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A B S T R A C T   

Background: Central nervous system dysfunction has been postulated to cause debilitating symptoms in patients 
with myalgic encephalomyelitis (ME) (originally called “chronic fatigue syndrome”). Repetitive transcranial 
magnetic stimulation (rTMS) is a newly developed neuromodulatory procedure and has been suggested to 
facilitate the cortical neural activity. 
Methods: This study enrolled 30 patients with ME (7 men and 23 women) with a mean age of 39 ± 12 years, who 
received rTMS treatment of both the left dorsolateral prefrontal cortex and the left primary motor area in the 
brain. The performance status score (0− 9) for restricting activities of daily living, orthostatic intolerance (OI) 
during a 10-min standing test, neurologic disequilibrium diagnosed as unstable standing with their feet together 
and eyes closed, neuropathic pain or fibromyalgia, and muscle weakness were compared before and after 
treatment. 
Results: After therapy, favorable effects were observed with a decrease in performance status score or index for 
restriction of activities of daily living of ≥ 2 points in 20 patients (67%). OI with the inability to complete the 10- 
min standing test was resolved in 10 (83%) out of 12 patients, and disequilibrium was resolved in 15 (88%) out 
of 17 patients. Neuropathic pain or fibromyalgia was attenuated in seven (70%) out of 10 patients. Muscle 
weakness with grip power of < 10 kg was resolved in two (50%) out of four patients. No untoward effects were 
encountered in all the study patients. 
Conclusion: The treatment with rTMS is effective in alleviating various symptoms, especially OI and disequilib-
rium, and in improving the activities of daily living in patients with ME.   

1. Introduction 

Myalgic encephalomyelitis (ME) which was originally called 
“chronic fatigue syndrome (CFS)” is characterized by severe disabling 
fatigue, prolonging post-exertional malaise, and unrefreshing sleep 
(Fukuda et al., 1994; Afari and Buchwald, 2003; Carruthers et al., 2011). 
The dysfunction of central nervous system associated with ME markedly 
reduces activities of daily living and impairs quality of life through 
debilitating symptoms in the patients (Carruthers et al., 2011). 

Recently the dorsolateral prefrontal cortex (DLPFC) has been iden-
tified as the affected region in the brain of ME/CFS patients resulting in 
functional and structural abnormalities, and the region seems to be an 
important part of the neural network involved in the generation of their 
symptoms (Ichise et al., 1992; Tirelli et al., 1998; Kuratsune et al., 2002; 

Okada et al., 2004). Repetitive transcranial magnetic stimulation (rTMS) 
is a newly developed neuromodulatory procedure and is being studied as 
a treatment for a wide variety of neurological as well as psychiatric 
disorders, such as stroke and depression (Ludemann-Podubecka et al., 
2015; Silverstein et al., 2015). A recent pilot study by Kakuda et al. 
(Kakuda et al., 2016) has revealed that symptoms with general fatigue 
were subjectively alleviated in patients with CFS after rTMS treatment 
applied over the DLPFC, although only a few patients were included. 
According to recent reports, rTMS of the primary motor cortex (M1) can 
have pain-relieving effects in patients with neuropathic pain or fibro-
myalgia (Lefaucheur et al., 2008; Villamar et al., 2013; Seavedra et al., 
2014; Khedr et al., 2017) which is often co-morbid with ME/CFS (Sha-
fran, 1991; Fukuda et al., 1994; Afari and Buchwald, 2003; Carruthers 
et al., 2011). In addition, a growing amount of evidence indicated that 
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the left prefrontal cortex is involved in pain modulation (Graff-Guerrero 
et al., 2005; Fierro et al., 2011). 

In the present study, we tried to clarify the possible therapeutic ef-
fects of high-frequency rTMS applied over both the DLPFC and M1 in 
patients with ME. Specifically, the therapeutic effects of rTMS on the 
restricted activities of daily living, orthostatic intolerance (OI) during a 
conventional active 10-min standing test, neurologic disequilibrium, co- 
morbid neuropathic pain or fibromyalgia, and muscle weakness were 
evaluated. 

