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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 
• Occurs in the physical and mental domains  

 

• 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 
 

• 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.



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 
 

-Almost no work on hearing loss and fatigue-- 
Especially Kids! 

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 

Consequences of severe, 
recurrent fatigue 

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- 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-exhaustinghttp://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 37http://journals.lww.com/thehearingjournal/Fulltext/2010/12000/Hearing_Loss_Is_Exhausting.10.aspx



A variety of approaches have been used: 
 
Subjectively— 
• Using questionnaires and survey instruments 
 
Behaviorally— as a performance decrement 
• A decline in (cognitive) task performance due to 

sustained (mental) demands 

 
Physiologically— 
• Physiologic changes or biomarkers associated with 

mental fatigue 

Quantifying fatigue and its effects 

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



Quantifying Fatigue Subjectively 
• Subjective measures include surveys, rating 

scales and questionnaires that ask about 
mood or feelings 

• Fatigue scales may be  
– Uni-dimensional: Assess “general” fatigue 

• a composite fatigue measure 
– Multidimensional: Assess various dimensions of 

fatigue 
• Many options, none specific to hearing loss 

or focus on listening-related fatigue 

see e.g., Dittner et al., 2004 for review 

Presenter
Presentation Notes
(see Dittner et al., 2004 for review)Dittner reviews 30 scales but many more are available. None, specific to hearing loss.Scales can also assess frequency and severity of fatigue



Quantifying Fatigue Subjectively 
• Subjective measures include surveys, rating 

scales and questionnaires that ask about 
mood or feelings 

• Fatigue scales may be  
– Uni-dimensional: Assess “general” fatigue 

• a composite fatigue measure 
– Multidimensional: Assess various dimensions of 

fatigue 
• Many options, none specific to hearing loss 

or focus on listening-related fatigue 

see e.g., Dittner et al., 2004 for review 

Presenter
Presentation Notes
(see Dittner et al., 2004 for review)Dittner reviews 30 scales but many more are available. None, specific to hearing loss.Scales can also assess frequency and severity of fatigue



The PedsQL MFS: Pediatric Quality of 
Life Multidimensional Fatigue Scale 
• Assesses general, sleep/rest, and 

cognitive fatigue and provides a “Total” 
fatigue score 

• Parent version also available 
– Asks about persistent fatigue- over the past 

month 

Never Almost Never Sometimes Often 
Almost 
Always 

Item 0 1 2 3 4 Construct 
I feel tired General 
 I sleep a lot Sleep/Rest 
It is hard for me to keep 
my attention on things Cognitive 

In the past ONE month, how much of a problem has this been for you … 

This version is for children 8-12 years  Varni et al., 2002 

Presenter
Presentation Notes
18 items total.Written parental consent, as well as child assent, was obtained before beginning study procedures. As part of the larger ongoing study, participants completed audiologic, language, and nonverbal intelligence testing during an initial visit. Also at this visit, parents completed a demographic questionnaire, and children completed subjective ratings of fatigue using the PedsQL MFS. A trained research assistant administered the age appropriate PedsQL MFS: Young Child (ages 5–7) or Child (ages 8–12). For the Young Child form, the research assistant read each item and asked the child to respond by pointing to the corresponding happy to sad face. For the Child form, the research assistant read each item and asked the child to respond by circling the selected item. Total time to complete the PedsQL MFS was approximately 5 min per participant.



The PedsQL MFS: Pediatric Quality of 
Life Multidimensional Fatigue Scale 
• Assesses general, sleep/rest, and 

cognitive fatigue and provides a “Total” 
fatigue score 

• Parent version also available 
• Version for younger children also available 

 

Not at all Sometimes A lot 
Item 0 2 4 Construct 
Do you feel tired General 
Do you sleep a lot Sleep/Rest 
Is it hard for you to keep 
your attention on things Cognitive 

Think about how you have been doing for the past few weeks. Please listen 
carefully to each sentence and tell me “How much of a problem this is for you?” 

This version is for children 5-7 years Varni et al., 2002 



Subjective fatigue in age matched children 
with and without HL: Preliminary Data 

• Used PedsQL-MFS to quantify fatigue 
• Participants: 

– 10 CNH (Mean =10 y.o., range 6–12 years) 
– 10 CHL  (Mean =10 y.o., range 6–12 years) 

• Wide range of losses and amplification 
– 4 symmetric mild-moderate losses; bilateral hearing aids 
– 2 asymmetric losses; unilateral hearing aids 
– 4 bilateral profound losses 

» 2 bilateral CI users 
» 1 CI(R)/HA(L) 
» 1 CI(R)/Unaided(L) 

Hornsby, Werfel, Camarata, and Bess (2014). Subjective 
Fatigue in Children with Hearing Loss, AJA. 

