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Background: We examined the association between salivary mitochondrial DNA (mtDNA) copy number and
chronic fatigue combined with depression and insomnia.

Methods: This cross-sectional study included 58 healthy adults with moderate to severe fatigue (Brief Fatigue In-
ventory [BFI] >4) for longer than 6 months. Subjects were classified as those without combined symptoms, with ei-
ther depression (Beck Depression Inventory [BDI] >13) or insomnia (Pittsburgh Sleep Quality Index [PSQI] >5), or
with both depression and insomnia. Salivary mtDNA copy number was measured by real-time quantitative poly-
merase chain reaction. The association was evaluated using a general linear model.

Results: About 76% of participants had either depression or insomnia as additional symptoms. These subjects were
predominately female, drank more alcohol, and exercised less than those without combined symptoms (P<0.05).
The group with both depression and insomnia exhibited significantly higher BFI and lower mtDNA copy number
than those without combined symptoms (P<0.05). After adjusting for confounding factors, significant negative as-
sociations between mtDNA copy number and usual fatigue were found in the group without combined symptoms,
whereas the negative associations in the group with combined symptoms were attenuated. BDI and PSQI were not
associated with mtDNA copy number.

Conclusion: Chronic fatigue is negatively associated with salivary mtDNA copy number. Salivary mtDNA copy
number may be a biological marker of fatigue with or without combined symptoms, indicating that a separate ap-
proach is necessary.
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INTRODUCTION

Fatigue is often indicated by feelings of general exhaustion, tiredness,
and reduced energy levels.” People experiencing fatigue are likely to
have additional symptoms, such as mood changes, cognitive deficits,
and sleep disturbances in their daily life.? In the general population,
the prevalence of fatigue and related psychological symptoms is 5.6%.”
Addressing these symptom combinations may improve recovery from
stressful situations,” and differentiating treatment according to the
particular symptom combination is more likely to be successful.? Fur-
thermore, fatigue with additional symptoms has been associated with
a number of chronic diseases, including arthritis, asthma, and ane-
mia.” The annual total health care costs of patients with combined fa-
tigue symptoms was greater than those without combined symptoms
($14,462 versus $9,971).?

Fatigue is a manifestation of decreased efficiency of cellular energy
systems, primarily in the mitochondria.® Mitochondrial dysfunction
or damage results in a decrease of mitochondrial adenosine triphos-
phate (ATP) production rates.” The number of mitochondrial DNA
(mtDNA) copies are indicative of mitochondrial biogenesis and reflect
mitochondrial function.” Decreased mtDNA copy numbers have been
reported in aging, type 2 diabetes, cancer, and neurodegenerative dis-
ease.”)

In previous studies, depleted mtDNA, resulting in mitochondrial
malfunction, has been implicated in neuropsychiatric disease.*” Pe-
ripheral blood mtDNA content (mtDNA/genomicDNA ratio) in a fa-
tigued patient was similar to that of a healthy control.'” In addition,
depressive symptoms in a young patient were not associated with leu-
kocyte mtDNA copy number in blood."” However, leukocyte mtDNA
copy number in blood and clinically stable depressive disorder are
negatively associated.'” Recently, an association between psychologi-
cal adversity, as well as disease, and mtDNA copy number was report-
ed in physically healthy young adults.'" As described above, studies
thus far have yielded discrepant findings. Moreover, the association
between salivary mtDNA copy number and chronic fatigue with addi-
tional symptoms has not been investigated. In non-malignant patients,
mtDNA mutations were more efficiently detected in buccal epithelial
cells than blood samples.'” Salivary samples can be easily, noninva-
sively, and efficiently acquired.'® Therefore, they are suitable DNA
sources for screening or preventive purposes.

Our aim in this study was to examine the association between sali-
vary mtDNA copy number from buccal epithelial cells, and chronic fa-

tigue with or without depression or insomnia.

