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Objective: The energy envelope postulates that patients with Myalgic Encephalomyelitis/chronic fatigue
syndrome (ME/CFS) will improve functioning when maintaining expended energy levels at the same
level as available energy level.

Methods: Estimated weekly Energy Quotients were established by dividing expended energy level by
perceived energy level and multiplying by 100. Two groups of patients were identified following
participation in a non-pharmacologic intervention trial. Some were able to keep expended energy close
to available energy and others were not successful at this task.

Results: Those who were able to stay within their energy envelope had significant improvements in
physical functioning and fatigue severity.

Conclusion: Findings suggest that helping patients with ME/CFS maintain appropriate energy
expenditures in coordination with available energy reserves can help improve functioning over time.
Practice implications: Health care professionals that treat patients with ME/CFS might incorporate
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strategies that help patients self-monitor and self-regulate energy expenditures.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Chronic fatigue syndrome (CFS), also known as myalgic ence-
phalomyelitis or myalgic encephalopathy (ME), is a highly incapa-
citating illness with an annual value of lost productivity in the US
due to this illness estimated to be $9.1 billion [1]. Moreover, total
direct and indirect costs due to CFS range from $18.7 to $24 billion
dollars [2]. Patients with CFS are more functionally impaired than
those suffering from type II diabetes mellitus, congestive heart
failure, multiple sclerosis, and end-stage renal disease [3,4]. It is
estimated that over 800,000 individuals have this illness [5]. Given
the prevalence and impact of this illness, there is a need to find
ways to develop effective intervention strategies.

One of the more popular treatments for patients with ME/CFS has
been cognitive behavior therapy (CBT). Price et al. [6] recently
reviewed 15 studies of CBT with a total of 1043 ME/CFS participants.
At treatment end, 40% of people in the CBT group showed clinical
improvement in contrast to only 26% in usual care, but changes were
not maintained at a 1-7-month follow-up when including people
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who had dropped out. In addition, a survey of 3228 respondents [7]
and a separate survey sponsored by the ME Association [8] found
that graded exercise, which is a component of CBT, was felt to be the
type of treatment that made more people with ME/CFS worse than
any other. Two additional studies provide possible reasons for
patient reaction to these graded exercise strategies. Jammes et al. [9]
found that incremental exercise among individuals with CFS was
associated with oxidative stress and marked alterations of muscle
membrane excitability. Black et al. [10] found that 28% on average
increases in daily physical activity for a 4-week period among a
sample of people with CFS resulted in worsening overall mood,
muscle pain intensity, and time spent each day with fatigue. Later
after are-analysis of this data, Blackand McCully [11] concluded that
CFS patients developed exercise intolerance as demonstrated by
reduced total activity after 4-10 days.

Other approaches to helping patients with ME/CFS have included
Envelope Theory [12] and pacing [13], and these approaches do not
unilaterally increase activity for all patients. The Envelope Theory
recommends that patients with ME/CFS pace their activity according
to their available energy resources [12]. In this approach, the phrase,
“staying within the envelope,” is used to designate a comfortable
range of energy expenditure, in which an individual avoids both
overexertion and underexertion, maintaining an optimal level of
activity over time. Some people with ME/CFS need to be encouraged
to increase their activity, as they have the appropriate amount of
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perceived energy to do so. However, there are also people with ME/
CFS that need to be encouraged to do less in order to decrease the
discrepancy between perceived and expended energy. This theory
emphasizes the need to understand the differential needs of
subtypes of patients with ME/CFS. The key is to not over-expend
their energy supplies or consistently go outside their “envelope” of
available energy. Rather than a cure, this approach focuses on
improving the ability of patients to cope with this illness.

In evaluating this Energy Envelope Theory, Jason et al. [12]
presented evidence that when a patient kept her expended energy
levels within the envelope of her perceived energy levels, her
fatigue was lower and her perceived energy higher. In a second
study, Jason et al. [14] found a positive significant relationship
between current fatigue level and self-rated expended energy 2-
days ago. Pesek et al. [15] found that when participants with ME/
CFS were provided with a buddy to reduce activities and to assist in
identifying and reducing discrepancies between perceived and
expended energy, overall fatigue severity as well as severity ratings
for ME/CFS symptoms decreased. In a correlational study, Jason
et al. [16] found that the individuals with ME/CFS experienced a
range of negative symptoms and disability when they extend
beyond their energy envelope. Unfortunately, the studies above
were either correlational or involved small samples.

