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Physiological and Self-Report Instruments to Measure
Fatigue in Older Adults

Fatigue is one of the most commonly reported clinical complaints in older adults and can
severely affect the elderlies’ mobility, quality of life and their ability to perform activities of
everyday living (Vestergaard et al. 2009; Yu et al. 2010; Soyuer & Senol, 2011). For example, in
a study of 754 nondisabled community-dwelling older adults > 70 years of age (Gill et al. 2001),
fatigue was reported as the most prevalent reason for restricted physical activity (~66% of
participants). In fact, reports of fatigue in this study were nearly two-fold more prevalent than the
second most frequently reported reason of ‘pain or stiffness in joints’ (~36%) and over four-fold
more prevalent than reports of depression (~16%) or weakness of the extremities (~15%).
Despite the widespread prevalence of fatigue in older adults, the etiologies of this phenomenon
are unknown and treatments to help ameliorate its detrimental effects are lacking. Thus, studies
aimed at elucidating the causes of fatigue in the elderly are imperative to inform therapeutic
interventions to help restore or maintain physical function and autonomy in older adults > 65
years of age, which is the fastest growing age demographic in the US (CDC, 2013).

The difficulty in identifying the causes of fatigue in the older adult population and our
inability to effectively treat this condition are multifactorial. First, the term fatigue lacks a
standard operational definition, and many investigators assume that the context of fatigue is
known without providing an adequate definition. Second, as a direct consequence of the multiple
definitions for fatigue, investigators have developed a wide array of both subjective and
objective instruments to measure different aspects of this phenomenon (Dittner et al. 2004;
Williams & Ratel, 2009). While the employment of multiple instruments has been useful to

capture different features of fatigue, the lack of a common metric has made it inherently difficult
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to compare findings across studies. Third, biological aging—or senescence—is often
accompanied by other diseases that have been documented to exacerbate fatigue. These diseases
include but are not limited to cancer, neurological disorders such as multiple sclerosis, stroke or
Parkinson disease, cardiovascular diseases, rheumatoid arthritis, osteoarthritis, respiratory
dysfunction and psychiatric disorders such as depression, sleep disorders or chronic fatigue
syndrome (NIA, 2007; Kluger et al. 2013). Given that the causes and manifestations of fatigue
in these diseased states may fundamentally differ from the fatigue experienced as a result of the
biological aging process per se, it is imperative that aging fatigue studies control for possible
comorbidities. The multidimensionality of fatigue and the lack of a single definition in the
clinical and research settings, therefore, requires the development of a conceptual framework
with clearly operationalized concepts before specific instruments can be employed.

In this paper, the conceptual framework originally developed for studies of fatigue in
neurological illnesses (Kluger et al. 2013) is adopted and simplified to systematically guide the
selection of instruments to measure fatigue in older adults (Fig. 1). In this model, fatigue is
treated as a construct with two operationalized concepts: perception of fatigue which refers to an
individual’s subjective sensations of fatigue, and fatigability which refers to the objective
changes in mechanical performance that occur in response to prior activation of the
neuromuscular system (Kluger et al. 2013). The fatigability concept is further divided into two
sub concepts: central fatigability refers to the factors within the nervous system, and peripheral
fatigability refers to the factors occurring within the skeletal muscle. The grey hatched double-
sided arrow between perception of fatigue and fatigability indicates that the two concepts have
the potential to influence each other but can also occur independently. A vast majority of studies

on fatigue in older adults have focused on the age-related changes in one concept or the other.
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However, to help develop a more thorough understanding of the causes of fatigue in the older
adult population, future clinical research should test for associations between the two concepts

rather than studying each in isolation.
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Fig. 1. Schematic diagram of the conceptual framework for fatigue in older adults. This figure was modified
from Kluger et al. (2013).

