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Abstract
This study examines the psychometric properties of the Lee Fatigue and Energy Scales (visual
analog version) using a Rasch model application. The relationship between fatigue and energy is
also described for a convenience sample of 102 women with HIV/AIDS who completed the Lee
Fatigue and Energy Scales in the morning and evening. Both scales were assessed for internal
scale validity, unidimensionality, and uniform differential item functioning in relation to morning
and evening ratings. Analyses confirmed that both the Fatigue and Energy Scales demonstrated
evidence of internal scale validity and unidimensionality. Mean fatigue measures were also higher
in the evening than in the morning and mean energy measures were higher in the morning than in
the evening (both p<0.001), indicating that time of day is an important consideration. Fatigue and
energy measures were moderately correlated with each other in the morning but not in the
evening. The concepts of energy and fatigue were inversely related, but not polar opposites in this
sample. Fatigue and energy may therefore be distinct constructs that should not be used
interchangeably, either in measurement or when interpreting outcomes for research or clinical
purposes.

Keywords
Psychometrics; Measurement; Quality of Life; Symptoms; Rasch analysis

1. Introduction
The psychometric properties of Lee’s Fatigue and Energy Scales were initially evaluated in
samples of healthy and sleep disturbed adults (Lee et al., 1991) and adults with cancer
(Meek et al, 2000) using classical test theory approaches. Since then, the scales have been
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widely used in a variety of populations with chronic illness (Schaefer, 1995; Lee et al.,
1999; Borge et al., 2010; Lerdal et al., 2011; Miaskowski et al., 2011). In classical test
theory, it is assumed that data used are based upon interval or ratio scales (Bond and Fox,
2007), and the evaluation of the psychometric properties of an instrument is often based
upon this assumption. However, in assessing fatigue, ordinal scales are commonly used and
the risk of misinterpretation of psychometric statistical outcomes may therefore increase
(Merbitz et al., 1989; Wright and Linacre, 1989). To overcome this issue, Rasch
measurement models can be applied as a complementary approach (Tesio, 2003). The Rasch
measurement model is increasingly used in the development and validation of assessments
measuring different aspects of human performance and experience, such as fatigue (Tesio,
2003). Rasch models also have the advantage of providing in-depth evaluation of individual
item and person patterns of responses, which can provide additional information about an
instrument’s substantive, content, structural, generalizability, and external validity (Wolfe &
Smith, 2007a). Thus, the psychometric properties of many established instruments are now
reassessed using Rasch models (e.g., Pallant and Tennant, 2007; Siegert et al., 2010) in
order to provide additional evidence of validity, but also to suggest further areas for
improvement.

Fatigue is a complex multidimensional symptom, which has been defined as a sense of
exhaustion, lack of energy, or tiredness distinct from sleepiness, sadness, or weakness
(Krupp et al., 1988; Lee et al., 1994; Lerdal, 1998). Fatigue is a common symptom among
adults with chronic illness and negatively impacts quality of life (Voss, 2005; Hofman et al.,
2007; Bennett et al., 2010). Among adults living with HIV/AIDS, Marcellin and colleagues
(2007) found that self reported fatigue was a main indicator of health-related quality of life.
However, the subjective nature of fatigue can make it difficult for health care providers to
understand how seriously it impacts patients’ lives (Jenkin et al., 2006). Furthermore, it
remains unclear whether the experience of fatigue in the context of chronic illness differs
from that of healthy adults and to what extent fatigue experiences differ across diseases.

Perceived energy has received less attention in the research literature, but has been defined
as: “the individuals’ potential to perform physical and mental activity” (Lerdal, 1998, p. 9.).
Energy is a central factor when people evaluate their health and represent both a mental and
physical capacity to do work that may be managed e.g. by economizing strategies (Lerdal,
2002). An intervention study (Jason et al., 2009) of patients with myalgic encephalomyelitis/
chronic fatigue syndrome showed that those who reported higher weekly level of energy in
relation to weekly expended energy reported a reduction in their fatigue during the 12-month
study. Those who reported lower weekly perceived energy level in relation to weekly
expended energy reported no change in fatigue during the 12-month follow-up, suggesting
that the relationship between fatigue and energy may not be linear. The concept of energy is
used in most definitions of fatigue, and a factor analysis of the Lee Fatigue and Energy
Scales identified them as separate, but related concepts (Lee, 1993), although limited
empirical research exists on the relationship between the fatigue and energy constructs.