2. Materials and Methods 

2.1. Study patients 

Consecutive patients who visited our clinic, diagnosed with ME, and 
gave informed consent to participate, were included in the present study 
from May in 2015 up to March in 2021. ME was diagnosed according to 
the International Consensus Criteria (Carruthers et al., 2011). Briefly, 
symptoms related to neuroimmune exhaustion, such as marked, rapid 
physical and/or cognitive fatigability in response to exertion, prolonged 
recovery period and low threshold of physical and mental fatigability, 
were compulsory for the diagnosis of ME. In addition, at least one 
symptom from 3 of the 4 symptom categories related to neurological 
impairments, including neurocognitive impairments, pain, sleep 
disturbance and neurosensory, perceptual and motor disturbances, and 
at least one symptom from 3 of the 5 symptom categories related to 
immune, gastro-intestinal and genitourinary impairments, including 
recurrent or chronic flu-like symptoms, susceptibility to viral infections, 
gastro-intestinal tract symptoms, genitourinary symptoms and sensi-
tivities to food, medications, odors or chemicals, were required. Also at 
least one symptom of the symptoms related to Impaired energy metab-
olism/ion transportation, including cardiovascular symptoms such as 
OI, respiratory symptoms, loss of thermostatic stability and intolerance 
of extremes of temperature, was required. 

Patients with significant, co-morbid disease unrelated to ME were 
excluded from this study. Also, pregnant or lactating women were not 
included in this study. Of the 30 study patients, seven were men and 23 
women with a mean age of 39 ± 12 years (range, 13 – 61 years). 
Ongoing medications including nutritional supplements and multi- 
enzyme tablets were not discontinued throughout the study, although 
both β adrenergic receptor blocking agents and vasopressors were dis-
continued before the study. All the study patients gave informed con-
sent, and the study was approved by the Ethics Committee of our 
institute (approval#: 47) and was conducted according to the Declara-
tion of Helsinki (World Medical Association, 2013). 

To establish an initial performance baseline and the possible thera-
peutic effects of our treatment, we used a performance status (PS) 
scoring for restricted activities of daily living and also the following tests 
for individual symptom evaluation: a conventional active 10-min 
standing test, neurologic testing for disequilibrium, and the digital 
palpation for 18 specified tender points proposed by the ACR 2010 
(Wolfe et al., 1990), and grip power estimation. All patients underwent 
testing before and in the first week after the last rTMS session. 

2.2. Performance status (PS) grading 

The information concerning the activities of daily living was ob-
tained from each patient and verified by the attendant physician. PS was 
graded as Table 1, according to symptom severity as reported previously 
(Miwa, 2016). 

2.3. Conventional active 10-min standing test 

The conventional active 10-min standing test was performed as re-
ported previously (Miwa, 2016; Miwa and Fujita, 2011). Postural 
orthostatic tachycardia was diagnosed as an increase in the heart rate of 

≥ 30/min and/or ≥ 120 beats/min during the test. Instantaneous or 
delayed orthostatic hypotension was diagnosed as a decrease in the 
systolic blood pressure of ≥ 20 mm Hg and/or a systolic blood pressure 
of ≤ 90 mm Hg or a decrease in the diastolic blood pressure of ≥ 10 mm 
Hg. 

2.4. Neurologic examination for disequilibrium 

In order to diagnose disequilibrium, the study patients were asked to 
stand with their feet together and eyes closed (Miwa and Inoue, 2017; 
Miwa and Inoue, 2018; Miwa and Inoue, 2020). When the patient 
exhibited unstable standing with wide oscillations and the possibility of 
falling, disequilibrium was diagnosed as positive. 

2.5. Tender points examination 

The number of the tender points on digital palpation for 18 specified 
tender points proposed by the ACR in 1990 (Wolfe et al., 1990) was 
determined in all the study patients including those who had chronic 
neuropathic pain or fibromyalgia. 

