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The global obesity epidemic and the growing elderly population largely contribute to the increas-
ing incidence of type 2 diabetes. Insulin resistance acts as a critical link between the present
obesity pandemic and type 2 diabetes. Naturally occurring reactive oxygen species (ROS) regulate
intracellular signaling and are kept in balance by the antioxidant system. However, the imbalance
between ROS production and antioxidant capacity causes ROS accumulation and induces oxida-
tive stress. Oxidative stress interrupts insulin-mediated intracellular signaling pathways, as sup-
ported by studies involving genetic modification of antioxidant enzymes in experimental rodents.
In addition, a close association between oxidative stress and insulin resistance has been reported
in numerous human studies. However, the controversial results with the use of antioxidants in
type 2 diabetes raise the question of whether oxidative stress plays a critical role in insulin resis-
tance. In this review article, we discuss the relevance of oxidative stress to insulin resistance
based on genetically modified animal models and human trials.

Keywords: Antioxidants; Insulin resistance; Oxidative stress; Reactive oxygen species

Introduction

Although reactive oxygen species (ROS) are produced as a by-
product of oxygen metabolism, they play a significant role in nor-
mal cellular functions [1,2]. A well-organized antioxidant system
maintains the physiological levels of ROS [3]. However, an imbal-
ance between ROS production and antioxidant capacity causes
ROS accumulation, which induces chemical modifications of
DNA, protein, and lipids, leading to cellular damage, known as oxi-
dative stress [ 1-3].

Oxidative stress is closely linked to a variety of diseases, includ-
ing type 2 diabetes [1]. Type 2 diabetes is increasing globally due
to the obesity pandemic and the growth of the aging population,
and insulin resistance is a critical link between these two. Insulin re-
sistance is known to be a critical risk factor for type 2 diabetes and
other chronic diseases, such as cardiovascular diseases and cancers

[4]. 1t is known that hyperglycemia in diabetic patients leads to se-

rious complications by enhancing oxidative stress in the heart, kid-
ney, and eyes [2 ]. Recently, oxidative stress has also been suggested
to be a cause of insulin resistance [ 3,5]. Oxidative stress is in-
creased in the plasma and tissue of patients and experimental ani-
mals with type 2 diabetes. Genetic modulation of antioxidant en-
zymes in rodents also supports the causative role of oxidative stress
in insulin resistance. However, the inconsistent effects of antioxi-
dant treatment on type 2 diabetes raise the question of whether ox-
idative stress induces insulin resistance. Thus, we sought to identify
the role of oxidative stress in the development of insulin resistance

based on animal experiments and human trials.

Reactive oxygen species and antioxidant
systems

ROS are defined as oxygen-containing reactive species and include

superoxide anion, hydrogen peroxide, hydroxyl radical, peroxyni-
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trite, hypochlorous acid, and singlet oxygen [6]. The mitochondria
electron transport chain, cell membrane nicotinamide-adenine di-
nucleotide phosphate (NADPH) oxidase, cytochrome p450, and
xanthine oxidase are the main intracellular sites of ROS generation,
and among them, mitochondria is the primary source of ROS [7].
In the mitochondria, the generated superoxide anion is convert-
ed into hydrogen peroxide superoxide dismutase 2 (SOD2). Sub-
sequently, hydrogen peroxide is detoxified to form water in the
presence of antioxidant enzymes such as glutathione peroxidase
(GPx) or peroxidase or is exported to the cytoplasm (Fig. 1). Su-
peroxide anions are also generated in the cell membrane and cyto-
plasm by NADPH oxidase and xanthine oxidase, respectively. In
the cytoplasm, superoxide dismutase 1 (SOD1) catalyzes the con-
version of superoxide anion to hydrogen peroxide, which is then
detoxified to form water by enzymatic or nonenzymatic antioxi-
dants, including glutathione, GPx, catalase, peroxiredoxin, and thi-
oredoxin. In addition, catalase is a primary antioxidant that catalyz-
es hydrogen peroxide formation in the peroxisome. Oxidized me-
thionine is reduced by methionine sulfoxide reductase in the cyto-
plasm, mitochondria, and endoplasmic reticulum. Moreover, per-
oxynitrite, produced by the reaction between nitric oxide and su-

peroxide anion, and responsible for a wide array of tissue damage,

Mitochondrion

is decomposed by peroxiredoxin, glutathione, and GPx [8,9].

Even though the intracellular antioxidant system is well devel-
oped to prevent ROS accumulation, ROS production can over-
whelm the antioxidant capacity and induce oxidative damage to
DNA, protein, and lipids.

Insulin signaling pathways

An increase in blood glucose levels after a meal induces insulin se-
cretion from pancreatic p-cells, which leads to glucose uptake in
skeletal muscle and adipose tissue by activating intracellular insulin
signaling pathways. In the liver, insulin suppresses glycogen break-
down and gluconeogenesis while increasing glucose oxidation and
glycogen synthesis. Inhibition of insulin signaling pathways in
these peripheral tissues results in the development of insulin resis-
tance. In this review, we will focus on insulin resistance in skeletal
muscle (Fig. 2).

Secreted insulin binds to insulin receptors on the plasma mem-
brane and promotes autophosphorylation of tyrosine residues in the
beta-subunit of the insulin receptor [ 10]. The activation of the insu-
lin receptor immediately induces tyrosine phosphorylation of the in-
sulin receptor substrate (IRS) proteins, which are initial downstream

NADPH
oxidase

@

Fig. 1. Intracellular reactive oxygen species (ROS) generation and the antioxidant scavenging system. ROS is produced from
mitochondria, peroxisome, nicotinamide-adenine dinucleotide phosphate (NADPH) oxidase, and xanthine oxidase. Among these sources,
the mitochondrial electron transport chain is the primary source for ROS production. Superoxide dismutase 2 (SOD2) catalyzes the
conversion of superoxide anion (0,) into hydrogen peroxide (H,0,) in the mitochondria. The H,0, is then detoxified in the mitochondria
or moves to the cytoplasm. Cytoplasmic superoxide anion is generated from NADPH oxidase and xanthine oxidase, and subsequently
converted into H,0, by superoxide dismutase 1 (SOD1). H,0, is detoxified by glutathione (GSH)/glutaredoxin (GRx)/glutathione reductase
(GR), catalase (CAT), peroxiredoxin (Prx), thioredoxin (Trx)/thioredoxin reductase (TrxR), and glutathione peroxidase (GPx). Oxidized
methionine (Ox-Met) is reduced by methionine sulfoxide reductase (Msr) to methionine (Met). Nitric oxide (NO) reacts with superoxide
anion to form peroxynitrite (ONOO"), which is detoxified by Prx, GSH, and GPx.
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Fig. 2. Intracellular insulin signaling pathway in skeletal muscle. Binding of insulin to insulin receptors (IR) on the plasma membrane
promotes tyrosine autophosphorylation at the IR, which in turn induces tyrosine phosphorylation of the IR substrate (IRS). IRS activates
the downstream substrate phosphatidylinositol 3-kinases (PI3K)/protein kinase B (AKT) pathway, and the activated AKT leads to increased
glucose uptake and glycogen synthesis by inducing phosphorylation of AKT substrate of 160 kDa (AS160) and glycogen synthase kinase
3 (GSK3) respectively. Activated AS160 increases glucose uptake by mediating the translocation of glucose transporter type 4 (GLUT4)
from the cytoplasm to the plasma membrane. Intracellular glucose is used for adenosine triphosphate (ATP) generation and glycogen
synthesis. Tyr, tyrosine; Ser, serine; PIP,, phosphatidylinositol 4,5-bisphosphate; PIP,, phosphatidylinositol (3,4,5)-triphosphate; PDK1,
phosphatidylinositide-dependent protein kinase 1; mTORC2, mammalian target of rapamycin complex 2; FOXO1, forkhead box protein
01; GS, glycogen synthase; acetyl-CoA, acetyl coenzyme A; TCA, tricarboxylic acid cycle; ETC, electron transport chain; ROS, reactive

0Xygen species.