Assessment of fatigue and energy should address how these symptoms fluctuate across the
day (Dimsdale et al., 2003); typically fatigue levels are higher in the evening than in the
morning, and energy levels are higher in the morning than in the evening (Lee, Hicks, and
Nino-Murcia, 1991). Despite this knowledge, most prior research on fatigue has assessed
average fatigue levels across broad time frames, such as during the past week or month (e.g.,
Henderson et al., 2005; Pence et al., 2008) and has not examined daily fluctuations between
morning and evening. A recent study (Lerdal et al., 2011) indicates that the fluctuating
patterns of morning and evening fatigue have clinical relevance and are associated with
different symptom experiences. Whether similar patterns exist for energy has yet to be
determined.
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To facilitate future research in assessing fatigue among adults with chronic illness, this study
examines some key psychometric properties (substantive, content, structural, and
generalizability validity) of the Lee Fatigue and Energy Scales using a Rasch model in a
sample of chronically ill women. This study also describes the relationship between fatigue
and energy measures in this sample both in the morning and in the evening.

2. Methods
2.1. Sample

The original study used a cross sectional design to describe fatigue and energy in a
convenience sample of 107 ethnically diverse women living with HIV/AIDS between 1994
and 1997. Potential participants were accessed through their heath care provider at agencies
primarily serving Medi-Cal/Medicaid patients in the San Francisco Bay Area. To be eligible,
women had to be at least 18 years of age, able to understand and sign an English consent
form, and living with HIV/AIDS. Given the potential for some conditions to affect the
reliability and validity of the fatigue and energy measures, women were excluded from the
study if they were diagnosed with AIDS dementia or moderate neuropathy, hospitalized in
the past week, pregnant or lactating in the last 6 months, or currently using illicit substances.
Women who met the eligibility criteria were provided with information about the study, and
all women approached agreed to participate.

2.2. Procedures
Each woman provided informed consent prior to study participation and was paid $25.00
upon completion. Each participant’s most recent CD4 T-cell count was obtained from her
medical record. Demographic information and time since HIV diagnosis were obtained by
self-report (see Table 1)

2.3. Instrument and data collection
Participants completed the Lee Fatigue and Energy Scales within 15 minutes of bedtime
each evening and within 15 minutes of waking each morning over a 48-hour monitoring
period. The Lee Fatigue and Energy Scales have established internal consistency reliability
in a variety of populations, and concurrent validity with other fatigue measures has been
previously established in healthy and sleep-disordered samples (Lee et al., 1991). The Scales
consist of 18 items and take less than 2 minutes to complete. Based on a prior factor analysis
in a sample of healthy individuals and patients with sleep disorders (Lee, 1993), the 18 items
are divided into a 13-item Fatigue scale and a 5-item Energy scale (sample items and format
shown in Table 2). Each item has a 100-mm visual analogue line with descriptors at both
ends, and respondents mark the line to indicate how they currently feel. The score for each
item is the distance in mm between the left end of the line and the respondent’s mark. The
Fatigue Scale score is calculated as the mean of the 13 fatigue items, and the Energy Scale
score is the mean of the 5 energy items. Higher scores on the Fatigue Scale represent greater
fatigue severity, and higher scores on the Energy Scale indicate higher levels of energy.

2.4. Statistical analysis
SPSS for Windows Version 17.0 software (SPSS Inc., IL, USA) was used to summarize
sample demographic and clinical characteristics and their associations with fatigue and
energy ratings, compare morning and evening scores using paired t-tests, and determine
correlations between Energy and Fatigue scales using Pearson’s product moment
correlations. The level of significance was set at p<0.05, and all tests were two-tailed.