METHODS

1. Study Subjects

Sixty Korean adults who visited the fatigue clinic of Gangnam Sever-
ance Hospital, Yonsei University College of Medicine with moderate to
severe fatigue for longer than 6 months were recruited between July

and November 2013. All participants were assessed for eligibility using
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the following criteria: age >20 years, Brief Fatigue Inventory-Korean
version (BFI-K) score >4 (moderate to severe fatigue), no pregnancy or
lactation, no medical history of malignancy, and no acute or chronic
severe illness (history of common cold, acute gastroenteritis, uncon-
trolled diabetes, uncontrolled hypertension, liver or renal disease,
gout, or renal calculi). Participants were excluded for oral vitamin sup-
plement intake, abnormal laboratory tests (white blood cell count, he-
moglobin, creatinine, serum glutamic oxaloacetic transaminase, se-
rum glutamic pyruvic transaminase, thyroid stimulating hormone
[TSH]), or urinalysis in the preceding 3 months.

The institutional review board of Gangnam Severance Hospital, Yonsei
University College of Medicine, approved this study, and written in-
formed consent was obtained from each participant (#3-2012-154).
The original clinical trial is registered at ClinicalTrials.gov
(NCT01926132) and was permitted by the Korean Ministry of Food
and Drug Safety (20130091445).

2. Study Variables

We measured height, weight, and blood pressure. Weight (kg) and
height (cm) were measured using standardized scales and stadiome-
ters while wearing light clothing. Body mass index (BMI) was calculat-
ed as body weight divided by the height squared (kg/m?). All physical
measurements were made twice and analyses were performed on av-
eraged values. All participants answered questionnaires about comor-
bidities, medication history, smoking status (never smoked, ex-smok-
er, or current smoker), alcohol intake (never drink, or more than once
per week), physical exercise of at least 30 min/d three times per week,
and coffee consumption (per week).

We measured fatigue using the BFI-K, which consists of nine ques-
tions. Fatigue and its interference with daily living were scored by pa-
tients on a scale from 0 to 10, which ranged from ‘no fatigue’ to ‘fatigue
as bad as you can imagine! The internal consistency of the Korean ver-
sion was very high (Cronbach’s a coefficient=0.96), and validity was
confirmed by factor analysis.'® The BFI-K was evaluated for fatigue
‘now, ‘usual’ fatigue, and ‘worst’ fatigue during the last 24 hours. As-
pects evaluated included general activity, mood, walking ability, nor-
mal work (both outside of the home and daily chores), relationships
with other people, and enjoyment of life.'” Since BFI-K scores for ‘usu-
al’ fatigue are 4.07+2.27 in the general Korean population,” only par-
ticipants with a BFI-K score greater than four were included in the
study. We assessed depression and sleep quality, using a self-evalua-
tion questionnaire. The Beck Depression Inventory (BDI) is one of the
most widely used self-reporting instruments for measuring the severi-
ty of depression. Each symptom is rated on a 4-point intensity scale,
and scores are added to produce a total within the range 0 to 63. The
BDI is useful in screening depression in the general population, as well
as measuring the severity of depression among psychiatric patients.'®
The Pittsburgh Sleep Quality Index (PSQI) is used worldwide to evalu-
ate sleep quality during the previous month. The Korean version of the
PSQI has previously been tested for reliability (Cronbach’s o coeffi-
cient=0.84), sensitivity (0.943), and specificity (0.844)." Depression
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was defined as a total BDI score of more than 13 points, while insom-

nia was defined as more than five points on the PSQL

3. Measurement of Mitochondrial DNA Copy Number

Buccal epithelial cells of all participants were collected from saliva, af-
ter rubbing oral mucosa against teeth. Saliva samples were washed by
centrifuging at 1,200x g for 3 minutes in phosphate-buffered saline.
DNA components were extracted using the Tissue Spin Mini Kit (Nu-
cleogen, Ansan, Korea). The quantity and quality of DNA were mea-
sured with an Epoch spectrophotometer (BioTek, Winooski, VT, USA).
The mtDNA content was measured by a real-time quantitative poly-
merase chain reaction (QPCR) for mitochondrial encoded nicotin-
amide adenine dinucleotide dehydrogenase 1 (MT-ND1), which was
normalized to hemoglobin beta (HBB), encoded by nuclear DNA. Us-
ing the CFX96 Real-time System (Bio-Rad, Singapore, Singapore),
qPCR was performed. The 15-pL reaction mixture contained 10 ng of
template DNA, 1X Thunderbird SYBR qPCR Mix (Toyobo, Osaka, Ja-
pan) and 7.5 pmol of primers. Thermal cycling conditions consisted of
1 cycle at 95°C for 60 seconds, followed by 35 cycles of: 95°C for 5 sec-
onds, 61°C for 10 seconds, and 72°C for 20 seconds. After PCR, a disso-
ciation curve analysis was performed from 61°C to 95°C (in 0.5°C in-
crements) to confirm specific amplification. To assess the efficiency of
all primer pairs, the standard curves were derived from seven serial di-
lutions of reference DNA at 40, 20, 10, 5, 2.5, 1.25, and 0.625 ng, using
the Bio-Rad CFX Manager version 1.6 software (Bio-Rad). Primers for
MT-ND1 were 5-GACCCTACTTCTAACCTCCCTGT-3’ and 5’-TAG-