Presenter
Presentation Notes
Data obtained as part of a larger project examining effort and fatigue in children with (CHL) and without hearing loss (CNH)
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Preliminary Results (n=10/group) 

• CHL reported significantly more fatigue. 
Pervasive across domains 
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* * * 

* p< 0.05 

Hornsby, et al., (2014) 

17-30 point differences! 

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

Presenter
Presentation Notes
Take home here is that the kids themselves are reporting more fatigue than their peers, across all domains.
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Full Data Set (n=60 CHL; 43 CNH) 

• Preliminary analyses shows main effect of HL but much 
smaller effects- data analyses are ongoing 
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~2-6 point differences • 6-12 year old 
CHL & CNH 
– CHL had mild 

to mod-severe 
losses AU 

– No CI users 

Presenter
Presentation Notes
Recall preliminary data showed mean differences of 17-30 points. When examining CHL vs CNH only there are no significant differences.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).



General Sleep/Rest Cognitive Overall

Pe
ds

Q
L 

Sc
or

e

40

50

60

70

80

90
CHL 
CNH 
Preliminary Data

Why the smaller effect of hearing loss? 

• Differences reflect less fatigue in children with HL and 
more fatigue in our normal hearing children 
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Presenter
Presentation Notes
The lack of significant effects reflects both an increase in fatigue reported by our control group across all domains and a decrease in fatigue reported by our CHL (especially general and sleep/rest; cognitive is similar for HI).The decrease in fatigue by our CHL might be expected given the diverse sample in the preliminary data set including 4 CI users and 2 asymmetric losses. The reason for the increase in fatigue in our CNH is not clear.
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Fatigue in CHL and children with other 
chronic health conditions 

• Our larger group of CHL reports similar, or more, fatigue 
compared to children with other chronic conditions 
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= current data 

= Prelim data 

Presenter
Presentation Notes
The lack of significant effects reflects both an increase in fatigue reported by our control group across all domains and a decrease in fatigue reported by our CHL (especially general and sleep/rest; cognitive is similar for HI).The decrease in fatigue by our CHL might be expected given the diverse sample in the preliminary data set including 4 CI users and 2 asymmetric losses. The reason for the increase in fatigue in our CNH is not clear.



Limitations of Subjective Measures 

• Subjective measures alone provide an 
incomplete assessment of fatigue 
– Subject to bias 
– The physiologic mechanisms responsible for the 

rating may be variable or unknown 
– Often uncorrelated with severity of conditions 

associated with the fatigue 
• And other fatigue measures (e.g., behavioral, 

physiologic) 

• Highlights the need for alternative measures 

Presenter
Presentation Notes
Often uncorrelated with severity of conditions associated with the fatigue- Suggests ratings may be driven by separate mechanisms or factors



A variety of approaches have been used: 
 
Subjectively— 
• Using questionnaires and survey instruments 
 
Behaviorally— as a performance decrement 
• A decline in (cognitive) task performance due to 

sustained (mental) demands 

 
Physiologically— 
• Physiologic changes or biomarkers associated with 

mental fatigue 

Quantifying fatigue and its effects 

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



Physiologic Markers of Fatigue 

• Monitor physiologic changes associated with 
mental fatigue 
– Cortisol measures 

• Hicks and Tharpe, 2002; Tops et al., 2006; Bess, et al., 2016 

– EEG measures  
• Murata et al., 2005; Trejo et al., 2004 

– Skin Conductance 
• Darrow and Solomon, 1934; Segerstrom and Nes, 2007 

– fMRI measures 
• Caseras et al., 2006; Caldwell et al., 2010 

• Provide important physiologic correlates to 
acute/transient and persistent/long term fatigue 

Presenter
Presentation Notes
I’ll touch briefly on cortisol measures as we are using these in an ongoing study. We are also using EEG but we don’t have time to talk about that approach today.Cortisol is a hormone produced by the adrenal gland in response to stress. Changes in coritisol levels have been related to changes in stress, effort and fatigue.



