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Definition of vulnerable plaque

Vulnerable plaque refers to a vulnerable atheroma 
that has a risk of inducing cardiovascular events 
such as sudden cardiac death and acute coronary 
syndrome associated with thrombus formation. 
According to autopsy reports of sudden cardiac 
death and acute myocardial infarction, three main 
pathologies in coronary atherosclerotic plaque cause 
coronary thrombosis. “Plaque rupture” is the most 
frequent, accounting for 60-75%, followed by “plaque 
erosion” at 25-40%, and “calcified nodule” at approx-
imately 5%1-5). In a recent study that performed 
analysis according to intravascular modality, the 
pathologies occurred at a similar ratio in ST-eleva-
tion myocardial infarction (STEMI). Although the 
ratio of plaque erosion and calcified nodules is slightly 

higher in non-ST-elevation coronary syndrome, 
plaque rupture remains the primary cause of acute 
coronary syndrome6).

Since the first study of plaque rupture in an 
autopsy case of sudden cardiac death in 18447), 
there have been various discussions on the para-
digm of plaque vulnerability from multiple view-
points, such as pathological, morphological, and 
physiological approaches. Particularly, many studies 
have been conducted on pathological characteris-
tics of plaque vulnerability since the first report. 
Plaque rupture is due to rupture of the fibrous cap 
covering the lipid core and tends to occur in vulner-
able plaque with the following characteristics as 
shown in Figure 1: (1) large lipid core, (2) thin 
fibrous capsule, (3) strong infiltration of inflamma-
tory cells such as macrophages and T lymphocytes, 
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(4) abundant neovascularization, (5) accompanied 
by calcification, and (6) accompanied by positive 
remodeling4, 8).

Diagnosis and risk assessment of vulnerable plaque

Diagnostic imaging is crucial in understanding 
morphological plaque characteristics in coronary 
arteries. This is because approximately 70% of the 

Figure 1　Progression to vulnerable plaque based on pathological findings
The early atherosclerotic plaque progression from pathologic intimal thickening to a fibroatheroma is due to macrophage 
filtration (shown as ▲). Pathologic intimal thickening is characterized by the presence of LP which consist of proteoglycan with 
lipid insudation. The fibroatheroma has a thick fibrous cap that begins to thin over time macrophage matrix metalloproteinase 
release and apoptotic death of smooth muscle cells converting the fibroatheroma into a thin-cap fibroatheroma. 
NC, necrotic core; LP, lipid pool.
Reorganized from the reference of 4) with permission from the publisher.
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lesions responsible for myocardial infarction have 
<50% coronary artery stenosis9); identifying not 
only degree of coronary artery stenosis but also 
vulnerable plaque can lead to the prevention of 
future cardiovascular events. 

Intravascular imaging modalities such as intra-
vascular ultrasound (IVUS), optical coherence 
tomography (OCT), near-infrared spectroscopy 
(NIRS), and angioscopy are used in clinical prac-
tice. Pathological findings have emphasized the 
presence of a thin fibrous cap and an abundant 
lipid core as indicators of vulnerable plaques. To 
address the limitations of plaque tissue identifica-
tion in grayscale IVUS, virtual histological IVUS 
(VH-IVUS), which classifies plaque properties into 
four types (fibrous, fibro-fatty, dense calcium, and 
necrotic core) and displays them using color mapping, 
was developed. VH-IVUS-derived thin-cap fibro-
atheroma (VH-TCFA) was defined according to 
the criteria of “atheroma volume ratio ≥40%”, 
“necrotic core ≥10%”, and “plaques in contact with 
the lumen in 3 or more sections” in the Providing 
Regional Observations to Study Predictors of Events 
in the Coronary Tree (PROSPECT) study10). Its 
frequency was significantly higher in patients with 
acute coronary syndrome than in those with stable 
angina, and VH-TCFA was a significant predictor 
of cardiovascular events. Additionally, OCT has a 
high spatial resolution, enabling accurate measure-
ment of fibrous cap thickness and more accurate 
identification of TCFAs. Notably, TCFA is defined 
as thin fibrous caps with a thickness of <65 μm, 
bearing large lipid cores and macrophage infiltra-
tion. This cutoff value is derived from the analysis 
of histopathological samples1, 11). The presence of 
TCFA detected using OCT increased periopera-
tive myocardial infarction12), and was a significant 
predictor of cardiovascular events in the CLIMA 
study13). This finding suggests that TCFA contrib-
utes to the development of acute coronary syndrome, 
concurrent perioperative myocardial infarction, and 
future cardiovascular event risk.

Furthermore, NIRS-IVUS, which uses NIRS for 
grayscale IVUS and can quantitatively evaluate 
the lipid core with an index called the lipid core 
burden index (LCBI), has been developed and 
applied in clinical practice. In both culprit and 
non-culprit lesions, lipid core plaques have been 
detected at a higher rate in patients with acute 

coronary syndrome than in those with stable 
angina14). Additionally, the maximum LCBI within 
any 4-mm long segment (maxLCBI4mm) in culprit 
lesions for STEMI was 5.8 times higher than in 
non-culprit lesions. MaxLCBI4mm ≥400 was estab-
lished as the cutoff value for predicting the devel-
opment of STEMI15). Furthermore, in patients 
undergoing elective percutaneous coronary inter-
vention (PCI) in the Coronary Assessment by 
Near-infrared of Atherosclerotic Rupture-prone 
Yellow (CANARY) trial, maxLCBI4mm was signifi-
cantly higher in the perioperative myocardial 
infarction group; however, there was no significant 
difference in the frequency of perioperative 
myocardial infarction with or without distal embolic 
protection in patients with maxLCBI4mm ≥60016).

Whereas, although numerous studies have been 
published on non-invasive examinations using coro-
nary computed tomography angiography (CCTA), 
cardiac magnetic resonance (CMR), and positron 
emission tomography (PET), CCTA is the most 
practical in clinical practice. The distinctive features 
of vulnerable plaques identified using CCTA 
include (1) positive remodeling (≥1.1), (2) low-at-
tenuated plaques (<30 Hounsfield Unit), (3) spotty 
calcification, and (4) napkin-ring signs. These 
characteristics have been reported to correlate 
with vulnerable plaque findings identified using 
VH-IVUS, OCT, and NIRS-IVUS17, 18). Regarding 
coronary plaque detected by CMR, to visualize 
coronary plaques, imaging is performed using black 
blood method which suppresses blood flow signal, 
in addition, the coronary artery walls and plaques 
can be visualized by suppressing the fat signal 
around the coronary arteries. Furthermore, the 
coronary atherosclerosis T1-weighted characteri-
zation (CATCH) method, which combines a black 
blood sequence that can visualize high-intensity 
plaque in the coronary arteries and a bright blood 
sequence that can visualize the coronary artery 
lumen with high-brightness, has recently been 
developed. Notably, high-intensity plaques identi-
fied using the CATCH method were significant 
predictors of maxLCBI4mm ≥400 and perioperative 
myocardial infarction, and the CATCH method was 
useful for vulnerable plaque detection and risk 
assessment of perioperative myocardial infarction 
before PCI19). Representative findings of vulnerable 
plaques on both invasive and non-invasive coro-
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nary modalities were shown in Figure 2. 

Onset of clinical events in 
functional ischemia and vulnerable plaque

One physiological evaluation of coronary arteries 
is fractional flow reserve (FFR), which is used as a 
functional evaluation for moderate stenotic lesions. 
The Fractional Flow Reserve Guided Percutaneous 
Coronary Intervention Plus Optimal Medical Therapy 
Versus Optimal Medical Therapy (FAME2) study 
compared the PCI + optimal medical therapy group 
and the optimal medical therapy alone group in 
patients with stable angina pectoris, and the cutoff 
value was set at FFR ≤0.80. When FFR-guided 
PCI was combined with optimal drug therapy, 
although there was no significant difference in all- 
cause mortality or the onset of myocardial infarc-
tion compared with the optimal drug therapy alone 

group, it was observed that emergency revascular-
ization significantly decreased20). A study on the 
association between FFR and vulnerable plaque 
demonstrated that the lower FFR value, the more 
high-risk plaque (HRP) characteristics were iden-
tified in CCTA shown in Figure 321). In addition, 
this study reported that the lesions with ≥3 HRP 
characteristics showed a significantly higher risk of 
vessel-orientated composite outcomes compared 
with those with <3 HRP characteristics in the FFR 
>0.80 group; however, there was no significant 
difference in the risk of vessel-orientated composite 
outcomes between ≥3 HRP characteristics versus 
<3 HRP characteristics in the FFR ≤0.80 group. 
Therefore, in FFR ischemia-positive patients, stent 
treatment with PCI had a certain effect in suppressing 
emergency revascularization and may have contrib-
uted to plaque stabilization. Furthermore, in the 

Figure 2　Morphological findings of vulnerable plaques on coronary modalities
The findings of vulnerable coronary plaque identified by both invasive and non-invasive modalities, such as CCTA, non-
contrast CMR, OCT, and NIRS-IVUS, are shown. The upper panel shows the representative vulnerable characteristics detected 
by CCTA. The upper right panel shows the TCFA and macrophage filtration using OCT. The lower panel shows that CMR-
derived high intensity plaque, IVUS-derived attenuated plaque, and NIRS-derived large lipid-rich plaque defines as 
maxLCBI4mm ≥400 are measured in culprit lesion site of segment 3 indicated by the yellow arrow on CAG imaging.
CAG, coronary angiography; CCTA, coronary computed tomography angiography; CMR, cardiac magnetic resonance; 
MaxLCBI4mm, maximum lipid core burden index within any 4-mm long segment; NIRS-IVUS, near-infrared spectroscopy and 
intravascular ultrasound; OCT, optical coherence tomography, TCFA, thin-cap fibroatheroma.
Reorganized from the references of 17) and 19) with permission from the publisher.
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population that led to a diagnosis of FFR ≤0.80 
ischemia in the 5-year follow-up of the FAME2 
trial, although the composite endpoint (all-cause 
mortality, myocardial infarction, and emergency 
revascularization) significantly decreased in the 
PCI + optimal medical therapy group compared to 
the optimal medical therapy alone group (13.9% vs. 
27.0%, p<0.05), 15.7% of the patients without isch-
emia with FFR >0.80 developed the composite 

endpoint and its rate was higher than the PCI + 
optimal drug therapy group shown in Figure 322). 
Even if optimal drug therapy is continued after the 
diagnosis of non-ischemia in FFR, the event will 
still occur; consequently, the presence of vulner-
able plaque and residual risk in patients without 
ischemia is one of the challenges. Therefore, the 
early identification of vulnerable plaque and the 
reinforcement of its treatment, as well as the 

Figure 3　Association of physiological evaluation with vulnerable plaque characteristics and clinical outcomes
The upper right panel shows the HRP characteristics items detected by CCTA, and the upper left panel shows the 
association between FFR value and number of its HRP characteristics. The lower panel shows the results of 
FAME2 trial during the follow-up period of 5 years. 
CCTA, coronary computed tomography angiography; FAME2, Fractional Flow Reserve versus Angiography for 
Multivessel Evaluation 2; FFR, fractional floe reserve; HRP, high-risk plaque; MT, medical therapy; PCI, percutaneous 
coronary intervention.
Reorganized from the references of 21) and 22) with permission from the publisher.
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setting of new FFR cutoff values in the era of next- 
generation drug-eluting stent (DES), may help 
reduce the risk of cardiovascular events in patients 
without ischemia.

Possibility of PCI for vulnerable plaque

Regarding PCI in patients with stable angina 
pectoris, many studies have indicated that PCI does 
not enhance prognosis, although it is expected to 
improve angina symptoms, and the Clinical Outcomes 
Utilizing Revascularization and Aggressive Drug 
Evaluation (COURAGE) trial is often regarded as 
a representative study23). The COURAGE trial 
compared the PCI + medical therapy group with a 
medical therapy group and defined a composite 
endpoint of all-cause mortality and nonfatal myocar-
dial infarction. No significant difference was observed 
in the composite endpoint during the follow-up 
period of 4.6 years between the PCI + medical and 
medical therapy groups (18.5% vs. 19.0%, p=0.62). 
However, the COURAGE trial had limitations, 
including the fact that most of the stents used were 
bare-metal stent (BMS), and high-risk patients 
were excluded. Nevertheless, the International 
Study of Comparative Health Effectiveness with 
Medical and Invasive Approaches (ISCHEMIA) 
trial published in 2020 eventually included 5,179 
patients with stable angina with moderate or 
greater ischemia. A comparison was made between 
an early invasive strategy group (PCI [87% 2nd 
generation DES usage] or coronary artery bypass 
grafting) and a conservative strategy group24). 
During the median follow-up period of 3.2 years, no 
significant difference was observed between the 
two groups regarding the composite endpoint of 
cardiovascular mortality, myocardial infarction, 
unstable angina, heart failure, resuscitated cardiac 
arrest, or all-cause mortality. However, although 
the event risk was low in the conservative treat-
ment strategy group in the first half, that tended to 
decrease gradually in the early invasive strategy 
group in the second half. In ISCHEMIA-EXTEND 
trial, which was started as an even longer-term 
prognostic evaluation, the cardiovascular mortality 
rate decreased in the early invasive strategy group 
during the follow-up period of 7 years25). The evolu-
tion of DES may also be cited as a factor contrib-
uting to the increasing disparity between the two 
groups.

DES enabled a notable reduction in restenosis 
compared to BMS. Nonetheless, certain problems 
emerged, including (1) thrombotic risk due to inad-
equate coverage of the neointima, (2) poor long-
term results of stenting in lipid-rich lesions, and 
(3) late events due to chronic inflammation caused 
by polymers in 1st generation DES26, 27). Therefore, 
2nd generation DES has improved design, drug 
concentration, and polymer to overcome such weak-
nesses, and are currently the most widely used 
devices. Several reports of stent performance for 
vulnerable plaque lesions with abundant lipid cores 
in such next-generation DES shall be presented.

The Chemometric Observations of Lipid Core 
Plaques of Interest in Native Coronary Arteries 
Registry) COLOR trial evaluated NIRS-detected 
lipid core plaques in culprit lesions and clinical 
outcomes (major cardiovascular events (MACEs): 
cardiovascular mortality, myocardial infarction, 
stent thrombosis, and unplanned revascularization 
or readmission for progressive or unstable angina) 
in patients with coronary artery disease treated 
with DES (approximately 80% are 2nd generation 
DES)28). MACEs accounted for 18.0% overall and 
8.3% for the culprit lesion only. There was no signif-
icant difference in maxLCBI4mm using NIRS and 
minimum lumen area and plaque burden using 
IVUS with or without an event related to the 
culprit lesion. Moreover, no significant difference 
was observed in MACEs when maxLCBI4mm was 
divided into three groups and compared with each 
other (maxLCBI4mm = 0-196, 197-420, 421-1,000). 
Additionally, a Revelation of Pathophysiological 
Phenotypes of Vulnerable Lipid-Rich Plaque (REAS-
SURE)-NIRS trial evaluated the effect of a residual 
maxLCBI4mm after stent placement on lesion-de-
rived (cardiovascular mortality, nonfatal target 
lesion-related myocardial infarction, and target 
lesion revascularization) and patient-derived (all- 
cause mortality, nonfatal myocardial infarction, and 
unplanned revascularization) clinical outcomes29). 
The median residual maxLCBI4mm was 183, and 
16% of all lesions had a residual maxLCBI4mm >400. 
The subjects were divided into three groups 
according to the tertile of residual maxLCBI4mm 
(residual maxLCBI4mm = 0-123, 124-270, 271-799). 
There was no significant difference in the occur-
rence of events among the three groups, and 
residual maxLCBI4mm did not emerge as a signifi-
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cant predictor of those events. In short, no differ-
ence was observed in lesion-derived outcomes 
depending on the residual maxLCBI4mm value due 
to 2nd generation DES usage. Compared with the 1st 
generation DES, 2nd generation DES had a greater 
strut coverage with less inflammation, less fibrin 
deposition, and less late and very late stent throm-
bosis30). In addition, the 2nd generation DES was 
associated with a significantly reduced risk of long-
term target lesion failure than the 1st generation 
DES, although there were no significant differences 
in cardiac death and myocardial infarction31). Thus, 
2nd generation DES could suppress arteriosclerosis 
and contribute to reducing events only in stented 
lesion site. These findings at least suggest that the 
lipid core in the culprit lesion might be sealed.

A study on the sealing effect of stents demon-
strated that everolimus-eluting stent placement 
significantly reduced the number of macrophages 
involved in vulnerable plaque formation in an 
animal study32). Recently, the PROSPECT ABSORB 
trial was reported, which evaluated the effect of 
bioabsorbable vascular scaffold (BVS) for non-ste-
notic lesions (moderate stenosis and functional 
ischemia negative) with plaque burden ≥65 % 
assessed using IVUS, and the subjects were divided 
into two groups (BVS + guideline-directed medical 
therapy [GDMT] and GDMT alone)33). This study 
evaluated IVUS-derived minimum lumen area at 
the follow-up period, the primary safety endpoint 
was target lesion failure (cardiovascular death, 
target vessel-related myocardial infarction, or clin-
ically driven target lesion revascularization), and 
secondary clinical effectiveness endpoint was lesion- 
related MACEs (cardiovascular death, myocardial 
infarction, unstable angina, or progressive angina). 
During the median follow-up period of 4.1 years, 
the minimum lumen area was 6.9 ± 2.6 mm2 vs. 3.0  
± 1.0 mm2 in the BVS + GDMT and GDMT alone 
groups, respectively (least square means differ-
ence: 3.9 mm2, p<0.05). Although no significant 
differences were observed in primary and secondary 
endpoints between the two groups, secondary 
endpoint rate tended to be lower in the BVS + 
GDMT group (4.3% vs. 10.7%, p=0.12). Thus, prophy-
lactic plaque stabilization of BVS against high-risk 
plaques with non-ischemic moderate stenosis was 
confirmed. However, prophylactic PCI for FFR- 
negative vulnerable plaque relies on very small 

effects, and there are certain limitations due to the 
enormous sample size required34).