Because the validity of the Lee Fatigue and Energy Scales has only been evaluated to a
limited extent, a polytomous rating scale Rasch model was chosen to analyze the raw scores
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in order to generate valid measures of fatigue and energy both in the morning and in the
evening. The Rasch model was chosen to evaluate the Scales for three reasons. First, items
in the Scales represent different aspects of fatigue and energy that are assumed to vary in
severity. The Rasch model takes each item scored by the participant and adjusts the final
person-measure based on relative differences in item severity. Secondly, Rasch models are
suitable for handling data with items that are missing at random. Even though only 15 (1%)
of the scores in the Fatigue Scale and 37 (2%) of the scores in the Energy Scale were
missing, we did not have to exclude any participant due to missing values in order to use the
Rasch modelling procedure (Wright and Stone, 1979; Bond and Fox, 2001; Linacre, 2010).
Finally, a Rasch rating scale model was selected because all items contained in the Lee
Fatigue and Energy Scales are scored on a similar scale (Wolfe and Smith, Jr., 2007a). The
Rasch analytic approach is summarized in Table 3.

The WINSTEPS analysis software program, version 3.69.1.16 (Linacre, 2010) was used to
conduct the Rasch analysis of the Lee Fatigue and Energy Scales. For the Rasch analysis,
scores on the 100-mm visual analog lines were recoded into 10 rating scale categories/scores
ranging from 1 (0–10 mm) to 10 (91–100 mm). A polytomous Rasch model analysis then
converted the raw item scores from the questionnaire into equal-interval measures using a
logarithmic transformation of the odds probabilities of responses. The converted measures
are then used to examine whether items/statements from a scale measure a unidimensional
construct, viewed as crucial in both classical and modern test statistics (Spector, 1992; Bond
and Fox, 2001). Rasch models are probabilistic and based on theoretical assertions against
which the actual pattern of responses is validated.

The substantive validity of the Lee Fatigue and Energy rating scales were initially evaluated
with the following criteria: a) each rating scale category should contain a minimum of ten
observations, b) the average measures for each item rating scale category on each item
should advance monotonically, and b) a criterion less than 2.0 was expected in outfit mean
square (MnSq) values for rating scale category calibrations (Linacre, 2002; Linacre, 2004).
The fit of the items to each of the Rasch models was then analyzed followed by principal
component analyses to address unidimensionality.

Evidence of content validity was investigated using item goodness-of-fit statistics using the
WINSTEPS program to generate mean square (MnSq) residuals and standardized z-values
for each of the thirteen (Fatigue) and five (Energy) items. These goodness-of-fit statistics
indicate the degree of match between actual responses on the Fatigue and Energy Scales and
expected responses from the Rasch model. Goodness-of-fit was evaluated using infit
statistics. Infit statistics are information-weighted fit statistics that give relatively more
weight to the unexpected responses among persons who are well targeted to the item
calibrations. As infit statistics are more informative when exploring the fit of the items to the
Rasch model (Wright and Masters, 1982; Bond and Fox, 2007), we chose infit statistics to
evaluate goodness-of-fit across individual items. The MnSq fit statistic has an expected
value of 1.0 and is preferable for item goodness-of-fit with polytomous data (as in the
Fatigue and Energy Scales) as it is less sensitive to sample (Smith et al., 2008). We chose to
use a sample-size adjusted criterion (Smith et al., 2008) for item goodness-of-fit set for infit
MnSq values between 0.7 and 1.3 logits.