substrates of insulin signaling [ 11]. Phosphorylated IRS contains
binding sites for numerous signal transduction partners with Src ho-
mology 2 domains, such as phosphatidylinositol 3-kinases (PI3K)
[12]. Activated PI3K generates phosphatidylinositol (3,4,5)-triphos-
phate (PIP,) by catalyzing the phosphorylation of phosphatidyli-
nositol 4,5-bisphosphate [ 13]. PIP; induces the activation of protein
kinase B (AKT), which is a key divergence point in the insulin signal-
ing pathway [ 14]. Activation of AKT is induced via phosphorylation
of threonine and serine residues by phosphatidylinositide-depen-
dent protein kinase 1 and mammalian target of rapamycin complex 2
[15]. Subsequently, activated AKT phosphorylates numerous
downstream substrates, including forkhead box protein O1
(FOXO1), AKT substrate of 160 kDa (AS160), and glycogen syn-
thase kinase 3 (GSK3) [16]. The phosphorylation of GSK3 releases
the inhibitory effect of GSK3 on glycogen synthase, leading to in-
creased glycogen synthesis [ 17]. Furthermore, the phosphorylation
of FOXO1 suppresses FOXO1-regulated expression of pyruvate de-
hydrogenase kinase 4 [18]. Phosphorylated AS160 mediates the
translocation of the glucose transporter type 4 (GLUT4) from the
cytoplasm to the plasma membrane [ 19]. This reaction ultimately
completes the action of insulin by increasing glucose utilization and

storage, as well as promoting glucose uptake in the tissues.

https://doi.org/10.12701/yujm.2020.00563

Oxidative stress and insulin resistance

The insulin-mediated signaling pathway plays a crucial role in low-
ering blood glucose and regulating overall glucose metabolism in
vivo. A reduction in the biological effect of insulin is called insulin
resistance, in which blood glucose cannot be used effectively as an
energy source due to decreased insulin responsiveness of insu-
lin-sensitive tissues such as skeletal muscle, adipose tissue, and the
liver. To escape this condition, -cells produce more insulin, but
this eventually leads to B-cell exhaustion [20]. A reduction in insu-
lin secretion due to p-cell exhaustion increases blood glucose lev-
els, resulting in the development of type 2 diabetes [20]. Although
defects in insulin receptors contribute to insulin resistance, pertur-
bations in intracellular insulin signaling pathways are mostly re-
sponsible for insulin resistance.

Free fatty acids (FFAs) in plasma are generally supplied through
lipolysis and are used as a primary energy source through B-oxida-
tion in the liver, heart, and skeletal muscle during fasting and exer-
cise. However, chronically elevated levels of FFAs in the plasma are
one of the key triggers leading to defects in the insulin signaling
pathway [21,22]. Increased utilization of FFAs leads to the accu-
mulation of fat metabolites, such as fatty acyl-coenzyme A, cera-
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mides, and diacylglycerol in the liver and skeletal muscle [23-25].
High levels of fatty acid metabolites activate serine-threonine ki-
nases, including protein kinase C (PKC), c-Jun N-terminal kinase
(JNK), and inhibitory kB kinase (IKK) B, leading to the suppres-
sion of insulin-stimulated signaling pathways [23,26,27]. Serine
phosphorylation of IRS by these serine-threonine kinases inhibits
tyrosine phosphorylation of IRS by insulin, eventually reducing
glucose uptake [27].

Recently, fatty acid-induced oxidative stress has drawn attention
as one of the causes of insulin resistance. Increased plasma levels of
FFAs enhance cellular ROS production [28]. Since mitochondria
are a major source of ROS, mitochondrial overload caused by an
excess of substrate has been regarded as the main cause of ROS
production [29,30]. Recently, the fatty acid metabolite, ceramide,
and inflammatory cytokines have also been shown to increase mi-
tochondrial ROS generation [31].

Similar to fatty acid metabolites, ROS also activate PKC, IKK, and
JNK, leading to inhibition of IRS tyrosine phosphorylation [28,32]

a A% Insulin
A A A

-

Release of
inflammatory cytokines

(Fig. 3). Moreover, the activation of nuclear factor-«B by IKK exacer-
bates insulin resistance by increasing inflammatory cytokines [31].
ROS induce GLUT4 degradation by transporting GLUT4 to the ly-
sosome instead of the plasma membrane via disruption of the ret-
romer complex in a casein kinase 2-dependent manner [33]. In addi-
tion, peroxynitrite produced by the accumulation of nitric oxide in-
hibits the action of insulin by inducing the nitration of tyrosine resi-
dues and reducing the phosphorylation of IRS-1 [34]. The activa-
tion of AKT is also suppressed by peroxynitrite [35].

Increased ROS levels suppress the action of insulin by inducing
mitochondrial dysfunction [36]. ROS induce mutations in the mi-
tochondrial DNA, resulting in functional defects caused by altered
expression of constituent proteins that are important for electron
transport, such as complexes I, I1I, and IV [37]. These functional
defects amplify oxidative stress and shut down mitochondrial en-
ergy production [38]. Therefore, the vicious cycle formed be-
tween ROS and mitochondria eventually leads to apoptosis.

o
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Fig. 3. Inhibition of the insulin signaling pathway by oxidative stress. Reactive oxygen species (ROS) interferes with insulin action by
altering several substrates of the insulin signaling pathway. ROS activates serine/threonine kinases, including protein kinase C (PKC),
c-Jun N-terminal kinase (JNK), and inhibitory B kinase (IKK), which not only inhibit the activation of insulin receptor substrate (IRS)
through serine phosphorylation but also induce inflammation by activating nuclear factor xB (NF-xB). In addition, ROS suppresses glucose
absorption by degrading glucose transporter type 4 (GLUT4) in a casein kinase 2 (CK2)-dependent manner. Reactive nitrogen species (RNS)
inhibits tyrosine phosphorylation of IRS and protein kinase B (AKT) activation by inducing nitration of tyrosine. Mitochondrial functional
defects by ROS not only induce an explosive increase in oxidative stress but also suppress mitochondrial energy production, eventually
leading to cell death. Tyr, tyrosine; Ser, serine; PIP,, phosphatidylinositol 4,5-bisphosphate; PIP,, phosphatidylinositol (3,4,5)-triphosphate;
PI3K, phosphatidylinositol 3-kinases; PDK1, phosphatidylinositide-dependent protein kinase 1; mTORC2, mammalian target of rapamycin
complex 2; FOXO1, forkhead box protein O1; GSK3, glycogen synthase kinase 3; AS160, AKT substrate of 160 kDa; acetyl-CoA, acetyl
coenzyme A; mtDNA, mitochondrial DNA; TCA, tricarboxylic acid cycle; ETC, electron transport chain.
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Genetic modification of antioxidant
enzymes and insulin sensitivity

Obesity induced by a chronic high-fat diet (HFD) has been shown
to increase oxidative stress accompanied by insulin resistance in in-
sulin-sensitive tissues in rodents [39,40]. Generally, the genetic de-
letion of antioxidant enzymes increases oxidative stress and induc-

es insulin resistance and/ or glucose intolerance, while overexpres-

sion of antioxidants reduces oxidative stress and improves insulin
resistance and/ or glucose intolerance (Table 1) [39-64].
However, although ROS levels have been altered by genetic
modulation of antioxidant enzymes, some of the studies reported
unaltered insulin sensitivity, especially in the case of SOD modula-
tion alone (Table 1). Moreover, unexpectedly, the global knockout
of GPx1 improves insulin resistance [52 ], whereas overexpression
of GPx1 impairs insulin sensitivity [ 51]. Although increased ROS

Table 1. The effect of deficiency or overexpression of antioxidant enzymes on glucose metabolism and insulin sensitivity in mice

