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Fatigue in primary genetic mitochondrial disease: No rest for the weary
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Abstract

Rates of perceived fatigue, anxiety, depression, sleepiness and mitochondrial disease severity were assessed prospectively in 2017-2018
using established validated questionnaires in 48 adult patients with genetically confirmed primary mitochondrial disease. Fatigue was found
to be very common among patients with primary mitochondrial disease, with 34 to 48 (71-100%) patients reporting fatigue depending on
the measure used, and the severity of fatigue correlating with the severity of disease. Moderate-to-severe depression (10/48; 20.8%) anxiety
(28/48; 58.3%) and sleep problems (16/48; 33.3%) were frequent in our patients with fatigue and these conditions were even more prevalent
in those with severe fatigue. In conclusion, perceived fatigue was common in patients with primary mitochondrial disease and appeared
to correlate with disease severity. Depression, anxiety and sleep disorders were more common in the cohort than those with other chronic
diseases but with rates similar to that seen in multiple sclerosis. The severity of perceived fatigue correlated with an increased risk of these
comorbid conditions. The Fatigue Severity Scale may more selectively measure non-anxiety/sleep-related fatigue in primary mitochondrial
disease and additional testing is planned.
© 2019 Elsevier B.V. All rights reserved.
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1. Introduction (mtDNA) or one of over 350 nuclear encoded genes [6].

While these disorders may be multisystemic or involve only

Primary Mitochondrial Diseases (PMD) are genetic a single organ, they typically impact the neurologic system.

disorders that arise as a result of a direct or indirect Fatigue, poor endurance, and exercise intolerance are some

dysfunction of mitochondrial oxidative phosphorylation of the most common complaints in both adult and pediatric

(OxPhos) and comprise one of the most frequent genetic  patients with PMDs and impact quality of life and level of
metabolic disorders with an incidence of 1 in 5000 individuals  disability but has not been extensively studied [7-9].

[1-5]. PMDs are caused by mutations in mitochondrial DNA Fatigue may include both perceived and physiological

fatigue. Perceived fatigue has been described as an

S overwhelming sense of tiredness, lack of energy, or feeling
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and maintain power [8]. Perceived fatigue has been identified
as one of the commonest symptoms that patients with PMD
would like to improve, [11] and is also a core symptom
targeted in current PMD clinical trials as an outcome measure
for treatment efficacy.

Fatigue is common in individuals with chronic diseases
and even more so in chronic neurologic diseases including
multiple sclerosis (MS), [12-16] neuromuscular junction
disorders, myotonic dystrophy, muscular dystrophy, post-
stroke, and post-myelitis. [10,17] Little is known about the
etiology, extent or severity of perceived fatigue in PMDs.
Fatigue might be multifactorial, partly due to concomitant
systemic disease, medication effects and the psychological
burden of chronic disease. Common comorbidities such as
anxiety, depression and sleep disorders may also worsen
fatigue in patients with PMDs though the true prevalence
of these symptoms in PMD patients is not known. Due to
the complex pathophysiology of PMD, concern exists that it
is a symptom due to factors not yet characterized. A better
understanding of these issues and the potential mechanisms
of fatigue in PMDs is needed and may lead to improved
treatments, prevention and quality of life for patients. Despite
the numerous clinical fatigue scales available, it is not yet
clear if one will best capture this symptom in PMD.

The objective of our study was to assess self-reported or
perceived fatigue and fatigue-associated comorbid conditions
in a cohort of patients with PMD to better characterize
these symptoms and investigate their interrelationships. We
also preliminarily assessed whether one specific measure may
better gauge fatigue in patients with PMD.

2. Methods
2.1. Participants and procedures

Forty-eight adults with PMD were voluntarily recruited
from 10 national centers and completed a number
of established questionnaires assessing fatigue, anxiety,
depression, and sleep problems. Any adult patient with
genetically confirmed PMD expressing variable multisystem
phenotypes seen in a Mitochondrial Clinic for routine care
was eligible to participate. Subjects were all current patients
of the investigators and recruited over 2017-2018 via an IRB-
approved written recruitment information sheet handed out at
the office visit.