2.6. Delivering rTMS based on patterns of theta burst stimulation 

The high-frequency rTMS was delivered using a MagstimRapid 2 
(Miyuki Giken, Tokyo, Japan) equipped with a figure-of-8 stimulating 
coil. The patterns of rTMS all consisted of bursts containing three pulses 
at 50 Hz and an intensity of 80% of the active motor threshold repeated 
at 200-ms intervals (5 Hz). In the intermittent theta burst stimulation 
pattern (iTBS), a 2-s train of TBS is repeated every 10 s for a total of 190 s 
(600 pulses) (Huang et al., 2005). The Burst Stimulator (Medical Try 
System, Tokyo, Japan), a magnetic stimulation control software, was 
employed for the delivery of TBS. Both the DLPFC and M1 of the left 
hemisphere were selected as the target areas for iTBS, irrespective of the 
patient’s right or left handedness. To determine the location of left 
DLPFC, MRI-guided neuronavigation was employed (Ahdab et al., 2010; 
Mir-Moghtadaei et al., 2015). The optimal stimulus site of M1, motor hot 
spot, was determined according to visual detection of muscle twitches of 
the first dorsal interosseous muscle of the contralateral or right upper 
limb, and a resting motor threshold was defined as the minimal intensity 
necessary to induce at least one visible muscle twitch. The stimulating 
coil was placed on the left DLPFC first and then the left M1. The intensity 
of stimulation was initially planned to set at 80% of the measured resting 
motor threshold. The intensity was lessened depending on the patient’s 
tolerance. During iTBS application, the patient was asked to be seated 
while leaning against a 45-degree reclining chair, with the back of the 

Table 1 
Performance Status (PS) Grading.  

PS 
0: 

The patient can perform the usual activities of daily living and social 
activities without malaise. 

PS 
1: 

The patient often feels fatigue. 

PS 
2: 

The patient often needs to rest because of general malaise or fatigue. 

PS 
3: 

The patient cannot work or perform usual activities for a few days in a month. 

PS 
4: 

The patient cannot work or perform usual activities for a few days in a week. 

PS 
5: 

The patient cannot work or perform usual activities but can perform light 
work. 

PS 
6: 

The patient needs daily rest but can perform light work on a “good day”. 

PS 
7: 

The patient can take care of himself/herself but cannot perform usual duties. 

PS 
8: 

The patient needs help to take care of himself/herself. 

PS 
9: 

The patient needs to rest the whole day and cannot take care of himself/ 
herself without help.  
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head in close contact with the head–holding cushion. All patients were 
monitored carefully throughout the rTMS session by the physician 
applying rTMS. All patients underwent rTMS treatment, including 10 
sessions for DLPFC and M1 each over 2 weeks of hospitalization at the 
Department of Neurology, Toyama Prefectural Rehabilitation Hospital 
& Support Center for Children with Disabilities, Toyama, Japan. 

2.7. Statistical analysis 

Continuous variables are presented as mean ± standard deviation. 
The Student t-test was used to compare continuous variables. Propor-
tional data were analyzed using the Fisher’s exact test with Yates’ 
correction. Mann− Whitney’s U test was used to compare median PS 
scores between the study patients with and without favorable effects 
from rTMS treatment. Wilcoxon signed-rank test was used to compare 
both median values of PS scores and numbers of tender points between 
the study patients before and after treatment. Statistical significance was 
set at p < 0.05. 

3. Results 

The clinical features and therapeutic effects of the treatment with 
rTBS in the study patients are summarized in Table 2. The intensity of 
stimulation was lowered due to patients’ complaints of uncomfort-
ableness, headache, and dizziness. Eventually the intensity needed to be 
set at below 60% of the measured resting motor threshold in 7 patients. 
No patient suffered subsequent adverse effects from the rTMS 
procedure. 

3.1. Performance status (PS) scoring 

Among the study 30 patients, 20 (67%) had a PS score or index for 
restricted activities of daily living that decreased by at least 2 points, 
which was counted as the favorable therapeutic effect of rTMS, whereas 
the PS score of the remaining 10 (33%) patients was essentially 

unchanged (Table 2). Comparative data between patients with and 
without favorable therapeutic effects by rTMS are presented in Table 3. 
Neither the gender and age distribution nor disease duration was not 
significantly different between the patients with and without favorable 
therapeutic effects. Also, the PS scores at baseline were not significantly 
different between those with and without favorable effects. The rates of 
favorable effects for OI evaluated using the active 10-min standing test, 
disequilibrium, neuropathic pain or fibromyalgia and muscle weakness 
are shown in Fig. 1. 

Table 2 
Clinical characteristics and effects of rTMS on the 30 study patients with ME.  