• Stress is the body’s reaction to change that requires a physical, 
mental or emotional response 
• Stress can be caused by good experiences 

• and bad experiences 
• Cortisol levels provide a physiologic/objective measure of stress 

that is associated with fatigue 
• Regulated by the hypothalamic-pituitary-adrenal (HPA) axis 
• Cortisol levels are not a direct indicator of fatigue 

PHYSIOLOGIC MARKERS: 
STRESS, CORTISOL AND FATIGUE 

Presenter
Presentation Notes
Humphrey, James H. (2005). Anthology of Stress Revisited: Selected Works Of James H. Humphrey. Foreword by Paul J. Rosch. Nova Science Publishers. p. viii. ISBN 9781594546402. “Even Selve [sic] had difficulties [defining stress], and in helping him to prepare his First Annual report on Stress 1951, I included the comments of one physician published in the British Medical Journal, who, using citations from Selye's articles concluded that 'Stress, in addition to being itself, was also the cause of itself, and the result of itself.‘”Definition of Stress. Stress: In a medical or biological context stress is a physical, mental, or emotional factor that causes bodily or mental tension. Stresses can be external (from the environment, psychological, or social situations) or internal (illness, or from a medical procedure).DefinitionStress is defined as an organism's total response to environmental demands or pressures. When stress was first studied in the 1950s, the term was used to denote both the causes and the experienced effects of these pressures. More recently, however, the word stressor has been used for the stimulus that provokes a stress response. One recurrent disagreement among researchers concerns the definition of stress in humans. Is it primarily an external response that can be measured by changes in glandular secretions, skin reactions, and other physical functions, or is it an internal interpretation of, or reaction to, a stressor; or is it both?DescriptionStress in humans results from interactions between persons and their environment that are perceived as straining or exceeding their adaptive capacities and threatening their well-being. The element of perception indicates that human stress responses reflect differences in personality, as well as differences in physical strength or general health.Risk factors for stress-related illnesses are a mix of personal, interpersonal, and social variables. These factors include lack or loss of control over one's physical environment, and lack or loss of social support networks. People who are dependent on others (e.g., children or the elderly) or who are socially disadvantaged (because of race, gender, educational level, or similar factors) are at greater risk of developing stress-related illnesses. Other risk factors include feelings of helplessness, hopelessness, extreme fear or anger, and cynicism or distrust of others.Stress/Health figure is modified/based on Bajwa and Kaur, (2012). Risk and safety concerns in anesthesiology practice: The present perspectiveWe need a certain amount of stress to be interested, happy and engaged in our surroundings.Salivary cortisol can be used to provide an objective measure of stress, which is considered an antecedent to fatigue. Cortisol influences, regulates or modulates many of the changes that occur in the body in response to stress including, but not limited to:Blood sugar (glucose) levelsFat, protein and carbohydrate metabolism to maintain blood glucose (gluconeogenesis)Immune responsesAnti-inflammatory actionsBlood pressureHeart and blood vessel tone and contractionCentral nervous system activation---Fred’s comments on this slide: I don't know if cortisol is a measure of fatigue--rather it is a measure of stress and fatigue is a antecedent of stress, especially chronic stress--see the stress/performance curve here. The ability to perform increases up to a certain level of stress arousal-in fact we perform best when we have some stress--if the stress continues a fatigue point is reached which will reduce performance--further stress will lead to exhaustion and then a lot of bad health related issues can occur.What does cortisol have to do with this? Cortisol  is an important part of the body's response to stress and is regulated by the Hypothalmic Pituitary Adrenal (HPA) axis. When a stressful event occurs the