Achieving zero perioperative myocardial infarction

As stated above, the characteristic finding of 
vulnerable plaque identified using preoperative 
and intraoperative modalities is a strong predictor 
of perioperative myocardial infarction. Plaque stabi-
lization is considered the most critical factor in 
preventing perioperative myocardial infarction, 
and expectations are high for plaque sealing with 
stents. However, preventing iatrogenic periopera-
tive myocardial infarction is considered a prerequi-
site for plaque-sealing treatment, even though 
plaque rupture has not occurred. Moreover, statin, 
ezetimibe, or proprotein convertase subtilisin/kexin 
type 9 (PCSK9) inhibitor combination therapy has 
been reported to stabilize and regress coronary 
artery plaques, and low-density lipoprotein-choles-
terol (LDL-C) lowering therapy is essential for the 
prevention of perioperative myocardial infarc-
tion35-37). The Progression of Atherosclerotic Plaque 
Determined by Computed Tomographic Angiog-
raphy Imaging (PRADIGM) trial reported that 
statins contributed to increased plaque calcification 
and decreased characteristic findings of high-risk 
plaques, slowing the progression of overall coro-
nary atherosclerosis38). Although the period of 
plaque stabilization has not been clarified, a case 
report has reported changes over time in LDL-C 
levels due to strict LDL-C lowering therapy and 
maxLCBI4mm at non-culprit lesion segment using 
NIRS39). In addition to statin, a PCSK9 inhibitor was 
used in combination, and LDL-C decreased rapidly 
over several months and remained at the 10 mg/
dL level. Meanwhile, the maxLCBI4mm at the 
non-culprit lesion site of left main tract gradually 
decreased from 422 to 109 over 2 years, quantita-
tively demonstrating favorable results for lipid core 
plaques. Therefore, based on the target LDL-C 
levels for primary and secondary prevention of 
coronary artery disease in Japanese guidelines40), 
aggressive lipid management from an early stage 
expecting long-term benefits may contribute to 
the suppression of perioperative complications. 
Prevention and treatment of comorbidities such as 
hypertension, diabetes, and chronic kidney disease, 
as well as guidance on diet, exercise, and smoking 
cessation, are equally crucial.
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Conclusion

In this article, we described the vulnerability of 
coronary artery plaques (mainly vulnerable plaque) 
from pathological, morphological, and physiological 
viewpoints. In our daily clinical practice, it is crucial 
to evaluate anatomical findings and the presence or 
absence of ischemia in determining the indication 
for PCI. Simultaneously, understanding and grasping 
plaque vulnerability will be of great help in 
predicting future cardiovascular events and in 
developing preventive strategies in individual 
patients. Recently, there have been sporadic reports 
on myocardial infarction prevention using early 
invasive treatment and the sealing effect of lipid 
core plaques by the deployment of new-generation 
stents. In the future, it is expected that direct 
plaque intervention, in addition to strict LDL-C 
lowering therapy, may lead to prevention of plaque 
rapture and suppression of cardiovascular event, 
not only by identifying vulnerable plaques but also 
by considering active therapeutic intervention.
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Introduction

Mitochondria are essential components of living 
cells that generate energy currency, control meta-
bolic pathways, regulate intracellular calcium levels, 
produce reactive oxygen species, and modulate 
programmed cell death1). Mitochondrial function is 
readily compromised in sepsis and significantly 
contributes to the worsening of the disease condi-
tion. In this perspective, we briefly overview recent 
advances in mitochondrial research related to sepsis.

Impaired cellular respiration

Mitochondria is responsible for producing adenosine 
triphosphate (ATP) via oxidative phosphorylation 
and functioning as the powerhouse of the cell 
(Figure 1). Damage to mitochondria impairs ATP 
production, leading to energy deficits in cells, partic-

ularly in high-energy-demanding organs such as 
the heart, kidneys, and liver. The count of mito-
chondria is considerably different between the cell 
types, and the mean volume for mitochondria from 
the rat was reportedly 0 60 μ3 in the heart, 0.42 μ3 
in the liver, and 0.23 μ3 in the kidney cortex2). 
Disrupted mitochondrial function is considered the 
fundamental mechanism of organ dysfunction, such 
as myocardial dysfunction and acute kidney injury 
in sepsis, and avoiding the decrease in the number 
and impaired function of mitochondria is crucial for 
maintaining cellular and organ functions3, 4).

Increase in oxidative stress

Reactive oxygen species (ROS) is a physiological 
byproduct of metabolism and is essential to the 
functions of immune systems. However, damaged 
mitochondria are known to produce excessive ROS, 
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and overproduced ROS under pathophysiological 
conditions like sepsis are involved in the progres-
sion of the diseases. ROS can harm cellular compo-
nents, including organelles, lipids, proteins, and 
DNA. Subsequent ROS-induced impaired cellular 
functions and inflammatory responses may result 
in organ damage. A complex system of interacting 
physiological antioxidant defenses normally dimin-
ishes oxidative stress and prevents damage to the 
mitochondria5). However, since oxidative stress- 
mediated injury increases in sepsis, overwhelming 
the antioxidant defenses and facilitating the devel-
opment of cellular damage and organ failure, anti-
oxidant supplementation has been considered a 
potentially beneficial treatment for sepsis. The 
effects of multiple agents, including vitamins E and 
C, melatonin, N-acetylcysteine, selenium, carnosine, 
fish oil, and glutathione, have been examined6). 
Nevertheless, the efficacy of these substances has 
not yet been established.

Release of mitochondrial DNA

Mitochondrial damage can trigger the release of 
mitochondrial DNA (mtDNA) and other mitochon-
drial components into the cytoplasm and extracel-
lular space, which act as a damage-associated molec-
ular pattern (DAMP), inducing systemic toxicity 
and damage to multiple organs7). Since mitochon-
dria are suggested to originate from gram-nega-
tive bacteria and coexist in the cell (endosymbiotic 
theory), this endogenous ‘enemy’ acts as a patho-

gen-associated molecular pattern (PAMP) to induce 
hyper-proinflammatory reactions8). It was reported 
that plasma levels of mtDNA are associated with 
the clinical outcome of septic shock and were 
suggested to be a better biomarker than lactate in 
predicting mortality in severe sepsis9). Recently, 
mitochondrial dysfunction and the release of mtDNA 
have attracted attention due to their relevance to 
skeletal muscle weakness, known as ICU-acquired 
weakness10).

Metabolic dysfunction

Mitochondrial dysfunction disrupts cellular metab-
olism, leading to metabolic imbalances. First, glycol-
ysis is intensified in carbohydrate metabolism; the 
failure to enter pyruvate into the tricarboxylic acid 
(TCA) cycle increases lactate generation. Second, 
mitochondrial dysfunction also affects lipid metabo-
lism, and lipolysis is upregulated, increasing fatty 
acids and triglycerides. Impaired fatty acid oxida-
tion and shifting towards anaerobic glycolysis result 
in further accumulation of lactate and metabolic 
acidosis. Third, changes in lipid metabolism also 
affect the levels of ketone bodies and amino acids11). 
Other than the above, mitochondrial damage also 
affects calcium metabolism. Since mitochondria store 
a large amount of calcium, mitochondrial damage 
affects cellular signaling pathways, leading to 
increased cytosolic calcium levels. Elevated cyto-
solic calcium can activate various calcium-depen-
dent enzymes, inducing cell death pathways and 

Figure 1　Immunofluorescent staining of mitochondria of the leukocytes and their functions
Immunofluorescence of the leukocytes from rats displaying a mitochondrial fluorescein isothiocyanate (FITC) 
staining pattern of cellular distribution (left). Mitochondria are most densely distributed around the nucleus. 
The function of mitochondria is summarized in the right panel.
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leading to reduced ATP production and further 
cellular stress12). These metabolic changes are an 
important area of research for developing novel 
therapies for sepsis.

Regulation of programmed cell death

Mitochondria can pursue programmed apoptosis, 
which can convert secondary to necrosis (apone-
crosis), a form of uncontrolled cell death that further 
promotes inflammation and tissue damage. The 
mechanisms of apoptosis are explained as follows: 
first, in response to pro-apoptotic signals, mitochon-
dria release cytochrome c from the intermembrane 
space into the cytosol. Cytochrome c binds to apop-
totic protease activating factor-1 in the cytosol, 
leading to the formation of the apoptosome13). This 
complex then recruits and activates procaspase-9, 
which initiates a cascade of downstream caspase 
activations, including caspase-3, -6, and -7. These 
executioner caspases dismantle the cell by cleaving 
various structural and regulatory proteins. Apop-
tosis is a silent form of cell death that does not 
impair organ function. However, since the apoptotic 
process requires sufficient ATP, a lack of ATP 
production by the mitochondrial damage causes 
apoptosis to transition into necrosis14). In other 
words, apoptosis and necrosis partially share the 
same pathway, and apoptosis relies on adequate 
intracellular ATP levels. Meanwhile, when ATP is 
depleted, the cell death mechanism shifts to necrosis. 
Ultimately, mitochondrial damage in sepsis leads to 
an increase in necrotic cell death. 

Mitochondrial damage can contribute to the initi-
ation of necroptosis, a form of regulated inflamma-
tory cell death that shares features with both apop-
tosis and necrosis. Increased production of ROS, 
the release of DAMPs, such as mtDNA and other 
mitochondrial components, and receptor-interacting 
protein kinases (RIPK) 1 and RIPK3 are involved 
in the induction of necroptosis15). Necroptotic cells 
release DAMPs, triggering a robust inflammatory 
response similar to necrosis. 

Mitochondrial damage also can contribute to the 
induction of ferroptosis, a form of regulated cell 
death distinct from apoptosis, necrosis, and necro-
ptosis. Ferroptosis is characterized by iron-depen-
dent lipid peroxidation. ROS produced by the 
damaged mitochondria promotes lipid peroxidation, 
a key feature of ferroptosis. Mitochondria play a 

crucial role in iron metabolism, including the storage 
and utilization of iron. Mitochondrial damage can 
disrupt iron homeostasis, leading to increased free 
iron within the cell. This free iron can catalyze the 
formation of highly reactive hydroxyl radicals via 
the Fenton reaction and induce ferroptosis16).

Mitochondrial damage contributes to the induc-
tion of pyroptosis, which is characterized by the 
activation of inflammatory caspases. This leads to 
the cleavage of gasdermin D (GSDMD) and the 
subsequent formation of pores in the cell membrane. 
Increased ROS and DAMPs activate the NLRP3 
(NACHT, LRR, and PYD domains-containing protein 
3) inflammasome, which plays a critical role in the 
initiation of pyroptosis. mtDNA is recognized by 
NLRP3, leading to the activation of the inflam-
masome and subsequent pyroptosis17).

Organ dysfunction

The combined effects of energy deficits, increased 
oxidative stress, upregulated inflammation, and cell 
death induction contribute to the dysfunction of 
vital organs such as the heart, kidneys, lungs, and 
liver, a hallmark of severe sepsis and septic shock. 
Therefore, protecting and maintaining mitochon-
drial function is a promising strategy to improve 
organ damage in sepsis.

Conclusion

In these two decades, the effects of impaired 
cellular function due to mitochondrial dysfunction 
on the development of organ dysfunction in sepsis 
have been unveiled. Impaired cellular respiration, 
increase in oxidative stress, release of mitochon-
drial DNA, metabolic dysfunction, and altered cell 
death mechanisms are the fundamental mecha-
nisms of mitochondrial damage-induced cellular 
injury. Mitochondrial damage should be paid more 
attention to as a critical factor in the progression of 
sepsis. New research targeting the maintenance of 
mitochondrial function is warranted to pave the 
way for improved sepsis management. 
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Introduction

Rapid reading is a way of efficiently obtaining 
information or knowledge by reading something 
quickly and is considered beneficial1). Although it is 
believed that rapid reading worsens reading compre-
hension, a previous study showed that rapid readers 
had superior reading comprehension than nonrapid 
readers2). Williams et al.3) also found that students 
with faster reading skills had higher university 
grades than those with slower reading skills. More-
over, a study comparing rapid and nonrapid readers 
reported that the faster the reading speed, the 
better the reading comprehension4). Furthermore, 

a study evaluating reading comprehension after 
rapid reading training revealed that reading 
comprehension did not decline compared with that 
before the training. However, the participants could 
read the sentences rapidly after the training5), 
highlighting the advantages of rapid reading.

Despite the benefits of rapid reading, it is associ-
ated with distrust, which might be a major factor 
limiting its practice6). According to Morita et al.7), 
the phenomenon or mechanism underlying rapid 
reading is not well understood. Kurita8-10) proposed 
the “super reading system (SRS),” which enables 
80%-90% of the participants to improve their reading 
speed 10 times after approximately 50 h of training. 
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However, the mechanism of acquiring rapid reading 
skills and the difference between normal and rapid 
reading have not been elucidated from the neuro-
science perspective. To encourage rapid reading 
and derive benefits from it, establishing the scien-
tific basis of physiological changes in the brain 
during rapid reading is necessary.

Although investigating physiological changes in 
the brain during rapid reading is challenging 
because of the scarcity of rapid readers, Fujimaki 
et al.11, 12) explored these changes using functional 
magnetic resonance imaging (fMRI), which reflects 
neural activities indirectly using blood oxygenation 
level-dependent (BOLD) imaging. Rapid readers 
showed lower neural activities than nonrapid 
readers in Wernicke’s and Broca’s areas, which are 
associated with internal speech of articulation 
processes. This finding implies that rapid reading 
decreases or cuts the linguistic processes compared 
with ordinary reading. However, it remains unclear 
whether rapid readers understand the sentences 
they read or whether they exhibit improved reading 
comprehension1-5). Moreover, previous studies had 
small sample sizes (rapid readers, n = 4 [1 male 
and 3 females]11); n = 8 [1 male and 7 females]12)) 
and did not match age and sex between nonrapid 
and rapid readers. Therefore, to elucidate physio-
logical changes in the brain caused by rapid 
reading, this study focused on brain areas related 
to language processing, such as Wernicke’s and 
Broca’s areas, supramarginal gyrus, and angular 
gyrus11, 12), and reading comprehension and memory 
processes, such as the hippocampus13-17), and evalu-
ated changes in neural activities during rapid 
reading and comprehension in nonrapid and rapid 
readers using fMRI.

Materials and Methods

Participants
The study was approved by the Ethics Committee 

and Research and Development Department of 
Tokyo Metropolitan University (approval number: 
22022). All participants provided written informed 
consent before participating in the study. Table 1 
shows the participants’ demographic data obtained 
at Tokyo Metropolitan University. This study 
included 23 nonrapid readers (age, 26.2 ± 9.5 years; 
male/female, 14/9; handedness, all right) and 23 
rapid readers (age, 28.6 ± 7.8 years; male/female, 
14/9; handedness, all right). To avoid the effect of 
age, sex, and handedness on the results, these 
parameters were matched between nonrapid and 
rapid readers.

MRI acquisition
All MRI data were acquired using a 3-T scanner 

(Signa Premier; GE Healthcare, Chicago, IL, USA) 
with a 48-channel head coil. Whole-brain 3D magne-
tization prepared rapid gradient echo (MP-RAGE) 
T1-weighted imaging and T2*-weighted echo 
planar imaging, which are sensitive to the BOLD 
contrast and can reflect neural activities, were 
conducted in all participants. Whole-brain 3D MP- 
RAGE T1-weighted images were acquired using 
the following parameters: repetition time, 2210 ms; 
echo time, 3.24 ms; inversion time, 1000 ms; field of 
view, 220 × 220 mm; matrix size, 512 × 512; resolu-
tion, 0.43 × 0.43 mm; slice thickness, 1.0 mm; and 
acquisition time, 5 min 30 s. For the fMRI protocol, 
T2*-weighted echo planar diffusion-weighted images 
were acquired using spin-echo planar imaging 
with the following parameters: repetition time, 
1000 ms; echo time, 30 ms; flip angle, 60°; field of 
view, 220 × 220 mm; matrix size, 64 × 64; resolution, 

Table 1　Participants’ demographic data
Nonrapid reader Rapid reader P

N 23 23 ―

Age at baseline MRI, y 26.2 ± 9.5 28.6 ± 7.8 0.34

Sex, male/female 14/9 14/9 1.00

Handedness, L/R 0/23 0/23 1.00

Reading speed, characters per minute 720 ± 202 4191 ± 254 <.001

Reading comprehension score 27.8 ± 13.2 46.8 ± 7.1 <.05

Abbreviations: MRI, magnetic resonance imaging.
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3.44 × 3.44 mm; slice thickness, 3.0 mm; and acquisi-
tion time, 9 min 40 s.

fMRI tasks
fMRI was conducted according to previously 

published methods (Figure 1)11, 12). The fMRI protocol 
consisted of a block design that alternated the task 
block in 60 s and the control block in 30 s. In the 
task block of the fMRI session, several novels 
written by Natsume Soseki, a well-known Japanese 
novelist, were used: Kokoro (Heart), Higansugi-
made (To the spring equinox and beyond), Michi-
kusa (Grass on the wayside), and Nowaki (Autumn 
wind) (Aozora-bunko; https://www.aozora.gr.jp/). 
In the task block, the participants were instructed 
to covertly read the sentences. In the rest block, a 
white cross was shown on a black background. The 
participants were instructed to look at the white 
cross without thinking to record only neural activ-
ities related to visual processes. Neural activities 
under the control conditions were subtracted from 
those under the test conditions to exclude visual- 
related activities.