Table 1. Baseline characteristics of study population
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GAGGTGTATGAGTTGGTCGT-3: HBB primers were 5'-ACCCAAGA-
GTCTTCTCTGTCTCCA-3" and 5-TCTGCCGTTACTGCCCTGTG-3.
We also screened the University of California, Santa Cruz database
(http://genome.ucsc.edu/) to confirm that the primer sequences were
unique without any repeats. The threshold cycle number (Ct) indicates
the fractional Ct, which is automatically determined for each primer.
The ACt represented the relative abundance, calculated as {Ct (ND1)-
Ct (HBB)}. The mtDNA was quantified using the equation: 2x22” All
experiments contained reference DNA and were repeated at least
three times. Each experiment was normalized against serial dilutions

of a control DNA sample.?!

4. Statistical Analysis

To evaluate the relationship between mtDNA copy number and the
characteristics measured using BFI-K, BDI, and PSQI, we compared
these variables according to the tertile distribution of the log-trans-
formed mtDNA copy number. All analyses used a logarithmically
transformed mtDNA copy number.

Clinical characteristics, BFI-K, BDI, PSQI, and mtDNA copy number
for the three groups (1) without combined symptoms, (2) with either
insomnia or depression, and (3) with both insomnia and depression
of fatigue patients were compared by Kruskal-Wallis or chi-squared
test.

To assess the association between mtDNA copy number and fatigue
according to combined symptoms, the percent difference (95% confi-

dence interval) of mtDNA copy number per one point increase in BFI-

CieEaerEE Total Fatligue patient without Combined W.ith insomnia or Combined with poth insomnia and
(n=58) combined symptoms (n=14) depression (n=22) depression (n=22)

Age (y) 41.5+11.3 445+14.3 38.9+9.9 42.1+10.5
Female* 81.0 57.1 95.5 81.8
Body mass index (kg/m? 22.4+31 24.8+3.4 21.4+25 21.9+2.8
Hemoglobin (mg/dL) 13.5+1.5 14.2+1.6 13.0+1.1 13.7+1.6
Thyroid stimulating hormone (IU/L) 2.3+1.2 1.7£0.7 2.6+1.2 2.3+1.4
Coffee intake (times/wk) 7.1+5.6 9.0+6 5.2+4.3 7.7+6.1
Smoking

Ever smoked 121 14.3 16.7 13.6

Never smoked 87.9 85.6 83.3 86.4
Alcohol intake™

Never 51.7 64.3 40.9 54.5

>0nce per week 48.3 35.7 60.1 45.5
Exercise* (times/wk)

<3 50.0 42.9 54.5 50.0

>3 50.0 57.1 455 50.0
Comorbidity*

None 82.8 85.8 91.0 72.8

Hypertension 10.3 7.1 45 18.2

Osteoporosis 34 7.1 0 45

Benign prostate hyperplasia 1.7 0 45 0

Depression’ 17 0 0 45

Values are presented as mean=standard deviation or %.