Antioxidant Gene modification Metabolic phenotype
SOD1 Global KO Reduction in B-cell volume and insulin secretion/unaltered insulin sensitivity and increased mitochondrial hy-
drogen peroxide production in muscle [41]
Global OE Improved glucose intolerance and reduced skeletal muscle hydrogen peroxide generation and oxidative stress in
HFD-fed mice [42]
S0D2 Hz global KO Impaired insulin secretion, increased ROS in islets, and unaltered insulin sensitivity [43]
Global OE Improved glucose intolerance and reduced skeletal muscle oxidative stress in HFD-fed mice [42]
Unaltered insulin sensitivity and reduced hydrogen peroxide generation in HFD-fed mice [44]
Skeletal muscle OE Improved insulin resistance and reduced oxidative stress in the skeletal muscle of rats [45]
Catalase Global KO Exacerbated HFD-induced insulin resistance and increased oxidative stress in white adipose tissue [46]
Accelerated HFD-induced obesity and increased oxidative stress in white adipose tissue [47]
Global OE Reduction in fat mass, oxidative stress, and glucose levels in ob/ob mice [48]
Mitochondrial OE IrrEprovgji insulin resistance and reduced hydrogen peroxide generation and oxidative stress in skeletal muscle
44,4
Improved insulin resistance and reduced hydrogen peroxide generation and lipid accumulation in the skeletal
muscle of HFD-fed mice [50]
SOD2 and Global SOD2 OE and Improved insulin resistance and reduced hydrogen peroxide generation and oxidative stress in skeletal muscle.
catalase mitochondrial catalase  No difference in insulin sensitivity or hydrogen peroxide generation compared with that of mitochondrial cat-
OE alase OE only [44]
GPx1 Global OE Increased fat mass and the development of insulin resistance [51]
Global KO Improved insulin resistance, enhanced production of ROS and oxidation of PTP [52]
Liver KO Improved insulin sensitivity, increased hydrogen peroxide generation in hepatocyte and oxidation of PTP [53]
GPx: zland Global KO Prevention of obesity, improved glucose tolerance, and attenuated nonalcoholic fatty liver in HFD-fed mice [54]
catalase
GRx2 Global KO Exacerbated obesity and insulin resistance in HFD-fed mice/exacerbated oxidative stress by HFD in brain [55]
Prx2 Global KO Exacerbated aging-induced insulin resistance and oxidative stress in muscle [56]
Prevented obesity and insulin resistance in HFD-fed mice [57]
Reduced insulin sensitivity and increased oxidative stress in control diet/no effect on oxidative stress and insu-
lin resistance in HFD-fed mice [58]
Prx3 Global KO Induced obesity, increased oxidative stress, and impaired glucose tolerance and insulin sensitivity/increased su-
peroxide levels in 3T3-L1 adipocytes [59]
Global OE Reduced mitochondrial hydrogen peroxide levels and oxidative stress and improved glucose intolerance [60]
Prx4 Global OE IrrEgrc])ved glucose intolerance in STZ mice and reduced oxidative stress and steatohepatitis in HFD-fed STZ mice
1
Prx6 Global KO Reduced insulin secretion and impaired glucose tolerance and insulin sensitivity [62]
MsrA Global KO Impaired glucose tolerance and exacerbated insulin resistance and oxidative stress in HFD-fed mice [63]
Mitochondrial OE Improved insulin resistance in HFD-fed mice/preserve insulin sensitivity without cytosolic MsrA [64]
Cytoplasmic OE Unaltered insulin resistance in HFD-fed mice [64]
MsrB1 Global KO No effect on insulin sensitivity, hydrogen peroxide levels, or oxidative stress in HFD-fed mice [40]
SelW Global KO No change in oxidative stress or insulin sensitivity in the skeletal muscle of HFD-fed mice [39]

SOD1, superoxide dismutase 1; SOD2, superoxide dismutase 2; KO, knockout; OE, overexpression; HFD, high-fat diet; Hz, heterozygous; ROS, reactive
oxygen species; GPx, glutathione peroxidase; PTP, protein-tyrosine phosphatase; GRx, glutaredoxin; Prx, peroxiredoxin; STZ mice, streptozotocin-injected
mice; Msr, methionine sulfoxide reductase; SelW, selenoprotein W.
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levels have been known to suppress insulin signaling pathways
through activation of serine/ threonine kinases [65,66], paradoxi-
cal activation of insulin signaling pathways by ROS through oxida-
tion of protein-tyrosine phosphatase 1B has been reported in
GPxl1-knockout mice [52]. Therefore, increased ROS may be as-
sociated with a combination of both favorable and unfavorable ef-
fects on insulin sensitivity.

In addition to the results of genetically modified mouse models,
the treatment of experimental animals with antioxidants, such as
hemin, glutathione, vitamin C, and polyphenols, has been reported
to improve insulin resistance [67-70], suggesting that a reduction
in oxidative stress could be a potential therapeutic approach for
type 2 diabetes.

Oxidative stress in patients with type 2
diabetes

There is a large body of evidence indicating that oxidative stress
is increased in the plasma or blood cells of diabetic patients.
Compared with those in healthy glucose-tolerant individuals, the
levels of biomarkers of oxidative damage to proteins [71,72], lip-
ids [73-76], and DNA [74,77], such as carbonyl groups,
malondialdehyde, thiobarbituric acid reactive substances, and
8-hydroxydeoxyguanosine, are increased in patients with type 2
diabetes. Moreover, these biomarker levels are positively correlat-
ed with hemoglobin Alc (HbA1c) or homeostatic model assess-
ment for insulin resistance (HOMA-IR) in patients with type 2
diabetes [76-79], suggesting a close link between insulin resis-
tance and oxidative stress.

Oxidative stress is higher in patients with diabetes than in
healthy individuals, not only in the plasma but also in insulin-sensi-
tive peripheral tissues, including skeletal muscles. Higher levels of
biomarkers of DNA oxidation [80] and lipid oxidation [81] have
been reported in skeletal muscle tissues of diabetic patients as com-
pared to healthy controls. Lipid peroxidation levels are negatively
correlated with glucose disposal [81]. Moreover, in a previous
study assessing nitrosative stress in diabetes, nitrites and nitrates
were increased in quadriceps muscle of diabetic patients as com-
pared to the control group, and nitrotyrosine levels positively cor-
related with HbAlc levels [82]. However, even though the levels of
oxidative stress markers are higher in patients with type 2 diabetes,
some studies do not support the positive correlation between
HbAIc and oxidative stress markers [83,84].

Considering the critical role of oxidative stress in the develop-
ment of type 2 diabetes, the levels of oxidative stress markers are
thought to increase in the prediabetic state. Consistent with this
hypothesis, the plasma levels of thiobarbituric acid reactive sub-

88

stances have been shown to positively correlate with body mass in-
dex and waist circumference in obese, nondiabetic individuals
[85]. Moreover, higher levels of mitochondrial ROS have been de-
tected in the skeletal muscle tissue of obese human subjects as
compared with lean controls [86,87]. Higher levels of circulating
FFAs might be implicated in increased ROS levels in obese sub-
jects, as suggested by previous studies. Two-consecutive fat-rich
meals have been shown to increase plasma malondialdehyde levels
in healthy young males [88]. Additionally, in nonobese sedentary
humans, overfeeding with an HFD for 28 days induced insulin re-
sistance and increased muscle protein carbonylation [89]. Further-
more, increased levels of carbonylated protein negatively correlated
with insulin sensitivity in these overfed subjects [ 89].

As excess ROS are scavenged by the antioxidant system, in-
creased oxidative stress in obese and type 2 diabetic subjects is fol-
lowed by a reduction in antioxidant levels. Obese patients with
body mass indexes above 35 kg/m” exhibit low levels of carot-
enoids and vitamin E [90]. Lower levels of vitamin E have been re-
ported in plasma of patients with type 2 diabetes as compared to
normal controls [91]. In the Rotterdam Study, the ferric reducing
ability of plasma (FRAP) score, an index of dietary antioxidant ca-
pacity, was inversely related to the insulin resistance index [92].
Moreover, increased levels of total dietary antioxidant capacity
were associated with a reduced risk of type 2 diabetes in a female
cohort study [93]. However, not all studies support the close rela-
tionship between antioxidant levels and the risk of type 2 diabetes.
No association has been found between the serum levels of a-to-
copherol or p-carotene and the risk of diabetes in middle-aged
males [94]. Moreover, in a cohort study, levels of dietary antioxi-
dants, including vitamin C, vitamin E, carotenoids, flavonoids and
flavones, were not associated with the risk of type 2 diabetes in
middle-aged male smokers [S5].