HPA axis is set into action producing a chain of events which results in the release of cortisol. Cortisol is a valid indicator of this reactivity. How is cortisol related to energy/fatigue? Cortisol increases the sugars available in the bloodstream. If you take cortisol (by injection), the immediate effect is a sense of boundless energy. Hence, when stress occurs the hpa axis is activated and mobilizes the energy stores to cope with the stress event. In normals, there is a common diurnal cortisol response that is characterized by a profound increase post awakening followed by a steady decline throughout the day. Deviations from this normal pattern or dysregulation of the hpa axis are associated with a variety of health related complications. In fact DeLuca noted that a potential mechanism for fatigue is "abnormalities of the hpa axis“Hi Ben,I was just reading some stuff on chronic stress and came across a interesting definitions from a well known scientist Bruce McEwen. "Chronic stress, defined as feelings of fatigue, lack of energy, irritability, demoralization and hostility....."---The ability to function when fatigued is stressful and requires the need for additional energy resources. This is one of the critical roles of the hypothalamic-pituitary-adrenocortical (HPA) system. The HPA axis controls cortisol levels (Figure 2) and is characterized by both its reactivity to stress and its adaptation to stress. In high stress situations, stressors cause the hypothalamus to produce a corticotropin-releasing hormone (CRH), which leads to the production of adrenocorticotropic hormones (ACTH) by the pituitary gland. It is the ACTH that causes the adrenal glands to release cortisol. Hence, under normal conditions, stress leads to an increase in cortisol, which causes the body to prepare for handling the stress. Once the HPA axis has been activated cortisol responses follow a normal diurnal pattern with sharply elevated levels soon after awakening (cortisol awakening response) followed by a steady decline throughout the day.The cortisol awakening response (CAR) is a well-defined phenomenon in healthy humans that results in roughly a two-fold increase in cortisol release in the first 30 minutes after awakening (Brosnan, Turner-Cobb, Nunro-Nann et.al., 2009; Schmidt-Reinwald, Pruessuer, Hellhammer, et al., 1999). The CAR is a robust and reproducible neuroendocrine phenomenon which has been positively correlated with psychological and physical well-being (Fries, Detternborn & Kirschbaum, 2009; Wust, Wolf, Hellhammer et al., 2000; Pruessner, Wolf, Hellhammer et .al., 1997) and may remain elevated for up to 60 minutes (Wust, Entringer, Federenko et al., 2000). The CAR is a specific response to morning awakening which is distinct from the basal circadian rhythm of cortisol secretion and unaffected by age or pubertal status (Rosemalen, et al., 2004). The CAR has consistently shown to be unaffected by sleep duration, time of awakening, sleep quality, method of awakening, physical activity or morning routine (Wilhelm, Born, Kudielka et al., 2007; Clow, Thorn, Evans et al., 2004). Nevertheless, it had been shown that chronic social stress (Wust, Entringer, Federenko, et al., 2000) or a high level of perceived stress (Fries, Detternborn & Kirschbaum, 2009) leads to an enhanced awakening response. Under chronic stress, such as when the individual must function repeatedly while fatigued, the HPA system undergoes remodeling. The effect of this remodeling is to allow the system to respond to acute, novel threats/stressors while reducing cortisol elevations to the chronically experienced stressor—elevations that would produce negative health consequences. This remodeling can occur at the hypothalamic, pituitary or adrenal level, but the net result is that the fatigue-stressor signal no longer recruits activation of the HPA system and, indeed, often overall levels of cortisol decrease slightly. Thus, in our study, it is expected that CHL will exhibit CAR values higher than CNHL, a finding suggesting the presence of chronic stress; as the day goes on and subsequent fatigue continues, CHL will begin to show a greater decrease in cortisol levels than CNHL, an indication of fatigue. (Hellhammer, Wust & Kudielka, 2009; Miller, Chen & Zhou, 2007;  Pruessner, Hellhammer & Kirschbaum, 1999).