There is a need to experimentally test out the Envelope Theory
with individuals who stay within their energy envelopes versus
those who do not, and then assess whether this leads to differences
on measures of physical functioning and fatigue. The present study
tested out this theory with two groups of patients with ME/CFS.
The hypothesis was that significant positive changes on physical
functioning and fatigue severity would only occur for those
patients with ME/CFS that stayed within their energy envelope.

2. Method
2.1. Participant recruitment

Participants were recruited from a variety of sources, including
physician referrals. Information about the non-pharmacologic
treatment trial study was disseminated to medical colleagues
through mailings, phone communication, and invited grand
rounds. In addition, study announcements for new participants
were placed in local newspapers and recruitment offers were made
at local ME/CFS support group meetings. These efforts were
continued throughout the study period until the target enrollment
numbers were achieved. One hundred and fourteen individuals
were recruited and enrolled in the study. The study was approved
by the Institutional Review Board at DePaul University.

Of the 114 individuals, 46% were referred by physicians, 34%
were recruited by media (newspapers, TV, radio, etc.), and 20%
stemmed from other sources (e.g., heard about the study from a
friend, family member, person in the study, etc.). There were no
significant demographic differences for patients recruited from
these varying sources. Twenty-four additional individuals who
were screened were excluded due to a variety of reasons (i.e.,
lifelong fatigue, less than 4 Fukuda symptoms, BMI > 45, melan-
cholic depression or bipolar depression, alcohol or substance
abuse disorder, autoimmune thyroiditis, cancer, lupus, rheumatoid
arthritis). Approaches to reduce attrition included use of letters
and telephone reminders of all appointments, flexibility regarding
working around vacations and medical issues and other crises,
reimbursement for transportation costs, and participant honoraria.

2.2. Initial screening

All participants were required to be at least 18 years of age, not
pregnant, able to read and speak English, and considered to be

physically capable of attending the scheduled sessions. Bedridden,
housebound, and patients who used wheelchairs were excluded
due to the practical difficulties of keeping therapy appointments.
Referrals to local physicians who treat ME/CFS and to support
groups were offered to these individuals. After a consent form
was filled out, prospective participants were initially screened by
the second author, using a structured questionnaire, the ME/CFS
questionnaire.

2.3. The ME/CFS questionnaire

This screening scale was initially validated by Jason et al. [17].
This scale is used to collect demographic, health status, medication
usage, and symptom data, and it uses the definitional symptoms
of ME/CFS [18]. Hawk et al. [19] recently revised this ME/CFS
questionnaire, and administered the questionnaire to three groups
(those with ME/CFS, Major Depressive Disorder, and healthy
controls). The revised instrument, which was used in the present
study, evidences good test-retest reliability and has good sensitivity
and specificity.

2.4. Psychiatric interview

Next, a semi-structured psychiatric interview called the Struc-
tured Clinical Interview for DSM-IV (SCID) [20] was administered.
Axis I was used to establish psychiatric diagnoses. The professionally
administered SCID allows for clinical judgment in the assignment of
symptoms to psychiatric or medical categories. These measures
were completed at DePaul University and took approximately 2 h.
After the initial interview was completed, the patients’ information
was reviewed to ensure that they met all eligibility requirements. If
an individual was eligible for the study, a medical appointment was
set up. Conversely, if an individual was not eligible, we discussed
with him or her alternate treatment options.

2.5. Medical assessment of ME/CFS

The physician screening evaluation included an in-depth medical
and neurological history, as well as general and neurological
physical examinations. The evaluation also included a structured
instrument, a modified version of the ME/CFS questionnaire [21].
This instrument assesses the signs, symptoms, and medical history
to rule out other disorders. Relevant medical information was
gathered to exclude possible other medical causes of chronic fatigue,
including exposure histories to tuberculosis, AIDS, and non-AIDS
sexually transmitted diseases. Information on prescribed and illicit
drug use was also assessed and recorded. Finally, the histories of all
symptoms related to ME/CFS were gathered.