Patient Age/Sex History Handedness Intensity Disequilibrium Standing test PS score Tender points Grip power (kg) 

#  (years) (Left or Right) (%) before after before after before after before after before after 
1 53/F 1 R 60 þ → ¡ 8′30″ → C 8 → 4 0 → 0 R5L22→R22L22 
2 24/F 3.5 L 70 þ → ¡ 5′ → C 6 → 2 6 → 0  
3 45/F 14 R 60 ¡ → ¡ C → C 7 → 3 0 → 0  
4 46/M 11 L 68 ¡ → ¡ C → C 8 → 5 12→ 10  
5 49/M 0.8 R 61 þ → ¡ C → C 6 → 3 0 → 0  
6 34/F 3 R 80 þ → ¡ 8′40″ → C,POT 6 → 3 18→ 10  
7 32/F 1.0 R 60 þ → ¡ C → C,POT 4 → 1 4→ 0  
8 30/M 0.7 R 72 þ → ¡ C → C 4 → 1 0→ 0  
9 50/M 0.8 R 62 ¡ → ¡ C → C 3 → 0 0→ 0  
10 46/F 12 R 60 þ → ¡ 7′30″ → 7′ 8 → 6 4→ 2 R7L7→R18L16 
11 44/F 1.7 L 65 þ → ¡ C,OH → C,OH 8 → 6 18→ 14  
12 45/F 12 R 40 þ → ¡ 5′30″ → C 7 → 5 0→ 0  
13 32/F 0.7 R 65 ¡ → ¡ C → C 7 → 5 0→ 0  
14 61/F 12 R 70 þ → ¡ 9′ → C 7 → 5 0→ 0  
15 51/F 6.0 R 65 þ → ¡ C → C 7 → 5 16 → 12  
16 30/F 15 R 60 þ → ¡ 8′ → C 7 → 5 2→ 0  
17 25/F 2.5 R 60 þ → ¡ 9′30″,POT→ C,POT 6 → 4 10 → 2  
18 32/F 7 R 50 þ → ¡ 5′ → C 6 → 4 18 → 12  
19 18/F 1.7 R 60 ¡ → ¡ 7′,POT → C 4 → 2 0 → 0  
20 50/M 3.3 R 75 þ → ¡ 15″ → C 3 → 1 18→ 0  
21 49/M 9.0 R 55 ¡ → ¡ C,POT → C, POT 8 → 7 0 → 0  
22 28/F 5.0 R 32 ¡ → ¡ C → C 7 → 6 4 → 6  
23 49/F 21 R 45 ¡ → ¡ C → C 6 → 5 2 → 0  
24 13/F 0.7 R 65 ¡ → ¡ C,POT→ C,POT 4 → 3 0 → 0  
25 46/F 2.0 R 70 þ → þ C → C 8 → 8 16→ 18  
26 19/F 1.4 R 55 þ → þ 15 ” → 20″ 8 → 8 18→ 18 R5L5→R5L5 
27 25/F 16 R 37 ¡ → ¡ C → C 7 → 7 2→ 2 R6L11→R7L12 
28 51/F 0.7 R 65 ¡ → ¡ C → C 7 → 7 0→ 0  
29 48/M 24 R 60 ¡ → ¡ C → C 7 → 7 4→ 4  
30 49/F 2.5 R 70 ¡ → ¡ C → C 6 → 6 0→ 0   

Table 3 
Comparison of the clinical data between the study patients with ME with and 
without therapeutic favorable effects after rTMS treatment.   

Patients with 
favorable effects 

Patients without 
favorable effects 

P 
value 

Number of patients 20 (67%) 10 (33%)  
Female 15 (75%) 8 (80%) 1.00 
Age (years) 40 ± 12 38 ± 15 0.66 
< 30 3(15%) 4 (40%) 0.18 
≥ 40 11 (55%) 6 (60%) 1.00 
Disease duration 

(years) 
5.5 ± 5.1 8.2 ± 8.9 0.29 

Performance status 
score 

3 ¡ 8 4 ¡ 8  

Median score 6.5 7 NS 
≥ 7 10 (50%) 7 (70%) 0.44 
≤ 5 5 (25%) 1 (10%) 0.63 
Failed to stand for 10 

min 
11 (55%) 1 (10%) 0.02 

Disequilibrium 15 (75%) 2 (20%) 0.01 
Tender points ≥ 6 8 (40%) 2 (20%) 0.42 
Stimulation intensity 

< 0.6MT 
2 (10%) 5 (50%) 0.03 

ME: myalgic encephalomyelitis; Disequilibrium: instability upon standing with 
feet together and eyes closed; MT: measured resting motor threshold; Values are 
presented as mean ± standard deviation 
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3.2. Active 10-min standing test 