Each participant was given a different novel to 
read, which the participant had either not read or 
had read it several years before the experiment. 
The novels were written in a mixture of kanji, hira-
gana, and katakana characters (three Japanese 
writing systems: morphograms [first] and syllabo-
grams [last two]), where the characters were 
arranged in 12 rows and 27 columns (approximately 
300 characters), from top to bottom and from right 
to left, which is the usual style for Japanese novels 
printed in paperback.

The characters were presented on a screen, which 
was placed 1.6 m away from the participants. Their 
size represented a visual angle of 0.46 × 0.46°, which 
was slightly larger than the typical size when 
books are physically read in a hardcopy form. The 
luminance was 0.75 cd/m2 for the characters and 
160 cd/m2 for the background.

Other data
Reading speed was calculated as characters per 

minute (cpm) in the 30-min session outside MRI 
and just before MRI. The reading comprehension 

Figure 1　Task design in the fMRI session
The protocol consisted of a block design that alternated the task block in 60 s and the control block in 30 s. In 
the task block of the fMRI session, several novels written by Natsume Soseki, a well-known Japanese novelist, 
were shown. In the task block, the participants were instructed to covertly read the sentences. In the rest block, 
a white cross was shown on a black background. The participants were instructed to look at the white cross 
without thinking to record only neural activities related to visual processes.
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score in the fMRI task was calculated as the cosine 
similarity between the original sentence shown in 
the task session and the sentence written by the 
participant 30 min right after MRI acquisition. The 
cosine similarity was calculated using Python version 
3.7.0 (https://www.python.org/) with the MeCab 
(http://taku910.github.io/mecab/) and scikit-learn 
(https://scikit-learn.org/stable/) libraries.

MRI preprocessing
fMRI image preprocessing was performed using 

the CONN toolbox v.21.a (Functional Connectivity 
SPM Toolbox 2021, McGovern Institute for Brain 
Research, Massachusetts Institute of Technology, 
http://ww.nitrc.org/projects/conn) relying on the 
SPM 12 software package (Wellcome Trust Centre 
for Neuroimaging, University College London, 
United Kingdom, http://www.fil.ion.ucl.ac.uk/spm/
software) implemented in MATLAB 2019b (Math-
Works, Natick, MA). All preprocessing steps were 
performed following the default preprocessing pipe-
line for volume-based analyses18). Preprocessing 
included the following steps: (1)realignment and 
unwarping, (2)slice-timing correction, (3)structural 
segmentation and normalization, and (4)outlier 
identification.

In brief, all volumes of an fMR image were 
realigned with the first volume to correct for 
motion. The realigned fMR images were slice time- 
corrected, followed by tissue segmentation (i.e., 
gray matter-/white matter-/cerebrospinal fluid- 
normalized masks were determined) and coregis-
tration to a T1-weighted image. Outlier identifica-
tion was performed using artifact detection tools, 
which compute regressors for outliers and move-
ments (i.e., resulting in scrubbing parameters). 
Participant movement realignment and scrubbing 
parameters (using conservative settings for func-
tional outlier detection settings, global signal z- 
value threshold, and subject motion of 0.5 mm) 
were regarded as first-level covariates. Quality 
assurance (QA) plots were visually inspected to 
detect other possible outliers (i.e., “QA_ValidScans,” 
“QA_MaxMotion,” and “QA_InvalidScans”) and an 
adequate match with Montreal Neurological Insti-
tute space and proper coregistration across partic-
ipants. After anatomical and functional prepro-
cessing, denoising was performed to define, explore, 
and remove possible confounders in the BOLD 

signal. In denoising, linear regression and band-
pass (i.e., 0.01-0.1 Hz) filtering were used to remove 
unwanted motion, white matter, cerebrospinal fluid 
noise components, and physiological noise sources, 
thereby reducing spurious sources of variance in 
fMRI.

After separating the preprocessed fMR images 
into task and rest sessions and averaging each 
volume using automated anatomical labeling atlas 
319) in Wernicke’s area (i.e., superior and posterior 
temporal gyri), Broca’s area (i.e., angular gyrus), 
supramarginal gyrus, angular gyrus, and left hippo-
campus, the relative change in signal intensity was 
calculated as follows:

Relative change in signal intensity 

　=
mean signal intensityTask-mean signal intensityRest

mean signal intensityRest

Statistical analysis
All statistical analyses were performed using 

IBM SPSS Statistics for Windows, version 22.0 
(IBM Corp., Armonk, NY, USA). Continuous data, 
such as reading speed, reading comprehension, and 
relative change in signal intensity, between nonrapid 
and rapid readers were compared using the Mann-
Whitney U-test. In addition, to evaluate the rela-
tionship between neural activities associated with 
reading and reading skills (i.e., reading speed and 
comprehension), partial Spearman’s rank correla-
tion (rs) was calculated between them, with age 
and sex as the covariates. In all statistical analyses, 
false discovery rate (FDR) correction was used for 
multiple comparisons. A P-value of <.05 was consid-
ered statistically significant.

Results

Reading speed and comprehension
Table 1 shows the reading speed and compre-

hension scores of the nonrapid and rapid readers. 
Both the reading speed and comprehension scores 
were significantly higher among rapid readers than 
nonrapid readers (P < .001 and P < .05, respec-
tively). Compared with nonrapid readers, the 
reading speed was higher by approximately 6.0 in 
rapid readers, whereas the reading comprehension 
score was higher by approximately 1.7 times.

Comparison of neural activities
Table 2 and Figure 2 show the comparison of 
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neural activities in each brain region between 
nonrapid and rapid readers. The neural activities of 
rapid readers were significantly lower in Wernicke’s 
(FDR-corrected P < .001) and Broca’s areas (FDR- 
corrected P < .001), left angular (FDR-corrected 
P < .001) and supramarginal (FDR-corrected P <  
.001) gyri, and hippocampus (FDR-corrected P <  
.01).

Correlation between the change in neural  
activities and reading skills

Table 3 and Figure 3 show the correlation between 

neural activities in each brain region and reading 
skills, such as reading speed and comprehension. 
The reading speed was negatively correlated with 
neural activities in Wernicke’s (rs = −0.48, FDR- 
corrected P < .05) and Broca’s areas (rs = −0.68, 
FDR-corrected P < .001), left angular (rs = −0.52, 
FDR-corrected P < .001) and supramarginal gyri 
(rs = −0.53, FDR-corrected P < −.001), and hippo-
campus (rs = −0.40, FDR-corrected P < .05). In 
contrast, reading comprehension was negatively 
correlated with neural activities in the left angular 
gyrus (rs = −0.50, FDR-corrected P < .05).

Table 2　Comparison of neural activities
Nonrapid reader Rapid reader FDR-corrected P

Wernicke area 0.718 ± 0.003 0.714 ± 0.003 <0.001

Broca’s area 0.716 ± 0.002 0.712 ± 0.002 <0.001

Angular gyrus 0.714 ± 0.002 0.711 ± 0.002 <0.001

Supramarginal gyrus 0.715 ± 0.004 0.710 ± 0.003 <0.001

Hippocampus 0.717 ± 0.003 0.714 ± 0.003 <0.01

Figure 2　Comparison of neural activities
Boxplots indicate the difference in relative signal intensity (i.e., neural activity) between nonrapid (blue) and 
rapid readers (red). The boxplots represent interquartile ranges, which contain 50% of the values of the 
participants. The whiskers are lines that extend from the box to the highest and lowest values. Neural activities 
of rapid readers were significantly lower in Wernicke’s (FDR-corrected P < .001) and Broca’s (FDR-corrected 
P < .001) areas, left angular (FDR-corrected P < .001) and supramarginal gyri (FDR-corrected P < .001), and 
hippocampus (FDR-corrected P < .01).
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Discussion

To elucidate physiological changes in the brain 
during rapid reading, we herein focused on brain 
areas related to language processing, such as 
Wernicke’s and Broca’s areas, supramarginal gyrus, 
and angular gyrus, and reading comprehension and 
memory processes, such as the hippocampus, and 
evaluated changes in neural activities associated 
with reading speed and comprehension in nonrapid 
and rapid readers using fMRI. The results revealed 
that both the reading speed and comprehension 
scores were significantly higher in rapid readers 
than in nonrapid readers. Moreover, the neural 
activities of rapid readers were significantly lower 
in Wernicke’s and Broca’s areas, left angular and 
supramarginal gyri, and hippocampus. Further-
more, the reading speed was negatively correlated 
with neural activities in Wernicke’s and Broca’s 
area, left angular and supramarginal gyri, and 
hippocampus. Conversely, reading comprehension 
was negatively correlated with neural activities in 
the left angular gyrus.

Fujimaki et al.11, 12) reported that neural activation 
in Wernicke’s and Broca’s areas decreased during 
rapid reading. This result was consistent with that 
of our study. Previous character and word experi-
ments have demonstrated that neural activation in 
Wernicke’s and Broca’s areas was related to phono-
logical processes, including phonological transfor-
mation, analysis, and inner speech20, 21) and that 
activation of these areas depended on the task that 
demands inner speech22, 23). Furthermore, experi-
mental evidence supported a connectionist model 
in which these areas constitute a neural network 
for a phonological loop of working memory24). Thus, 
the result obtained in the present study that neural 
activities were significantly lower in rapid readers 

and negatively correlated with reading speed 
suggests that phonological processes, such as phono-
logical transformation and accompanying inner 
speech, were reduced during rapid reading.

Since the early 20th century, damage to the left 
angular gyrus25) and both the left angular and 
supramarginal gyrus26), is associated with language 
comprehension deficits. Recently, fMRI studies 
have shown that these regions together with the 
left inferior parietal lobe are activated in language 
comprehension through semantic and syntactic 
processes27-31). In the present study, neural activi-
ties in the left angular and supramarginal gyri 
were significantly lower in rapid readers and nega-
tively correlated with reading speed, indicating that 
rapid readers had reduced semantic and syntactic 
processes while maintaining reading comprehen-
sion during rapid reading.

Regarding neural activities in the hippocampus, 
research on brain regions of humans and experi-
mental animals has identified a system of hippo-
campal structures essential for the formation of 
learning and memory (e.g., reading contents)32). 
Neuroimaging techniques, such as fMRI and posi-
tron emission tomography (PET), have provided 
additional evidence for the importance of the hippo-
campus in learning and memory33, 34). Moreover, in 
a recognition memory study, Stark and Squire35) 
found increased hippocampal activities during the 
retrieval of previously presented words or objects. 
Eldridge et al.36) also reported that hippocampal 
activities during recognition memory for words are 
selective for episodic rather than nonepisodic 
retrieval. Interestingly, against all expectations, the 
present study indicated that neural activities in the 
left hippocampus significantly decreased in rapid 
readers and negatively correlated with the reading 
speed. Thus, a rapid reader exhibited reduced 

Table 3　Correlation between neural activities and reading skills
Neural activity vs. 

Reading speed
Neural activity vs. 

Reading comprehension score

rs FDR-corrected P rs FDR-corrected P

Wernicke area −0.48 <0.05 −0.18 0.55

Broca’s area −0.60 <0.001 0.04 0.97

Angular gyrus −0.52 <0.001 −0.50 <0.05

Supramarginal gyrus −0.53 <0.001 0.01 0.97

Hippocampus −0.40 <0.05 −0.01 0.97
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Figure 3　Scatter plot of the relationship between neural activities and reading skills
Lines are estimated using linear regression, and error bar indicates 95% confidence interval. (a) Reading speed negatively 
correlated with neural activities in Wernicke’s (rs = −0.48, FDR-corrected P < .05) and Broca’s (rs = −0.68, FDR-corrected P 
< .001) areas, left angular (rs = −0.52, FDR-corrected P < .001) and supramarginal (rs = −0.53, FDR-corrected P < .001) gyri, 
and hippocampus (rs = −0.40, FDR-corrected P < .05). (b) On the contrary, reading comprehension negatively correlated with 
neural activities in the left angular gyrus (rs = −0.50, FDR-corrected P < .05).
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retrieval of previously presented words or objects 
while maintaining reading comprehension. This 
finding suggests that nonrapid and rapid readers 
have different reading strategies. Indeed, Douglas 
et al. reported that reading speed was more related 
to visual acuity during rapid reading37). In addition, 
a study using fMRI showed increased neural activ-
ities with increasing reading speed in the right 
intraparietal sulcus, which is considered to reflect 
visuospatial processes12). However, our study did 
not measure visual activity during reading, nor did 
it prove that rapid readers in this research exhib-
ited better visual acuity. Therefore, further study 
including measurement of visual activity during 
reading is required.

In the present study, both reading speed and 
comprehension were significantly higher in rapid 
readers than in nonrapid readers. Stevens et al.37) 
investigated reading speed and comprehension in 
college freshmen with nonrapid and rapid reading 
skills and reported that rapid readers read sentences 
with higher reading comprehension and speed. Our 
result was consistent with that of the abovemen-
tioned study by Stevens et al. in terms of the rela-
tionship between reading speed and comprehen-
sion. On the contrary, studies have reported that 
the activity level in the left hippocampus during 
learning positively correlated with subsequent 
recognition memory accuracy38-40). The reading 
comprehension score did not significantly correlate 
with neural activities in the left hippocampus, 
whereas a significant negative correlation was 
observed between reading comprehension score 
and neural activities in the left angular gyrus. The 
aforementioned studies targeted nonrapid readers, 
whereas the present study included both rapid and 
nonrapid readers. Considering that the reading 
strategy might be different between nonrapid and 
rapid readers as mentioned above, an inconsistency 
in the correlation between neural activities in the 
left hippocampus and memory may arise between 
our results and those of previous studies. To eluci-
date this mechanism, further studies including 
brain network analysis are warranted to consider 
microstructural and structural connectivities using 
diffusion-weighted MRI and functional connec-
tivity using fMRI.

This study had some limitations. First, the sample 
size was small. To improve the statistical power 

and reliability of the results, a larger sample size is 
required. However, collecting data on rapid readers 
is challenging because only a few individuals have 
rapid reading skills. Second, MRI data were 
obtained using a single scanner in a single institu-
tion. Further longitudinal and multicenter studies 
incorporating scanners from different sites with 
different field strengths and manufacturers would 
be beneficial for robust results that do not depend 
on the institution and scanner. Third, the fMRI task 
included only Japanese tasks. Therefore, it remains 
unclear whether our results make sense for other 
language or not, although language differs. Fourth, 
this was a cross-sectional study. Longitudinal studies 
are necessary to clarify physiological changes in 
the brain during rapid reading.

This study evaluated neural activities associated 
with reading speed and reading comprehension 
during rapid reading, which were not evaluated in 
previous studies. In addition, this study showed 
great consistency with previous studies, and rapid 
readers read sentences while maintaining reading 
comprehension.

In conclusion, neural activities of rapid readers 
were significantly lower in Wernicke’s and Broca’s 
areas, left angular and supramarginal gyri, and 
hippocampus. Furthermore, reading speed was 
negatively correlated with neural activities in 
Wernicke’s and Broca’s area, left angular and 
supramarginal gyri, and hippocampus. On the 
contrary, reading comprehension was negatively 
correlated with neural activities in the left angular 
gyrus. These results suggest that rapid readers 
have reduced language processes, such as phono-
logical processes (e.g., phonological transformation, 
analysis, and inner speech) and semantic and 
syntactic processes, and constant reading compre-
hension during rapid reading. The findings of this 
study could deepen our understanding of the mech-
anism of rapid reading and provide a scientific 
basis for physiological changes in the brain during 
rapid reading, thereby reducing distrust toward 
rapid reading and promoting benefit from it.

Acknowledgments

This work was supported by Iso Ichiro in Base 
Inc., Tokyo, Japan. We also extend sincere gratitude 
to my supervisors, Shigeki Aoki and Koji Kamagata 
in department of Radiology, Juntendo University 



281

Juntendo Medical Journal 70(4), 2024

Graduate School of Medicine, Tokyo Japan, for 
their unwavering support, invaluable guidance, and 
scientific insight. Their invaluable contributions 
were key to the success of this research. Any 
recognition this paper receives is a testament to 
their dedication and guidance.

Funding

This research was supported by Tokyo Metro-
politan University Graded Research Funds (Depart-
mental Competitive Funds) 2021.

Author contributions

YS, SY, and AS conceived the presented idea. YS 
developed the theory and investigated the report 
on this research. AS and RU encouraged YS to 
investigate this work. All authors discussed the 
results and contributed to the final manuscript.

Conflicts of interest statement

All authors declare that the research was 
conducted without any commercial or financial 
relationships that could be construed as a potential 
conflict of interest.

References
	 1)	Nishi Y: Development of a speed reading training 

program for elementary school students and its effec-
tiveness. Japan journal of educational technology, 2005; 
28: 25-28. (in Japanese)

	 2)	Carol AF: Reading Rate in L1 Mandarin Chinese and 
L2 English across Five Reading Tasks. The Modern 
Language Journal, 2007; 91: 372-394.

	 3)	Williams RL, Skinner CH, Jaspers KE: Extending 
research on the validity of brief reading comprehen-
sion rate and level measures to college course success. 
Behav Anal Today, 2007; 8: 163-174.

	 4)	Breznitz Z, Demarco A, Shammi P, Hakerem G: Self-
Paced Versus Fast-Paced Reading Rates and Their 
Effect on Comprehension and Event-Related Poten-
tials. J Genet Psychol, 1994; 155: 397-407.

	 5)	Ishii N, Takahashi K, Kougo C: Changes in Comprehen-
sion of Texts after Practicing Speed-Reading Methods. 
Bulletin of the Center for Research and Instruction of 
Educational Practice, University of Toyama, 1996; 14: 
47-52. (in Japanese)

	 6)	Aiko M: Examining the Effectiveness of Speed Reading 
Training in College Students. The Japanese Psycholog-
ical Association, 2010; 74: 1EV143-141EV143. (in Japa-
nese)

	 7)	Matsuda M: Speed Reading easy Exercise. The Insti-
tute of Electronics, Information and Communication 
Engineers, 2011; 111: 57-59. (in Japanese)

	 8)	Kurita M: Changes in mental and physical functions of 
832 people after a 2-day speed-reading course. Journal 
of the International Society of life Information Science, 

2001; 19: 47-60. (in Japanese)
	 9)	Kurita M: Changes in mental and physical functions of 

1,550 people after a 10-day speed-reading course. 
Journal of the International Society of life Information 
Science, 2002; 20: 662-667.