“Typical” Diurnal Salivary Cortisol 
Patterns During the Day 
• In non-fatigued individuals, cortisol levels 

have a typical diurnal pattern  

Jerjes, et al., (2005). 

– Build-up of cortisol 
during sleep 

– Rapid rise upon 
awakening  

• Cortisol Awakening 
Response; CAR 

– Slow decline in cortisol throughout the day 

CAR 

Presenter
Presentation Notes
Nmol/l = nanomole per literMeasuring cortisol levels is a useful approach given its sensitivity to stress, energy expenditure and associated fatigue. Salivary cortisol sampling is simple, quick, noninvasive, and can be collected in a naturalistic setting such as the home, classroom or playground. Cortisol is a hormone secreted by the adrenal gland. It is a part of the body’s response to stress and is regulated by the hypothalamic-pituitary-adrenal (HPA) axis; and cortisol is considered a valid indicator of this reactivity (Hennessey & Levine, 1979; Herman & Cullinan, 1997). When a stressful event occurs the hypothalamus is activated producing a chain of events that eventually results in the release of cortisol. Cortisol is a glucocorticoid (steroids that reduce inflammation throughout the body) that increases the sugars available in the blood stream resulting in a sense of energy—energy resources that are required to respond to a stress experience. In normal situations, HPA axis activity follows a daily or circadian rhythm (Pruessner Wolf, Hellhammer et al., 1997) rising quickly in early morning (referred to as the cortisol awakening response-CAR) and decreasing steadily throughout the remainder of the day (see Figure 2). In a stressed or fatigued state, abnormalities in this normal pattern may be observed (Kumari, Badrick, Chandola, et.al., 2009; Fries, Dettenborn &Kirschbaum, 2009; Whitehead, Perkins-Porras, Strike, et al., 2007; DeLuca, 2005; Schlotz, Hellhammer, Schulz, et al., 2004).  CHL who are stressed and/or fatigued may also show alterations (e.g., lower or higher cortisol levels) in the normal activity of the HPA system. Lower than normal cortisol levels (hypocortisolism) have been observed in individuals with chronic fatigue syndrome (CFS; Roberts, Wessely, Chalder et.al., 2004; Jerjer, Cleare, Wessely et al., 2005; Fries, Hesse, Hellhammer et al., 2005)- a disabling stress-related disease with a primary fatigue symptomatology of 6 months or more in duration (Demitrack, Dale, Stephen et al., 1991; Parker, Wessely & Cleare, 2001). Reduced cortisol production seen in CFS is thought to occur after a prolonged period of hyperactivity of the HPA axis due to ongoing stress (Fries, Hesse, Hellhammer et al., 2005). In a similar vein, CHL who are stressed and/or fatigued may also exhibit blunted cortisol values similar to that seen in CFS. To test this thesis, Hicks and Tharpe (2002) collected cortisol samples twice a day in ten CHL and ten CNH.  The first sample was collected at the beginning of the school day (9:00 am) and the second sample was taken at the end of the school day (around 2:00 pm). Hicks and Tharpe (2002) reported no significant differences in cortisol values between the two groups at either time point. Possible reasons for not finding significant differences include, the sampling protocol (cortisol was sampled at only two times points in the day, thus the CAR could not be reliably assessed), small sample size, and the potential influence of hearing aids worn by most of the children during the school day. Also, there is the possibility that no true differences actually exist.Alternatively, CHL who are stressed and/or fatigued might exhibit elevated, rather than blunted, cortisol values. Preliminary work by Gustafson and coworkers (2013) found that some CHL exhibited higher CAR’s than CNH especially at the time point of awakening.  Examples of cortisol profiles obtained in a group of CNH and two CHL are shown in Figure 2. It is seen that the CNH exhibit a normal circadian pattern.  The CAR of one child, (hearing loss 1), however, shows marked deviations from the early morning profile of CNH—elevated CAR’s are associated with chronic social stress, perceived stress and worrying about the burdens of the upcoming day (Wust, Wolf, Hellhammer et. al., 2000a; Wust, Federenko,Hellhammer, et al., 2000b). It thus appears that this child needs to mobilize much more energy than the average child with normal hearing in early morning--before school-- just to prepare for the new day. Such early energy requirements might well put CHL at increased risk for fatigue. In contrast, the second child with hearing loss (hearing loss 2) exhibits a flattened cortisol pattern—cortisol values that start low and finish low. Individuals with such cortisol deficiency experience difficulty mobilizing sufficient energy just to cope with the challenges of daily life activities.  Jerjes, et al., (2005). Diurnal patterns of salivary cortisol and cortisone output in chronic fatigue syndrome. Journal of affective disorders, 87(2), 299-304. AbstractBackground: The aim of the present study was to obtain a naturalistic measure of diurnal hypothalamic–pituitary–adrenal (HPA) axis output in CFS patients unaffected by medication or comorbid psychiatric disorder likely to influence the axis.Method: Cortisol and cortisone levels were measured in saliva samples collected from 0600 h to 2100 h at 3-h intervals in CFS patients and healthy controls.Results: Mean cortisol and cortisone concentrations were significantly lower in patients than controls across the whole day, as were levels at each individual time point except 2100 h. Cosinor analysis showed a significant diurnal rhythm of cortisol and cortisone that was not phase-shifted in CFS compared to controls. However, there was a lower rhythm-adjusted mean and a lower amplitude in CFS patients. The cortisol/cortisone ratio showed no diurnal rhythm and did not differ between CFS subjects and controls.Limitations: The sample size was relatively small, and drawn from specialist referral patients who had been ill for some time; generalisation of these results to other populations is therefore unwarranted.Conclusion: The main findings of this study are to provide further evidence for reduced basal HPA axis function in at least some patients with CFS and to show for the first time that salivary cortisone is also reduced in CFS and has a diurnal rhythm similar to that of cortisol. We have also demonstrated that the cortisol/cortisone ratio remains unchanged in CFS, suggesting that increased conversion of cortisol to cortisone cannot account for the observed lowering of salivary cortisol.



“Abnormal” Diurnal Salivary Cortisol 
Patterns During the Day 
• Sustained stress or fatigue can lead to 

abnormal diurnal cortisol patterns 

Jerjes, et al., (2005). 