Additionally, the administration of antioxidants to humans has
shown controversial results. Increased dietary intake of -carotene
for 10 years have been associated with reduced risk of diabetes
[95]. Vitamin C intake is associated with a reduced risk of incident
diabetes in Japanese women [96]. In contrast, the administration
of a-tocopherol or B-carotene does not significantly affect the oc-
currence of diabetes in males [ 94 ]. Moreover, resveratrol-mediated
attenuation of ROS production and oxidative damage does not af-
fect HOMA-IR in patients with type 2 diabetes [97].

Based on experimental animal and human studies, oxidative
stress is closely linked to type 2 diabetes. However, the antioxidant
capacity of the serum or tissue is not consistently related to the risk
of type 2 diabetes. Additionally, the administration of antioxidants
to prediabetic and diabetic patients has produced inconsistent re-
sults. There might be several reasons for this inconsistency. A limit-
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ed number of antioxidants have been assessed for antioxidant ca-
pacity in serum. Additionally, it is difficult to assess the antioxidant
capacity in insulin-sensitive tissues such as skeletal muscle and adi-
pose tissue in humans. Serum levels of antioxidants are not always
consistent with tissue levels. Furthermore, some of the currently
used drugs for the treatment of type 2 diabetes have been shown to
exert an antioxidant property which may conceal the therapeutic
effect of vitamins and natural antioxidants in type 2 diabetes [98].
In most prospective studies, limited types of antioxidants have
been used to assess the risk of type 2 diabetes. However, antioxi-
dants still hold promise as potential therapeutic options for the
prevention and treatment of type 2 diabetes and its complications.
According to Clinicaltrials.gov, 23 clinical trials are recruiting or
planning to recruit participants to take part in studies examining the
effects of antioxidants on glucose levels or peripheral tissue compli-
cations in prediabetic and type 2 diabetic patients (Table 2). Dietary
and natural antioxidants from various sources and vitamins are still
popular agents for clinical trials, and melatonin is emerging as a po-
tential therapy for type 2 diabetes. Pharmaceuticals targeting proo-
xidant and antioxidant enzymes, such as NADPH oxidase inhibi-

tors, xanthine oxidase inhibitors, and SOD mimetics, are actively

being developed for the treatment of oxidative stress-related dis-
eases, including type 2 diabetes [99,100].

Conclusion

Oxidative stress is elevated in obese prediabetic and type 2 diabetic
experimental animals and humans. However, although experimental
animal studies show promising results, the effects of antioxidant ad-
ministration on type 2 diabetes in humans are still inconsistent. Nev-
ertheless, clinical trials examining the therapeutic effects of dietary
antioxidants and vitamins on type 2 diabetes and its complications
are still ongoing. Pharmaceuticals targeting redox regulating en-
zymes are actively under development, and the successful develop-
ment of pharmaceuticals might help us understand the therapeutic

effectiveness of antioxidants in the treatment of type 2 diabetes.
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Table 2. Recruiting and not yet recruiting (August 2020) clinical trials of agents with antioxidant properties targeting type 2 diabetes

Trial start year Drug

Target condition and disease

2010
2014

Quercetin
Blackcurrants/green currants
Vitamin Eand C

2015 Grape seed polyphenolic extract and resveratrol
Blueberry tea

2016 Melatonin

Metadoxine

Chlorogenic acid enriched coffee

Vitamin D

Hydrolyzed pine nut oil/hydrolyzed pine nut oil and olive oil

Green tea extract

2017
2018

Sanprobi barrier (multispecies probiotic)
Transresveratrol

Pentoxifylline

Naturally-sweetened orange juice

2019 Melatonin/metformin

Solarplast (a mixture of antioxidant enzymes and single
antioxidant molecules)

Melatonin
Melatonin

Olive oil
2020 Docosahexaenoic acid and lutein enriched eggs
Vitamin C, D, and zinc

Alpha-lipoic acid

Obesity/type 2 diabetes

Type 2 diabetes

Type 2 diabetes/fatty liver/obesity/healthy volunteers

Mild cognitive impairment and prediabetes or type 2 diabetes
Type 2 diabetes

Prediabetes/obesity

Nonalcoholic fatty liver disease/prediabetes

Type 2 diabetes/chronic renal insufficiency

Vitamin D deficiency/glucose intolerance/oxidative stressfinsulin resistance
Type 2 diabetes/obesity

Diabetic nephropathy, type 2

Type 2 diabetes/metformin adverse reaction

Type 2 diabetes/coronary artery disease

Chronic kidney disease stage 3 and 4/type 2 diabetes

Cardiovascular risk factor/type 2 diabetes/insulin sensitivity/metabolic
syndrome

Prediabetes
Oxidative stress/healthy aging/skin health

Diabetes mellitus

Metabolic disease/insulin sensitivity/glucose metabolism disorders/type 2
diabetes/blood pressure/inflammation

Type 2 diabetes/platelet dysfunction/postprandial hyperglycemia
Diabetic retinopathy

Type 2 diabetes

Type 2 diabetes/diabetic polyneuropathy

https://doi.org/10.12701/yujm.2020.00563

89



Park S and Park SY. Oxidative stress and insulin resistance

Funding

This research was supported by grants from the Medical Research
Center Program (201SR1A5A2009124) and the Basic Science
Research Program (2019R1A2C1088730) through the National
Research Foundation of Korea (NRF), funded by the Korean gov-

ernment.

Author contributions

Conceptualization, Funding acquisition, Validation, Formal analy-
sis, Supervision: SYP; Writing-original draft: SP, SYP; Writing-re-
view & editing: SP, SYP.

ORCID
Soyoung Park, https://orcid.org/0000-0002-1674-8940
So-Young Park; https://orcid.org/0000-0002-6018-0440

References

1. Abdali D, Samson SE, Grover AK. How effective are antioxi-
dant supplements in obesity and diabetes? Med Princ Pract
2015;24:201-15.

2. Forbes JM, Cooper ME. Mechanisms of diabetic complica-
tions. Physiol Rev 2013;93:137-88.

3.DiMeo S, Iossa S, Venditti P. Skeletal muscle insulin resistance:
role of mitochondria and other ROS sources. ] Endocrinol
2017;233:R15-42.

4. Facchini FS, Hua N, Abbasi F, Reaven GM. Insulin resistance as
a predictor of age-related diseases. ] Clin Endocrinol Metab
2001;86:3574-8.

S.Rains JL, Jain SK. Oxidative stress, insulin signaling, and diabe-
tes. Free Radic Biol Med 2011;50:567-75.

6.LiR, Jia Z, Trush MA. Defining ROS in biology and medicine.
React Oxyg Species (Apex) 2016;1:9-21.

7.He L, He T, Farrar S, Ji L, Liu T, Ma X. Antioxidants maintain
cellular redox homeostasis by elimination of reactive oxygen
species. Cell Physiol Biochem 2017;44:532-53.

8. Trujillo M, Ferrer-Sueta G, Radi R. Peroxynitrite detoxification
and its biologic implications. Antioxid Redox Signal 2008;
10:1607-20.

9. Cheung PY, Wang W, Schulz R. Glutathione protects against
myocardial ischemia-reperfusion injury by detoxifying per-
oxynitrite. ] Mol Cell Cardiol 2000;32:1669-78.

10. Herrera R, Rosen OM. Autophosphorylation of the insulin re-
ceptor in vitro. Designation of phosphorylation sites and cor-
relation with receptor kinase activation. J Biol Chem 1986;
261:11980-S.

11. Sun XJ, Rothenberg P, Kahn CR, Backer JM, Araki E, Wilden

90

PA, et al. Structure of the insulin receptor substrate IRS-1 de-
fines a unique signal transduction protein. Nature 1991;
352:73-7.

12. Hanke S, Mann M. The phosphotyrosine interactome of the in-
sulin receptor family and its substrates IRS-1 and IRS-2. Mol
Cell Proteomics 2009;8:519-34.

13. Taniguchi CM, Kondo T, Sajan M, Luo J, Bronson R, Asano T,
et al. Divergent regulation of hepatic glucose and lipid metabo-
lism by phosphoinositide 3-kinase via Akt and PKClambda/
zeta. Cell Metab 2006;3:343-53.