10)	Kurita M: A Study of Improvement of Comprehension 
in a 5-Day Beginner’s Class of the Kurita Method of 
Speed Reading. Journal of the International Society of 
life Information Science, 2003; 21: 464-467.

11)	Fujimaki N, Hayakawa T, Munetsuna S, Sasaki T: 
Neural activation dependent on reading speed during 
covert reading of novels. Neuroreport, 2004; 15: 239- 
243.

12)	Fujimaki N, Munetsuna S, Sasaki T, et al: Neural acti-
vations correlated with reading speed during reading 
novels. Neurosci Res, 2009; 65: 335-342.

13)	Hausser LP, Bugaud A, Noblet V, et al: The hippo-
campal region is necessary for text comprehension 
and memorization: a combined VBM/DTI study in 
neuropsychological patients. Brain Imaging Behav, 
2021; 15: 2367-2376.

14)	Moss J, Schunn CD, Schneider W, McNamara DS, 
Vanlehn K: The neural correlates of strategic reading 
comprehension: cognitive control and discourse compre-
hension. Neuroimage, 2011; 58: 675-686.

15)	Papanicolaou AC, Simos PG, Castillo EM, Breier JI, 
Katz JS, Wright AA: The hippocampus and memory of 
verbal and pictorial material. Learn Mem, 2002; 9: 99- 
104.

16)	Ryherd K, Jasinska K, Van Dyke JA, et al: Cortical 
regions supporting reading comprehension skill for 
single words and discourse. Brain Lang, 2018; 186: 
32-43.

17)	Sumowski JF, Rocca MA, Leavitt VM, et al: Reading, 
writing, and reserve: Literacy activities are linked to 
hippocampal volume and memory in multiple sclerosis. 
Mult Scler, 2016; 22: 1621-1625.

18)	Whitfield-Gabrieli S, Nieto-Castanon A: Conn: a func-
tional connectivity toolbox for correlated and anticor-
related brain networks. Brain Connect, 2012; 2: 125-141.

19)	Rolls ET, Huang C-C, Lin C-P, Feng J, Joliot M: Auto-
mated anatomical labelling atlas 3. Neuroimage, 2020; 
206: 116189.

20)	Fiez JA, Petersen SE: Neuroimaging studies of word 
reading. Proc Natl Acad Sci U S A, 1998; 95: 914-921.

21)	Fujimaki N, Miyauchi S, Pütz B, et al: Functional 
magnetic resonance imaging of neural activity related 
to orthographic, phonological, and lexico-semantic 
judgments of visually presented characters and words. 
Hum Brain Mapp, 1999; 8: 44-59.

22)	Fujimaki N: Neural activity dependent on phonological 
demands in a verbal working memory task. Neuro-
image, 1999; 9: S919.

23)	Shergill SS, Brammer MJ, Fukuda R, et al: Modulation 
of activity in temporal cortex during generation of 
inner speech. Hum Brain Mapp, 2002; 16: 219-227.

24)	Henson RN, Burgess N, Frith CD: Recoding, storage, 
rehearsal and grouping in verbal short-term memory: 
an fMRI study. Neuropsychologia, 2000; 38: 426-440.

25)	Déjerine J: Sémiologie des affections du système 
nerveux: Masson et Cie., 1914. (in French)

26)	Marie P: Les aphasies de guerre. Rev Neurol, 1917; 24: 
53-87.

27)	Hartwigsen G, Baumgaertner A, Price CJ, Koehnke M, 
Ulmer S, Siebner HR: Phonological decisions require 



282

Saito Y, Yoshida S, et al: Neural activities in language processing and memory

both the left and right supramarginal gyri. Proc Natl 
Acad Sci U S A, 2010; 107: 16494-16499.

28)	Humphries C, Binder JR, Medler DA, Liebenthal E: 
Syntactic and semantic modulation of neural activity 
during auditory sentence comprehension. J Cogn 
Neurosci, 2006; 18: 665-679.

29)	Tyler LK, Marslen-Wilson WD, Randall B, et al: Left 
inferior frontal cortex and syntax: function, structure 
and behaviour in patients with left hemisphere 
damage. Brain, 2011; 134: 415-431.

30)	Van Ettinger-Veenstra H, McAllister A, Lundberg P, 
Karlsson T, Engström M: Higher Language Ability is 
Related to Angular Gyrus Activation Increase During 
Semantic Processing, Independent of Sentence Incon-
gruency. Front Hum Neurosci, 2016; 10: 110.

31)	Xu J, Kemeny S, Park G, Frattali C, Braun A: Language 
in context: emergent features of word, sentence, and 
narrative comprehension. Neuroimage, 2005; 25: 1002-
1015.

32)	Milner B, Squire LR, Kandel ER: Cognitive neurosci-
ence and the study of memory. Neuron, 1998; 20: 445- 
468.

33)	Lepage M, Habib R, Tulving E: Hippocampal PET acti-
vations of memory encoding and retrieval: the HIPER 
model. Hippocampus, 1998; 8: 313-322.

34)	Schacter DL, Wagner AD: Medial temporal lobe acti-

vations in fMRI and PET studies of episodic encoding 
and retrieval. Hippocampus, 1999; 9: 7-24.

35)	Stark CE, Squire LR: Functional magnetic resonance 
imaging (fMRI) activity in the hippocampal region 
during recognition memory. J Neurosci, 2000; 20: 7776-
7781.

36)	Eldridge LL, Knowlton BJ, Furmanski CS, Bookheimer 
SY, Engel SA: Remembering episodes: a selective role 
for the hippocampus during retrieval. Nat Neurosci, 
2000; 3: 1149-1152.

37)	Stevens DA, Adams RL: Improvement in Rapid Reading 
as Related to Visual Acuity and Initial Reading Speed. 
J Educ Res, 1968; 62: 165-168.

38)	Brewer JB, Zhao Z, Desmond JE, Glover GH, Gabrieli 
JD: Making memories: brain activity that predicts how 
well visual experience will be remembered. Science, 
1998; 281: 1185-1187.

39)	Fernández G, Weyerts H, Schrader-Bölsche M, et al: 
Successful verbal encoding into episodic memory 
engages the posterior hippocampus: a parametrically 
analyzed functional magnetic resonance imaging study. 
J Neurosci, 1998; 18: 1841-1847.

40)	Wagner AD, Schacter DL, Rotte M, et al: Building 
memories: remembering and forgetting of verbal expe-
riences as predicted by brain activity. Science, 1998; 
281: 1188-1191.



283

Juntendo Medical Journal 70(4), 2024

Introduction

Repetitive peripheral magnetic stimulation (rPMS) 
and peripheral nerve electrical stimulation are known 
to induce muscle contraction. Notably, magnetic 
stimulation is considered less painful than electrical 
stimulation, as the induced electrical current can 
directly target deep tissues without penetrating 
the skin1). This characteristic makes rPMS particu-
larly well-suited for application in patients with 

chronic pain and muscle weakness. The effective-
ness of rPMS extends beyond its application in 
healthy subjects, where it enhances motor perfor-
mance2), to benefiting patients experiencing central 
hemiparesis3). Previous research has also highlighted 
the therapeutic potential of rPMS in addressing 
musculoskeletal pain4, 5) and reducing lumbar radic-
ulopathy pain6). 

In a comprehensive analysis conducted in 2022, 
Pan et al. analyzed eight randomized controlled trials 
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(RCTs) involving 170 patients with stroke or other 
neurological disorders, revealing that rPMS can 
effectively reduce spasticity in both upper and 
lower limbs7). Despite these positive findings, the 
impact of rPMS on spinal circuit remains unclear. 
While existing evidence suggests the potential of 
rPMS as a valuable treatment for promoting motor 
performance, further exploration is needed to eluci-
date its effects on spinal circuitry.

Reciprocal inhibition (RI) between agonist and 
antagonist muscle is mediated by the Ia inhibitory 
interneurons8-10), which are responsible for the 
achievement of smooth movement between these 
muscles10, 11). RI plays a crucial role in modifying 
aspects of locomotor and other functional abnor-
malities associated with conditions such as stroke, 
spinal cord injuries, and other chronic disorders of 
motor control, ultimately contributing to more effec-
tive function12). For instance, spinal cord injuries in 
humans are characterized by heightened stretch 
reflexes and flexor afferent reflexes, coupled with a 
reduction in RI. These anomalies are believed to 
contribute to spasticity13). Conditioning the RI 
pathway holds potential for enhancing spinal cord 
function in individuals with incomplete spinal cord 
injuries or other neurological disorders.

Therefore, our study aims to investigate the 
effects of repetitive peripheral magnetic stimula-
tion (rPMS) on spinal RI using the H-reflex. This 
exploration seeks to advance our understanding of 
how rPMS may modulate spinal circuitry and 
potentially offer therapeutic benefits for individuals 
with incomplete spinal cord injuries or other neuro-
logical disorders.

Materials and Methods

Participants
19 healthy volunteers (8 females and 11 males, 

with a mean age of 27.79 ± 5.27 years) participated 
in this single-blind crossover study. All of them 
met the following inclusion criteria: (1) age between 
20-50 years; (2) no history of orthopedic surgery in 
the lower limb; (3) no medical history of nervous 
system disease (including epilepsy); (4) not using 
drugs affecting the central nervous system; (5) 
without pacemaker or other metallic orthopedic 
implants in the body. All subjects provided written 
informed consent before participating in the study. 
The experiment commenced on July 5, 2022, and 
concluded on August 30, 2023.

Repetitive peripheral magnetic stimulation (rPMS)
RPMS was delivered using a coil connected to a 

Salus Talent Pro (REMED, Korea). Subjects were 
instructed to sit in a relaxed position, and the stim-
ulation coil was positioned on the calf of the left 
limb, targeting the top of the Achilles tendon to 
stimulate the soleus muscle belly. Stimulation param-
eters were a frequency of 50Hz, a 3-second stimu-
lation (10 biphasic pulses, each pulse width 0.02 
seconds) with a 6-second interval, and a total stim-
ulation duration of 20 minutes (Figure 1). Notable 
side effects, such as pain and a burning sensation 
were carefully managed by adjusting the stimula-
tion intensity according to the subject’s pain 
threshold. Electrodes were removed as a precau-
tionary measure to prevent potential skin burns 
caused by the heat generated during stimulation.

Figure 1　Illustration of the stimulation frequency. The stimulation frequency is set at 50Hz, and 
each train consists of 10 pulses delivered 3 seconds, followed by a 6-second interval, the stimulation 
will last for 20 mins.
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H-reflex
The H-reflex was elicited by stimulating the 

tibial nerve at the popliteal fossa using 1ms rectan-
gular pulse. Conditioning stimulation to the common 
peroneal nerve (CPN) was delivered below the 
fibular head, with a stimulus intensity of 1.0×motor 
threshold (MT). MT was defined as a 100μV 
response of the tibialis anterior (TA). The reflexes 
were recorded by disc electrodes placed over the 
soleus muscle. The sensitivity of the H-reflex to 
facilitatory and inhibitory conditioning effects has 
been shown to depend crucially on its size14). Hence, 
when measuring the effects of conditioning stimuli, 
the size of the test soleus H-reflex (testH) ampli-
tude maintained at 20-25% of the maximum M 
amplitude (Mmax) for each block of trials. The 
amplitude of Mmax before and 30min after the 
stimulation was measured to ensure there was no 
displacement of stimulating electrodes during 
movement. 

Reciprocal inhibition (RI) 
RI was assessed using a soleus H-reflex condi-

tioning-test paradigm15). Ten conditioned and ten 
test H-reflexes were measured, and the mean 
value of the ten measures was calculated. The 
amount of RI was defined as mean conditioned H- 
reflex amplitude divided by mean test H-reflex 
amplitude. To confirm optimal disynaptic RI, we 
checked the H-reflex at a conditioning-test inter- 
stimulus interval (ISI) of 0, 1, and 2ms at the begin-
ning of each session. The ISI were set at 2ms and 

20ms to trigger inhibition through separate mecha-
nisms16). Inhibition at an ISI of 2ms is called disyn-
aptic RI (RI2ms) and is mediated by a spinal 
glycinergic disynaptic inhibitory pathway17, 18). Inhi-
bition at an ISI of 20ms (RI20ms) is called short-la-
tency presynaptic inhibition, which is thought to 
result from presynaptic Ia inhibition of afferent 
fibers that mediate the H-reflex16). We assessed RI 
before, immediately after, and 30 minutes after 
each stimulation.

Experimental Procedure
Three types of rPMS (high-intensity stimulation, 

low-intensity stimulation and non-stimulation) 
were randomly applied on separate days. High- 
intensity was defined as the maximal intensity the 
participants can tolerate without pain and induce 
muscle contraction. The low-intensity is the motor 
threshold of soleus muscle, with intensity stimula-
tion evoking minimum muscle twitch. For the 
non-stimulation, coil was placed in the same posi-
tion as high and low-intensity stimulation, but 
stimulus intensity was set at 0. We assessed RI 
before, immediately after rPMS (post) and 30 
minutes after rPMS (post 30) (Figure 2).

Statistical analyses
The Kolmogorov-Smirnov test was utilized to 

assess the normal distribution of all data, and no 
significant deviation from normality was observed. 
Two-factor repeated measures ANOVA was used 
to analyze the effects of types of rPMS (high-inten-

Figure 2　Experimental procedure. Nineteen subjects participated in three sessions: (1) non-
stimulation; (2) low-intensity; (3) high-intensity. All three sessions are delivered in 20 minutes. 
Measurements of reciprocal inhibition at ISI 2ms and 20ms were taken before, immediately 
after(post), and 30 minutes after (post30) each stimulation session.
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sity stimulation, low-intensity stimulation, and non- 
stimulation) and time points (before, immediately 
after and post30) of the differences in RI ratio. The 
changes of testH and Mmax amplitudes of each 
stimulation were analyzed with one-factor repeated 
measure ANOVA with main factor of time.

For post hoc comparisons, Scheffe’s test for multiple 
comparisons was employed to analyze the results 
of all data. Results with P values < 0.05 were consid-
ered statistically for all analyses. Statistical anal-
yses were conducted using SPSS 29.0 (IBM Corp, 
Armonk, NY, USA) for Windows.

Results 

The mean testH amplitude was 3.54 ± 1.49 mV 
before high-intensity stimulation, 3.19 ± 1.55 mV 
before low-intensity stimulation, 3.70 ± 1.63 mV 
before non-stimulation. There were no significant 
differences in the baseline of the testH amplitudes 
among different paradigms (F = 0.510, p = 0.603). 
One-way repeated measure ANOVA showed no 
significant main effect of time (before, immediately 
after, 30min after) on the testH amplitudes in high- 
intensity stimulation (F = 0.053, p = 0.948), low- 
intensity stimulation (F = 0.154, p = 0.858), and non- 
stimulation (F = 0.063, p = 0.939).

The mean Mmax amplitude was 18.25 ± 4.76 mV 

before high-intensity stimulation, 18.41 ± 4.52 mV 
before low-intensity stimulation, 18.83 ± 5.00 mV 
before non-stimulation. There were no significant 
differences in the baseline of the Mmax amplitudes 
among different paradigms ((F = 0.185, p = 0.981). 
One-way repeated measure ANOVA showed no 
significant main effect of time (before and 30min 
after) on the Mmax amplitudes in high-intensity 
stimulation (F = 3.888， p = 0.058), low-intensity 
stimulation (F = 0.528, p = 0.473), and non-stimula-
tion (F = 0.819, p = 0.373).

Furthermore, at baseline, the amount of RI ratio 
did not exhibit a significant difference between 
different stimulation types. However the analysis 
(ANOVA) revealed a significant interaction (F2,33 =  
9.688， p < 0.001) between tasks and time in the RI 
ratio at 2ms. Post-hoc testing indicated that high- 
intensity rPMS significantly increased RI ratio 2ms 
post and post30 compared to pre (p = 0.001 and p =  
0.003, respectively). Additionally, a significant differ-
ence of RI ratio 2ms was observed between the value 
of high-intensity and non-stimulation rPMS imme-
diately after the stimulation (p = 0.003) (Figure 3A). 

The RI ratio is calculated by dividing conditioned 
H-reflex amplitude by test H-reflex amplitude, an 
increase in the RI ratio represents a decrease in 
inhibition, while a decrease in the RI ratio represents 

Figure 3　Changes in reciprocal inhibition (RI) with an ISI of 2ms (RI ratio 2ms) and 20ms (RI ratio 20ms) 
under different stimulation intensities. Asterisks indicate significant differences. Filled square represents non-
stimulation intensity; filled circle represents low-intensity; filled triangle represents high-intensity. Significant 
difference was observed between pre RI ratio 2ms and post RI ratio 2ms (p = 0.001) as well as pre RI ratio2ms 
and post 30 RI ratio 2ms (p = 0.003) following the high-intensity rPMS intervention. There is also a significant 
difference between the non-stimulation post RI ratio 2ms and high-intensity post RI ratio 2ms (p = 0.003) 
(Figure 3A). However, no significant difference was found in the RI ratio 20ms between all the intensities 
(Figure 3B).
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an increase in inhibition. We also found no signifi-
cant difference in the RI ratio 20ms between all the 
intensities (p > 0.05) (Figure 3B).