– Reduced response 
with “Chronic Fatigue 
Syndrome” 

Presenter
Presentation Notes
May also see “Blunted” responses where cortisol levels are essentially flat throughout the day. Reduced cortisol production seen in CFS is thought to occur after a prolonged period of hyperactivity of the HPA axis due to ongoing stress (Fries, Hesse, Hellhammer et al., 2005).Nmol/l = nanomole per literJerjes, et al., (2005). Diurnal patterns of salivary cortisol and cortisone output in chronic fatigue syndrome. Journal of affective disorders, 87(2), 299-304. AbstractBackground: The aim of the present study was to obtain a naturalistic measure of diurnal hypothalamic–pituitary–adrenal (HPA) axis output in CFS patients unaffected by medication or comorbid psychiatric disorder likely to influence the axis.Method: Cortisol and cortisone levels were measured in saliva samples collected from 0600 h to 2100 h at 3-h intervals in CFS patients and healthy controls.Results: Mean cortisol and cortisone concentrations were significantly lower in patients than controls across the whole day, as were levels at each individual time point except 2100 h. Cosinor analysis showed a significant diurnal rhythm of cortisol and cortisone that was not phase-shifted in CFS compared to controls. However, there was a lower rhythm-adjusted mean and a lower amplitude in CFS patients. The cortisol/cortisone ratio showed no diurnal rhythm and did not differ between CFS subjects and controls.Limitations: The sample size was relatively small, and drawn from specialist referral patients who had been ill for some time; generalisation of these results to other populations is therefore unwarranted.Conclusion: The main findings of this study are to provide further evidence for reduced basal HPA axis function in at least some patients with CFS and to show for the first time that salivary cortisone is also reduced in CFS and has a diurnal rhythm similar to that of cortisol. We have also demonstrated that the cortisol/cortisone ratio remains unchanged in CFS, suggesting that increased conversion of cortisol to cortisone cannot account for the observed lowering of salivary cortisol.



“Abnormal” Cortisol Awakening 
Response 
• Sustained stress or fatigue can lead to 

abnormal diurnal cortisol patterns 

Bhagwagar, Z., Hafizi, S., & Cowen, P. J. (2005). 

– Reduced response with 
“Chronic Fatigue 
Syndrome” 

– “Elevated” CAR in 
patients with depression Controls 

Presenter
Presentation Notes
Bhagwagar et al., 2005: Increased salivary cortisol after waking in depression. Psychopharmacology, 182(1), 54-57. Abstract Rationale: Cortisol hypersecretion is regarded as important in the pathophysiology of major depression. However, recent studies in community-based samples have been inconclusive. Objective: To determine whether acutely depressed, medication-free subjects show an exaggerated release of cortisol in saliva in relation to awakening.Methods: We studied the pattern of waking salivary cortisol in 20 unmedicated acutely depressed subjects and 40 healthy controls. Results: In both groups, salivary cortisol increased rapidly after waking, peaking at 30 min. Overall, patients with acute depression secreted approximately 25% more cortisol than controls, though 60 min after waking, their cortisol levels were similar.Conclusions: Depressed patients in the community appear to have increased early morning cortisol secretion, but the demonstration of this effect requires control for time of waking.----------



“Abnormal” Cortisol Awakening 
Response 
• Sustained stress or fatigue can lead to 

abnormal diurnal cortisol patterns 

Grossi, G., Perski, A., Ekstedt, M., Johansson, T., Lindström, M., & Holm, K. (2005). 

– Reduced response with 
“Chronic Fatigue 

– “Elevated” CAR in 
patients with depression 

– And high burnout 
• On sick leave due to 

burnout 

“Low Burnout”/Controls 

Presenter
Presentation Notes
Grossi, G., Perski, A., Ekstedt, M., Johansson, T., Lindström, M., & Holm, K. (2005). The morning salivary cortisol response in burnout. Journal of Psychosomatic Research, 59(2), 103-111. AbstractObjectives: The aim of the present study was to examine the free salivary cortisol response to awakening in men and women reporting low, moderate, and high levels of burnout. Methods: Twenty-two patients on sick leave due to burnout were compared with 22 working participants with low and 20 working participants with intermediate scores on the Shirom–Melamed Burnout Questionnaire (SMBQ), with regard to the free salivary cortisol response to awakening. Saliva samples were collected upon awakening and at +15, +30, and +60 min thereafter. Results: Female burnout patients had higher cortisol levels than did the females with low burnout at awakening and at +15, +30, and +60 min after awakening. They also had a greater area under the curve (AUC) for salivary cortisol than did the female participants with low burnout. Male participants with moderate levels of burnout had higher cortisol levels at +60 min after awakening compared with males with low burnout. Conclusions: The results of the present study indicate a dysregulation in hypothalamic–pituitary–adrenocortical axis (HPA axis) activity, characterised by elevated morning salivary cortisol levels, among female burnout patients. Among males, increased cortisol levels were observed among participants with moderate levels of burnout, but not among patients or healthy controls.