Self-Report Instrument to Measure Perception of Fatigue in Older Adults

Perception of fatigue in this article is defined as the “subjective sensations of weariness,
increasing sense of effort, mismatch between effort expended and actual performance, or
exhaustion” (Kluger et al. 2013). This concept is measured exclusively by self-report
instruments, typically through a series of written questions answered on either a Likert scale or
visual analogue scale. Over 30 self-report instruments have been validated and used to assess an
individual’s perception of fatigue; however, most of these instruments were conceptualized for
specific disease populations and few have been validated in the elderly population (Tralongo et
al. 2003; Dittner et al. 2004). The consequence of the wide array of instruments designed for
distinct disease populations has been an inability to use these instruments in other patient
populations and difficulty in comparing findings across studies. Although no ‘gold standard’

currently exists to measure perception of fatigue generally, or in the elderly population
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specifically, the National Institutes of Health launched the Patient-Reported Outcomes
Measurement Information System (PROMIS) initiative in 2004 to help remedy these issues in a
variety of self-report outcome measurements including perception of fatigue (Cella et al. 2010;
Riley et al. 2010).

The PROMIS instrument to measure perception of fatigue consists of a bank of 95 items
selected and calibrated based on multiple advanced psychometric testing procedures including,
identification of extant items in the literature, expert panel reviews, focus groups, item piloting,
item response theory modelling, among others (DeWalt et al. 2007; Cella et al. 2010; Lai et al.
2011). In addition to the rigorous psychometric testing, a primary advantage of using the
PROMIS instrument in the elderly population is the items were specifically designed to provide a
valid and reliable measure of the perception of fatigue in a wide range of populations irrespective
of the age, gender, ethnicity or disease state (Cella et al. 2010; Cook et al. 2011; Junghaenel et
al. 2011). Because all 95 items are statistically linked through the item response theory model,
the scores generated by any item from the calibrated bank can be directly compared across
populations regardless of the question asked. The adult form of the instrument quantifies the
experience (frequency, duration and intensity) and the impact of the perception of fatigue on
participation in daily activities over a recall period of seven days using a five-point scale.
Although seven day recalls typically suffer from bias due to the most intense or most recent
experience of the concept being measured, perceptions of fatigue appear to be unaffected by
these concerns (Schneider et al. 2011).

The PROMIS instrument can be administered using the full 95 item test, a computerized
adaptive test or one of the four developed short forms. While the computerized adaptive test

score is more highly correlated with the score from the entire item bank, more simplified paper
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administered instruments are desired for the older adult population to maximize their ability to
successfully complete the questionnaire (Tralongo et al. 2003). The short forms can be
administered using the 4, 6, 7 or 8 item versions. All of the short forms are highly correlated with
both the computerized adaptive test and the full 95 item PROMIS bank and have high degree of
reliability based on internal consistency calculations. For example, the 7-item short form was
correlated with the full item bank with an r = 0.76, and the internal consistency reliability for
over 95% of the participants was greater than 0.91 (Cella et al. 2010). The longer item short
forms offer the best correlation with the full item bank and a higher degree of precision,
reliability and sensitivity in measuring perceptions of fatigue compared to the shorter forms
(NIH-PROMIS, 2014). The only disadvantage of the longer item short forms is the potential
increased burden on the participants based on the increased number of questions; however, it
seems unlikely that increasing the number of items from 4 to 8 would be a major concern in the
healthy older adult population. Thus, the 8-item PROMIS short form appears to be the most
suitable instrument for measuring the perception of fatigue in older adults (Table 1).

Table 1: 8-item PROMIS short form to measure perception of fatigue.

Item Number ~ During the past 7 days... Notatall Alittle bit Somewhat Quiteabit Verymuch
1 | feel fatigued 1 2 3 4 5
2 I have trouble starting things because | amtired 1 2 3 4 5
In the past 7 days...
3 How run-down did you feel on average? 1 2 3 4 5
4 How fatigued were you on average? 1 2 3 4 5
5 How much were you bothered by your fatigue on average? 1 2 3 4 5
6 To what degree did your fatigue interfere with your physical functioning? 1 2 3 4 5
In the past 7 days... Never Rarely ~ Sometimes  Often Always
7 How often did you have to push yourself to get things done because of your fatigue? 1 2 3 4 5
8 How often did you have trouble finishing things because of your fatigue? 1 2 3 4 5