Discussion

In this experiment, we applied 3 intensities of 
rPMS to the soleus muscle and utilized RI to access 
the effect of the spinal circuit. We observed that 
high-intensity rPMS led to disinhibition with an ISI 
of 2ms. RPMS on the soleus muscle induced a 
visible, strong plantar flexion of the ankle, forcing 
the soleus muscle to contract, similar to voluntary 
plantar flexion. Higher intensity rPMS can activate 
more muscle spindles; the activated Ia afferent 
neuron can fire more alpha motor units which can 
generate stronger contraction of the soleus muscle. 
The contraction of the soleus muscle generates 
stronger inhibition to the tibial anterior (TA), and 
weaker activity of the TA can also explain the 
disinhibition effects of RI from TA to soleus found 
under high-intensity stimulation. And we also 
considered the reason why only RI2ms is disinhib-
ited. In this experiment, all subjects are healthy 
people with normal RI, making interference of 
RI20ms more challenging than in patients with 
impaired RI. The simplest explanation for this 
result is that modulation of the interneurons medi-
ating short-latency presynaptic inhibitions might 
be weak compared to the effects on the circuit 
responsible for disynaptic RI. Applying high-inten-
sity rPMS to patients with neurological disease or 
paralysis, who may struggle with voluntary contrac-
tion to control the target muscle, could potentially 
induce disinhibition of the RI. This could also result 
in more effective contraction to the target muscle, 
offering the potential to strengthen muscle and 
alleviate paralysis, making it a promising avenue 
for future research and clinical applications in the 
field of rehabilitation. The non-invasive nature of 
rPMS, along with its capacity to induce plasticity in 
spinal circuits, highlights its potential for future 
research and clinical applications in neuromodula-
tion. Further investigations are needed to elucidate 
the underlying mechanisms and optimize rPMS 
parameters for specific clinical populations.
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Introduction

As medical tourism and inbound activities (i.e., 
tourism, travel, and business) are likely to increase 
rapidly when normality is restored with regards to 
COVID-191), the demand for medical interpreters 
is also expected to rise2). For instance, approximately 
2.88 million foreigners (2.2% of the total population 
at the end of FY2020) live in Japan3). The demand 
for medical interpreters has been increasing4). And 

due to language barriers and differences in culture, 
religion, and lifestyle, only 2.2% of the medical insti-
tutions were able to provide services to the 
required department for foreign patients5). This 
reality implies that there is virtually no medical 
support system for non-Japanese residents. More-
over, benefits in relation to improved health habits 
from continuous usage of medical interpreters is 
estimated to be worth roughly 5.8 billion yen by 
the MHLW6). Yet, the reality is that the medical 
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Objective: Since there have been no studies for the prevention of job turnover among medical interpreters, this study examined 
the effects of social support, professional career maturity and stress coping on their attitudes toward job continuity intentions.
Design: A cross-sectional study was conducted to examine the relationships between social support, professional career 
maturity, stress coping and job continuity intentions.
Methods: Stress coping was measured by using a simplified stress coping scale (with 9 items and 1 factor structure). Social 
support was measured by defining the interpreters who answered “Yes” for “I have someone to talk to when I feel emotional 
stress”. Professional carrier maturity was assessed by using, 12 career-related items. We defined those interpreters who 
responded “No” to “Have you ever wanted to quit medical interpreting due to emotional stress?” were to have job continuity 
intentions.
Results: The present study indicated that 14 (25.5%) of the interpreters did not intend to continue their occupation because of 
their psychological stresses. Compared to interpreters without social support, the odds ratio of job continuity intentions was 4.39 
(95% confidence interval [CI] : 1.13-18.3) for those with social support. Moreover, in comparison with the interpreters with low 
professional career maturity, the odds ratio of job continuity intentions was significantly higher for those with high professional 
career maturity (odds ratio [OR] = 4.35; 95%CI: 1.12-21.8). However, there was an association found for stress coping.
Conclusions: Strengthening social support and helping professional career development were the important factors for medical 
interpreters to be able to continue their careers.
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interpretation field in our country is very much 
behind compared to Western countries7, 8). As a 
result, a shortage of professional medical inter-
preters seems to be nearing reality9).

Since the medical interpreting system is not 
standardized in Japan10-12) various organizations 
and institutions have developed their own systems, 
yet the recognition of medical interpreters is still 
low13). Moreover, the salary of a medical interpreter 
is often said to be at volunteer level and is not suffi-
cient to make a decent living7, 14). For example, a 
reward, 3,000 Japanese yen (including transporta-
tion and income tax) per 3-hour session is paid to 
medical interpreters by Multicultural Center Kyoto, 
which is hardly to say an adequate livelihood guar-
antee. The study also has been pointed out that 
medical interpreters tended to quit their jobs 
within five years15). 

The current situation clearly highlights the 
unstable social status of medical interpreters16). In 
comparison with other conference interpreters, 
Mizuno and Naito (2015) pointed out the large 
emotional burden of medical interpreters17). Medical 
interpreters work in stressful medical-specific situ-
ations such as illness, death, injuries, treatments, 
and lab examinations. However, their duties cannot 
be fulfilled if they are upset by surgery, emergency 
care, or the mere sight of blood. In addition, if they 
empathize too much with the patient, they will 
experience a lot of mental suffering17, 18). Torikai19) 
asserts that “Even if the world becomes a multilin-
gual society, medical interpretation will not be 
handled by automatic interpretation machines”. 
The rationale for this is that empathy, which 
medical interpreters can provide, is a function of 
the mind20). In other words, verbal communication 
between patients and health care professionals 
(HCPs) in the clinical environment is extremely 
delicate and requires a high level of sensitivity, as 
well as a variety of non-verbal communications21). 
For medical interpreters to function as profes-
sionals while maintaining a certain level of quality, 
mental and physical health management is consid-
ered to be essential. However, there have been no 
studies on the prevention of turnover as well as 
stress coping among medical interpreters in Japan22), 
while there is a report23) of 200 workers who devel-
oped mental illnesses and left their jobs due to 
workplace stress in 2021. 

Therefore, it is crucial to investigate how medical 
interpreters avoid burnout through stress coping 
and/or social support to prevent them from leaving 
their jobs to continue their careers.

Methods

Subjects
Medical interpreters that were registered with 

MediPhone (248 interpreters) － a telephone medical 
interpreter dispatch organization － or the National 
Association of Medical Interpreters (NAMI; 305 
interpreters) were targeted for this study. A total 
of 55 medical interpreters were enrolled in the 
present study. 

A “Request for Research, Purpose and Signifi-
cance of the Study” was sent via email to the 
responsible person at the targeted organization. 
After obtaining permission, we sent an anonymous 
questionnaire survey via Google Forms to active 
medical interpreters registered with the organiza-
tions. The explanatory document also included 
information on the “purpose of the research”, “with-
drawal after consent to conduct research”, “handling 
of personal information” and “consultation service 
for research subjects”, and checking the consent 
box was considered to agree with informed consent.

This study was approved by the Juntendo Univer-
sity Graduate School of Medicine Ethics Committee 
for Medical Research (approval number: Juntendo 
University Medical Ethics No. E21-0235-M01) and 
conducted from January 12, 2022, to February 28, 
2022 and the questionnaire was conducted in Japa-
nese.

Measures
The survey took approximately 5 minutes to 

complete and interpreters were asked stress coping, 
social support, professional carrier maturity, job 
continuity intentions and the basic information 
including age (years), sex (male vs. female), salary 
(adequate vs. insufficient), native language, and 
interpreting language. Stress coping was calculated 
using a simplified (factor-structured) stress coping 
scale with nine items (Appendix 1)24). And the 
following four-point scale was used: “1: not at all”, 
“2: hardly at all”, “3: sometimes”, and “4: often.” 
Interpreters with a median value of ≥ 27 out of 36 
points were defined as having stress coping. Stressful 
medical interpreting environment was also investi-
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gated with the question “In which situation did you 
feel stressed?” and interpreters responded from 
answers including “in medical environments”, 
“psychological problems (anxiety, shock, pressure)”, 
“responsibility/confidentiality”, and “human relations”. 
Social support was measured by defining the inter-
preters who answered “Yes” for “I have someone to 
talk to when I feel emotional stress” as having 
social support. For those who answered “Yes” to 
the above, the following question was also asked: 
“Who (where) do you consult when you feel 
emotionally stressed?” This question was asked to 
induce specific social support by providing multiple 
answers from nine choices that were categorized 
into four segments: “1: fellow interpreters”, “2: 
psychological counseling or others”, “3: family/friends 
(patients, family, friends)”, and “4: medical personnel 
(doctors, nurses, clerks)”. To assess professional 
carrier maturity in the present study, 12 career-re-
lated items were taken from the Occupational 
Career Maturity Measurement Scale (Appendix 2), 
which was developed by Karino et al.25), with 
permission of the first author. Occupational career 
maturity was calculated using the following five-
point scale out of 60 points: “1: not applicable”, “2: 
not very applicable”, “3: undecided”, “4: somewhat 
applicable”, and “5: very applicable. We used a 
median value of ≥ 49 to signify a high level of 
professional carrier maturity. The professional carrier 
maturity was consisted of three types of questions 
with three reverse questions (i.e., interest, autonomy, 
and planning and analysis). Questions 1 to 4 related 
to interest, 5 to 8 related to autonomy, and 9 to 12 
related to planning and analysis. Higher total scores 
indicated greater professional carrier maturity26).

Measurement of medical interpreters’ willingness 
for job continuity intentions 

Interpreters who responded “No” to “Have you 
ever wanted to quit medical interpreting due to 
emotional stress?” were defined to have job conti-
nuity intentions. Interpreters who answered that 
they have never wanted to quit interpreting due to 
mental stress were considered to have an aware-
ness of continuity in the profession. We used a 
question from a previous study27) to confirm their 
intention to continue in the profession (Appendix 2). 
The interpreters who answered that they have 
wanted to quit their job as a medical interpreter 

were asked in which situations they felt like quit-
ting, with four categories of multiple choice: “1: in 
the medical environment (consultation room, shock 
by seeing wounds, anxiety by contacting COVID-19 
patients, PTSD)”, “2: psychological problems (mental 
illness, cancer, emergency, operation, DV and crime 
victims, death of the patients who interpreted)”, “3: 
high responsibility and low pay, confidentiality 
stress”, and “4: human relations with HCPs, with 
medical interpreters)”. 

Statistical analysis
The difference of proportions and means according 

to stress coping, social support, and professional 
carrier maturity categories were tested by Chi- 
square and T-test. Multivariate logistic regression 
analysis was used to examine the relationships 
between job continuity intentions, stress coping, 
social support, and professional carrier maturity, 
with adjustments for sex and age. All statistical 
analyses were performed using the SAS software 
package (version 9.4, SAS Institute, Cary, NC, USA). 
All p-values for statistical tests were two-tailed, 
and values of p < 0.05 were denoted as statistically 
significant differences. 

Results

The basic characteristics of the interpreters are 
shown in Appendix 3. The study population consisted 
of 55 interpreters (7 males and 48 females) regis-
tered with a medical interpreting company, with a 
response rate of 9.9%. The minimum and maximum 
ages were 32 and 68, respectively, with a mean age 
of 50.2 years old (SD = 8.76). Most interpreters 
(36.4%) had been interpreting medical information 
for “5-10 years”, while 14.5% had been interpreting 
for “10 years or longer” and 5.5% had been inter-
preting for “less than 1 year”. Moreover, 60% in 
interpreters indicated that the salary was insuffi-
cient.

Most (80%) of were the native Japanese inter-
preters, while 20.0% were native speakers of a 
foreign language. Of the 11 native speakers of 
foreign languages, 27.3% were native speakers of 
Chinese and 27.3% were native speakers of Viet-
namese, accounting for more than half of the inter-
preters. There was a total of 16 interpreting 
languages, with English and Japanese being the 
most common (31.0%), followed by Chinese and 
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Japanese (16.4%).
In terms of job continuity intentions (JCIs), 25.5% 

(14 interpreters) answered “I have wanted to quit 
my job as a medical interpreter due to emotional 
stress”. The specific situations cited by those who 
wanted to quit medical interpreting were medical 
practices (35.7%), psychological problems such as 
anxiety, shock, and pressure (28.7%), responsi-
bility/confidentiality (21.4%), and human relation-
ships (14.2%). 

The highest response regards to social support 
was from fellows (31%) or psychological counselors 
or others (31.0%), followed by family and/or friends 
(28.0%), and medical professionals (10.0%). On the 
other hand, more than one fourth (27.3%) responded 
that they have no person or place to consult with 
when they have psychological stress. 

Table 1 shows that the interpreters with social 
support had high professional carrier maturity 
(p = 0.02). And among the 15 interpreters without 
social support, the percentage of the high profes-
sional carrier maturity was 62%. It was apparent 
that the interpreters with social support also had 
stress coping (92%) and the interpreters without 
social support were likely to have stress coping 
(p = 0.007). In terms of professional carrier matu-
rity, interpreters with stress coping seems to have 
higher professional career maturity (p = 0.05). And 
the percentage of without stress coping and low 
professional carrier maturity was the highest (69%) 
while the percentage of without social support and 
low professional carrier maturity was 38.0%.

There were significant associations found between 
job continuity intentions and social support (OR =  
4.39; 95%CI: = 1.13-18.31) and job continuity inten-
tions and professional carrier maturity (OR = 4.35; 
95%CI: = 1.12-21.85), respectively (Table 2). However, 
similar results were not observed for stress coping.

Discussion

Recently, surveys of medical interpreters in a 
wide variety of languages have revealed a variety 
of conditions involving psychological distress, 
burden, and stress28-30). For example, a study of 
interpreters working in the field of refugee care in 
Germany (164 interpreters) reported significantly 
higher psychological distress in terms of anxiety 
and depression, and approximately 7% of those 
surveyed were positive for post-traumatic stress 
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disorder (PTSD)31). Moreover, Loutan et al. (1999) 
conducted an anonymous survey of 22 interpreters 
registered as volunteers with the Red Cross in 
Geneva32). Five of these interpreters (28%) frequently 
experienced psychologically difficult emotions while 
interpreting, while 12 (66%) reported recalling 
painful memories frequently. According to the 
Report of the Survey of the Dispatched Medical 
Interpreters’ Performance in Japan33), the most 
common stress experienced by medical inter-
preters is “emotional involvement with the patient” 
(31%), followed by “stressful due to confidentiality” 
(22%). In response to this mental stress, strength-
ening the self-management of medical interpreters 
has been proposed in recent years34).

Most of the previous studies on stress coping 
among medical interpreters have been qualitative 
studies18, 26, 29); instead, this cross-sectional study 
was a quantitative study based on an online survey. 
Our study found that interpreters with social support 
or professional carrier maturity had higher odds of 
having job continuity intentions. However, we did 
not find a similar association for stress coping.

Previous studies have shown that many medical 
interpreters leave the profession due to low pay, 
high emotional strain, and volunteer status, in 
contrast to the high levels of skill and responsibility 
required35).

The results of this study were consistent with 
previous studies, with more than half (60.0%) 
reporting that their salary is low36), and more than 
a quarter (25.5%) stating that they have wanted to 
quit the medical interpreting profession due to 
emotional stress14). The results of the survey also 
agreed with those of previous studies, in that the 
medical environment was the most common situa-
tion in which the interpreters cited wanting to leave 

their jobs, followed by psychological pressure32-33, 37). 
Social support seems to be a crucial element for 

the prevention of turnover of medical interpreters. 
Our results showed that medical interpreters with 
higher stress coping had a higher percentage of 
social support (92.0%) compared to those with low 
stress coping (58.0%), which are consistent with 
the results of previous studies16, 18). Interpreters with 
higher professional carrier maturity were more 
likely to have stress coping. Folkman and Lazarus 
(1986) examined cognitive appraisal and coping 
processes in stressful situations and found that 
coping was strongly related to cognitive appraisal 
and that forms of coping differed depending on 
coping options38). This suggests that medical inter-
preters with high professional carrier maturity and 
job continuity intentions may have high autonomy39) 
and are less likely to leave their jobs even if their 
stress coping is low because of their psychological 
burdens40). Furthermore, the simplified stress coping 
scale used in this study contained only item that 
was classified as cognitive (automatic thinking) 
coping; all other items were classified as behavioral 
coping. Although cognitive (automatic thinking) 
and behavioral coping are considered to be the 
only effective stress reactions, behavioral coping 
items such as “enjoyed time with family and 
friends” and “talked to someone” may not be recog-
nized as coping by certain individuals because 
these items are not regarded as skills obtained by 
learning41). Since stress coping is also regarded as 
self-care42), there may be a need for improved 
structural regulation of the professional occupation 
of medical interpreter6).

The results from our study potentially suggest 
the need for improved social support and working 
conditions for interpreters. While some studies have 

Table 2　Relationship between social supports, stress coping, professional carrier maturity, and job continuity intentions

Odds ratio 95％ Confidence 
Interval R2 p-value

Social support
Crude 4.13 1.13－15.73 4.55 0.03

Multivariable* 4.39 1.13－18.31 4.46 0.03

Stress coping
Crude 1.04 0.31－3.68 0.005 0.95

Multivariable* 1.11 0.31－4.13 0.02 0.88

Professional career maturity
Crude 4.69 1.25－23.05 4.56 0.03

Multivariable* 4.35 1.12－21.85 3.98 0.05

*Adjusted for age and sex.
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focused on stress coping and stress reduction43-44), 
Nakajima (2006) revealed that social welfare workers 
who have high social support from supervisors, 
colleagues, and family and friends are less likely to 
suffer depression45) and may have a decreased turn-
over rate. Having high social support can bring a 
sense of controlling stress46) and intention to work47). 

Hence, social support helps to alleviate stress 
because it may provide instant emotional releases 
and solutions to problems48). 