*P<0.05 between the three groups was evaluated. "By doctor’s diagnosis, but no medication.
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Table 2. Distribution of fatigue, depression, and sleep quality according to study groups
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Variable Total Fat_igue patient without Combined w_ith insomnia or Combined with _both insomnia and
(n=58) combined symptoms (n=14) depression (n=22) depression (n=22)
Brief fatigue inventory
Mean 6.5+1.0 6.2+1.0 6.1+1.0 6.9+0.9
Right now* 6.8+1.4 6.2+1.2 6.6+1.6 7.4+13
Usual fatigue™ 6.8+1.5 6.0+1.0 6.8+1.6 7415
Worst fatigue* 8.1+1.3 7.0+1.2 8.0+1.4 8.8+0.9
General activity 6.4+1.4 6.2+1.4 6.2+1.4 6.9+1.5
Mood 6.4+1.7 6.3+1.4 6.0+1.6 6.8+1.9
Normal work 6.9+1.5 6.9+1.4 71+1.2 6.8+1.8
Relations to others 6.1+£1.8 57+2.1 5.8+1.3 6.8+2.0
Walking ability 5.2+2.4 5.5+2.2 4.8+2.3 5.5+2.5
Enjoyment of life 54425 55+2.0 5.0+2.1 5.6+3.1
Beck depression inventory*! (mean) 15.4+6.8 9.3+4.3 15.8+6.5 19.0+5.9
Pittsburgh sleep quality index** (mean) 6.2+2.3 4.6+2.2 5719 7719

Values are presented as mean=standard deviation.

*P-value <0.05 between group without combined symptom and group with both insomnia and depression. 'P-value <0.05 between group without combined symptom and
group with one of the combined symptoms. *P-value <0.05 between group with one of the combined symptoms and with both insomnia and depression.
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Figure 1. Comparison of mtDNA copy number in chronic fatigue patients with
different combinations of symptoms.

K, BD]J, or PSQI was calculated using a general linear model. The per-
cent difference of mtDNA copy number was calculated by multiplying
the value of (exponentiated {8 coefficient-1) by 100. Age, sex, BMI,
smoking status, alcohol intake, physical exercise, and comorbidities
were adjusted.

All analyses were performed using IBM PASW Statistics ver. 21.0
software (IBM Corp., Armonk, NY, USA), and a P-value less than 0.05

was considered statistically significant.

RESULTS

After excluding two participants with uncontrolled anemia and corti-
costeroid usage, 58 subjects were analyzed in total. All subjects had
moderate to severe fatigue, but did not receive any treatment for de-

pression or insomnia.

Characteristics of study subjects, including BFI-K, BDI, and PSQI of
individuals grouped into tertiles of log-transformed mtDNA copy
number, are shown in Supplementary table 1. The lowest tertile had a
higher BFI-K score than the other groups, but with no significant dif-
ference, except in walking ability (P=0.04). The BDI, PSQI, and clinical
characteristics did not differ between the tertile groups.

Table 1 shows the characteristics of the study subjects. About 76% of
participants had depression or insomnia as an additional symptom.
Up to 38% of participants had both insomnia and depression. Fatigue
patients with multiple symptoms were predominately female and had
a higher alcohol intake per week than those without multiple symp-
toms. Less frequent exercise in fatigue patients with multiple symp-
toms was also observed. The study population consisted of relatively
healthy subjects. A few subjects had a non-serious illness such as hy-
pertension, osteoporosis, or benign prostate hyperplasia. One subject
had a depressive disorder by doctor’s diagnosis, but was not receiving
any medication. No difference was observed between the three groups
with regard to BMI, hemoglobin, TSH, coffee intake, or smoking hab-
its.

The distribution of BFI-K, BDI, and PSQI according to the combina-
tion of symptoms is shown in Table 2. Fatigue patients with both de-
pression and insomnia had a higher overall fatigue score. In particular,
they showed significantly higher levels of fatigue ‘now, ‘usual’ fatigue,
and ‘worst’ fatigue during the last 24 hours than patients without com-
bined symptoms.

Figure 1 shows the variation in salivary mtDNA copy number in fa-
tigue patients depending on the combination of symptoms. Fatigue
patients with both insomnia and depression had a lower copy number
of mtDNA than those without combined symptoms (P<0.05).