Physicians completed a modified mitochondrial disease
severity score, using a portion of the Newcastle Mitochondrial
Disease Adult Scale (NMDAS) for each subject. Patient
demographics are provided in Table 1. Measures completed
are outlined in Table 2. More detailed descriptions of the
various common measures chosen are in Table 3. Data
were collected and maintained using an online database
system (REDCap). All study procedures were approved
by the Cleveland Clinic Institutional Review Board (IRB)
and participants were provided a written information sheet
reviewing the purpose of the study.

Table 1

Patient Characteristics, n=48.

Gene/Locus Number Symptoms

Mitochondrial

DNA

m.3243A>G 13 MELAS, MIDD plus, ataxia, CPEO
& myopathy or multisystem disease

m.8344A>G 3 MERREF, multisystem disease

m.10466C>T CPEO & Myopathy

mtDNA deletion 14 CPEO Plus, KSS, myopathy

m.11778G>A LHON plus

Nuclear DNA

ACAD9 1 Myopathy and Cardiomyopathy

ADCK3 1 Multisystem disease

ANTI 1 CPEO and myopathy

COX10 1 Myopathy

CYTB 1 Myopathy

MFN2 1 Neuropathy

NUBPL 1 Leigh

OPAI 2 Multisystem disease

POLG 2 Ataxia Neuropathy Spectrum,
CPEO

RRM2B 1 CPEO

TK2 2 Myopathy Plus

TWNK 2 CPEO plus

CPEO: Chronic Progressive Externa Ophthalmoplegia.
KSS: Kearns Sayre Syndrome.
LHON: Leber Hereditary Optic Neuropathy.

2.2. Statistical analysis

Patient  demographics,  diagnoses,  patient-reported
outcomes, and provider-reported NMDAS were summarized
using descriptive statistics. Summary scores are reported as
mean with standard deviation and median with interquartile
range, while severity thresholds are presented as frequency
count with percentage. Spearman correlation coefficients
were computed to determine the association between patient-
and provider-reported measures. Rates of concomitant
depression, anxiety, and sleepiness within patients with
extreme fatigue were examined; extreme fatigue was defined
as a Fatigue Impact Scale (FIS) > 40, CIS > 35, or
Fatigue Severity Scale (FSS) > 36, and clinically significant
depression (BDI > 20), anxiety (BAI > 16), and sleepiness
(ESS = 10) [18-23]. Average item scores (total score/9)
on the FSS were also calculated for comparison with
research in other populations. Statistical significance was
established throughout at p < 0.05. All statistical analyses
were conducted using SAS version 9.4 (SAS Institute Inc,
Cary, NC).

3. Results
3.1. Patient characteristics

Adult patients older than age 18 years with genetically
confirmed mitochondrial diseases were included with the
majority (13/48) carrying the common m.3243A > G
pathogenic variant or having a large-scale mitochondrial DNA
deletion (14/48). (Table 1) To facilitate participation via
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Table 2
Measures Administered.
Measure Construct # Ttems Score Interpretations Subscales*
Fatigue Impact Scale (FIS) Fatigue 40 40+ excessive symptomatic fatigue Cognitive, Physical, Psychosocial
80+ severe symptomatic fatigue Fatigue
Checklist Individual Strength Fatigue 20 35+ severe fatigue Fatigue, Concentration, Motivation,
(CIS) Activity
Fatigue Severity Scale (FSS) Fatigue 9 36+ abnormal fatigue -
FCS Panic Scale Fatigue 10 Higher scores indicate worse fatigue -
Beck Depression Inventory-II Depression 21 0-13 Minimal -
(BDI-1I) 14-19 Mild
20-28 Moderate
29 + Severe depression
Beck Anxiety Inventory (BAI) Anxiety 21 0-7 Minimal -
8-15 Mild
16-25 Moderate
26+ Severe anxiety
Epworth Sleepiness Scale (ESS) Sleep problems 8 0-7 low likelihood of abnormal -
sleepiness
8-9 average
1015 excessive sleepiness
16-24 excessive sleepiness
requiring potential medical attention
Newcastle Mitochondrial Disease severity 29 1-5 Mild General physical functioning,

Discase Adult Scale (NMDAS)t

6-20 Moderate
21 4 Severe

System specific involvement,
Clinical assessment

# items refers to the number of questions on the measurement survey. Score interpretations includes known thresholds for discriminating across the

measurement construct.