Laboratory tests in the battery were the minimum necessary to
rule out other illnesses [18]. Laboratory tests included a chemistry
screen (which assesses liver, renal, and thyroid functioning), com-
plete blood count with differential and platelet count, erythrocyte
sedimentation rate, arthritic profile (which includes rheumatoid
factor and antinuclear antibody), hepatitis B, Lyme Disease
screen, HIV screen, and urinalysis. A tuberculin skin test was also
performed. The project physician performed a detailed medical
examination to detect evidence of diffuse adenopathy, hepa-
tosplenomegaly, synovitis, neuropathy, myopathy, and cardiac or
pulmonary dysfunction.

2.6. Fatigue Severity Scale (FS) [22]

This scale was used to measure fatigue. This scale includes nine
items rated on seven-point scales and is sensitive to different
aspects and gradations of fatigue severity. Most items in the Krupp
fatigue scale are related to behavioral consequences of fatigue.
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Previous findings have shown the scale can discriminate between
individuals with ME/CFS, MS, and primary depression [23]. In
addition, the Fatigue Severity Scale [22] was normed on a sample of
individuals with MS, SLE, and healthy controls. Higher scores
indicate more fatigue. Data were collected on this variable at the
baseline, post-test, and 6- and 12-month follow-up assessment.

2.7. Medical Outcomes Study-Short Form-36 (SF-36) [24]

This 36 item broadly based self-report measure of functional
status related to health, identifies eight health concepts as
perceived by the individual. Test construction studies have shown
adequate internal consistency, significant discriminate validity
among subscales, and substantial differences between patient and
non-patient populations in the pattern of scores [25,26]. It also has
indicated sufficient psychometric properties as a measure of
functional status in a ME/CFS population [4]. White et al. [27] have
recommended using the physical function subscale of the Medical
Outcomes Survey-SF-36 as a primary outcome measure for ME/CFS
trials. We selected this measure as one of the major dependent
variables in the present study. Higher scores indicate higher levels
of functioning. Data were collected on this variable at the baseline,
post-test, and 6- and 12-month follow-up assessment.

2.8. Perceived and expended energy

Participants were asked to rate perceived energy and expended
energy over the past week on a 100-point scale, with 0 = no energy
and 100 = abundant energy similar to when the person was
completely well. Data were collected on this variable at the
baseline and 12-month assessments. Hawk et al. [19] found test-
retest reliability for weekly perceived energy and expended energy
was .81 and .64, respectively. Perceived energy referred to the
participants’ estimation of their available energy resources.
Expended energy was defined as the participants’ estimation of
the total amount of energy exerted. Expended energy can be
greater than perceived energy, particularly when participants push
themselves over their energy limits. The participants’ expended
energy was divided by their perceived energy, and this number
was then multiplied by 100. This represents the Energy Quotient
for weekly ratings. A score of equal to or below 150 at the 12-
month follow-up was considered to be remaining within one’s
energy envelope. This follow-up Energy Quotient variable had a
mean of 189 (SD 155, range 50-1000).

2.9. Treatment protocols

Participants were provided 13 sessions of either cognitive
behavior therapy, anaerobic activity alone, cognitive coping skills,
or relaxation during 45 min meetings that were held once every 2
weeks for 6 months (See [28] for more details). Participants
attended an average of 10.0 sessions out of a possible 13 sessions,
with arange from 1 to 13. The average drop-out rate was 25%, but it
was not significantly different per condition. There were 28-29
participants randomly assigned to each of the four conditions.
There were no significant socio-demographic differences among
these groups at baseline.

3. Results

Of the sample of 81 with data collected at the 12-month follow-
up on energy ratings, we classified 49 as staying within their
energy envelope and 32 as going beyond their energy envelope.
This decision was based on individuals at follow-up who had a
score of 150 or less on weekly Energy Quotient. Therefore, 49
individuals were classified as having reduced or maintained a

reasonable balance between perceived and expended energy. We
also used a more severe criteria, a score of 100 or less (which
included only 24 individuals who were in the category stayed
within their envelope category, and similar findings as what is
reported below were found).

Between the two categories of patients, there were no significant
differences for race (X (3, N=80)=1.38, p=.71), gender (X* (1,
N=81)=.03, p =.87), marital status (X?> (4, N=80)=6.38, p=.18),
education level (X? (3, N = 80) = 1.42, p = .70), unemployment status
(X2 (1, N=80)=.01, p=.94), and percent working full (X*> (1,
N=80)=2.90, p=.09) or part-time(X> (1, N=80)=.44, p=.51).
There was no significant difference among the four treatment
conditions in terms of the percentage of patients who were in each of
the two categories (X? (3, N=81)=1.84, p=.61).