14. Alessi DR, James SR, Downes CP, Holmes AB, Gaffney PR, Re-
ese CB, et al. Characterization of a 3-phosphoinositide-depen-
dent protein kinase which phosphorylates and activates protein
kinase Balpha. Curr Biol 1997;7:261-9.

15. Sarbassov DD, Guertin DA, Ali SM, Sabatini DM. Phosphoryla-
tion and regulation of Akt/PKB by the rictor-mTOR complex.
Science 2005;307:1098-101.

16. Manning BD, Toker A. AKT/PKB signaling: navigating the net-
work. Cell 2017;169:381-405.

17. Imazu M, Strickland WG, Chrisman TD, Exton JH. Phosphory-
lation and inactivation of liver glycogen synthase by liver protein
kinases. ] Biol Chem 1984;259:1813-21.

18. Kwon HS, Huang B, Unterman TG, Harris RA. Protein kinase
B-alpha inhibits human pyruvate dehydrogenase kinase-4 gene
induction by dexamethasone through inactivation of FOXO
transcription factors. Diabetes 2004;53:899-910.

19. Sano H, Kane S, Sano E, Miinea CP, Asara JM, Lane WS, et al.
Insulin-stimulated phosphorylation of a Rab GTPase-activating
protein regulates GLUT4 translocation. ] Biol Chem 2003;
278:14599-602.

20. Cerf ME. Beta cell dysfunction and insulin resistance. Front En-
docrinol (Lausanne) 2013;4:37.

21. Kashyap SR, Belfort R, Berria R, Suraamornkul S, Pratipra-
nawatr T, Finlayson J, et al. Discordant effects of a chronic physi-
ological increase in plasma FFA on insulin signaling in healthy
subjects with or without a family history of type 2 diabetes. Am
J Physiol Endocrinol Metab 2004;287:E357-46.

22. Santomauro AT, Boden G, Silva ME, Rocha DM, Santos RF,
Ursich MJ, et al. Overnight lowering of free fatty acids with
Acipimox improves insulin resistance and glucose tolerance in
obese diabetic and nondiabetic subjects. Diabetes 1999;
48:1836-41.

23.Itani SI, Ruderman NB, Schmieder F, Boden G. Lipid-induced
insulin resistance in human muscle is associated with changes in
diacylglycerol, protein kinase C, and IkappaB-alpha. Diabetes
2002;51:2005-11.

24. Holland WL, Bikman BT, Wang LP, Yuguang G, Sargent KM,

https://doi.org/10.12701/yujm.2020.00563


http://orcid.org/0000-0002-6018-0440
https://doi.org/10.1159/000375305
https://doi.org/10.1159/000375305
https://doi.org/10.1159/000375305
https://doi.org/10.1152/physrev.00045.2011
https://doi.org/10.1152/physrev.00045.2011
https://doi.org/10.1530/JOE-16-0598
https://doi.org/10.1530/JOE-16-0598
https://doi.org/10.1530/JOE-16-0598
https://doi.org/10.1210/jcem.86.8.7763
https://doi.org/10.1210/jcem.86.8.7763
https://doi.org/10.1210/jcem.86.8.7763
https://doi.org/10.1016/j.freeradbiomed.2010.12.006
https://doi.org/10.1016/j.freeradbiomed.2010.12.006
https://doi.org/10.20455/ros.2016.803
https://doi.org/10.20455/ros.2016.803
https://doi.org/10.1159/000485089
https://doi.org/10.1159/000485089
https://doi.org/10.1159/000485089
https://doi.org/10.1089/ars.2008.2060
https://doi.org/10.1089/ars.2008.2060
https://doi.org/10.1089/ars.2008.2060
https://doi.org/10.1006/jmcc.2000.1203
https://doi.org/10.1006/jmcc.2000.1203
https://doi.org/10.1006/jmcc.2000.1203
https://pubmed.ncbi.nlm.nih.gov/3745176/ 
https://pubmed.ncbi.nlm.nih.gov/3745176/ 
https://pubmed.ncbi.nlm.nih.gov/3745176/ 
https://pubmed.ncbi.nlm.nih.gov/3745176/ 
https://doi.org/10.1038/352073a0
https://doi.org/10.1038/352073a0
https://doi.org/10.1038/352073a0
https://doi.org/10.1038/352073a0
https://doi.org/10.1074/mcp.M800407-MCP200
https://doi.org/10.1074/mcp.M800407-MCP200
https://doi.org/10.1074/mcp.M800407-MCP200
https://doi.org/10.1016/j.cmet.2006.04.005
https://doi.org/10.1016/j.cmet.2006.04.005
https://doi.org/10.1016/j.cmet.2006.04.005
https://doi.org/10.1016/j.cmet.2006.04.005
https://doi.org/10.1016/S0960-9822(06)00122-9
https://doi.org/10.1016/S0960-9822(06)00122-9
https://doi.org/10.1016/S0960-9822(06)00122-9
https://doi.org/10.1016/S0960-9822(06)00122-9
https://doi.org/10.1126/science.1106148
https://doi.org/10.1126/science.1106148
https://doi.org/10.1126/science.1106148
https://doi.org/10.1016/j.cell.2017.04.001
https://doi.org/10.1016/j.cell.2017.04.001
https://www.ncbi.nlm.nih.gov/pubmed/6319413
https://www.ncbi.nlm.nih.gov/pubmed/6319413
https://www.ncbi.nlm.nih.gov/pubmed/6319413
https://doi.org/10.2337/diabetes.53.4.899
https://doi.org/10.2337/diabetes.53.4.899
https://doi.org/10.2337/diabetes.53.4.899
https://doi.org/10.2337/diabetes.53.4.899
https://doi.org/10.1074/jbc.C300063200
https://doi.org/10.1074/jbc.C300063200
https://doi.org/10.1074/jbc.C300063200
https://doi.org/10.1074/jbc.C300063200
https://doi.org/10.3389/fendo.2013.00037
https://doi.org/10.3389/fendo.2013.00037
https://doi.org/10.1152/ajpendo.00541.2003
https://doi.org/10.1152/ajpendo.00541.2003
https://doi.org/10.1152/ajpendo.00541.2003
https://doi.org/10.1152/ajpendo.00541.2003
https://doi.org/10.2337/diabetes.48.9.1836
https://doi.org/10.2337/diabetes.48.9.1836
https://doi.org/10.2337/diabetes.48.9.1836
https://doi.org/10.2337/diabetes.48.9.1836
https://doi.org/10.2337/diabetes.51.7.2005
https://doi.org/10.2337/diabetes.51.7.2005
https://doi.org/10.2337/diabetes.51.7.2005
https://doi.org/10.2337/diabetes.51.7.2005
https://doi.org/10.1172/JCI43378

Yeungnam Univ J Med 2021;38(2):83-94

Bulchand §, et al. Lipid-induced insulin resistance mediated by
the proinflammatory receptor TLR4 requires saturated fatty ac-
id-induced ceramide biosynthesis in mice. J Clin Invest 2011;
121:1858-70.

25. Oakes ND, Bell KS, Furler SM, Camilleri S, Saha AK, Ruder-
man NB, et al. Diet-induced muscle insulin resistance in rats is
ameliorated by acute dietary lipid withdrawal or a single bout of
exercise: parallel relationship between insulin stimulation of
glucose uptake and suppression of long-chain fatty acyl-CoA.
Diabetes 1997;46:2022-8.

26. Arkan MC, Hevener AL, Greten FR, Maeda S, Li ZW, Long JM,
et al. IKK-beta links inflammation to obesity-induced insulin re-
sistance. Nat Med 2005;11:191-8.

27. Hotamisligil GS, Peraldi P, Budavari A, Ellis R, White MF,
Spiegelman BM. IRS-1-mediated inhibition of insulin receptor
tyrosine kinase activity in TNF-alpha- and obesity-induced in-
sulin resistance. Science 1996;271:665-8.

28. Barazzoni R, Zanetti M, Gortan Cappellari G, Semolic A,
Boschelle M, Codarin E, et al. Fatty acids acutely enhance insu-
lin-induced oxidative stress and cause insulin resistance by in-
creasing mitochondrial reactive oxygen species (ROS) genera-
tion and nuclear factor-«B inhibitor (IxB)-nuclear factor-xB
(NFxB) activation in rat muscle, in the absence of mitochondri-
al dysfunction. Diabetologia 2012;55:773-82.