Although the validity and reliability of the 8-item short form to measure perception of
fatigue has been extensively tested through the PROMIS initiative, a few simple procedures

during administration of the instrument can be used to minimize error and improve the reliability
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of this measure. First, since visits to the lab will be required to obtain measurements of
fatigability, the questionnaire should be administered in the temperature controlled, quiet lab
environment, and the test should be administered by the same research personnel at the
beginning of the first testing session (Walsh et al. 2010). Second, the data from the
questionnaires should be analyzed by multiple personnel and compared using the item-level
calibration scoring system (NIH-PROMIS, 2014). And third, activity levels should be evaluated
to normalize the perception of fatigue measures to account for older adults that may attempt to
minimize their ‘fatigue’ experiences by restricting their activity levels (Eldadah, 2010).
Physiological Instrument to Measure Fatigability in Older Adults

In contrast to perception of fatigue, fatigability is an objectively measured phenomenon
typically defined as the transient reduction in force or power occurring in response to prior
contractile activity that is reversible by periods of rest (Kent-Braun et al. 2012). Acknowledging
that fatigability is reversible by rest is important to highlight, especially in studies on older
adults, because it distinguishes fatigability from neuromuscular injury or diseased states that
result in muscle weakness. Fatigability is most commonly quantified as 1) the relative reduction
in force or power during and following a specific contraction protocol and/or 2) the duration a
sustained or sequence of repeated contractions can be maintained at a specified contraction
intensity (Kent-Braun et al. 2012; Hunter, 2014). Greater relative reductions in force or power
and/or contractions that are sustained for shorter durations are considered to be more fatigable.
The measurements of fatigability are typically obtained from either custom designed or
prefabricated ergometers instrumented with transducers that measure force (e.g., strain gauges,
piezoelectric crystals) and velocity (e.g., potentiometers, encoders). These devices should be

calibrated regularly to help ensure that the measurements of force and velocity are both accurate
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and reliable. However, although measurements of force, velocity and power provide valuable
information about whether older adults are more fatigable compared to younger adults, these
measures alone are unable to determine the causes of fatigability so are often coupled with more
mechanistic physiological measurements.

Fatigability is a complex phenomenon that has multiple physiological mechanisms which
may or may not be directly related to the perception of fatigue. These mechanisms range from 1)
pain or discomfort leading to the unwillingness or lack of motivation to perform the activity, 2)
an inability of the nervous system to adequately drive the muscle (Gandevia, 2001) and/or 3)
impairments in excitation-contraction coupling or disruptions in the crossbridge cycle within the
muscle cells (Fitts, 1994, 2008; Allen et al. 2008). The recognition that fatigability can arise
from changes occurring anywhere along the motor pathway has caused two sub concepts to
emerge that are differentiated based on anatomy (Fig. 1). Central fatigability refers to all of the
processes proximal to the neuromuscular junction and within the nervous system, whereas
peripheral fatigability refers to everything distal to the neuromuscular junction and within the
contracting muscle (Allen et al. 2008). An instrument that provides the opportunity to identify
the sites responsible for the changes of fatigability in older adults is ideal, because it may help
develop more specific treatments and therapeutic interventions to ameliorate the detrimental
effects of increased fatigability.

At present, the most widely used and validated instrument to measure the amount of
central and peripheral fatigability is the interpolated twitch technique (Gandevia, 2001). This
instrument was first developed by Merton in 1954 and has more recently been applied to
fatigability studies in the older adult population (e.g., Yoon et al. 2008). The technique uses a

single supramaximal transcutaneous electrical pulse delivered over the motor nerves innervating
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the muscle group of interest while the subject performs a maximal voluntary isometric
contraction (MVC). Any increased force generated by the superimposed stimulus indicates that
either not all of the motor units were recruited or the discharge frequencies were not high enough
to maximize force summation. Thus, any increment in force produced by the stimulus is
interpreted as submaximal voluntary activation (Fig. 2). To quantify the amount of voluntary
activation, the amplitude of the superimposed twitch is expressed relative to the amplitude of the
potentiated control twitch from the electrical stimulus delivered immediately after the MVC
[voluntary activation (%) = {1-(superimposed twitch/potentiated resting twitch)}*100]
(Bellemare & Bigland-Ritchie, 1984; Bigland-Ritchie et al. 1986). The amplitude of the