* In addition to the overall measured construct on the scale, subscales measure a smaller construct and contribute to the overall rating. For example, the

40 symptoms measured on the FIS form 3 subscales and 1 overall measure of fatigue.

tProvider-reported.

Table 3
List of Measures Used.

T

indicates the items rate one overall measure and no subscales.

The Newcastle Mitochondrial Disease Adult Scale (NMDAS) is a validated disease-specific survey that assesses mitochondrial disease manifestation [29]
by monitoring the clinical expression of the disease and consists of the following three sections: (1) current functioning: general physical functioning in
the past 4 weeks, (2) system specific involvement: functioning of individual organ-systems, (3) current clinical assessment. NMDAS scores of 1-5
indicate mild clinical manifestation, scores 6-20 moderate, and scores 20+ severe.

The Beck Anxiety Inventory (BAI) consists of 21 items designed to assess common features of anxiety (Beck et al., 1988). Items are rated on a 4-point
scale. Scores of 0-21 indicate low anxiety, 22—-35 moderate anxiety, and 36+ severe anxiety.

The Beck Depression Inventory (BDI) consists of 21 items designed to assess common symptoms of depression (Beck et al., 1996). It includes somatic
and cognitive-affective symptoms, and each item is rated on a 4-point scale. Scores of 0—13 indicate minimal depression, 14-19 mild, 20-28 moderate
depression, and 29+ severe depression.

The Epworth Sleepiness Scale (ESS) is an 8-item measure of patient’s sleepiness. Items are scored on a 4-point Likert scale with a maximum score of 24
(Johns 1991). Scores of 0-7 indicate low likelihood of abnormal sleepiness, 8-9 average, 10-15 excessive sleepiness, and 16-24 indicates excessive
sleepiness requiring potential medical attention.

The Checklist Individual Strength (CIS) is a 20 item questionnaire and measures the following four separate aspects of fatigue during the previous two
weeks: fatigue severity (eight items, score range 8-56), concentration problems (five items, score range 5-35), reduced motivation (four items, score
range 4-28), and reduced activity (three items, score range 3-21). Each item is scored on a 7-point Likert scale. High scores indicate high levels of
fatigue, high levels of concentration problems, low motivation, and low levels of activity (Vercoulen et al., 1994). It shows good reliability and
consistency in neuromuscular patients. A CIS fatigue score of 35 or more is used to identify severe fatigue.

The Fatigue Impact Scale (FIS) was developed to assess the symptom of fatigue as part of an underlying chronic disease or condition. It consists of 40
items scored on a 5-point Likert scale, evaluating the effect of fatigue on 3 domains of daily life: cognitive functioning, physical function, and
psychosocial functioning [19]. Scores are tallied to produce an overall score with a maximum of 160. Subscale scores can also be calculated. Scores of
40+ indicate excessive symptomatic fatigue and scores of 80+ indicate severe, symptomatic fatigue.

The Daily Fatigue Impact Scale (D-FIS) is a shorter 8-item measure that is used to monitor daily changes in fatigue (Fisk et al., 2002). Each item is
scored on a 5-point Likert scale and indicates how much of a problem fatigue has been for the patient today.

The Fatigue Severity Scale (FSS) is a 9-item instrument designed to assess fatigue as a symptom of a variety of different chronic conditions and
disorders [20]. Each item is scores on a 7-point Likert scale with higher scores indicated worse fatigue.