As expected, those who stayed within the energy envelope in
comparison to those who did not had significantly lower Energy
Quotient scores at the 12-month follow-up for weekly ratings
(Ms =107 versus 315; t (31.8)=6.38, p <.01). Those who stayed
within the energy envelope also evidenced significantly lower
baseline weekly Energy Quotient scores than those who were not
within their energy envelopes (Ms = 171 versus 356; t (32.2) = 2.71,
p=.01).

Figs. 1 and 2 present the physical functioning and fatigue
severity data over time for the two groups. We had predicted
significant interaction effects for both variables. In these repeated
measures ANOVA analyses, baseline weekly Energy Quotient was
used as a covariate. For physical functioning, Mauchly’s Test of
Sphericity was significant (W(5) =.79, p = .03), however, the tests
of Within-Subjects effects were significant using different correc-
tion factors (Greenhouse-Geisser, Huynh-Feldt, Lower-bound),
therefore we report results using Sphericity assumed. For physical
functioning, we found significant time (F(3,162)=4.20, p <.01)
and interaction (F(3,162)=6.08, p <.01) effects. Examining just
those who stayed within their energy envelopes over time, for
physical functioning, significant improvements were noted over
time (F(3,105) = 18.22, p < .01), whereas for those who did not stay
within the energy envelope, no significant changes emerged over
time (F(3,69) = 1.05, p = .37).

For fatigue severity, Mauchly’s Test of Sphericity was not
significant (W(5)=.84, p=.12), therefore we report Sphericity
assumed results. There was a significant interaction effect for
fatigue severity (F(3,159)=5.21, p <.01). For fatigue severity,
significant improvements were noted over time for those who
stayed within the energy envelope (F(3,102)=8.806, p <.01),
whereas for those who did not stay within the energy envelope, no
significant changes emerged for either variable (F(3,69)=1.65,
p=.19).
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Fig. 1. Physical functioning scores over time.
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6.4 leads to fatigue. The limbic system plays a regulatory role per-
taining to symptoms of fatigue, pain, memory, and cognition, and
o 621 in part, it plays this role with the use of dopamine to control the
§ NMDA receptors. These NMDA receptors might not function
@ gl properly due to low levels of dopamine [34]. Brouwer and Packer
.? [35] have conducted research indicating that people with ME/CFS
2 58l might have “unstable cortical excitability associated with sus-
& = Withini Enveicpe tained muscle activity resulting in varied magnitudes of descend-
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2 this type of cortical excitability, that might be due to kindling, and
s then when they go beyond their energy reserves, the kindling
5.4 1 . . . .
produces high arousal that has implications for the hypothalamus,
the autonomic system, as well as the immune system.
52 WEGET © WEEZ T WS Welsd It could be argued that the score of 150 was selected in an
Time arbitrary way. Even when we used the tighter criteria of 100, we

Fig. 2. Fatigue severity scores over time.

Because of missing data on post-test or 6-month follow-up
data, sample sizes are smaller than the 81 participants with data on
Energy Quotients at the Baseline and 12-month follow-up, but we
completed similar analyses with just the baseline and 12-month
follow-up physical functioning and fatigue severity data, and
similar findings emerged.

4. Discussion and conclusion
4.1. Discussion

It is possible that when patients overexert themselves, they
experience negative emotional responses due to evaluating stressful
experiences as a significant threat and as exceeding available coping
resources [29]. Consequently, negative emotional responses can
cause distressed clients to engage in behaviors (e.g., altering sleep
patterns, alcohol and tobacco use, or decreasing physical activity)
which conceivably modify immune responses. In addition, negative
emotional states might activate the sympathetic division, whose
fibers, descending from the brain to lymphoid tissues such as bone
marrow, thymus, spleen, and so forth, could release substances that
influence immune responses. Distress also can activate the
hypothalamus-pituitary-adrenal axis and hormonal products from
these systems can dysregulate the immune system.