To minimize risk of additional explanatory factors, a principal component analysis (PCA) of
residuals was also performed to evaluate structural validity of the Fatigue and Energy Scales
(Linacre, 2010). The criterion was set for at least 50% of the total variance that should be
explained by the first latent variable (Smith and Miao, 1994). In order to evaluate validity in
relation to generalizability, a differential item functioning (DIF) analysis was also performed
to explore the stability of response patterns in relation to the items of the Fatigue and Energy
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Scales in the morning and evening. The magnitude of DIF was evaluated using the Mantel-
Haenszel statistic for polytomous scales using log-odds estimators (Mantel and Haenzel,
1959; Mantel, 1963) in the WINSTEPS program (p < .05).

2.5. Ethics
The study was approved by the Committee on Human Research at the University of
California, San Francisco. All participants provided written informed consent.

3. Results
3.1. Study sample and descriptive statistics

A sample of 107 women living with HIV/AIDS was enrolled in the study, and 102 women
with fatigue data were included in this analysis. Although two evening and two morning
ratings were completed during the 48-hour monitoring period and the findings were similar
for both days, only data from the first evening and first morning are reported in this analysis.
Sample demographics, clinical characteristics, and mean Fatigue and Energy Scale scores
are reported in Table 1.

3.2. Rasch analysis of the Fatigue and Energy Scales
When evaluating the Fatigue Scale, all ten rating scale categories were used more than ten
times, the average measures for each item category/score (1 to 10) advanced monotonically,
and all thirteen items met the criterion set for item goodness-of-fit (see Table 3). The
principal components analysis revealed that the first component explained 52.1% of the total
variance in Fatigue Scale scores, which exceeded the criterion of at least 50%.

When evaluating the Energy Scale, all ten rating scale categories were used more than ten
times, but the average measures for each item category/score did not advance
monotonically. The rating scale categories 8, 9, and 10 were in some items ordered
illogically (10, 8, 9). We therefore decided to collapse those categories and re-evaluate the
scale. After collapsing the scale categories, the Energy Scale met both criteria set. We
therefore proceeded with the analysis using a collapsed category for 8, 9, 10. All five items
in the Energy Scale met the criterion set for item goodness-of-fit. The principal component
analysis revealed that the first component explained 63.5% of the variance in Energy Scale
scores, which exceeded the criterion of at least 50%.

3.3. Differential item functioning (DIF)
For a more in depth exploration of potential variations in the item response patterns in
relation to relevant sample variables, we performed a series of differential item functioning
(DIF) analyses (see Table 3). On the Fatigue Scale, one of the 13 items demonstrated DIF in
relation to education. Relative to other items, Item 13 (Keeping my eyes open is no effort at
all) was easier to agree with among those who had not completed high school compared to
those who had completed high school. In addition, two of the 13 fatigue items demonstrated
significant DIF in relation to time of day. Relative to other items, Item 14 (Moving my body
is no effort at all/Moving my body is a tremendous chore) was easier to agree with in the
evening compared to in the morning (p < 0.05). In an opposite pattern, Item 18 (I have
absolutely no desire to lie down/I have a tremendous desire to lie down) was harder to agree
with in the evening compared to the morning relative to other items (p < 0.001). Although
the individual Fatigue Scale scores were overall higher in the evening than in the morning,
this fatigue increase in the evening was demonstrated to a lesser extent on Item 18 and to a
greater extent on Item 14. Of the five items of the Energy Scale, one demonstrated DIF in
relation to education. Relative to other items, Item 8 (Vigorous) was easier to agree with
among those who had not completed high school.
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3.4 Relationships between morning and evening ratings and between the Fatigue and
Energy Scales

Once the Rasch-generated measures were confirmed to demonstrate evidence of substantive,
content, structural and generalization validity, relationships between the Fatigue and Energy
Scales and the differences between morning and evening ratings were evaluated. Fatigue
Scale measures were found to be significantly higher in the evening than in the morning,
t(98) = −5.35, p <0.001, and Energy Scale measures were found to be higher in the morning
than in the evening, t(96) = 2.46, p <.05. In addition to being significantly different, the
morning and evening measures were only moderately correlated for both the Fatigue (r =
0.38; p<.01) and Energy Scales (r = 0.22; p<.05). Fatigue and Energy Scale scores were
inversely correlated in the morning (r = −0.31; p<.01) and not correlated in the evening (r =
0.05, NS), suggesting that the measures may be influenced differently by rest and sleep
behavior during the night in this sample of chronically ill women.