Among the study 30 patients, 12 (40%) had OI demonstrated as the 
failure of completion of the 10-min standing test before therapy. Of the 
12 patients, disequilibrium was positive in 11 (92%). After therapy, 10 
(83%) of the 12 could complete the test (Fig. 1). All 10 patients had been 
classified as being with favorable therapeutic effects by rTMS evaluated 
by PS score changes, while 2 patients who failed to complete the 10-min 
standing still after treatment had been classified as being without 
favorable effects by PS score changes. Prevalence of postural orthostatic 
tachycardia or orthostatic hypotension appeared not to be different 
between the standing tests before and after treatment. Both heart rate 
and blood pressure at rest and at maximal heart rate, and also increase in 
heart rate, during the 10-min standing test, were not significantly 
different between the tests before and after treatment (Table 4). 

3.3. Disequilibrium 

Among the 30 patients, 17 (57%) had disequilibrium before treat-
ment. In 11 (65%) of these 17 patients, OI was demonstrated as the 
failure to complete the 10-min standing, whereas among the other 13 
patients without disequilibrium, only one (8%) had OI. Among the 17 

patients with disequilibrium, disequilibrium was resolved in 15 (88%) 
patients after treatment (Fig. 1). All the 15 patients had been classified 
as receiving beneficial effects from rTMS based upon PS score changes, 
while 2 patients who had disequilibrium did not benefit from rTMS 
treatment (Table 2). Notably, in all of the 10 patients who failed to 
complete the 10-min standing test before therapy but completed it after 
treatment, disequilibrium was resolved after treatment (Table 2). 
Typical Romberg tests before and after the treatment with rTMS in pa-
tient #6 are shown in the supplementary files. 

3.4. Neuropathic pain or fibromyalgia 

According to the ACR 1990 diagnostic criteria (Wolfe et al., 1990), 
eight patients were diagnosed with fibromyalgia (tender points ≥11), 
and the other two patients had neuropathic pain (tender points: 6–10). 
Among combined these 10 patients, the number of tender points 
remarkably (≥4) decreased in seven (70%), including five with fibro-
myalgia and two with neuropathic pain (Table 2 and Fig. 1). 

3.5. Muscle weakness or lessened muscle power 

Low grip power of < 10 kg was observed in either hand in four of the 
patients. Among them, the low grip power increased to > 10 kg after the 
treatment with rTMS in two (50%) (Table 2 and Fig. 1). 

3.6. Summary of amelioration of symptoms after treatment with rTMS 

Both median values of PS scores and numbers of tender points were 
significantly lower in the study patients after treatment as compared 
with before (Table 5). Both orthostatic intolerance and disequilibrium 
were significantly less prevalent in the study patients after treatment as 
compared with before. 

4. Discussion 

The present study clearly demonstrated that treatment with rTMS is 
useful in alleviating various symptoms of ME. This treatment was found 
to improve symptoms in patients with ME regardless of baseline severity 

Fig. 1. Comparative rates of the favorable effects for various specific symptoms in the study patients with ME. Black portions show patients with favorable effects for 
each specific symptom after rTMS. PS: performance status; See text for details. 

Table 4 
Comparison in hemodynamic changes during the 10-min standing tests before 
and after the treatment with rTMS.   

At rest at maximal HR 
during the standing 
test 

Difference between 
at rest and at 
maximal HR  

HR BP HR BP ΔHR ΔBP 
Before 

rTMS 
66 
± 8 

110 ± 10/ 
66 ± 8 

89 
± 16 

111 ± 10/ 
78 ± 9 

23 
± 11 

0.3 ± 7/ 
11 ± 7 

After 
rTMS 

67 
± 11 

110 ± 12/ 
68 ± 8 

88 
± 15 

111 ± 11/ 
77 ± 8 

21 
± 10 

0.8 
± 10/9 
± 6 

P value 0.59 0.84/0.43 0.84 0.86/0.42 0.24 0.75/ 
0.09 

rTMS: repetitive transcranial magnetic stimulation; HR: heart rate (beats/min); 
BP: systolic/diastolic blood pressure (mmHg) 
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of fatigue symptoms, similarly to the previous report (Yang et al., 2020). 
The favorable effects induced by rTMS on various specific symptoms of 
ME, including impaired activities of daily living, as measured by PS 
scores, OI during the 10-min standing test, disequilibrium, neuropathic 
pain, and muscle weakness in patients with ME, have not been reported 
previously. 