The FCS Panic Scale is a 10-item measure to assess thoughts people have when they are fatigued based on the most recent time they were fatigued.
Items are scored on a 5-point Likert scale.
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an information sheet alone for consent and online Redcap
survey mechanism additional protected health information and
demographics were not collected.

3.2. Patient-reported outcome scores

Descriptive statistics of patient-reported scores for fatigue,
depression, anxiety, and sleep problems measures are
presented in Table 4. High levels of fatigue were reported
across patients with abnormal levels of fatigue found in
the vast majority of patients across all fatigue measures.
In comparison, patients reported relatively lower average
levels of depression (Mppry = 13.74£8.5) and anxiety
Mpar = 17.6£9.9). 31.3% of patients reported mild
depressive symptoms while 20.8% reported moderate or
severe symptoms. 58.3% reported moderate or severe
symptoms of anxiety. Sleep problems were similarly common
with 33.3% of patients reporting elevated scores.

3.3. Associations

Fatigue scores were highly correlated with depression,
anxiety, and sleep problems for the FIS, CIS, and FCS
Panic Scale. Surprisingly, there was no significant association
between the FSS and anxiety or sleep. The FIS, FSS, and CIS
were positively correlated with disease severity (NMDAS).
See Table 5 for the full list of correlations.

We also examined rates of concomitant depression, anxiety,
and sleepiness within patients with severe fatigue. As shown
in Table 6, 20.0-26.5% of patients with extreme fatigue
also reported clinically significant depression. There were
greater rates of clinically significant anxiety (57.5-61.8%) and
sleepiness (33.3—47.1%) within patients with extreme fatigue.

4. Discussion

Fatigue in PMD may include both perceived and
physiological fatigue. The aim of this study was to examine
the prevalence and severity of self-reported fatigue among
patients with genetically-confirmed PMD and to investigate
the relationship between fatigue and comorbidities including
depression, anxiety, and sleep problems. We also assessed
whether a specific fatigue measure may better capture
perceived fatigue in adult patients with PMD.

4.1. Fatigue is common in PMD and may correlate with
disease severity

Our results demonstrated that fatigue is very common
among patients with PMD, with 71-100% of patients
reporting fatigue, depending on the measure used, and
that the severity of fatigue correlates with the severity
of mitochondrial disease as measured by the NMDAS.
Interestingly the severity of fatigue did not correlate with the
severity of myopathy as scored on a section of the NMDAS.
Abnormal fatigue scores were most commonly observed on
the CIS (100% of patients endorsing severe fatigue). When

Table 4
Patient- and Provider-Reported Fatigue Outcomes, n=48.

Patient-Reported Fatigue Outcomes

Fatigue Impact Scale (FIS), Overall Score, mean £+ SD 61.5+36.4
Median (Q1, Q3) 64 (28, 78)
Excessive Symptomatic Fatigue (score 40+), n (%) 34 (70.8%)
Severe Symptomatic Fatigue (score 80+), n (%) 11 (22.9%)
FIS Subscales
Cognitive functioning, mean £+ SD 12.5+9.9
Physical functioning, mean + SD 20.5+10.7
Psychosocial functioning, mean £ SD 28.5+18.2
Checklist Individual Strength (CIS), Overall Score, 93.8+23.1
mean + SD
Median (Q1, Q3) 91 (81, 113)

Severe Fatigue (score 35+), n (%)
CIS Subscales

48 (100.0%)

