatigue” factor for all of the FAS questions and an “effort” factor for all of the EAS questions.

Conclusion: Hearing-impaired individuals report high levels of listening effort and fatigue in everyday life. The similarity in listening-related effort and fatigue between the different hearing-impaired groups suggests that these aspects of listening experience are not predicted by the severity of hearing impairment. Factor analysis suggests that the FAS and the EAS assess two distinct dimensions. The low correlation between FAS and EAS means that fatigue cannot be reliably predicted from self-reported effort in individual listeners.
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Listening-related fatigue is a problem 
for some Adults with UHL too 
• Preliminary data using the 40 item Vanderbilt Fatigue 

Scale for Adults with Hearing Loss (VFS-AHL) 
– A listening-related fatigue scale 

• Internet survey 
using a draft 
scale 
– 18-88 years 

• Mean = 50 years 

– Self-reported HL 
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• Error bars = 1 St. Error 
Unpublished data 
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Listening-related fatigue is a problem 
for some Adults with UHL too 

• “Severe” fatigue 
problems differs bw 
groups 
– “Severe” = IRT scores >95th 

percentile of NH responses 

• People w/UHL are 5x 
more likely to report 
severe fatigue 

• People with BHL are 
10x more likely! 
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5% 

26% 

50% 

Unpublished data 

• Preliminary data using the 40 item Vanderbilt Fatigue 
Scale for Adults with Hearing Loss (VFS-AHL) 
– A listening-related fatigue scale 

Fatigue Problems 
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Listening-Related fatigue is a problem 
for some Children with UHL too 

• Children with 
the largest 
asymmetry 
(n=2) reported 
the most 
overall fatigue 

• PedsQL-MFS data from preliminary study  
– N = 10 CHL 
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Individual data from Hornsby, et al., (2014) 

Presenter
Presentation Notes
Children with asymmetric losses had normal hearing or a mild loss in the better hearing ear and moderate or severe-profound loss in the poorer hearing ear.



 

“....... I can attest to the FATIGUE 
caused by prolonged intensive 
listening in noise through hearing 
aids…….”. 
 
 
    

Mark Ross, 2006, 2012 
Pediatric Audiologist 

So… Is fatigue a problem for people 
with UNILATERAL hearing loss? 

• Limited data suggests Yes! 



Take Home Points 

• Listening-related fatigue is a significant 
problem for at least some adults and children 
with unilateral (and bilateral) hearing loss 
– Fatigue is NOT modulated by degree of hearing 

loss 
• But is associated with poor language abilities (CELF 

scores) 
• And perceived hearing difficulties (in Adults) 

 
• A listening-related fatigue scale for children is 

under development! 



Implications for Practice 

• Be on the lookout for fatigue!  
 

– Fatigue can manifest itself in a variety of ways 
• tiredness 
• sleepiness in the morning 
• inattentiveness and distractibility  
• mood changes (irritability, frustration, etc.) 
• changes in classroom contributions 
• difficulty following instructions 

Bess, Gustafson & Hornsby, 2014. How Hard Can It Be To Listen? Fatigue in School-Age Children with Hearing Loss. J Ed Audiol, 20, 1-14.  
Bess & Hornsby, 2014. The Complexities of Fatigue in Children with Hearing Loss. SIG 9 Perspectives on Hearing and Hearing Disorders in 
Childhood, 24(2), 25-39.  

Presenter
Presentation Notes
These comments are based on feedback from parents, teachers and children with HL during focus group meetings.



Implications for Practice 

• Help us educate the community & the 
students 
 

– Discuss with families, general education teachers, 
and other service providers that children with 
hearing loss are at increased risk for fatigue 

• Importance of listening breaks 
– Help students with hearing loss recognize signs of 

fatigue so they can learn how and when to take 
listening breaks 

 
Bess, Gustafson & Hornsby, 2014. How Hard Can It Be To Listen? Fatigue in School-Age Children with Hearing Loss. J Ed Audiol, 20, 1-14.  
Bess & Hornsby, 2014. The Complexities of Fatigue in Children with Hearing Loss. SIG 9 Perspectives on Hearing and Hearing Disorders in 
Childhood, 24(2), 25-39.  



Thanks for 
Listening! 

Visit the Listening and Learning Lab’s website at  
http://my.vanderbilt.edu/listeninglearninglab 
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Fatigue in CHL compared to children 
with other chronic health conditions 

• Children w/ HL & CIs 
report similar, or 
more, fatigue than 
children with other 
chronic health 
conditions. 

– Cancer 
– Diabetes 
– Rheumatoid Arthritis 
– Obesity 
– Multiple Sclerosis 
– Short Stature 
– Irritable Bowel Syndrome 
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= CHL (Hornsby, et al., 2017) 

= CIs (Werfel., et al., 2016) 

Presenter
Presentation Notes
Despite the between-study variations, the current results are consistent with our preliminary findings suggesting that CHL are at increased risk for fatigue, particularly in the cognitive domain, compared to CNH.  We highlight the increased risk of fatigue for CHL by comparing PedsQL-MFS ratings from the current study to ratings from children with other chronic conditions as reported in the literature. In addition to the five studies mentioned earlier [Cancer 1- Varni et al., 2002; Cancer 2- Daniel et al., 2013; IBD (Inflammatory Bowel Disease)- Marcus et al., 2009; and MS (Multiple Sclerosis)- Goretti et al., 2012], we identified four other studies examining fatigue using the PedsQL-MFS in five different health conditions for which fatigue is a common complaint [i.e., rheumatic diseases (Varni et al., 2004), type 1 diabetes (Varni et al., 2009), active cancer treatment (Varni et al., 2009), obesity (Varni et al., 2010), and short stature (Varni, Limbers, Bryant, & Wilson, 2012)]. PedsQL-MFS ratings from these children, from the CHL from the current study, and from children with CIs (Werfel and Hendricks, 2016) are shown in Figure 7.
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Perceived effort and fatigability 

• Participants completed 
a demanding speech 
task for ~1 hour  
– Required sustained, 

active, effortful, 
listening 

• Unaided, speech in 
noise task 

– Older adults (N=31) 
with bilateral hearing 
loss (BHL) 

• Mean age  
– 71 (63-79) years 

• Mean better ear PTA  
– 35.6 (25-53) dB 

Unpublished data RSME: Rating Scale of Mental Effort (Zijlstra, 1993) 
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