4. Discussion
The results of this study provide evidence for the internal scale validity and
unidimensionality of the Fatigue and Energy Scales, as well as the uniform differential item
functioning in relation to morning and evening ratings. Prior psychometric evaluations of
these scales addressed aspects of content and external validity, as well as internal
consistency reliability (Lee et al., 1991, Lee, et al., 1999, Meek et al., 2000), but the findings
of this Rasch-based analysis expand the psychometric evaluation to include aspects of
substantive, content, structural, and generalizability validity (Messick, 1995, Wolfe &
Smith, 2007b).

For all items in the Fatigue Scale and for three of the five Energy Scale items, the average
measures for each of the 10 response categories advanced monotonically, indicating that
each rating category distinguished different levels of fatigue or energy. However, the highest
scores (8, 9, and 10) on three of the Energy Scale items did not seem to distinguish different
levels of energy. This issue will need to be evaluated in future studies using the Energy
Scale, as these results indicate that the precision of the higher scores may be questionable
for women with HIV/AIDS.

The finding of unidimensionality supports the inclusion of sleepiness-related items in the
Fatigue Scale. Although the concepts of sleepiness and fatigue are often differentiated
conceptually (Chambers and Docktor, 1993), the constructs were indistinguishable in a
previous factor analysis of the items for healthy adults and adults with sleep disorders (Lee,
1993) and in this current Rasch analysis with HIV chronic illness. It is possible that the
constructs of fatigue and sleepiness are only distinguishable using some instruments or in
specific populations. Further research is needed to better understand the distinctions and
overlaps between these constructs.

In this sample, women living with HIV/AIDS evaluated their level of energy differently
from their level of fatigue. Fatigue and Energy Scale scores were only weakly correlated, a
finding that supports a prior principal component analysis among healthy adults and patients
with sleep disorders (Lee et al., 1991; Lee, 1993). However, the inconsistent and relatively
weak associations between fatigue and energy in the current study raises questions about
definitions of fatigue that incorporate “lack of energy” (Lerdal, 2002; Krupp, 2006). These
findings also support the recommendation not to combine the Fatigue and Energy Scales
into a single overall score. Evaluating fatigue and energy separately will facilitate further
research in determining how they relate to each other. One possibility that needs further
exploration is that the relationship between energy and fatigue may not be linear, such that
these constructs are only correlated when fatigue is high or when energy is low.
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There is a growing body of research on the relationship of fatigue to other symptoms, such
as depression, anxiety, stress, and sleep disturbance, as well as to daily functioning and
quality of life (Lerdal et al., 2009; Barroso et al., 2010). Although there is little research
specifically addressing perceived energy, our recent study of energy and fatigue in a sample
of men and women with HIV/AIDS (Aouizerat et al., in press) indicated that perceived lack
of energy was a stronger predictor of interference in daytime function than was fatigue. One
explanation for this finding is that the descriptors of energy often imply a behavioral
component (e.g., active and vigorous), in contrast to typical descriptors of fatigue that focus
on subjective experience (e.g., feeling tired or worn-out). As such, energy might be expected
to have stronger associations than fatigue with outcomes that require some level of activity,
such as daytime functioning, treatment regimen adherence, and quality of life measures.

Given the results of this study and other recent research, the concepts of energy and fatigue
need clear and distinct definitions. We propose a theoretical definition of fatigue that does
not include the concept of energy: “a feeling of tiredness or exhaustion that varies from
morning to evening and is distinct from sadness or weakness.” In contrast, a previously
proposed definition of energy is: “the individuals’ potential to perform physical and mental
activity” (Lerdal, 1998, p.9). Based on these definitions, energy may be something
individuals utilize to manage fatigue. Individuals can feel fatigued, but as long as they can
muster some energy, they can still function. However, if energy cannot be generated,
function suffers. Clear and distinct definitions of these constructs will facilitate research in
determining the relative importance of fatigue and energy in predicting health-related
outcomes and in developing and testing potential targeted interventions.