Fatigue, mean + SD 41.4+10.1
Concentration, mean £ SD 21.0+£7.8
Motivation, mean &+ SD 159+5.0
Activity, mean + SD 15.6+5.2
Fatigue Severity Scale (FSS), Overall Score, mean + SD  48.3+14.9
Median (Q1, Q3) 54 (41, 58)
Average Items Score, mean £+ SD 2.63+1.65
Median (Q1, Q3) 2.0 (15,34
Abnormal Fatigue (score 36+), n (%) 40 (83.3%)
FCS Panic Scale, Overall Score, mean + SD 1.95+0.73
Median (Q1, Q3) 1.80 (1.30,
2.30)
Beck Depression Inventory -II,, mean £+ SD 13.7+8.5
Median (Q1, Q3) 14 (8, 18)
Minimal (score 0-13), n (%) 23 (47.9%)
Mild (score 14-19), n (%) 15 (31.3%)
Moderate (score 20-28), n (%) 6 (12.5%)
Severe (score 29+), n (%) 4 (8.3%)
Beck Anxiety Inventory, mean £+ SD 17.6+9.9
Median (Q1, Q3) 17 (11, 23)
Minimal (score 0-7) 10 (20.8%)
Mild (score 8-15), n (%) 10 (20.8%)
Moderate (score 16-25), n (%) 19 (39.6%)
Severe (score 26+), n (%) 9 (18.8%)
Epworth Sleepiness Scale, mean + SD 83+44
Median (Q1, Q3) 8 (5, 11)
Low (score 0-7), n (%) 23 (47.9%)
Average (score 8-9), n (%) 9 (18.7%)
Excessive (score 10-15), n (%) 13 (27.1%)
Requires medical attention (score 16+), n (%) 3 (6.2%)
Provider-Reported NMDAS Disease Score, mean &= SD  25.8+12.2
Median (Q1, Q3) 25 (17, 33)
Mild (score 1-5), n (%) 1 2.1%)
Moderate (score 6-20), n (%) 14 (29.2%)
Severe (score 21+), n (%) 33 (68.7%)
NMDAS Subscales
Section 1 score: current function, mean &+ SD 11.2+6.6
Section 2 score: system specific involvement, 6.1+5.0
mean £+ SD
Section 3 score: current clinical assessment, 8.5+£5.9
mean £+ SD

For each construct, both the continuous measurement is presented as the
mean with standard deviation as well as the median with interquartile range
(quartile 1 (Q1), quartile 3 (Q3)); and as the number of patients who have
met reported thresholds. For example, 34 patients had FIS scores of 40+,
which equates to excessive symptomatic fatigue.
examining subscales of the FIS, the most commonly reported
problems involved physical and psychosocial functioning.
When compared to other medical populations, levels of
reported fatigue in patients with PMD are somewhat variable.
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Table 5
Spearman Correlations between Patient- and Provider-Reported Outcomes.

CIS FSS FCS BDI BAI ESS NMDAS
FIS 0.79** 0.56*" 0.57"* 0.64*" 0.45* 0.50** 0. 31*

CIS X 0.62*" 0.55 0.64™" 0.43** 0.38* 0.31*
FSS X 045 041" 020 0.14 046*
FCS Panic Scale X 0.72*% 0.62* 0.45" 0.23
BDI X 0.61** 0.52** 0.06
BAI X 020  0.09
ESS X —0.06
NMDAS X
* p < 0.05;.

*p < 0.01; FIS=Fatigue Impact Scale; CIS=Checklist Individual
Strength; FSS =Fatigue Severity Scale; BDI=Beck Depression Inventory;
BAI=Beck Anxiety Inventory; ESS =Epworth Sleepiness Scale; FCS =FCS
Panic Scale.

Table 6
Rates of concomitant depression, anxiety, and sleepiness within patients with
extreme fatigue, n=48.

FIS 40+N (%) CIS 35+N (%) FSS 36+N (%)

Total # of Patients 34(70.8) 48 (100.0) 40 (83.3)
Depression (BDI 20+) 9 (26.5) 10 (20.8) 8 (20.0)
Anxiety (BAI 164+) 21 (61.8) 28 (58.3) 23 (57.5)
Sleepiness (ESS 10+) 16 (47.1) 16 (33.3) 14 (35.0)

Fatigue is a common finding in neurological diseases and
has been studied extensively in patients with MS [12—
17,24]. Centrally mediated fatigue has also been described in
many other neurologic diseases [17,25]. Fatigue and exercise
intolerance are also commonly seen in patients with a variety
of chronic non-neurologic diseases including heart failure
or diabetes, seen 33-45% of the time [25]. Our sample
reported higher levels of fatigue when compared to a group
of 50 patients with post-stroke fatigue, [26] and lower levels
when compared to patients with fibromyalgia (FM) and
rheumatoid arthritis (RA) as measured by the FSS [27].
In comparison with the FM and RA samples, our patients
with PMD reported greater impact of fatigue on psychosocial
functioning, similar impact on physical functioning, and lower
impact on cognition, based on the FIS, though it is not clear
why this is.