The relationship between mtDNA copy number and BFI-K, BDI,
and PSQI is shown in Table 3. After adjusting for age and sex, a nega-
tive association was found between mtDNA copy number and BFI-K,

BDJ, and PSQI. However, the negative association was not significant.

https://doi.org/10.4082/kjfm.2017.38.4.206
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-44.11010.1)
-36.9106.2)
37.4101.4)

1.7 (-36.4 10 62.6)
0.1(-32.71t048.9)
14.6 (-34.2 10 97.4)

-30.41019.8)
10.8103.2)
7.21041.6)

42 (-391013.0)
2.2 (-23.310 24.7)

-21.6

424 (-74.71031.3)

46 (-25.510 22.1)
5.7 (:21.310 13.0)

-11.0 (-24.6 10 5.1)

Mean

-18.2
-20.3

-18.9 (-63.6 10 80.9)
-52.6 (-65.0 0 -35.9)*
-24.3 (-76.7 10 46.7)

Right now

Usual fatigue at last 24 h

Worst fatigue
Beck depression inventory (mean)

-8.7

5.8 (-22.3 10 14.1)

0.8 (-43102.9)
2.9(-12.8108.2)

Values are presented as percent difference (95% confidence interval).

-4.0

43(-11.11022.3)
2.7 (-24.7 10 40.2)

14.6

Pittsburgh sleep quality index (mean)

*B coefficients (95% confidence interval) for log-transformed mtDNA copy number per one point increase in Brief Fatigue Inventory, Beck Depression Inventory, and Pittsburgh Sleep Quality Index were calculated by general linear
model. Then, percent difference of mtDNA copy number was calculated by multiplying 100 to the value of (exponentiated B coefficient—1). TAdjusted by age, sex, body mass index, smoking status, alcohol intake, exercise, and

comorbidity. *P<0.05.
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Moreover, the association between fatigue, depression, and sleep
quality, and mtDNA copy number disappeared in the combined
symptoms group. After adjusting for age, sex, BMI, smoking status, al-
cohol intake, physical exercise, and comorbidities, fatigue patients
without combined symptoms displayed significant negative associa-
tions between mtDNA copy number and usual fatigue within the pre-
ceding 24 hours. The negative association in fatigue patients with de-
pression or insomnia was attenuated. BDI and PSQI in fatigue patients
with insomnia and/or depression had no consistent associations with

mtDNA copy number.

DISCUSSION

In this study, a negative association between salivary mtDNA copy
number and ‘usual’ fatigue during the preceding 24 hours was ob-
served in chronic fatigue patients without combined symptoms, al-
though subjects with combined symptoms had a higher BFI score and
lower mtDNA copy number. In other words, the negative association
between mtDNA copy number and BFI was attenuated in patients
with combined symptoms.

Mitochondrial dysfunction has been investigated as a potential con-
tributor to fatigue.?” The association between mitochondrial biogene-
sis and fatigue could be explained by reactive oxygen species, as mito-
chondrial components are known to be susceptible to damage by
them.” However, based on measurements of mtDNA content, litera-
ture reviews have observed inconsistent associations between mito-
chondrial dysfunction and fatigue.?? As an example, the peripheral
blood mtDNA content (mtDNA/genomicDNA ratio) in a fatigued pa-
tient was similar to that of a healthy control.'” However, in this study,
the negative association between salivary mtDNA copy number and
usual fatigue level in chronic fatigue patients was confirmed with a sal-
ivary sample.

This result has to be interpreted carefully, because the negative as-
sociation between fatigue and mtDNA copy number is attenuated in
fatigue patients with combined symptoms. In fact, a net positive asso-
ciation was observed in fatigue patients with combined symptoms, al-
though it was not statistically significant, because of positive or null as-
sociations between BDI or PSQI, and BFI-K. Additionally, fatigue pa-
tients with both insomnia and depression had a lower mtDNA copy
number than those without combined symptoms. A suggested expla-
nation is that the fatigue scores of the patients with both insomnia and
depression were higher than the scores of other groups.