In this sample of women living with HIV/AIDS, time of day was a significant factor
influencing the fatigue and energy ratings. Fatigue Scale scores were higher in the evening
than in the morning, and Energy Scale scores were higher in the morning than in the
evening. Morning and evening measures were moderately correlated for both the Fatigue
Scale (r = 0.38) and the Energy Scale (r = 0.22). Furthermore, the two items on the Fatigue
Scale that demonstrated DIF in relation to morning and evening ratings may reflect
clinically important differences in the fluctuation of energy and fatigue rather than
psychometric validity weaknesses of the Lee Fatigue and Energy Scales. Nonetheless, it
may still be important to explore the effects of diagnostic/clinical DIF upon such measures /
estimations, as otherwise interpretations of findings may be biased. Other Rasch-based
studies (Kottorp et al., 2003; Petersson et al., 2008) have used DIF analyses to reveal both
diagnostic profiles as well as intervention effects, and larger longitudinal studies will
therefore be helpful in revealing such diurnal patterns in fatigue and energy, and the impact
of such patterns on measures/estimations. Our previous research (Lerdal et al., 2011)
suggests that different diurnal patterns of fatigue are associated with different symptom
experiences, but further research is needed to identify possible clinical implications of
different patterns of energy.

The findings from this study should be considered in context of certain limitations. Because
this study is based on a sample of women with HIV/AIDS, the findings may not generalize
to men, other chronic illnesses, or healthy populations. Future research is warranted in these
other populations, and differential item functioning (DIF) should be examined by gender.
There are numerous potential confounds (e.g., nighttime and daytime sleep, medications,
and other comorbid conditions such as depression or anxiety disorders) that might influence
fatigue and energy ratings. Such confounds were not evaluated as part of this study, and
need to be addressed in future studies. In this study, patients’ scores on a 100-mm visual
analog scale were converted to a numeric 10-point scale for Rasch analysis. While the
results might generalize to other studies using the 100-mm visual analog scale, the findings
may not generalize to versions of the Fatigue and Energy Scales that utilize a modified 11-

Lerdal et al. Page 7

Psychiatry Res. Author manuscript; available in PMC 2014 February 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



point numeric rating scale of 0 to 10 (Meek et al., 2000; Lerdal et al., 2011). The numeric
rating scale version is often called the Lee Fatigue Scale (LFS), and this study needs
replication with the LFS.

In summary, findings from this Rasch analysis indicate that the Lee Fatigue and Energy
Scales demonstrate evidence of substantive, content, structural and generalizability validity
when assessing fatigue and energy in women with HIV/AIDS. Results also suggest that
fatigue is not merely the absence of energy, and that fatigue and energy are not simply two
opposing sides of the same construct. Therefore, researchers should be mindful of the
possible differences between fatigue and energy when selecting measures for research
studies and when reporting findings. These two constructs need further refinement in theory
and measurement to facilitate future research and to develop effective intervention strategies
for reducing fatigue and low energy in patient populations with high prevalence. Finally,
additional research is needed on the relationship between fatigue and energy in order to
understand possible differences and clinical implications for interventions and quality of life
across populations.
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Table 2

Sample item format for the Lee Fatigue and Energy Scales including item difficulty estimates generated from
the Rasch analysis (logits)

Sample fatigue items

     not at all drowsy ____________________________ extremely drowsy (52.36)

     not at all fatigued ____________________________ extremely fatigued (51.03)

     not at all exhausted ____________________________ extremely exhausted (48.32)

Sample energy items

     not at all energetic ____________________________ extremely energetic (51.33)

     not at all efficient ____________________________ extremely efficient (48.40)

Full scales available elsewhere (Lee et al., 1991).
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