These results are consistent with a prior report of fatigue
in PMD. Specifically, in a cohort of 132 adult patients
with genetically confirmed PMD, [7] 62% of patients with
a PMD reported perceived fatigue when assessed by the
Fatigue Impact Scale (score > 40) with 32% reporting
severe, functionally limiting fatigue symptoms (score > 80),
comparable to findings in patients with Chronic Fatigue
Syndrome [17]. Severe fatigue was noted regardless of age,
gender or genotype and correlated with disease severity
scales. Severity of fatigue in this report did not correlate
with the associated severity of myopathy as measured by the
NMDAS.

In a single large Italian cohort [8] of patients with likely
PMD, not all molecularly defined, 25-35% of the patients
with genetically confirmed PMD including those with the
m.3243A > G and m.8344A > G pathogenic variants reported

fatigue. Other studies in patients with PMD also show self-
reported fatigue as being severe [28,29]. A smaller study
[9] of exertional tolerance and fatigue in six ambulatory
pediatric patients with “mitochondrial myopathy” that was
not genetically defined showed a lower activity level, higher
level of fatigue as measured by the Pictorial Children’s Effort
Rating Scale and a self-reported level of fatigue, and lower
quality of life relative to a control group of ten age-matched
healthy children.

It is not surprising that both pediatric and adult patients
with PMD report fatigue. While the etiology is multifactorial,
OxPhos deficiency in PMDs appears to be an important
risk factor as supported by objective exercise testing in
patients with PMDs [28,30-35]. PMD patients have reduced
oxygen extraction, an increase in free radical production,
phosphocreatine depletion and more anaerobic metabolism
in muscle [28]. Exercise testing shows a reduction in
maximal oxygen consumption and excessive carbon dioxide
production [30,35]. Some PMD patients may have reduced
cardiac output and a hyperdynamic circulatory response —
even without concomitant cardiomyopathy [25]. Presumably,
central nervous system disease may also impact fatigue
though this has been less studied. Comorbid conditions in
mitochondrial disease such as neuropathy, myopathy, cardiac
dysfunction, endocrinopathies and renal disease likely further
exacerbate fatigue. Deconditioning worsens endurance and
quality of life further [29]. Regular aerobic exercise may
help reverse exercise intolerance and improve quality of life
[32,33,35-41].

4.2. Severe fatigue in PMD correlates with depression,
anxiety and sleepiness

Depression, anxiety and sleep problems were common in
our patients with PMD. Our cohort had elevated scores for
depression (20.8% with moderate to severe symptoms and an
additional 31.3% with mild symptoms), anxiety (58.3% with
moderate to severe symptoms and an additional 20.8% with
mild symptoms), and sleep problems (33.3%) [see Fig. 1].
These comorbid conditions were even more prevalent in
those with severe fatigue, with up to 61.8% with clinically
significant anxiety and 47.1% with sleepiness. (Table 6)

These rates are clearly higher than what is reported in
patients with chronic disease but not necessarily in chronic
neurologic disease. In MS, using the same measures as
employed in our study, elevated depression (BDI-II > 14)
was found in 33.9% of patients (compared to our 52.1%)
[42] and elevated anxiety (BAI > 8) was found in 73.3%
(compared to our 79.2%) [43]. Using the Hospital Anxiety
and Depression Scale (HADS), depression has been found
in up to 46.9% of MS patients [44]. Similarly, excessive
sleepiness, as reported on the ESS, has been found in up
to 53% [45]. Comorbid depression and anxiety has been
previously noted in studies of small cohorts of pediatric and
adult patients with genetically confirmed PMD [46-50]. It
was previously not clear if these symptoms were present at
a higher prevalence than in patients with other neurologic or
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Fig. 1. Concomitant depression, anxiety, and sleepiness in patients with fatigue defined by FSS 36+, n=40.