There were few limitations of this study. Firstly, 
selection bias may have occurred when selecting 
the two organizations to be surveyed. The survey 
was conducted for medical interpreters in Tokyo; 
therefore, the generalization of our study may be 
limited. Secondly, this study did not obtain inter-
preters’ educational background and marital status, 
which have been shown to be related to stress and 
professional career maturity in the previous 
studies29, 40). The results could be confounded by 
these unmeasured variables. Thirdly, since this is 
cross-sectional study, causality cannot be shown 
clearly. Fourthly, interpreters without job continuity 
intentions were defined as those that answered 
“Yes” to a single question “I have wanted to quit 
my job as a medical interpreter due to mental 
stress.” However, this cannot exclude contradictory 
human emotion and cognition. In addition, since 
this survey was conducted during the COVID-19 
pandemic, the lower response rate could be due to 
a reduced demand for medical interpreters because 
of a burden on medical facilities with policies such 
as stay homes and avoid the “Three Cs49) (i.e. 
closed spaces, crowded places, and close-contact 
settings)”. With regard to this survey, we only 
know the attributes of the respondents, therefore, 
the difference in attributes between those who 
responded to this survey and those who did not 
cannot be considered. Finally, since this study had 
a small sample, further research is necessary for 
more detailed results. 

Nonetheless, this is the first quantitative study 
that examined the impact of social support, stress 
coping, and professional carrier maturity on job 
continuity intentions in Japan, as the only a quanti-
tative study has been conducted in Germany29). 
The results corroborated that professional carrier 
maturity is related to job continuity intentions of 
medical interpreters and showed the importance of 

social support for daily mental stress.
In summary, social support and professional 

carrier maturity seem to play important roles in 
the continuity of medical interpreters’ careers. The 
results of our study suggested that it is important 
to strengthen social support for mental stress in 
medical interpreters. In the future, it will be neces-
sary to increase the number of survey participants 
and conduct a longitudinal study to examine any 
causal associations between social support and 
professional carrier maturity. In order to prevent 
medical interpreters from leaving the profession, it 
is important to develop a system to enhance their 
social support and therefore reduce mental stress.
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1   Laughing and having a good time
2   Enjoyed time with family and friends
3   Tried to relax
4   Tried to change my mood (hobbies, travel, etc.)
5   Tried to be physically active as much as possible
6   Tried to reduce stress
7   Talked to someone about it
8   Talked to someone about something
9   Tried to sleep well

Appendix 1   Stress coping scale (9 items)

Interest
  1   I actively try to collect information that is useful for my professional life and work
  2   I give serious thought to designing my professional life because it is an important issue for me
  3*  I do not care much about how I should work
  4   I have thought about how I can improve my professional life

Autonomy
  5   I am proactive in my professional life
  6*  Often find working boring
  7   I have voluntarily decided what kind of professional life I want to lead
  8   I want to further develop and improve myself through my professional life

Planning and analysis
  9   I have my own outlook on my future professional life
10   I have a number of things I would like to work on in my future professional life
11*  I do not know what my goals should be in my professional life
12   I think I will be able to achieve the kind of professional life I expect in the future

Professional continuity consciousness
13   Questions about attitudes towards continuing in the profession
      Do you want to continue in your current profession (medical interpreting)?

Appendix 2   Professional carrier maturity (12 items) and job continuity intentions (1 item) scales

*Reverse questions.
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n %

Sex

Female 48 87.2

Male 7 12.8

Age Mean age (SD) 50.2 (8.76)

40s and under 26 47.3

50s 19 34.5

60s and over 10 18.2

Length of medical interpretation experience

Less than 1 year 3 5.5

1 year - less than 3 years 7 12.7

3 years - less than 5 years 17 30.9

5 years - less than 10 years 20 36.4

More than 10 years 8 14.5

Native speakers of Japanese 44 80.0

Native speakers of foreign languages 11 20.0

Chinese 3 27.3

Vietnamese 3 27.3

Portuguese 1 9.1

Russian 1 9.1

Burmese 1 9.1

Indonesian 1 9.1

Tagalog 1 9.1

Language of interpretation

English⇔Japanese 17 31.0

Chinese⇔Japanese  9 16.4

Spanish⇔Japanese 7 12.7

Portuguese⇔Japanese 5  9.1

Other languages between Japanese and (Korean, Thai, Indonesian, Mongolian, 
Nepalese, Russian, French, Sinhalese, Burmese, Vietnamese, Tagalog) 17 30.8

Salary

Adequate 22 40.0

Insufficient 33 60.0

Have you ever wanted to stop working as a medical interpreter due to 
emotional stress? (JCIs)

Yes (Without JCIs) 14 25.5

No (With JCIs) 41 74.5

In what situations have you wanted to quit your job as a medical interpreter?

In the medical environment such as consultation room 5 35.7

Psychological problems (anxiety, shock, pressure) 4 28.7

Responsibility/confidentiality 3 21.4

Human relations 2 14.2

Do you have people (or places) to talk about mental stress? (SS)

Yes (With SS) 40 72.7

No (Without SS) 15 27.3

Appendix 3   Basic characteristics of the medical interpreters
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n %

If you answered “Yes”, who (where) do you consult when you feel emotionally 
stressed? (SS)

Fellow interpreters 13 31.0

Psychological counseling or others 13 31.0

Family/friends 11 28.0

Medical personnel 2 10.0

Stress coping (9 items)

Total score 9-26: (Without SC) 31 56.0

Total score 27-36: (With SC) 24 44.0

Professional career maturity (13 items)

Total score 12-48: Low (Without JCIs) 29 52.7

Total score 49-60: High (With JCIs) 26 47.3

JCIs indicated job continuity intentions; SS indicated social support; SC indicated stress coping
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Introduction

Breastfeeding provides optimum support for 
infant and maternal health, and is recommended in 
both industrialized and developing countries as the 
exclusive nutrient source for term infants during 
the first six months of life1). In the Global Nutrition 
Targets for 2025, the World Health Organization 
recommends increasing the rate of exclusive 
breastfeeding up to at least 50% among infants less 
than six months2). Human breast milk offers nutri-
ents with high bioavailability and in sufficient qual-
ities to support infant growth, and this practice is 
recommended to be continued alongside the intro-
duction of complementary foods after the initial six 
months1). Various factors, such as the duration of 
lactation, gestational length, maternal health, geno-
type, and diet, influence the composition of milk 
and the production of colostrum, transitional, and 
mature milk3). Colostrum contains a high concen-
tration of whey proteins and exhibits lower levels 
of lactose and fat compared to mature milk3, 4). Colos-

trum includes high concentrations of bioactive 
compounds, including secretory immunoglobulin A 
(sIgA) and lactoferrin5). sIgA plays a crucial role 
in protecting the intestinal epithelium from enteric 
toxins and pathogenic microorganisms. Through a 
process known as immune exclusion, sIgA facili-
tates the clearance of antigens and pathogenic 
microorganisms from the intestinal lumen by blocking 
their access to epithelial receptors and entrapping 
them in mucus6). This review aimed to summarize 
the existing literature on the health benefits of 
breastfeeding in term and preterm infants.

Macronutrients in human milk

The macronutrients of human milk and their 
contributions to the total energy intake of breastfed 
infants are derived from carbohydrates (45%), fats 
(44%) and proteins (8%) at one month of age7).

Proteins and nonprotein nitrogen
The protein content of human milk is at its peak 

during the production of colostrum (approximately 
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15 to 20 g/L) and gradually decreases in mature 
milk from the second to the sixth or seventh month 
of lactation, reaching approximately 10 g/dL3, 4). 
Human milk contains a heterogeneous mixture of 
over 400 casein, whey, and mucin proteins and 
peptides that provide nutrition, antimicrobial and 
immunomodulatory activities, and stimulate nutrient 
absorption8). Proteins are essential for infant growth, 
with specific proteins (e.g., lactoferrin and α-lactal-
bumin) acting as carriers of nutrients, promoting 
gut development (e.g., growth factors and insulin), 
aiding nutrient absorption (e.g., bile salt-stimulated 
lipase, amylase, and α-antitrypsin), or exhibiting 
immune and antimicrobial activity (e.g., lactoferrin 
and sIgA)9). Colostrum has a whey-predominant 
composition (90:10 whey/casein ratio) and elevated 
concentrations of growth factors, sIgA, lactoferrin, 
and lysozyme compared to mature milk. The quan-
tity and quality of milk proteins exert a significant 
influence on infant growth and body composition. 
High protein intake during infancy activates the 
insulin-like growth factor-I axis and has been asso-
ciated with increased weight gain and a higher risk 
of obesity later in life10). The total nitrogen content 
in human milk follows a similar pattern, being 
highest in colostrum (3.0 g/L) and decreasing in 
mature milk (1.9 g/dL)3, 4). Nonprotein nitrogen, 
encompassing urea, creatinine, nucleotides, free 
amino acids, and peptides comprise 25% of the total 
nitrogen in human milk. Nucleotides, considered 
conditionally essential nutrients, modulate enzyme 
activities and promote the development and matu-
ration of the gastrointestinal and immunological 
systems3).

Carbohydrates
The principal sugar in human milk is lactose, a 

disaccharide with a concentration of approximately 
6.7 g/dL. This concentration surpasses that found 
in the milk of other species and underscores its 
significance in meeting the nutritional requirements 
of the brain3). Lactose serves as an important source 
of galactose, essential for the development of the 
central nervous system. Other major carbohydrates 
found in human milk are oligosaccharides, ranging 
from 2.1 g/dL in colostrum to 1.3 g/dL in mature 
milk11). Over 200 acidic or natural oligosaccharides 
have been identified in human milk, with their 
composition influenced by maternal genetics12, 13). 

While oligosaccharides are not digestible, they 
function as prebiotics that serve as metabolic 
substrates for beneficial bacteria, including Bifido︲
bacteria and Bacteroides species. Additionally, oligo-
saccharides modulate infant mucosal and systemic 
immune functions14).

Lipids
Lipids, present as an emulsion, contribute 40-50% 

of the total energy of human milk7). Colostrum 
contains lipid concentrations of 1.5-2.0 g/dL, while 
mature milk exhibits 3.5-4.8 g/dL. Approximately 
98% of milk lipids are secreted as triglycerides, 
serving as a crucial source of essential nutrients 
such as polyunsaturated fatty acids (PUFAs), 
lipid-soluble vitamins, complex lipids, and bioactive 
compounds. The remaining lipid content consists of 
diglycerides, monoglycerides, free fatty acids, phos-
pholipids, and cholesterol7). The properties of 
triglycerides are determined by their fatty acid 
composition, with minimal non-estrified fatty acids 
present in human milk. Triglycerides account for 
88% of the fat, with approximately 43% saturated 
fatty acids, 35% cis-monosaturated, 1% to 7% trans- 
monounsaturated, and 20% PUFAs (19% n-6 and 
1% n-3)15). Although the lipid content is influenced 
by the mother’s diet, palmitic acid is the most 
predominant saturated fatty acid, commonly found 
in the sn-2 position. This positioning enhances 
absorption and improves calcium absorption. Most 
infant formulas contain triglycerides with palmitic 
acid in the sn-1 and sn-3 positions. Pancreatic lipase 
selectively hydrolyzes triglycerides in these posi-
tions, producing two free fatty acids and a mono-
glyceride. The 2-monopalmitin produced during 
the digestion of human milk fat is readily absorbed, 
while the free palmitate formed during the diges-
tion of formula milk may combine with calcium to 
form soaps and be lost in the feces16).

The long-chain polyunsaturated fatty acids 
(LCPUFAs) in human milk are influenced by the 
mother’s diet, with those possessing more than 20 
carbons and 2 or more double bounds comprise 
only about 2% of the total fatty acids in breast 
milk17). Human milk contains n-3 and n-6 LCPUFAs, 
such as arachidonic acid (AA, 20:4, n-6) and doco-
sahexaenoic acid (DHA, 20:4 n-3). A systematic 
review reported worldwide concentrations (by 
weight) of 0.47 ± 0.13% for AA and 0.32 ± 0.22% for 
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DHA. The DHA content tends to be lower and 
more variable based on the mother’s diet18, 19). The 
importance of dietary intake of AA and DHA for 
visual and cognitive development, particularly in 
preterm infants20). Consequently, LCPUFAs are 
now routinely supplemented in preterm and term 
infant formulas.

Benefits of breastfeeding

Direct effects
The antimicrobial and immunomodulatory prop-

erties of human milk support the immature neonatal 
immune system and inhibit the movement of patho-
gens across the gastrointestinal barrier21). Notably, 
breastfed infants exhibit a more stable and less 
variable intestinal microbiota compared to formula- 
fed infants, with over twice the number of bacterial 
cells22). Human milk contains various factors that 
inhibit inflammation or stimulate antibody produc-
tion, including platelet-activating factor acetylhy-
drolase (PAF-AH), interleukins, and transforming 
growth factor21). Colostrum contains high concen-
trations of bioactive compounds such as sIgA, lacto-
ferrin, and leukocytes5). Moreover, specific compo-
nents of human milk, such as insulin-like growth 
factor, insulin, and epidermal growth factor, actively 

promote gastrointestinal growth, motility, and matu-
ration, and may be protective against disease23).

Antioxidant properties
Human milk is rich in various antioxidant enzymes, 

including catalase, glutathione peroxidase, and super-
oxide dismutase. Additionally, it contains essential 
cofactors such as copper (Cu) and zinc (Zn); vita-
mins A, C, and E; and binding proteins such as 
lactoferrin24). In contrast, infant formulas lack anti-
oxidative enzymes25), but compensate with the 
inclusion of higher amounts of vitamin supplements 
compared to human milk to compensate for the 
reduced bioavailability. Therefore, evaluating the 
overall antioxidant capacities of human milk versus 
infant formulas is challenging; however, it is likely 
that human milk is favorable in this regard26). A 
previous study reported significantly lower urinary 
excretion of 8-hydroxy-2′-deoxyguanosine, a marker 
of oxidative DNA damage, in breastfed term infants 
compared to formula-fed term infants (Figure 1)27). 
This difference may be attributed to the presence 
of antioxidants in human milk, which are effectively 
transferred through the relatively porous neonatal 
intestine.

Figure 1　Urinary 8-hydroxydeoxyguanosine (8-OHdG) in one-month-old term infants
Values are expressed as mean ± SD 
*p < 0.05, **p < 0.01 compared with values of the breastfed group
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Breastfeeding and associated outcomes

Short-term health outcomes
Human milk provides direct benefits that include 

supporting gastrointestinal function, enhancing 
host defense, and preventing acute illnesses such 
as acute otitis media during breastfeeding. The 
protective role of breastfeeding against infections 
is considered one of its most important health bene-
fits1, 28). A review by Kramer and Kakuma supported 
exclusive breastfeeding for six months to prevent 
infection29). The Promotion of Breastfeeding Inter-
vention Trial (PROBIT) reported relative risks of 
0.67 (95% confidence interval [CI]: 0.46-0.97) for 
acute gastroenteritis episodes and 0.75 (95% CI: 
0.60-0.94) at 12 months of age, comparing 6-7 
months to 3-4 months of exclusive breastfeeding. 
Systematic reviews from 2016 emphasized a strong 
protective effect of exclusive breastfeeding for the 
first six months of life, resulting in an 88% reduc-
tion in infectious disease mortality compared to 
non-breastfed infants30, 31). Three studies conducted 
in low- and medium-income countries found that 
the absence of breastfeeding was associated with 
an increased risk of mortality. The protective effect 
of breastfeeding demonstrated a dose-dependent 
relationship, with a 78% reduction in the risk of 
death associated to predominant breastfeeding and 
a 48% reduction associated with partial breast-
feeding31). In resource-rich countries, breastfed 
infants exhibit a lower attack rate of acute illnesses 
compared to formula-fed infants32). In addition, a 
meta-analysis found that exclusive breastfeeding 
has been associated with a 36% (95% CI: 19-49) 
reduction in incidence of sudden infant death 
syndrome33). However, the evidence of a protective 
effect of breastfeeding against eczema or food 
allergy was found to be less strong30). In 2020, Saki-
hara, et al. reported on the results of the Strategy 
for Prevention of Milk Allergy by Daily Ingestion 
of Infants Formula in Early Infancy (SPADE) 
study, which demonstrated that the continuous daily 
ingestion of about 20 mL of formula milk between 
1 and 2 months of age prevented the development 
of cow’s milk allergy34). Meanwhile, another study 
found a modest inverse association between breast-
feeding and circulating insulin levels in infancy35). 
Moreover, human milk contains hormones such as 
leptin, adiponectin, resistin, and ghrelin, actively 

contributing to the regulation of energy balance 
and glucose homeostasis36).

Long-term health outcomes
Breastfeeding has been associated with a reduc-

tion in the risk of hypertension37, 38), obesity39, 40), 
and insulin resistance41, 42) during adulthood, all of 
which contribute to metabolic syndrome (MS). 
While a definitive long-term benefit of human milk 
versus formula milk in reducing the incidence of 
MS remains unclear, recent findings from a meta- 
analysis found that longer exposure to breast-
feeding was associated to a 35% (95% CI: 14-51) 
reduction in the risk of developing type II diabetes43). 
However, a protective effect of breastfeeding against 
hypertension and/or hypercholesterolemia was not 
observed43). A nationwide longitudinal survey 
conducted in Japan between 2001 and 2009 found 
that exclusive breastfeeding decreased the risk of 
overweight (adjusted odds ratio [OR]: 0.85, 95% 
CI: 0.69-1.05) and obesity (adjusted OR: 0.55, 95% 
CI: 0.39-0.78)44). Moreover, a previous meta-anal-
ysis indicated that increased breastfeeding dura-
tion was associated with a 26% reduction in the 
odds of overweight or obesity, and this effect was 
consistent across income levels30). However, not all 
studies have consistently found an association 
between breastfeeding and a lower risk of over-
weight or obesity45, 46). In terms of childhood leukemia, 
a meta-analysis of 18 case-control studies revealed 
that breastfeeding reduced the overall risk by 20% 
(OR: 0.80, 95% CI: 0.82-0.90)47). Breastfeeding has 
consistently demonstrated positive effects on cogni-
tive outcomes. A previous study indicated that 
exclusively and more breastfed infants had a mean 
intelligence quotient 3.4 points higher (95% CI 
2.3-4.6) than that of never or less breastfed infants48). 
Another meta-analysis confirmed higher cognitive 
function (3.2 points) in exclusively and partially 
breastfed infants compared to formula-fed infants, 
with improved scores persisting throughout child-
hood and adolescence. The benefit was particularly 
pronounced in low birth weight infants compared 
to those with normal birth weight49). However, when 
controlling for maternal IQ and other confounders, 
the effect was small (0.52 points) and not signifi-
cant50). In the PROBIT, the only prospective 
randomized study, the intervention group exhib-
ited significantly higher intelligence scores and 
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Thatcher’s rating51).