Measuring Salivary Cortisol Levels in 
CHL & CNH 

• Study Questions: 
– Do overall cortisol levels/patterns differ in CHL 

and CNH? 
– Does the CAR differ between groups? 

Bess et al., (2016) 

Bess, et al., (2016). Salivary Cortisol Profiles of Children 
with Hearing Loss. Ear and Hearing, 37(3), 334-344.  



Measuring Salivary Cortisol Levels in 
CHL & CNH 

• Participants: CHL (n=32) & CNH (n=28) 
– Age range: 6-12 year old 
– CHL: Mild-Severe SNHL 

• Inclusion/Exclusion:  
– No cochlear implant users 
– General education classroom 
– Monolingual English speakers 
– No diagnosis of cognitive impairment, autism or  

developmental disorder 

Bess et al., (2016) 



Booklet 

Measuring Salivary Cortisol Levels in 
CHL & CNH 

• Six samples taken: awakening*, 30* 
& 60* min post, 10am, 2pm, 8pm* 
– Procedure repeated a second time 

several weeks later 

• Cortisol levels can be “easily” 
obtained from saliva samples 
– Easier to collect than some other 

biologic materials (e.g., hair, urine) 

*Samples taken by parents at home-  
Other samples taken at school by research staff 

Bess et al., (2016) 

Presenter
Presentation Notes
CHL are needing to mobilize energy in early morning--before school-- just to prepare for the upcoming day. Such early energy requirementsf might well put CHL at risk for fatigue.----Classroom noise and fatigue data were obtained from children on two separate days in which the child attended school. Error bars reflect 1 standard error.Children with hearing loss exhibited higher cortisol levels at awakening and at 30 and 60 min post awakening when compared to children with normal hearing. This increase in cortisol after awakening is a phenomenon referred to as the cortisol awakening response. Increased cortisol awakening responses are associated with chronic stress, perceived stress, and worrying about the burdens of the upcoming day (2,9). As the day progresses, children with hearing loss showed cortisol patterns similar to children with normal hearing. 
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• CHL have elevated 
cortisol levels at 
awakening 

Diurnal Salivary Cortisol Patterns in 
CHL & CNH 

Age range 6-12 years 

Bess et al., (2016) 

Presenter
Presentation Notes
Preliminary analyses- Conducted a mixed longitudinal model- Data were fit using a 3-piece linear modelCHL show higher cortisol levels at awakening than CNH- possibly reflecting increased stress about the upcoming needs of their day compared to CNH.CHL do not show the typical CAR (i.e., levels do not rise 30-60 minutes upon awakening.CHL show elevated cortisol in the afternoon. Suggesting they may need more energy than CNH to deal with a typical day- putting them at increased risk for fatigue.CHL are needing to mobilize energy in early morning--before school-- just to prepare for the upcoming day. Such early energy requirements might put CHL at risk for fatigue.----Classroom noise and fatigue data were obtained from children on two separate days in which the child attended school. Children with hearing loss exhibited higher cortisol levels at awakening and at 30 and 60 min post awakening when compared to children with normal hearing. This increase in cortisol after awakening is a phenomenon referred to as the cortisol awakening response. Increased cortisol awakening responses are associated with chronic stress, perceived stress, and worrying about the burdens of the upcoming day (2,9). As the day progresses, children with hearing loss showed cortisol patterns similar to children with normal hearing. _____________________Cortisol is a biologic marker used in the study of fatigue in a wide range of populations including hearing loss (Hicks and Tharpe, 2002), cancer survivors (Bower, Ganz and Aziz, 2005), stress-related fatigue (Olsson, Roth and Melin, 2009) and chronic fatigue syndrome (Roberts et al., 2004). Cortisol levels are not a direct marker of fatigue; rather these levels are sensitive to an individual’s stress levels and energy expenditure which are often associated with fatigue. Cortisol is a hormone secreted by the adrenal gland and can be measured multiple ways including via saliva, hair and urine. Cortisol is an important part of the body’s response to stress and is regulated by the hypothalamic-pituitary-adrenal (HPA) axis. In non-fatigued individuals, cortisol levels vary in a systematic fashion rising during sleep then rapidly increasing and peaking at 30-60 minutes after awakening then decreasing steadily throughout the day. The rapid increase in cortisol levels upon awakening is referred to as the Cortisol Awakening Response (CAR) and in a fatigued state this normal pattern may be disrupted (Roberts et al., 2004). In addition, changes in cortisol levels in response to stressful events may vary in fatigued and non-fatigued individuals. For example, Bower et al (2005) measured salivary coritisol levels over a 90 minute period in 15 minute increments. During this time participants completed a standardized laboratory stressor, the Trier Social Stress Test (TSST). Participants were breast cancer survivors that were divided into two groups, fatigued or non-fatigued, based on subjective report. In the fatigued group cortisol levels changed only minimally (a “blunted” response). In contrast, in the non-fatigued group cortisol levels rose rapidly consistent with the hypothesis that dysregulation of the HPA axis may play a role in development and maintenance of fatigue.
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Age range 6-12 years 