4.1. The primary favorable effects by rTMS 

The conventional active 10-min standing test and neurologic exam-
ination revealed that most patients with ME who could not stand for 
10 min had disequilibrium demonstrated as evidenced by their inability 
to stand stably with their feet together and eyes closed. In addition, most 
of the patients with ME with accompanying disequilibrium failed to 
complete the 10-min standing test, whereas failure to complete the test 
was extremely rare in ME patients who did not exhibit disequilibrium, 
suggesting the etiologic role of disequilibrium or truncal ataxia for OI, 
which confirmed our previous results (Miwa and Inoue, 2017; Miwa and 
Inoue, 2018; Miwa and Inoue, 2020). Moreover, patients whose 
disequilibrium was alleviated after rTMS could complete the 10-min 
standing test after treatment, demonstrating the improvement of OI, 
which suggests that postural stability is essential in maintaining an erect 
position. The dysfunction of postural reflex or disequilibrium appears to 
play an important role in the etiology of OI. OI appeared to be caused 
mainly by neurologic abnormalities in the central nervous system in 
most patients with ME rather than be of cardiovascular origin. OI is a 
primary factor in restricting daily functional capacity (Costigan et al., 
2010). It has been reported that patients with disequilibrium had higher 
PS scores than those without it, suggesting more severely restricted ac-
tivities of daily living (Miwa and Inoue, 2018; Miwa and Inoue, 2020). 
Patients with disequilibrium possibly require an increased effort to 
maintain an orthostatic position, resulting in an exaggerated sympa-
thetic activation, which leads to severe fatigue or exhaustion. 

4.2. Putative pathogenesis of disequilibrium in ME 

The exact cause of the observed disequilibrium in patients with ME 
remains unknown. It appears to be of central vestibular origin, which is 
consistent with the previously revealed results of vestibular function 
tests in patients with CFS (Furman, 1991; Ash-Bernal et al., 1995), 
although other mechanisms except central vestibular origin cannot be 
excluded. The pathogenesis of the observed neurologic defect of 
disequilibrium is probably caused by neural inflammation in the brain 
(Nakatomi et al., 2014). 

Not much is known about the cortical organization of human 
vestibular information processing. rTMS to the DLPFC and M1 may have 
facilitated the recovery of central vestibular function by enhancing the 
activity of neural network including the known vestibular function 

center located in the brain stem. The vestibular system supplies us with 
information about head translation, rotation, and orientation in a 
gravitational environment (Raiser et al., 2020). The corticovestibular 
network has been reported to be distributed throughout the brain and 
has a high-degree functional connectivity that may buffer the network 
and reestablish network integrity quickly in case of injury (Raiser et al., 
2020; Brandt et al., 1997; Brandt and Dieterich, 2017). Disorders or 
lesions of central or cortical vestibular regions rarely cause vestibular 
deficits in the acute phase, and symptoms never persist in patients 
probably because of a highly robust redundant vestibular cortical 
network. In ME, evidence of widespread metabolic abnormalities in the 
brain has been reported (Mueller et al., 2019) and nerve inflammation 
encompasses almost the entire central nervous system (Nakatomi et al., 
2014), both of which are probably why disequilibrium in association 
with central vestibular dysfunction develops and persists in many pa-
tients with ME. The DLPFC and/or M1 appears to be important modu-
lators for this neural network. 

4.3. Putative favorable effects through neural activation of DLPFC by 
rTMS 

The mechanism by which treatment with rTMS to DLPFC effectively 
ameliorates various symptoms of ME should be elucidated. Dysfunction 
and inactivation of DLPFC has been suggested as an important part of 
the network for fatigue sensation as well as broad brain function in 
patients with ME/CFS (Kuratsune et al., 2002). 