29. Satapati S, Kucejova B, Duarte JA, Fletcher JA, Reynolds L,
Sunny NE, et al. Mitochondrial metabolism mediates oxidative
stress and inflammation in fatty liver. J Clin Invest 2015;
125:4447-62.

30. Paglialunga S, Ludzki A, Root-McCaig ], Holloway GP. In adi-
pose tissue, increased mitochondrial emission of reactive oxy-
gen species is important for short-term high-fat diet-induced in-
sulin resistance in mice. Diabetologia 2015;58:1071-80.

31. Chen XH, Zhao YP, Xue M, Ji CB, Gao CL, Zhu JG, et al.
TNEF-alpha induces mitochondrial dysfunction in 3T3-L1 adi-
pocytes. Mol Cell Endocrinol 2010;328:63-9.

32. Imoto K, Kukidome D, Nishikawa T, Matsuhisa T, Sonoda K,
Fujisawa K, et al. Impact of mitochondrial reactive oxygen spe-
cies and apoptosis signal-regulating kinase 1 on insulin signal-
ing. Diabetes 2006;55:1197-204.

33. MaJ, Nakagawa Y, Kojima I, Shibata H. Prolonged insulin stim-
ulation down-regulates GLUT4 through oxidative stress-medi-
ated retromer inhibition by a protein kinase CK2-dependent
mechanism in 3T3-L1 adipocytes. ] Biol Chem 2014;289:133-
42.

34. Nomiyama T, Igarashi Y, Taka H, Mineki R, Uchida T, Ogihara
T, et al. Reduction of insulin-stimulated glucose uptake by per-
oxynitrite is concurrent with tyrosine nitration of insulin recep-

https://doi.org/10.12701/yujm.2020.00563

tor substrate-1. Biochem Biophys Res Commun 2004;320:
639-47.

35. Zou MH, Hou XY, Shi CM, Nagata D, Walsh K, Cohen RA.
Modulation by peroxynitrite of Akt- and AMP-activated ki-
nase-dependent Ser1179 phosphorylation of endothelial nitric
oxide synthase. ] Biol Chem 2002;277:32552-7.

36. Bonnard C, Durand A, Peyrol S, Chanseaume E, Chauvin MA,
Morio B, et al. Mitochondrial dysfunction results from oxidative
stress in the skeletal muscle of diet-induced insulin-resistant
mice. ] Clin Invest 2008;118:789-800.

37.Hiona A, Sanz A, Kujoth GC, Pamplona R, Seo AY, Hofer T, et
al. Mitochondrial DNA mutations induce mitochondrial dys-
function, apoptosis and sarcopenia in skeletal muscle of mito-
chondrial DNA mutator mice. PLoS One 2010;5:e11468.

38. BhattiJS, Bhatti GK, Reddy PH. Mitochondrial dysfunction
and oxidative stress in metabolic disorders - a step towards mi-
tochondria based therapeutic strategies. Biochim Biophys Acta
Mol Basis Dis 2017;1863:1066-77.

39. Shin MG, Cha HN, Park S, Kim YW, Kim JY, Park SY. Seleno-
protein W deficiency does not affect oxidative stress and insulin
sensitivity in the skeletal muscle of high-fat diet-fed obese mice.
Am ] Physiol Cell Physiol 2019;317:C1172-82.

40.Heo JY, Cha HN, Kim KY, Lee E, Kim SJ, Kim YW, et al. Methi-
onine sulfoxide reductase B1 deficiency does not increase high-
fat diet-induced insulin resistance in mice. Free Radic Res
2017;51:24-37.

41. Muscogiuri G, Salmon AB, Aguayo-Mazzucato C, Li M, Balas B,
Guardado-Mendoza R, et al. Genetic disruption of SOD1 gene
causes glucose intolerance and impairs -cell function. Diabetes
2013;62:4201-7.

42.LiuY, Qi W, Richardson A, Van Remmen H, Ikeno Y, Salmon
AB. Oxidative damage associated with obesity is prevented by
overexpression of CuZn- or Mn-superoxide dismutase. Bio-
chem Biophys Res Commun 2013;438:78-83.

43.Kang L, Dai C, Lustig ME, Bonner ]S, Mayes WH, Mokshagun-
dam S, et al. Heterozygous SOD?2 deletion impairs glucose-stim-
ulated insulin secretion, but not insulin action, in high-fat-fed
mice. Diabetes 2014;63:3699-710.

44. Lark DS, Kang L, Lustig ME, Bonner JS, James FD, Neufer PD,
et al. Enhanced mitochondrial superoxide scavenging does not
improve muscle insulin action in the high fat-fed mouse. PLoS
One 2015;10:e0126732.

45. Boden MJ, Brandon AE, Tid-Ang JD, Preston E, Wilks D, Stuart
E, et al. Overexpression of manganese superoxide dismutase
ameliorates high-fat diet-induced insulin resistance in rat skele-
tal muscle. Am J Physiol Endocrinol Metab 2012;303:E798—
808S.

91


https://doi.org/10.1172/JCI43378
https://doi.org/10.1172/JCI43378
https://doi.org/10.1172/JCI43378
https://doi.org/10.2337/diab.46.12.2022
https://doi.org/10.2337/diab.46.12.2022
https://doi.org/10.2337/diab.46.12.2022
https://doi.org/10.2337/diab.46.12.2022
https://doi.org/10.1038/nm1185
https://doi.org/10.1038/nm1185
https://doi.org/10.1038/nm1185
https://doi.org/10.1126/science.271.5249.665
https://doi.org/10.1126/science.271.5249.665
https://doi.org/10.1126/science.271.5249.665
https://doi.org/10.1126/science.271.5249.665
https://doi.org/10.1007/s00125-011-2396-x
https://doi.org/10.1007/s00125-011-2396-x
https://doi.org/10.1007/s00125-011-2396-x
https://doi.org/10.1007/s00125-011-2396-x
https://doi.org/10.1172/JCI82204
https://doi.org/10.1172/JCI82204
https://doi.org/10.1172/JCI82204
https://doi.org/10.1172/JCI82204
https://doi.org/10.1007/s00125-015-3531-x
https://doi.org/10.1007/s00125-015-3531-x
https://doi.org/10.1007/s00125-015-3531-x
https://doi.org/10.1007/s00125-015-3531-x
https://doi.org/10.1016/j.mce.2010.07.005
https://doi.org/10.1016/j.mce.2010.07.005
https://doi.org/10.1016/j.mce.2010.07.005
https://doi.org/10.2337/db05-1187
https://doi.org/10.2337/db05-1187
https://doi.org/10.2337/db05-1187
https://doi.org/10.2337/db05-1187
https://doi.org/10.1074/jbc.M113.533240
https://doi.org/10.1074/jbc.M113.533240
https://doi.org/10.1074/jbc.M113.533240
https://doi.org/10.1074/jbc.M113.533240
https://doi.org/10.1016/j.bbrc.2004.06.019
https://doi.org/10.1016/j.bbrc.2004.06.019
https://doi.org/10.1016/j.bbrc.2004.06.019
https://doi.org/10.1016/j.bbrc.2004.06.019
https://doi.org/10.1074/jbc.M204512200
https://doi.org/10.1074/jbc.M204512200
https://doi.org/10.1074/jbc.M204512200
https://doi.org/10.1074/jbc.M204512200
https://doi.org/10.1172/JCI32601
https://doi.org/10.1172/JCI32601
https://doi.org/10.1172/JCI32601
https://doi.org/10.1172/JCI32601
https://doi.org/10.1371/journal.pone.0011468
https://doi.org/10.1371/journal.pone.0011468
https://doi.org/10.1371/journal.pone.0011468
https://doi.org/10.1371/journal.pone.0011468
https://doi.org/10.1016/j.bbadis.2016.11.010
https://doi.org/10.1016/j.bbadis.2016.11.010
https://doi.org/10.1016/j.bbadis.2016.11.010
https://doi.org/10.1016/j.bbadis.2016.11.010
https://doi.org/10.1152/ajpcell.00064.2019
https://doi.org/10.1152/ajpcell.00064.2019
https://doi.org/10.1152/ajpcell.00064.2019
https://doi.org/10.1152/ajpcell.00064.2019
https://doi.org/10.1080/10715762.2016.1261133
https://doi.org/10.1080/10715762.2016.1261133
https://doi.org/10.1080/10715762.2016.1261133
https://doi.org/10.1080/10715762.2016.1261133
https://doi.org/10.2337/db13-0314
https://doi.org/10.2337/db13-0314
https://doi.org/10.2337/db13-0314
https://doi.org/10.2337/db13-0314
https://doi.org/10.1016/j.bbrc.2013.07.029
https://doi.org/10.1016/j.bbrc.2013.07.029
https://doi.org/10.1016/j.bbrc.2013.07.029
https://doi.org/10.1016/j.bbrc.2013.07.029
https://doi.org/10.2337/db13-1845
https://doi.org/10.2337/db13-1845
https://doi.org/10.2337/db13-1845
https://doi.org/10.2337/db13-1845
https://doi.org/10.1371/journal.pone.0126732
https://doi.org/10.1371/journal.pone.0126732
https://doi.org/10.1371/journal.pone.0126732
https://doi.org/10.1371/journal.pone.0126732
https://doi.org/10.1152/ajpendo.00577.2011
https://doi.org/10.1152/ajpendo.00577.2011
https://doi.org/10.1152/ajpendo.00577.2011
https://doi.org/10.1152/ajpendo.00577.2011