The associations between fatigue and mtDNA copy number can be
explained by neurotransmitter pathways.?” Depression is affected by
various neuronal circuits,” but is primarily regulated by the serotoner-
gic system (5-hydroxytryptamine, 5-HT). Insomnia is caused by dys-
regulation of the sleep center, which also involves serotonin recep-
tors.?” Fatigue is mediated by the limbic cortex and locus coeruleus,
part of the reticular activating system that controls attention and con-

24)

centration,”” and normal fatigue is confirmed to have a positive asso-

ciation with serotonin receptor 2A.2° However, if the 5-HT receptor is
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downregulated for a prolonged period, receptor numbers and affinity
are consequently reduced, as has been confirmed using a specific ra-
dio-ligand and positron emission tomography.?” Consistent with this
suggestion, the serotonergic effect in chronic fatigue patients without
depression is the opposite of that observed in neuroendocrine studies
of patients with major depression.” Therefore, the level of serotoner-
gic receptors in chronic fatigue would be decreased with combined
symptoms, via adaptive neurobiological changes.”” The serotonergic
system affects peroxisome proliferator-activated receptor-y coac-
tivator-1o. (PGC-1a), the master regulator of mitochondrial biogene-
sis.2%) A 5-HT receptor agonist consequently affects PGC-1¢. levels,
mitochondrial protein ATP synthase 3 expression, and mtDNA copy
number.** Therefore, in chronic fatigue patients with both depres-
sion and insomnia, although they have a higher fatigue level, the in-
verse associations between mtDNA copy number and BFIs can be at-
tenuated, due to up-regulation of the 5-HT receptor from depressive
mood or sleep disturbance. Therefore, the association between mtD-
NA copy number and chronic fatigue may be different depending on
the symptom combination. This finding aids understanding of incon-
sistent associations between mitochondrial dysfunction and fatigue.
In Chang et al.,'” patients with major depressive disorders had de-
creased leukocyte mtDNA copy numbers compared to control sub-
jects, and an increase in oxidative damage of mtDNA. These findings
are inconsistent with our study, which showed that depressive symp-
toms did not produce any significant association between mtDNA
copy number and BDI. This discrepancy can be explained by the fact
that reduced mtDNA copy number in major depressive disorders, but
not depressive mood, may be a product of downregulation by reactive
oxygen species, if exposure is prolonged.?

Since chronic fatigue is likely not a single illness with a unique etiol-
ogy, but rather a heterogeneous spectrum of illnesses, developing tar-
geted treatments will require distinctions between subtypes and a cus-
tomized approach.* Trying to identify biomarkers of chronic fatigue
may be helpful; however, until recently, the biomarkers related to po-
tential etiologies, such as mitochondrial dysfunction, were ambigu-
ous.* A major aim of this study is to suggest characteristic biological
features of chronic fatigue types, depending on symptom combina-
tion. In particular, salivary mtDNA copy number could be considered
as a biological marker of fatigue with/without combined symptoms in
screening or pre-clinical settings.

Our study has some limitations. Firstly, as this was a cross-sectional
study, it was not possible to establish the exact pathophysiology link-
ing mtDNA copy number, chronic fatigue, and combined symptoms.
Secondly, we did not measure mtDNA copy number of controls with-
out fatigue symptoms, 5-HT receptor binding affinity, or oxidative
damage of mtDNA to explain the pathogenesis of decreased mtDNA
copy number in our fatigued subjects. This study presents intriguing
results, and further research is needed to fully understand the associa-
tion between mtDNA and fatigue, and for generalizability or cut-off
value. Thirdly, the participant was generally healthy. Therefore, it must

be careful when these results were expanded to people with chronic

www.kjfm.or.kr 211

illness or who were taking medication. Further study is needed to
evaluate the association in the context of comorbidities, smoking, or
alcohol intake. Lastly, because chronic fatigue likely originates from
various etiologies, the questionnaire was limited in its ability to prove
the associations between subjective symptoms and biological mea-
surements. Furthermore, although many biological studies in chronic
fatigue have been conducted, it is difficult to find correlations between
biological markers and subjective self-reported symptoms. Nonethe-
less, improvements in the understanding of chronic fatigue, including
these combined symptoms, could provide more objective support for
diagnosis and choice of therapy.

In conclusion, chronic fatigue is negatively associated with salivary
mtDNA copy number. The negative association between mtDNA copy
number and chronic fatigue in patients without comorbid depression
and insomnia was sustained; however, the negative association of
chronic fatigue with mtDNA copy number in those with comorbid de-
pression and insomnia was attenuated. Considering the relationship
between copy number and chronic fatigue, salivary mtDNA may have
arole as a diagnostic biological marker for an individualized approach
to treating this life-altering disease.
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