Maximal activation Submaximal activation
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Fig. 2. Force traces demonstrating the interpolated twitch technique. Vertical blue arrows are single electrical
pulses superimposed on the MVC, whereas the vertical red arrows are single electrical pulses to the relaxed
muscle. Notice the amplitude of the twitch before the MV C is smaller than after the MVC. The trace on the left
represents a voluntary effort reaching maximum voluntary activation, and the trace on the right represents
submaximal voluntary activation.

potentiated twitch is larger than the twitch delivered prior to the MVC and is used to quantify
voluntary activation, because it more closely resembles the state of potentiation of the
superimposed twitch (Hamada et al. 2003; Folland & Williams, 2007; Maclntosh et al. 2012). To

reduce variability in the calculation of voluntary activation, the delivery of the potentiated resting
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stimulus should be standardized to occur immediately following the MVC (i.e., <5 s) due to the
rapid loss in potentiation that occurs following the contraction. Based on the calculations of
voluntary activation, central fatigability can be quantified by measuring the change in the
voluntary activation obtained before and after the fatiguing contraction protocol. Peripheral
fatigability can then be quantified either based on the amount of force that is lost and cannot be
attributed to central fatigability or based on the changes in the amplitude of the resting
potentiated control twitch obtained before and after the fatiguing protocol.

Although the interpolated twitch technique is considered the best instrument available to
measure central and peripheral fatigability, many factors should be considered regarding the
sensitivity, validity and reliability of this technique to avoid over interpretation of the results.
First, the calculation of voluntary activation used to measure central fatigability assumes that the
relationship between the amplitude of the superimposed twitch and the level of voluntary force
output is linear. This relationship, however, is more accurately described using a curvilinear
function, and as a result, calculations of voluntary activation are typically overestimated as the
force output approaches the MVC (Allen et al. 1995, 1998; Behm et al. 1996; Oskouei et al.
2003). The loss of accuracy and sensitivity in contractions performed at intensities between ~80
and 100% of the MVC (Fig. 3) calls into question the validity of using this instrument to quantify
both voluntary activation and central fatigability and remains a topic of considerable debate
(Place et al. 2008; de Haan et al. 2009; Horstman et al. 2009; Taylor et al. 2009; Gandevia et al.
2013). Second, test-retest reliability experiments have revealed that random error causes a wide
range of variability in voluntary activation measures between MV Cs performed prior to a
fatiguing contraction protocol (Place et al. 2007). This variability is exacerbated in older adults,

and therefore, requires additional familiarization sessions and practice to obtain more consistent
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voluntary activation measures (Jakobi & Rice, 2002). Third, the rapid recovery in force
following the fatiguing contraction protocol considerably limits the number of voluntary
activation measurements that can be obtained. No study has investigated the impact of this
limitation in quantifying central fatigability; however, the convention is to compare the highest
voluntary activation measurement—obtained from a sequence of ~5-10 MV Cs performed prior
to the fatiguing contraction protocol—to a single voluntary activation after the fatiguing
protocol. Fourth, the interpolated twitch technique is limited to isolated muscle groups and
cannot be applied to dynamic whole-body movements that are more representative of daily
activities. Despite these limitations, incorporating the interpolated twitch technique with
measures of force, velocity and power following a fatiguing contraction protocol may provide a
more robust opportunity to advance our understanding of the causes of fatigability in older
adults.
Concluding Remarks

The goal of fatigue research in older adults is to identify the causal factors responsible for
the increased complaint of fatigue that is hindering the elderlies’ mobility, ability to perform
activities of daily living and quality of life. The lack of a standard operational definition for
fatigue, however, has resulted in the employment of a vast array of subjective and objective
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measures making it difficult to compare findings across studies. Adopting a model that clearly
defines the concepts and subconcepts underlying fatigue may help remedy this issue and is
necessary for the selection of the most valid and reliable instruments. Aging fatigue studies that
incorporate the use of both physiological and self-report instruments and control for
comoborbidities are long overdue. Regardless of whether or not perceptions of fatigue and
performance fatigability are directly associated, these studies will provide a valuable opportunity
to not only advance our understanding of fatigue, but to guide and test the efficacy of new

therapeutic interventions to help ameliorate the detrimental effects of fatigue in older adults.
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