Park S and Park SY. Oxidative stress and insulin resistance

46. Park YS, Uddin MJ, Piao L, Hwang I, Lee JH, Ha H. Novel role
of endogenous catalase in macrophage polarization in adipose
tissue. Mediators Inflamm 2016;2016:8675905.

47.Piao L, Dorotea D, Jiang S, Koh EH, Oh GT, Ha H. Impaired
peroxisomal fitness in obese mice, a vicious cycle exacerbating
adipocyte dysfunction via oxidative stress. Antioxid Redox Sig-
nal 2019;31:1339-51.

48. Amos DL, Robinson T, Massie MB, Cook C, Hoffsted A, Crain
C, et al. Catalase overexpression modulates metabolic parame-
ters in a new ‘stress-less’ leptin-deficient mouse model. Biochim
Biophys Acta Mol Basis Dis 2017;1863:2293-306.

49. Kang L, Lustig ME, Bonner JS, Lee-Young RS, Mayes WH,
James FD, et al. Mitochondrial antioxidative capacity regulates
muscle glucose uptake in the conscious mouse: effect of exer-
cise and diet. ] Appl Physiol (1985) 2012;113:1173-83.

50.Lee HY, LeeJS, Alves T, Ladiges W, Rabinovitch PS, Jurczak MJ,
et al. Mitochondrial-targeted catalase protects against high-fat
diet-induced muscle insulin resistance by decreasing intramus-
cular lipid accumulation. Diabetes 2017;66:2072-81.

51. McClung JP, Roneker CA, Mu W, Lisk DJ, Langlais P, Liu F, et
al. Development of insulin resistance and obesity in mice over-
expressing cellular glutathione peroxidase. Proc Natl Acad Sci U
S A2004;101:8852-7.

52.Loh K, Deng H, Fukushima A, Cai X, Boivin B, Galic S, et al.
Reactive oxygen species enhance insulin sensitivity. Cell Metab
2009;10:260-72.

53. Merry TL, Tran M, Dodd GT, Mangiafico SP, Wiede F, Kaur S,
etal. Hepatocyte glutathione peroxidase-1 deficiency improves
hepatic glucose metabolism and decreases steatohepatitis in
mice. Diabetologia 2016;59:2632-44.

54.Kim HR, Choi EJ, Kie JH, Lee JH, Seoh JY. Deficiency of gluta-
thione peroxidase-1 and catalase attenuated diet-induced obesi-
ty and associated metabolic disorders. Acta Diabetol 2020;
57:151-61.

5S. Wohua Z, Weiming X. Glutaredoxin 2 (GRX2) deficiency exac-
erbates high fat diet (HFD)-induced insulin resistance, inflam-
mation and mitochondrial dysfunction in brain injury: a mech-
anism involving GSK-3f. Biomed Pharmacother 2019;118:
108940.

56. Cha HN, Park S, Dan Y, Kim JR, Park SY. Peroxiredoxin2 defi-
ciency aggravates aging-induced insulin resistance and declines
muscle strength. J Gerontol A Biol Sci Med Sci 2019;74:147—
54.

57.Kim JH, Park SJ, Chae U, Seong J, Lee HS, Lee SR, et al. Perox-
iredoxin 2 mediates insulin sensitivity of skeletal muscles
through regulation of protein tyrosine phosphatase oxidation.
Int ] Biochem Cell Biol 2018;99:80-90.

92

58.Kim JH, Cha HN, Kim YW, Park SY. Peroxiredoxin 2 deficiency
does not affect insulin resistance and oxidative stress in high-fat
diet-fed obese mice. Arch Physiol Biochem 2020 Mar 6 [Epub].
Arch Physiol Biochem https://doi.org/10.1080/13813455.202
0.1733026.

59.HuhJY, Kim Y, Jeong J, Park J, Kim I, Huh KH, et al. Peroxire-
doxin 3 is a key molecule regulating adipocyte oxidative stress,
mitochondrial biogenesis, and adipokine expression. Antioxid
Redox Signal 2012;16:229-43.

60. Chen L, Na R, Gu M, Salmon AB, Liu Y, Liang H, et al. Reduc-
tion of mitochondrial H202 by overexpressing peroxiredoxin 3
improves glucose tolerance in mice. Aging Cell 2008;7:866-78.

61. Nabeshima A, Yamada S, Guo X, Tanimoto A, Wang KY, Shi-
majiri S, et al. Peroxiredoxin 4 protects against nonalcoholic ste-
atohepatitis and type 2 diabetes in a nongenetic mouse model.
Antioxid Redox Signal 2013;19:1983-98.

62. Pacifici F, Arriga R, Sorice GP, Capuani B, Scioli MG, Pastore D,
et al. Peroxiredoxin 6, a novel player in the pathogenesis of dia-
betes. Diabetes 2014;63:3210-20.

63. Styskal J, Nwagwu FA, Watkins YN, Liang H, Richardson A,
Musi N, et al. Methionine sulfoxide reductase A affects insulin
resistance by protecting insulin receptor function. Free Radic
Biol Med 2013;56:123-32.

64. Hunnicut J, Liu Y, Richardson A, Salmon AB. MsrA overexpres-
sion targeted to the mitochondria, but not cytosol, preserves in-
sulin sensitivity in diet-induced obese mice. PLoS One 2015;
10:e0139844.

65. Nishikawa T, Araki E. Impact of mitochondrial ROS production
in the pathogenesis of diabetes mellitus and its complications.
Antioxid Redox Signal 2007;9:343-53.

66.LiY, Soos TJ, Li X, Wu J, Degennaro M, Sun X, et al. Protein ki-
nase C theta inhibits insulin signaling by phosphorylating IRS1
at Ser(1101). ] Biol Chem 2004;279:45304—7.

67.Ju TJ, Kwon WY, Kim YW, Kim JY, Kim YD, Lee IK, et al. He-
min improves insulin sensitivity in skeletal muscle in high fat-
fed mice. J Pharmacol Sci 2014;126:115-25.

68. Kim BS, Cha HN, Kim YW, Kim JY, Dan JM, Park SY. Inhibi-
tion of lipid infusion-induced skeletal muscle insulin resistance
by cotreatment with tempol and glutathione in mice. ] Pharma-
col Sci 2009;110:370-80.

69. Gao M, Zhao Z, Lv P, Li Y, Gao J, Zhang M, et al. Quantitative
combination of natural anti-oxidants prevents metabolic syn-
drome by reducing oxidative stress. Redox Biol 2015;6:206-17.