Benefits for preterm infants

Human milk is recommended for preterm infants 
because of its association with a reduced incidence 
of necrotizing enterocolitis (NEC)52) and improved 
IQ scores53). Breastfed preterm infants exhibit a 6- 
to 10-fold lower risk of NEC compared to formu-
la-fed infants54). While the exact cause is yet to be 
determined, factors such as immunoglobulins, PAF- 
AH, PUFAs, epidermal growth factors, or inter-
leukin-10 (IL-10) in human milk55), and the coloni-
zation of the intestine with Bifidobacteria and 
Lactobacilli species may have been involved. Breast-
feeding is also associated with a decreased inci-
dence of oxidative stress-related illnesses in preterm 
infants, including respiratory disease56) and retinop-
athy of prematurity57). A previous study demon-
strated that urinary 8-OHdG excretion at 14 and 
28 days of age was significantly lower in breastfed 
preterm infants compared to formula-fed preterm 
infants (Figure 2)58). However, the nutrient content 
of both term and preterm breast milk is insufficient 
to meet the needs of infants weighing less than 
1,500 g, necessitating supplementation with a human 

milk fortifier52). The benefits of breastfeeding for 
preterm infants extend beyond the neonatal inten-
sive care unit (NICU), with fewer hospital read-
missions for illnesses in the year following NICU 
discharge59, 60). Extremely preterm infants receiving 
a higher proportion of human milk in the NICU 
demonstrated significantly increased mental, motor, 
and behavior rating scores at 18 and 30 months of 
age59, 60).

Conclusions

Breastfeeding is unequivocally endorsed by all 
medical professional organizations and public health 
authorities. Current evidence strongly supports the 
direct benefits of breastfeeding across various 
dimensions, encompassing nutrition, gastrointes-
tinal function, and protection against acute illness, 
both in term and preterm infants. Long-term bene-
fits of breastfeeding on neurodevelopmental 
outcomes and adult health have been reported; 
however, the magnitude of these effects may be 
modest and limited.
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Alleviation of their Sufferingʼ. Where relevant, the authors 
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tion of the research.
In addition, the manuscripts must include a statement that 
the research was approved by the IRB of the authors’ affili-
ated institutions and the approval code issued by the IRB 
and the name of the institution, which granted the approval, 
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families. Identifying details should be omitted if they are not 
essential, but patient data should never be altered or falsi-
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obtained if there is any doubt.
Authors of manuscripts describing experiments involving 
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strate that the work was carried out in accordance with the 
guidelines approved by the authorsʼ institution(s), and this 
must be stated within the manuscript.
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A clinical trial is defined as any research project that 
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comparison groups to study the cause-and-effect relation-
ship between an intervention and a health outcome. The 
journal adheres to the International Committee of Medical 
Journal Editors (ICMJE) policy on Clinical Trials Registra-
tion (https://www.icmje.org/about-icmje/faqs/clinical-trials- 
registration/), which recommends that all clinical trials are 
registered in a public trials registry at or before the time of 
first patient enrollment as a condition of consideration for 
publication. Manuscripts describing clinical trials must 
include the registration number of the trial and the name of 
the trial registry.
The following items are to be stated in the Methods section: 
how informed consent was obtained from the study partici-
pants (i.e., oral or written), the approval number from the 
institutional review board or ethics committee, a registra-
tion ID for the trial, and the trialʼs start and end dates.

Various reporting guidelines have been developed for 
different study designs. Authors are encouraged to follow 
published standard reporting guidelines for the study disci-
pline. 

• �CONSORT (http://www.consort-statement.org/) for 
randomized clinical trials 

• CARE (https://www.care-statement.org/) for case reports 
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• �STROBE (https://www.strobe-statement.org/) for obser-
vational studies 

• �PRISMA (http://prisma-statement.org/) for systematic 
reviews and meta-analyses 

• �STARD (https://www.equator-network.org/reporting- 
guidelines/stard/) for studies of diagnostic accuracy 

• �SAGER (https://www.equator-network.org/reporting- 
guidelines/sager-guidelines/) for reporting of sex and 
gender information

Please access https://www.equator-network.org/ to find the 
guideline that is appropriate for your study. 
It is extremely important that when you complete any 
Reporting Guideline checklist that you consider amending 
your manuscript to ensure your article addresses all rele-
vant reporting criteria issues delineated in the appropriate 
reporting checklist. The purpose of a reporting guideline is 
to guide you in improving the reporting standard of your 
manuscript. The objective is not to solely complete the 
reporting checklist, but to use the checklist itself in the 
writing of your manuscript. 
Taking the time to ensure your manuscript meets these 
basic reporting needs will greatly improve your manuscript, 
while also potentially enhancing its chances for eventual 
publication. 

Reporting guidelines
The journal requires authors to follow the EQUATOR 
Networkʼs Reporting Guidelines (https://www.equator-net-
work.org/reporting-guidelines/) for health research. Study 
types include, but are not limited to, randomized trials, 
observational studies, systematic reviews, case reports, 
qualitative research, diagnostic and prognostic studies, 
economic evaluations, animal pre-clinical studies and study 
protocols.
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becomes unavailable at J-STAGE, it will be released and 
made available by Portico.

Peer Review Process

Editorial and peer review process
JMJ undertakes single-anonymized peer review. When a 
manuscript is submitted to the journal, it is assigned to the 
Editor-in-Chief, who performs initial screening. Manu-
scripts that do not fit the journalʼs scope or are not deemed 
suitable for publication are rejected without review. For 
peer reviewing, the manuscripts that pass through the 
initial screening are assigned to two external reviewers by 
the Editor-in- Chief. Reviewers are selected based on their 
expertise, reputation and previous experience as peer 
reviewers. The deadline for submission of the reviewersʼ 
reports is basically 3 weeks.
Upon receipt of the two reviewersʼ reports, the Editor-in-
Chief makes the first decision on the manuscript. If the deci-
sion is to request revision of the manuscript, authors are 
requested to re-submit their revised manuscript within one 
to six months, depending on the comments of the reviewers. 
Revised manuscripts submitted after this deadline may be 
treated as new submissions. The Editor-in- Chief may send 
the revised manuscripts to peer reviewers for their feed-
back or may use his or her own judgment to assess how 
closely the authors have followed the Editor-in-Chiefʼs and 
the reviewersʼ comments on the original manuscript. The 
Editor-in-Chief is responsible for making the final decision 
on each manuscript.
If a manuscript satisfies the journalʼs requirements and 
represents a significant contribution to the published litera-
ture, the Editor-in-Chief may recommend acceptance for 
publication in JMJ. If a manuscript does not meet the jour-
nalʼs requirements for acceptance, but it has a high proba-
bility of acceptance after minor or major revision, the 
Editor-in-Chief may ask the authors to revise it accord-
ingly. Revised manuscripts must be submitted within one to 
six months, depending on the comments of the reviewers; 
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otherwise they will be treated as new submissions. If a 
manuscript does not meet the journalʼs requirements for 
acceptance or revision, the Editor-in-Chief may recommend 
rejection.

Reviewer selection, timing and suggestions
Reviewers are selected without regard to geography and 
need not belong to the journalʼs Editorial Board. Reviewers 
are selected based on their expertise in the field, reputation, 
recommendation by others, and/or previous experience as 
peer reviewers for the journal.
Reviewers are invited within 2 weeks of an article being 
submitted. Reviewers are asked to review the manuscript 
based on the Acceptance criteria, described below, and 
submit their first review reports within 3 weeks of accepting 
the invitation to review. Reviewers who anticipate any 
delays should inform the Editorial Office as soon as possible.
When submitting a manuscript to the journal, authors may 
suggest reviewers that they would like included in the peer 
review process. The Editor may consider these suggestions 
but is under no obligation to follow them. The selection, 
invitation and assignment of peer reviewers is at the Editorʼs 
sole discretion.

Reviewer reports
It is the journalʼs policy to transmit reviewersʼ comments to 
the authors in their original form. However, the journal 
reserves the right to edit reviewersʼ comments, without 
consulting the reviewers, if they contain offensive language, 
confidential information or recommendations for publication.

Acceptance criteria
If a manuscript satisfies the journalʼs requirements and 
represents a valuable contribution to the published litera-
ture, the Editor-in-Chief may recommend the acceptance 
for publication in JMJ. The questions addressed when 
considering a manuscript for publication in JMJ are as 
follows: Relevance:

•�Is the work within the journalʼs Aims and Scope?
Reproducibility:

•�Do authors show sufficient information to reproduce 
their experiments or data?

Written quality:
•�Is the manuscript clearly presented? 

Title:
•�Does the Title accurately reflect the contents of the 

manuscript?
Abstract:

•�Does the Abstract adequately describe the background 
or context of the work, the objectives of the research 
project and the methods used?

Introduction:
•�Does the Introduction provide adequate background 

and context for the work?

Materials and Methods:
•�Have the authors described the methods in enough 

detail to allow others to replicate them?
•�Have the authors adhered to established codes of prac-

tice and ethics if human/animal experimentation has 
been undertaken?

•�Did the authors use appropriate methods? 
Results:

•�Have the authors explained their results clearly and 
adequately?

Discussion:
•�Is the Discussion supported by the results?
•�Have the authors considered any alternative explana-

tions for their results?
•�Have the authors made unsupported claims or inappro-

priate speculations?
General:

•�Are all cited references relevant and necessary?
•�Has any relevant literature been omitted?
•�Have the authors cited the data described in the manu-

script adequately?
•�Is each table and figure necessary?
•�Are any potentially useful figures or tables missing?
•�Are the tables and figures complete and interpretable?
•�Is the manuscript clearly written in English?
•�Have the authors adhered to established codes of publi-

cation ethics?
•�Are there any errors in fact, methodology, or analyses?
•�Has the manuscript been published previously, in part 

or in whole, in any language?
If a manuscript does not meet the journalʼs requirements for 
acceptance or revision, the Editor-in-Chief may recommend 
rejection.

Editorial independence
As the journal owner, the Juntendo Medical Society (JMS) 
has granted the journalʼs Editorial Board complete and sole 
responsibility for all editorial decisions. The JMS will not 
become involved in editorial decisions, except in cases of a 
fundamental breakdown of process.
Editorial decisions are based only on a manuscriptʼs scien-
tific merit and are kept completely separate from the jour-
nalʼs other interests. The authorsʼ ability to pay any publica-
tion charges has no bearing on whether a manuscript is 
accepted for publication in the journal.

Appeals
Authors who believe that an editorial decision has been 
made in error may lodge an appeal with the Editorial Office. 
Appeals are only considered if the authors provide detailed 
evidence of a misunderstanding or mistake by a reviewer or 
editor. Appeals are considered carefully by the Editor-in- 
Chief, whose decision is final. The guidelines of the Committee 
on Publication Ethics (https://publicationethics.org/appeals) 
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(COPE) are followed where and when relevant.

Confidentiality in peer review
The journal maintains the confidentiality of all unpublished 
manuscripts. Editors will not:

1. �disclose a reviewerʼs identity unless the reviewer makes 
a reasonable request for such disclosure

2. �discuss the manuscript or its contents with anyone not 
directly involved with the manuscript or its peer review

3. �use any data or information from the manuscript in 
their own work or publications

4. �use information obtained from the peer review process 
to provide an advantage to themselves or anyone else, 
or to disadvantage any individual or organization.

Conflicts of interest in peer review
A conflict of interest exists when there are actual, perceived 
or potential circumstances that could influence an editorʼs 
ability to act impartially when assessing a manuscript. Such 
circumstances might include having a personal or profes-
sional relationship with an author, working on the same 
topic or in direct competition with an author, having a finan-
cial stake in the work or its publication, or having seen 
previous versions of the manuscript.
Members of the journalʼs Editorial Board undertake to 
declare any conflicts of interest when handling manuscripts. 
An editor who declares a conflict of interest is unassigned 
from the manuscript in question and is replaced by a new 
editor.
Editors try to avoid conflicts of interest when inviting 
reviewers, but it is not always possible to identify potential 
bias. Reviewers are asked to declare any conflicts of interest 
to the Editor, who will determine the best course of action.

Errata and retractions
The journal recognizes the importance of maintaining the 
integrity of published literature.
A published article that contains an error may be corrected 
through the publication of an Erratum. Errata describe 
errors that significantly affect the scientific integrity of a 
publication, the reputation of the authors, or the journal 
itself. Authors who wish to correct a published article should 
contact the editor who handled their manuscript or the 
Editorial Office with full details of the error(s) and their 
requested changes. In cases where co-authors disagree over 
a correction, the Editor-in-Chief may consult the Editorial 
Board or external peer reviewers for advice. If a Correction 
is published, any dissenting authors will be noted in the text.
A published article that contains invalid or unreliable results 
or conclusions, has been published elsewhere, or has 
infringed codes of conduct (covering research or publication 
ethics) may be retracted. Individuals who believe that a 
published article should be retracted are encouraged to 
contact the journalʼs Editorial Office with full details of their 

concerns. The Editor-in-Chief will investigate further and 
contact the authors of the published article for their response. 
In cases where co-authors disagree over a retraction, the 
Editor- in-Chief may consult the Editorial Board or external 
peer reviewers for advice. If a Retraction is published, any 
dissenting authors will be noted in the text.
The decision to publish Errata or Retractions is made at the 
sole discretion of the Editor-in-Chief.

Editors as authors in the journal
Any member of the journalʼs Editorial Board, including the 
Editor-in-Chief, who is an author on a submitted manu-
script is excluded from the peer review process and from 
viewing details about their manuscript.
A manuscript authored by an editor of JMJ is subject to the 
same high standards of peer review and editorial decision 
making as any manuscript considered by the journal.

Responding to potential ethical breaches
The journal will respond to allegations of ethical breaches 
by following its own policies and, where possible, the guide-
lines of COPE.

Reviewer Confidentiality
As part of their responsibilities, reviewers agree to maintain 
the confidentiality of unpublished manuscripts at all times. 
By accepting the invitation to review a manuscript, 
reviewers agree not to:

1. �disclose their role in reviewing the manuscript
2. �reveal their identity to any of the authors of the manu-

script
3. �discuss the manuscript or its contents with anyone not 

directly involved in the review process
4. �involve anyone else in the review (for example, a post- 

doc or PhD student) without first requesting permis-
sion from the Editor

5. �use any data or information from the manuscript in 
their own work or publications

6. �use information obtained from the peer review process 
to provide an advantage to themselves or anyone else, 
or to disadvantage any individual or organization.

Use of AI-Assisted Tools/Technologies in the Peer 
Review Process
Reviewers are prohibited from uploading the manuscript to 
software or AI-assisted tools/technologies where the confi-
dentiality is not assured. It is required to disclose to the 
journal if any AI-assisted tools or technologies are used to 
facilitate the review. Reviewers should be aware that AI can 
generate authoritative-sounding output that can be incor-
rect, incomplete, or biased. 
Reviewers must request permission from the journal prior 
to using AI technology to facilitate their review.
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Copyright, Open Access and Fees

Copyright and licensing
JMJ is fully Open Access and uses the Creative Commons 
CC BY 4.0 (Attribution 4.0 International) (https://creative-
commons.org/licenses/by/4.0/). This license allows users to 
share and adapt an article, even commercially, as long as 
appropriate credit is given.
Authors are required to assign all copyrights in the work to 
the Society, who then publish the work under the CC BY 4.0 
International license.
Some funding bodies require articles funded by them to be 
published under a specific Creative Commons license. Before 
submitting your work to the journal, check with the rele-
vant funding bodies to ensure that you comply with any 
mandates.

Article Processing Charge
There are many costs associated with publishing scholarly 
journals, such as those of managing peer review, copy editing, 
typesetting and online hosting. To cover these costs in the 
absence of journal subscriptions, authors (or their represen-
tatives) are asked to pay article processing charges (APCs). 
There is no submission fee.
All articles, with the exception of those requested by the 
Editorial Board, attract publication expenses which must be 
borne by the authors. Authors will be notified of the exact 
sum.
The APC depends on the article type and the total number 
of typeset pages. The table below indicates how many pages 
are free of charge for each article type. Each page over this 
limit attracts a fee of 24,000 JPY/printed page.

JMS Members All others

Original articles The first 5 pages The first 3 pages

Reviews The first 5 pages The first 3 pages

Case reports The first 2 pages The first 1 page

Study protocols The first 5 pages The first 3 pages

Perspectives The first 2 pages The first 1 page

Abstracts The first 2 pages The first 1 page

Color printing charges: 30,000 JPY per page

Reprint charges: All reprints will be charged according to 
the actual printing costs.

Waiver policy
Waivers for APCs are provided automatically when the 
corresponding author is from a “Group A” Research4Life 
country (https://www.research4life.org/access/eligibility/). 
In cases of demonstrated financial hardship, the journal will 
consider a presubmission application for a waiver from any 
corresponding author to [provide email address of person to 
contact]. Applications cannot be made after the peer review 

process has begun.
The ability of an author to pay the APC does not influence 
editorial decisions. To avoid any possibility of undue influ-
ence, editors involved with the decision-making process on 
submitted manuscripts are not involved in any deliberations 
on waivers.