This figure presents the percentage of concomitant levels of depression, anxiety, and sleepiness stratified by level: none-mild, moderate, and severe for the 40
patients with fatigue defined by FSS 36+4. Among patients with abnormal fatigue, 20% have depression (8% moderate and 12% severe), 58% have anxiety
(38% moderate and 20% severe), and 35% have sleepiness (28% moderate and 7% severe). These comorbidity frequencies are comparable to that of the total
study sample (20.8% depression, 58.3% anxiety, and 33.3% sleepiness from Table 4).

chronic diseases [48,51]. The prevalence is clearly higher than
what is seen in the general population [49].

Thus, concomitant depression, anxiety and sleep problems
may be common for patients with PMD and should not
be overlooked — especially as the severity of perceived
fatigue increase. It is not yet clear if the underlying disease
severity or intensity of the fatigue alone is contributing to
these comorbidities or how the symptoms impact each other.
It is likely that these comorbidities are under-recognized
and under-treated in this population. Routine assessments
of these comorbidities are needed with consideration of
further consultation with psychology and sleep medicine when
appropriate.

4.3. The FSS may better quantify mitochondrial fatigue

Bivariate correlations showed significant associations
between fatigue and depression, anxiety, and sleep problems
for most fatigue scales, which is consistent with research in
other populations with chronic illness [52-57]. The exception
was the FSS which was not significantly associated with
anxiety or sleepiness, suggesting that the FSS may more
closely measure non-anxiety/sleep-related fatigue than the
other measures. There is no clear explanation for this lack
of association. If proven accurate and consistent, then the
FSS may provide a more specific assessment of mitochondrial
fatigue though given the modest sample size of this study
further sampling is needed prior to reaching any conclusions.

This paper presents findings related to self-reported fatigue
in a large cohort of patients with genetically confirmed PMD.
No single mitochondrial phenotype was sufficiently to allow
for disease, genotype- or phenotype-specific conclusions to
be reached. While the established measures we used are
commonly utilized to quantify symptoms in patients with

neurologic disease, we do not yet know if they are specific
to mitochondrial disease.

4.4. Limitations

This paper is not without limitations. While small sample
sizes are common in MD research, our relatively small and
heterogeneous sample limits generalizability of these findings.
The study did not have the power to assess differences
in patient- or provider-reported outcomes across individual
disease type. The methodology utilized limited the ability
to collect robust data points. As such, this study should
encourage future research to clarify the prevalence of fatigue
and its relationship with psychological functioning in PMD.
However, this study does add to the existing small body
of literature on this topic and is one of the very few that
include only patients with genetically confirmed MD and uses
multiple measures of fatigue. Our study validates previously
reported findings from the United Kingdom in a distinct
population in the United States [7].

4.5. Conclusion

In summary, perceived fatigue is a significant finding in
patients with PMD, appears to be correlated with disease
severity and severely impacts psychosocial functioning.
Depression, anxiety and sleep disorders are more common
in PMD than those with other chronic diseases but with
rates similar to that seen in MS. The severity of perceived
fatigue correlates with an increased risk of these comorbid
conditions. Routine assessment of fatigue severity and these
comorbidities is needed as addressing these concerns will
likely directly impact the quality of life of PMD patients. As
the FSS may better capture fatigue in PMD, additional testing
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of the FSS with concomitant measures of anxiety, mood and
sleep symptoms is planned. Effective treatments are clearly
needed to decrease the burden of fatigue in this disease.
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Abbreviations

BAI Beck Anxiety Inventory

BDI Beck Depression Inventory
CIS Checklist Inidividual Strength
ESS Epworth Sleep Scale

FIS Fatigue Impact Scale

FM Fibromyalgia

FSS Fatigue Severity Scale

mtDNA  Mitochonrial DNA

MS Multiple Sclerosis
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