The voxel-based morphometry of Okada et al. (Okada et al., 2004) 
using magnetic resonance imaging revealed that patients with CFS had 
reduced gray matter volume in the bilateral prefrontal cortex, especially 
DLPFC, suggesting that the DLPFC might be an important element of the 
neural system that regulates the sensation of fatigue. A single site in the 
DLPFC revealed the parallel between volume reduction and fatigue 
sensitivity (Okada et al., 2004). The DLPFC has been known to have 
dense widespread subcortical and cortical connections, such as 
frontal-subcortical circuits including corticostriatal and thalamocortical 
connections (Goldman-Rakic, 1987; Alexander and Crutcher, 1990). The 
DLPFC also has widespread reciprocal corticocortical connections with 
posterior temporal, parietal, and occipital association areas (Okada 
et al., 2004). Malfunction of the DLPFC was suggested to cause a func-
tional interruption of the striatal-thalamic-frontal cortical loop, result-
ing in an enhanced fatigability (Chaudhuri and Behan, 2000). 
Furthermore, at the level of the frontal lobes, the orbitofrontal, anterior 
cingulate and DLPFC are linked to each other without cross connections 
at subcortical levels (Cummings, 1995). According to the model 
(Chaudhuri and Behan, 2000), hypofunction of DLPFC might interrupt 
the associated strio-thalamo-cortical loop, resulting in enhanced fati-
gability. Kakuda et al. (Kakuda et al., 2016) speculated from their pilot 
study that the effect by rTMS was mediated through the neural activa-
tion of the DLPFC when they applied high-frequency rTMS over the 
DLPFC in several patients with CFS to obtain decreased fatigue symp-
toms in most of the CFS patients they studied. 

Pain symptoms were also markedly ameliorated after rTMS appli-
cation on the DLPFC and M1 in the patients whose presentation included 
myalgia. Probably rTMS on both DLPFC and M1 might be responsible for 
the observed pain-relief effects as reported previously in the patients 
with fibromyalgia (Lefaucheur et al., 2008; Villamar et al., 2013; Sea-
vedra et al., 2014; Khedr et al., 2017; Graff-Guerrero et al., 2005; Fierro 
et al., 2011). 

Also, the exact cause of muscle weakness in a small number of ME 
patients remains unknown. Whether the favorable therapeutic effects on 
muscle weakness by rTMS depends on the stimulation to DLPFC or M1, 
or both should be elucidated in the future study. 

4.4. Limitations 

This study has several limitations. First, the present study had no 

Table 5 
Comparison of the performance status scores and the prevalence of various 
symptoms between the study 30 patients with ME before and after rTMS 
treatment.   

Before 
rTMS treatment 

After 
rTMS treatment 

P value 

Performance status score 3-8 0-8  
Median score 7 5 < 0.01 
Orthostatic intolerance    
Failed to stand for 10 min 12 (40%) 2 (7%) < 0.01 
Disequilibrium 17 (57%) 2 (7%) < 0.01 
Number of tender points 0–18 0–18  
Median number 2 0 < 0.01 
Muscle weakness    
Grip power < 10 kg 4 (13%) 2 (7%) 0.43 

ME: myalgic encephalomyelitis; Disequilibrium: instability upon standing with 
feet together and eyes closed 
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control patients with sham treatment with which to compare. Second, in 
the present study the treatment with rTMS was applied to DLPFC 
together with M1 in all of the study patients. Consequently, the effects 
by rTMS via DLPFC and M1 could not be evaluated individually. Third, 
some patients could not tolerate to rTMS stimulation with 80% of motor 
threshold. A lower stimulation intensity below 60% of MT was signifi-
cantly less prevalent among the patients with favorable effects exerted 
by rTMS treatment (Table 3). Stimulation intensity appeared to be an 
important factor determining therapeutic effects of rTMS. Nevertheless, 
the optimal intensity of rTMS for ME patients should be individually 
determined for safe and useful introduction for each patient. Fourth, the 
duration of the efficacy by rTMS has not been determined in the present 
study. Obviously further investigation will be required to determine the 
duration of the efficacy in patients with ME and specific conditions. 
Fifth, no patient had undergone specific tests for detection of neuro-
inflammation. Sixth, whether these results are influenced by geographic 
or genetic differences has not been determined at this time. The finding 
of benefit of rTMS in this study needs to be repeated in other parts of the 
world. 

Recently it became clear that some patients remained unwell for 
months to years after “recovering” from the acute COVID-19 infection. 
The illness (Long COVID) is similar to ME/CFS (Komaroff, Lipkin, 2023). 
The treatment with rTMS may have potential therapeutic value for Long 
COVID and needs to be further examined. 

5. Conclusions 

rTMS treatment when applied to both the DLPFC and M1 effectively 
alleviated various symptoms, and improved the abilities of many ME 
patients participating in this study to perform the activities of daily 
living. The most favorable outcome of treatment was the alleviation of 
disequilibrium associated with OI resolution. We find disequilibrium or 
postural reflex dysfunction is an important cause of OI. Treatment with 
rTMS should be considered as a therapeutic option. 
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