Manuscript Submission

Manuscripts should be submitted online via the Juntendo 
Medical Journal online submission and peer review page on 
ScholarOne Manuscripts (https://mc.manuscriptcentral.com/ 
jmj).
Simply log on to ScholarOne Manuscripts and follow the 
onscreen instructions for all submissions. You will need to 
register before your first submission to Juntendo Medical 
Journal. If you have any technical problems or questions 
related to the electronic submission process, please contact 
our Editorial Office:

Juntendo Medical Journal Editorial Office 
c/o International Medical Information Center 
2F Shinanomachi Rengakan,
35 Shinanomachi, Shinjuku-ku, Tokyo 160-0016, JAPAN
Phone: +81-3-5361-7089
E-mail: jmj@imic.or.jp

Manuscript Preparation

Style
Manuscripts should be prepared in Microsoft Word or other 
appropriate software using double line spacing throughout, 
page numbers on the lower right, and with margins of at 
least 2.5 cm.

English standards
Manuscripts should be written in clear, grammatically 
correct English. Authors whose native language is not 
English are strongly encouraged to have their manuscript 
checked by a native English speaker or by an editing service 
prior to submission; a certificate of English editing that 
accompanies submissions can be useful in many circum-
stances. If a manuscript is not clear due to poor English, it 
may be rejected without undergoing peer review.

Format
The first page of each manuscript should contain: Title, 
Authorsʼ full names, Affiliations, Key words, Running Title, 
and the name and full address (including telephone number, 
facsimile number, and e-mail address) of the corresponding 
author. Manuscripts should be divided into the following 
sections and presented in this order: Introduction; Materials 
and Methods; Results; Discussion; Acknowledgements; 
Funding; Authorsʼ contributions; Conflicting interest state-
ment; and References.
Manuscripts should be arranged in the following order: 1. 
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Title page; 2. Abstract and keywords; 3. main text; 4. 
Acknowledgements, Funding, Author Contributions, Conflict 
of interest statements; 5. tables together with any accompa-
nying legends; 6. figure legends; 7. other as required. Each 
of the numbered items should begin on a separate page.

Title page
The first page should include:

1. �The title of the manuscript in sentence case. No abbre-
viations other than gene names or in common use

2. �Full names of all authors and ORCID ID (https://orcid.
org/) if desired

3. �Affiliations of the authors; use numbers not symbols
4. �If authors make an equal contribution, indicated with an 

asterisk （up to 2 authors, including the first author） 
and a note indicating this under the author names

5. �Name, full postal address, including street number and 
name, and e-mail address of the corresponding author(s)

6. �Key words (no more than five key words). Refer to 
Medical Subject Headings in MeSH or Index Medicus

7. �Running title preceded by the first authorʼs name 
(maximum 120 characters with spaces, including the 
authorʼs name).

Title
The title should describe the content of the article briefly 
but clearly and is important for search purposes by third-
party services. Do not use the same main title with 
numbered minor titles, even for a series of papers by the 
same authors. Do not use abbreviations in the title, except 
those used generally in related fields.

Footnotes
Footnotes, if any, should be typed in a separate sheet (the 
second page of the manuscript). Abbreviations should also 
be listed on this page.

Abbreviations
Each abbreviation should be defined in parentheses together 
with its non-abbreviated term when it first appears in the 
text (except in the Title and Abstract).

Units
SI or SI-derived units should be used. More information on 
SI units is available at the Bureau International des Poids et 
Mesures (BIPM) website (https://www.bipm.org/en/home).

Abstract
The second (and, if necessary, the third) page of the manu-
script should contain only the abstract (maximum 250 
words). The abstract must be fully comprehensible without 
reference to the text. Abstracts should be divided into 
sections as follows:

1. Objectives
2. Materials (or “Design”)
3. Methods (or “Interventions”)
4. Results
5. Conclusions

Introduction
The Introduction should provide sufficient background 
information to allow the reader to understand the purpose 
of the investigation and its relationship with other research 
in related fields, although it should not include an extensive 
review of the literature.

Materials and Methods
The description of the methods should be brief, but it must 
include sufficient details to allow the experiments to be 
repeated. The sources of unusual chemicals, animals, micro-
bial strains or equipment should be described, and the loca-
tion (city, country) of the company should be provided in 
parentheses. If hazardous materials or dangerous proce-
dures are used in the experiments and the precautions 
related to their handling are not widely recognized, it is 
recommended that the authors provide the necessary 
details.
Authors who used AI technology to conduct the study 
should describe its use in the methods section in sufficient 
detail to enable replication of the approach, including the 
tool used, version, and prompts where applicable.

Results
This section includes the results of the experiments. The 
Results and Discussion sections may be combined if this 
helps readers to understand and evaluate the study. Tables 
and figures, including photographs, can be used to present 
the experimental results (see below). Excessive explana-
tions of the data presented in tables and figures should be 
avoided.

Discussion
The Conclusion or Discussion should be concise and should 
deal with the interpretation of the results. Novel models or 
hypotheses may be proposed in this section only if they are 
suggested by the results obtained in the experiments. Do 
not repeat the description of the experimental results in this 
section.

Acknowledgments
Contributors who do not meet the criteria for authorship 
should be listed in the Acknowledgements section. Exam-
ples of those who might be acknowledged include a person 
who provided purely technical help, or a department chair 
who provided only general support. If you do not have 
anyone to acknowledge, please write “Not applicable” in this 
section.
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Funding
All articles should have a funding acknowledgement state-
ment included in the manuscript in the form of a sentence 
under a separate heading entitled “Funding” directly after 
Acknowledgements section, if applicable. The funding 
agency should be written out in full, followed by the grant 
number in brackets. Multiple grant numbers should be 
separated by commas and spaces. Where the research was 
supported by more than one agency, the different agencies 
should be separated by semicolon, with “and” before the 
final funder. If the research is not funded by a specific 
project grant, please state in the manuscript as follows: “The 
author(s) received no financial support for the research” or 
“No funding was received”.

Author contributions
The individual contributions of authors to the manuscript 
should be specified in this section after Funding section. 
Please use initials to refer to each authorʼs contribution in 
this section, for example: “AU analyzed and interpreted the 
patient data regarding the hematological disease. KT 
performed the histological examination of the liver, and was 
a major contributor in writing the manuscript. All authors 
read and approved the final manuscript.”

Conflicts of interest statement
All manuscripts must include a “Conflicts of Interest state-
ment” in line with the ʻAuthor competing interests and 
conflicts of interestʼ section above. If no conflicts exist, please 
state that “The Author(s) declare(s) that there are no 
conflicts of interest”. If the Editorial Board member(s) of 
JMJ is (are) included as author(s) of the manuscript, please 
state that "AUTHOR (the name of the member), one of the 
Editorial Board members of JMJ was not involved in the 
peer review or decision-making process for this paper.

References
References, including those given in tables and figure 
legends, should be numbered sequentially in the order they 
appear in the text and listed in numerical order at the end 
of the manuscript under the heading “References”. Including 
AI-generated material as the primary source in the refer-
ence is not allowed. In the text, citations should be indicated 
as superscript numbers with an end parenthesis character 
following each citation number. Three or more consecutive 
citations should be indicated as a range using a hyphen, e.g. 
“3-5)”. Journal titles should be abbreviated as shown in 
Index Medicus and List of Journals Indexed. When there 
are six or fewer authors, all should be listed; when there are 
seven or more, include only the first three and add “et al.” 
Please note the following examples.
Example citation list entries:
Journal article
1) �You WC, Blot WJ, Li JY, et al: Precancerous gastric 

lesions in a population at high risk of stomach cancer. 
Cancer Res, 1993; 53: 1317- 1321.

Book
2) �Matsumoto A, Arai Y: Hypothalamus. In: Matsumoto A, 

Ishii S, eds. Atlas of Endocrine Organs. Berlin: Spring-
er-Verlag, 1992: 25-38.

Tables
Tables with suitable titles and numbered with Arabic 
numerals should be placed at the end of the text on separate 
sheets (one table per page). They should be understandable 
without referring to the text. Column headings should be 
kept as brief as possible, with units for numerical informa-
tion included in parentheses. Footnotes should be labeled a), 
b), c), etc. and typed on the same page as the table they 
refer to.

Figures
Figures should also be submitted online as separate files. 
They should be numbered in order of appearance with 
Arabic numerals (e. g. Fig. 1, Fig. 2). Author(s) must pay 
printing costs for color photographs. Electron micrographs 
should contain a scale. Individual figures may not exceed 
the size of a Journal page. Graphs or drawings containing 
typewritten characters are unacceptable. Numbers, letters 
and symbols must be large enough to be legible after reduc-
tion. In principle, figures should be suitable for publication, 
and jpg digital files preferred. Each figure must have an 
accompanying legend, which should be understandable 
without reference to the text. All figure legends are to be 
double spaced, and should be collected together as text 
page(s), rather than being attached to their respective 
figures.

Cover letter
Summarize briefly the important points of the submitted 
work including a brief description of the study to be 
submitted, that it is an original study presenting novel work, 
that it has not been previously submitted to or accepted by 
any other journal, that is has been approved by all authors, 
and explain whether any author has a conflict of interest.

Accepted Manuscripts

Manuscripts that are accepted for publication are copy-
edited and typeset by the journalʼs production team before 
publication. The journal is published 6 times per year / 
continuously online. All communication regarding accepted 
manuscripts is with the corresponding author.

Proofs
Page proofs are sent to the corresponding author, who 
should check and return them within 48 hours. Only essen-
tial corrections to typesetting errors or omissions are 
accepted; excessive changes are not permitted at the 
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proofing stage.

Reprints
Order forms for reprints are sent with the proofs to the 
corresponding author and should be returned with the 
proofs. The corresponding author will be sent a PDF of the 
paper on publication.

Contact

To contact the Editorial Office or the Editor-in-Chief, please 

write to:
Juntendo Medical Journal Editorial Office 
c/o International Medical Information Center 
2F Shinanomachi Rengakan,
35 Shinanomachi, Shinjuku-ku,
Tokyo 160-0016, JAPAN
Phone: +81-3-5361-7089
E-mail: jmj@imic.or.jp
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編 集 後 記
The best teacher in my life

小学校から大学まで、多くの先生方から指導を受けた。どの先生も素晴らしい方たちだったが、私にとって最高
の先生は、米国留学中に受講したライティング・コースの先生 Mimi Zeiger である。留学先の UCSF Cardiovascular 
Research Institute では、留学生やポスドク向けに、論文執筆のためのライティング・コースを無料で提供してい
た。この講座は、人気のコースで希望者が多いと抽選となる。日常生活にも慣れた頃に申し込んだところ、10 数
名の受講者で日本人は私だけで、ほとんどが英語のネイティブ・スピーカーだった。授業は 1 回 2 時間で週 2 回、
全部で 12 回あった。受講者には、予習のために毎回 20 から 30 ページの資料が渡される。学術論文で用いる英単
語の選択の仕方から、論文の各セクションの書き方、結果を効果的に示す図表の作り方や図の説明、表の脚注の
書き方、パラグラフ・ライティングの方法などを学んだ。資料には、実際の論文から引用した「わかりにくい文章」
とその添削例が載っていた。「わかりにくい文章」は、アメリカ人のポスドクでさえ正確に理解できないという事
実に驚いた。講義後には、毎回復習用の課題が出される。「わかりにくい文章」の一部を、授業で習ったことを参
考に書き直すのだ。Mimi は、提出された課題をチェックして次回の講義で返却する。書き直し方が不十分な時
にコメントがあるのは予想通りだったが、Mimi は私が修正した英文一つ一つの出来ばえにより、good try, nice, 
excellent, yes, right などレポート用紙が真っ赤になるほど沢山のコメントを書き込んでくれた。授業も残り少な
くなったある日、Mimi は私の提出した課題をみんなに披露し、良い例としてほめてくれた。これが大きな自信
となり、帰国後も論文執筆を続けることができた。私が定年退職を迎えるにあたり、帰国後に執筆した英文論文
のリストを送って Mimi に感謝の気持ちを伝えた。メールを ”From your permanent student in your temporary 
class” で締めくくったところ、Mimi はこう返信してくれた。”You have a way with words !”

� 三井田　孝
順天堂大学医療科学部臨床検査学科

イラスト作者より
今年の夏は異常な暑さです。まだ 7 月というのに。無事に乗り切ることができるか心配なくらい。それでも

夏というと向日葵が浮かびます。黄色の花弁にあわせてブルーのデルフィニウムを買ってきました。しばしの
涼を求めて。（宮道明子）

　順天堂醫事雑誌の記事については既に明治 8 年の創刊号から電子化されており，J-STAGE（科学技術情報発信・流通
総合システム）の電子ジャーナル公開システムにおいて閲覧することができます．順天堂医学会の Web サイトからも
ご覧いただけますので，ご活用頂ければ幸いです（https://www.juntendo.ac.jp/journal/）．
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この抄録は，順天堂醫事雑誌 70 巻 4 号，p260-268，2024 掲載の『Visualization of Vulnerable Coronary Plaque and Prevention of Plaque 
Rupture』の和文抄録です．

抄　録

順天堂醫事雑誌
2024. 70(4), 319

脆弱な冠動脈プラークの可視化とプラーク破綻の予防

深瀬達也，  土肥智貴
順天堂大学・大学院医学部研究科　循環器内科講座学

日常の臨床診療において，冠動脈の解剖学的所見と虚血の有無を評価することは，経皮的冠動脈
形成術の必要性を判断する上で極めて重要である．しかしながら同時に，冠動脈プラークの脆弱性・
不安定性を理解することは，将来の心血管イベントを予測し，患者個々の予防戦略を立てるのに大
いに役立つ．本レビューは，冠動脈プラークの脆弱性・不安定性について説明することを目的とし
ており，主に病理学的，形態学的，生理学的な観点から不安定プラークに焦点を当てている．不安
定性プラークの診断とその破綻リスクの評価のための冠動脈画像診断法の有用性と，プラーク安定
化の管理戦略としての薬物治療や経皮的冠動脈形成術の可能性を強調している．さらに，中等度以
上の虚血を有する患者に対する早期侵襲的治療，および脂質コアプラークをシーリングするための
新世代ステントの利用によって，心血管イベントを予防できる可能性についての報告が散発的に存
在することも記した．したがって，LDL- コレステロールを主な標的とする厳格な脂質低下療法，
ならびにそれに組みわせた冠動脈プラークを標的とした直接的介入は，将来の心血管イベントを抑
制し，周術期心筋梗塞をゼロにする上で重要な役割を果たすことができると考えている．

キーワード：  不安定プラーク，プラーク破綻，近赤外線分光法，血管内超音波，プラークシー
リング

https://creativecommons.org/licenses/by/4.0/
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この抄録は，順天堂醫事雑誌 70 巻 4 号，p269-272，2024 掲載の『Mitochondrial Damage in Sepsis』の和文抄録です．

抄　録

順天堂醫事雑誌
2024. 70(4), 320

Mitochondrial Damage in Sepsis

Ricard FERRER1),  射場敏明2)

1)Intensive Care Department, Hospital Universitari Vall d’Hebron Universitat Autònoma de Barcelona, Barcelona, Spain
2)順天堂大学救急・災害医学

ミトコンドリアはアデノシン三リン酸（ATP）を生成し，細胞の恒常性維持に機能するだけでな
く，活性酸素種を産生することで生体防御にも貢献している．したがって敗血症におけるミトコン
ドリアの損傷は，エネルギー不足と免疫系の調節不全をもたらし，他にも障害性の高いミトコンド
リア DNA を放出することで細胞障害を惹起し，代謝異常によるアシドーシスを促進させ，またプ
ログラムされた細胞死を誘導することで敗血症の重症化を促進している．このうち細胞死について
は，ミトコンドリア障害は様々な形態の細胞死を誘導し，病態の複雑化に関与していることが知ら
れている．アポネクローシスはアポトーシスからネクローシスへの二次的転換であり，ネクローシ
ス同様の向炎症性細胞死である．ここでは当初アポトーシスが誘導されていても，ミトコンドリア
障害による ATP の枯渇によりそれが完結できず，最終的にネクローシスに至る．他にもネクロトー
シス，フェロトーシス，パイロトーシスなどのプログラムされた炎症誘発性細胞死が，敗血症にお
けるミトコンドリア障害よって誘導され，病態の重症化に関与している．このようなミトコンドリ
ア損傷を制御することにより，敗血症に対する新しい治療法が開発されることを期待する．

キーワード：  敗血症，ミトコンドリア，プログラム細胞死，臓器障害，酸化ストレス

https://creativecommons.org/licenses/by/4.0/
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この抄録は，順天堂醫事雑誌 70 巻 4 号，p300-306，2024 掲載の『Effect and Concern of Breastfeeding in Infants』の和文抄録です．

抄　録

順天堂醫事雑誌
2024. 70(4), 321

母乳栄養の利点と留意点

東　海　林　宏　道
順天堂大学医学部小児科学講座

母乳が新生児，乳児にとって最適な栄養源であることに疑問の余地はなく，国際的にも離乳食開
始前の正期産児における唯一の栄養源として推奨されている．これまでの大規模な検討で，母乳育
児は正期産児，早産児の双方で栄養学的利点や消化管機能改善，急性感染症防止などの直接的な効
果を有することが報告されている．以前当研究室では，母乳栄養の正期産児および早産児において，
人工乳栄養児と比較して酸化ストレスの指標である尿中 8-OHdG 排泄が有意に減少していること
を明らかにした．母乳育児による神経発達や成人期の生活習慣病といった長期予後に関する効果が
報告されているが，有意差がないとする報告もあり，その影響は限定的である可能性がある．本稿
では大学院特別講義の内容を基に，母乳栄養の基礎知識と短期的，長期的効果について概説する．

キーワード：  母乳育児，抗酸化作用，生活習慣病，壊死性腸炎

https://creativecommons.org/licenses/by/4.0/
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