Bess et al., (2016) 
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Presentation Notes
Introduce potential age x HL interaction here. Increased cortisol levels may be in response to HL related stress and if so may see an increase over time. Compared changes in cortisol as a function of age between groups.It is concerning that CHL experience increased stress in preparation for the upcoming school day. Prolonged stress is capable of affecting ones general health by causing emotional distress and leading to a variety of physiological changes (e.g., increased heart rate, elevated blood pressure, rise in stress hormones) which, if sustained, can have potentially negative consequences.  Moreover, it is well recognized that repeated stress affects brain function, especially the hippocampus—that portion of the human brain that moderates the stress response, participates in the feedback regulation of the HPA axis and is involved in memory processing and emotion (McEwen & Lasley, 2002; Sapolsky, 2004). While normal levels of cortisol can promote attention and the storage of memory (e.g., verbal, spatial and episodic) increased amounts of cortisol over time impairs memory, causes atrophy of the hippocampus and promotes the loss of nerve cells (Bremner, 1999; Burgess, Maguire, & O'Keefe, 2002; McEwen, 1998; McEwen & Lasley, 2002; Wiedenmayer et al., 2006). If indeed stressful events affect areas of the brain responsible for processing information it might also compromise a child’s ability to achieve psychosocial and/or educational milestones.



Age, Hearing Loss and Cortisol 

• Cortisol levels 
increase with age 
for CHL 
– But not CNHL 

• Sustained stress 
due to HL MAY be 
affecting their HPA 
system, potentially 
increasing risk for 
fatigue over time 
 Bess et al., (2016) 

Presenter
Presentation Notes
Assuming that the cortisol response may reflect the evolution from stress to fatigue one might expect to see an association between age and cortisol response over time. That is, younger CHL may exhibit normal or somewhat elevated cortisol levels in the early stages of stress; however, as CHL become older and the stress and/or fatigue becomes more chronic they may show increased elevation in cortisol or blunted cortisol responses. To our knowledge, no longitudinal studies describing the time course from stress to fatigue in children have been reported in the literature. 	Given our finding of increased cortisol levels upon awakening in CHL, and the paucity of research in this area, we conducted an exploratory mixed model regression analyses to examine the effect of age on cortisol responses of CHL and CNH.  This group by age interaction analysis for overall cortisol levels, was statistically significant F (1, 611) = 6.09, p=0.002). Figure 4 graphically depicts the group by age results and reveals that cortisol levels increase with increasing age for the CHL, but not for the CNH. Such a finding offers preliminary support for the premise that length of exposure to stress as determined by age may well predict atypical patterns of cortisol in CHL—in our case, an increased production in cortisol secretion as reflected in the elevated cortisol levels. It remains unknown whether this increased production in cortisol over time eventually leads to a blunted pattern in CHL. Future studies are needed to explore longitudinal effects and the distinct contributions that the disease-course and age may have on cortisol secretion. 



Take Home Points 

• School-age children with mild-moderately severe HL 
– Report more fatigue compared to control groups 

• Although, the magnitude is much less than seen in our prior report 
(i.e., Hornsby et al., 2014). 

– Their fatigue is comparable, or greater, than that reported 
by children with other chronic health conditions 

• These CHL also display an abnormal stress response 
– Elevated cortisol levels upon awakening and a reduced 

CAR 
– Cortisol levels appear to increase with age in our CHL 

• Consistent with sustained stress exposure 

 

Presenter
Presentation Notes
Although when comparing our normative data from 34 CNHL to our 34 CHL, severe cognitive fatigue (almost always/often) appears more common in CHL (30%) than our CNHL (16%) Not sure how I came up with this statement…



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.  



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 
• Arrange lessons so cognitively demanding material is early in 

the day 
– 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.  



Implications for Practice 

• Look for ways to potentially reduce stress/fatigue 
 

– Evidence in adults suggests that properly fitted 
hearing aids can reduce listening effort and cognitive 
fatigue (Hornsby, 2013) 

– Promote strategies to cope with the increased stress 
of children with hearing loss 

• Relaxation, avoidance of high-fat diets, and regular exercise 
can all help reduce the negative effects of stress (McEwen, 
1998; Ratey, 2008)  

 
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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