Kindling is another explanation for what might occur when
patients with ME/CFS overexert themselves and deplete energy
reserves. Zalcman et al. [30] have found that immunogenic stimuli
can alter brain circuitry, changing its sensitivity to seemingly
unrelated subsequent stimuli. Exposure to stress or overexertion
can induce long-term potentiation, such that the brain cells react
more strongly (and releases dopamine more abundantly) in
response to future exposures to the drug or stress [31]. Gellhorn
[32] has postulated that under prolonged stimulation of the limbic-
hypothalamic-pituitary axis, a lowered threshold for activation can
occur. The kindling hypothesis suggests that once this system is
charged, either by high-intensity stimulation or by chronically
repeated low-intensity stimulation, which might occur by going
beyond energy reserves, it can sustain a high level of arousal.

Two receptors residing on the cell surface membranes of
neurons are GABA (gamma aminobutyric acid), which inhibits
neuronal firing and NMDA (N-methyl-D-aspartate), which excites
neuronal firing. The GABA and NMDA receptors should be
balanced, but after an injury or kindling, NMDA fires more than
GABA. Minor and Hunter [33] have proposed that prolonged
exposure to inescapable stressors will eventually deplete GABA,
thus reducing an important form of inhibition on excitatory
glutamate transmission. Ultimately, chronic stress sensitizes
neural and behavioral fear processes, and this over-activation

did find similar outcomes. Still, the criteria to decide what is within
one’s energy envelope versus what is not within one’s energy
envelope is subjective, and until normative data on large samples
of both healthy and ill individuals are collected on this construct,
there still will be some ambiguity concerning what number
represents an optimal Energy Quotient.

It is also possible to argue that we should have included only
those who made positive changes in their Energy Quotient into the
category that was designated by staying within the envelope. In a
sense, there were some individuals who at baseline remained
within their energy envelope at the follow-up, and others who
were outside the energy envelope at baseline and were able to
make improvements by the follow-up. Certainly these types of
subgroup differences are of importance, but our small sample size
would make such analyses difficult to perform due to low power. In
a sense, what we have in this study are people with ME/CFS who
were within their energy envelopes at baseline and other people
with ME/CFS who learned to stay in their energy envelopes, and the
combined group were able to evidence improvements over those
who were outside their energy envelopes by the follow-up
assessment (whether they had been or not been in their energy
envelope at the baseline). Clearly, further research is needed on
this topic with larger sample sizes so that researchers can better
attribute the mediators for improvements that were noted.

There are several other limitations to the present study. One
potential limitation is that there were only two dependent
variables in this study. Given the small sample size, the authors
decided to focus on two major outcomes variables in order to
reduce the probability of obtaining findings by chance. In addition,
there were some initial baseline differences between the weekly
Energy Quotient and this might have also influenced the findings.
However, weekly baseline Energy Quotient was inserted as a
covariate, and significant interaction effects were still found.
Finally, due to small sample sizes, it is still unclear whether there is
differential impact of the different non-pharmacologic interven-
tions on staying within the energy envelope. Future research with
larger samples within each of the four treatment conditions is
needed to assess whether one or more of the treatment conditions
was more effective in helping patients modulate their energy
expenditures. However, there were no differences in the percen-
tage of patients in the two Energy Quotient categories within the
four treatment conditions. It is possible that a common mediator
within these non-pharmacologic interventions is helping patients
self-monitor and self-regulate energy expenditures, and those that
are more successful in this endeavor or learned to become more
skillful are the ones to make the most substantial improvements.

4.2. Conclusion

The present study found that the two groups of patients had
different outcomes on measures of physical functioning and
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fatigue severity. In general, those patients who exerted more
energy than they had available encountered less change in
functioning and fatigue over time. Those patients who were able
to stay within their energy boundaries made significantly more
improvements over time. These findings suggest that when an
individual with ME/CFS avoids both overexertion and under-
exertion, maintaining an optimal level of activity over time, it
might be associated with improvements in physical functioning
and fatigue.

4.3. Practical implications

The present study suggests that the Energy Envelope Theory
has some merit, and that being overextended and going beyond
energy reserves can be an impediment to improving function-
ality and fatigue levels. The current study supports the notion
that staying within the energy envelope does result in
significant improvements in physical functioning and fatigue
severity for patients with ME/CFS. Clearly, additional research is
warranted examining these relationships over more extended
periods of time. Health care professionals that treat patients
with ME/CFS might want to consider incorporating strategies
that help patients self-monitor and self-regulate energy expen-
ditures.
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