70. Lebel M, Massip L, Garand C, Thorin E. Ascorbate improves
metabolic abnormalities in Wrn mutant mice but not the free
radical scavenger catechin. Ann N'Y Acad Sci 2010;1197:40—4.

71. Telci A, Cakatay U, Kayali R, Erdogan C, Orhan Y, Sivas A, et al.

https://doi.org/10.12701/yujm.2020.00563


https://doi.org/10.1155/2016/8675905
https://doi.org/10.1155/2016/8675905
https://doi.org/10.1155/2016/8675905
https://doi.org/10.1089/ars.2018.7614
https://doi.org/10.1089/ars.2018.7614
https://doi.org/10.1089/ars.2018.7614
https://doi.org/10.1089/ars.2018.7614
https://doi.org/10.1016/j.bbadis.2017.06.016
https://doi.org/10.1016/j.bbadis.2017.06.016
https://doi.org/10.1016/j.bbadis.2017.06.016
https://doi.org/10.1016/j.bbadis.2017.06.016
https://doi.org/10.1152/japplphysiol.01344.2011
https://doi.org/10.1152/japplphysiol.01344.2011
https://doi.org/10.1152/japplphysiol.01344.2011
https://doi.org/10.1152/japplphysiol.01344.2011
https://doi.org/10.2337/db16-1334
https://doi.org/10.2337/db16-1334
https://doi.org/10.2337/db16-1334
https://doi.org/10.2337/db16-1334
https://doi.org/10.1073/pnas.0308096101
https://doi.org/10.1073/pnas.0308096101
https://doi.org/10.1073/pnas.0308096101
https://doi.org/10.1073/pnas.0308096101
https://doi.org/10.1016/j.cmet.2009.08.009
https://doi.org/10.1016/j.cmet.2009.08.009
https://doi.org/10.1016/j.cmet.2009.08.009
https://doi.org/10.1007/s00125-016-4084-3
https://doi.org/10.1007/s00125-016-4084-3
https://doi.org/10.1007/s00125-016-4084-3
https://doi.org/10.1007/s00125-016-4084-3
https://doi.org/10.1007/s00592-019-01388-5
https://doi.org/10.1007/s00592-019-01388-5
https://doi.org/10.1007/s00592-019-01388-5
https://doi.org/10.1007/s00592-019-01388-5
https://doi.org/10.1016/j.biopha.2019.108940
https://doi.org/10.1016/j.biopha.2019.108940
https://doi.org/10.1016/j.biopha.2019.108940
https://doi.org/10.1016/j.biopha.2019.108940
https://doi.org/10.1093/gerona/gly113
https://doi.org/10.1093/gerona/gly113
https://doi.org/10.1093/gerona/gly113
https://doi.org/10.1093/gerona/gly113
https://doi.org/10.1016/j.biocel.2018.03.019
https://doi.org/10.1016/j.biocel.2018.03.019
https://doi.org/10.1016/j.biocel.2018.03.019
https://doi.org/10.1016/j.biocel.2018.03.019
https://doi.org/10.1080/13813455.2020.1733026
https://doi.org/10.1080/13813455.2020.1733026
https://doi.org/10.1080/13813455.2020.1733026
https://doi.org/10.1089/ars.2010.3766
https://doi.org/10.1089/ars.2010.3766
https://doi.org/10.1089/ars.2010.3766
https://doi.org/10.1089/ars.2010.3766
https://doi.org/10.1111/j.1474-9726.2008.00432.x
https://doi.org/10.1111/j.1474-9726.2008.00432.x
https://doi.org/10.1111/j.1474-9726.2008.00432.x
https://doi.org/10.1089/ars.2012.4946
https://doi.org/10.1089/ars.2012.4946
https://doi.org/10.1089/ars.2012.4946
https://doi.org/10.1089/ars.2012.4946
https://doi.org/10.2337/db14-0144
https://doi.org/10.2337/db14-0144
https://doi.org/10.2337/db14-0144
https://doi.org/10.1016/j.freeradbiomed.2012.10.544
https://doi.org/10.1016/j.freeradbiomed.2012.10.544
https://doi.org/10.1016/j.freeradbiomed.2012.10.544
https://doi.org/10.1016/j.freeradbiomed.2012.10.544
https://doi.org/10.1371/journal.pone.0139844
https://doi.org/10.1371/journal.pone.0139844
https://doi.org/10.1371/journal.pone.0139844
https://doi.org/10.1371/journal.pone.0139844
https://doi.org/10.1089/ars.2006.1458
https://doi.org/10.1089/ars.2006.1458
https://doi.org/10.1089/ars.2006.1458
https://doi.org/10.1074/jbc.C400186200
https://doi.org/10.1074/jbc.C400186200
https://doi.org/10.1074/jbc.C400186200
https://doi.org/10.1254/jphs.14003FP
https://doi.org/10.1254/jphs.14003FP
https://doi.org/10.1254/jphs.14003FP
https://doi.org/10.1254/jphs.09046FP
https://doi.org/10.1254/jphs.09046FP
https://doi.org/10.1254/jphs.09046FP
https://doi.org/10.1254/jphs.09046FP
https://doi.org/10.1016/j.redox.2015.06.013
https://doi.org/10.1016/j.redox.2015.06.013
https://doi.org/10.1016/j.redox.2015.06.013
https://doi.org/10.1111/j.1749-6632.2010.05189.x
https://doi.org/10.1111/j.1749-6632.2010.05189.x
https://doi.org/10.1111/j.1749-6632.2010.05189.x
https://www.ncbi.nlm.nih.gov/pubmed/10727013

Yeungnam Univ J Med 2021;38(2):83-94

Oxidative protein damage in plasma of type 2 diabetic patients.
Horm Metab Res 2000;32:40-3.

72. Piwowar A, Knapik-Kordecka M, Warwas M. Markers of oxida-
tive protein damage in plasma and urine of type 2 diabetic pa-
tients. Br ] Biomed Sci 2009;66:194-9.

73. Atli T, Keven K, Avci A, Kutlay S, Turkcapar N, Varli M, et al.
Oxidative stress and antioxidant status in elderly diabetes melli-
tus and glucose intolerance patients. Arch Gerontol Geriatr
2004;39:269-75.

74.SongF, JiaW, Yao Y, Hu Y, Lei L, Lin J, et al. Oxidative stress, an-
tioxidant status and DNA damage in patients with impaired glu-
cose regulation and newly diagnosed type 2 diabetes. Clin Sci
(Lond) 2007;112:599-606.

75. Konukoglu D, Turhan MS, Ercan M, Serin O. Relationship be-
tween plasma leptin and zinc levels and the effect of insulin and
oxidative stress on leptin levels in obese diabetic patients. ] Nutr
Biochem 2004;15:757-60.

76. Ceriello A, Falleti E, Bortolotti N, Motz E, Cavarape A, Russo A,
etal. Increased circulating intercellular adhesion molecule-1 lev-
els in type II diabetic patients: the possible role of metabolic
control and oxidative stress. Metabolism 1996;45:498-501.

77.Dong QY, CuiY, Chen L, SongJ, Sun L. Urinary 8-hydroxydeox-
yguanosine levels in diabetic retinopathy patients. Eur ] Oph-
thalmol 2008;18:94-8.

78. Cakatay U. Protein oxidation parameters in type 2 diabetic pa-
tients with good and poor glycaemic control. Diabetes Metab
2005;31:551-7.

79. Cominacini L, Fratta Pasini A, Garbin U, Campagnola M, Davo-
li A, Rigoni A, et al. E-selectin plasma concentration is influ-
enced by glycaemic control in NIDDM patients: possible role
of oxidative stress. Diabetologia 1997;40:584-9.

80. Suzuki S, Hinokio Y, Komatu K, Ohtomo M, Onoda M, Hirai S,
etal. Oxidative damage to mitochondrial DNA and its relation-
ship to diabetic complications. Diabetes Res Clin Pract 1999;
45:161-8.

81. Ingram KH, Hill H, Moellering DR, Hill BG, Lara-Castro C,
Newcomer B, et al. Skeletal muscle lipid peroxidation and insu-
lin resistance in humans. J Clin Endocrinol Metab 2012;97:
E1182-6.

82. Torres SH, De Sanctis JB, de L Bricefio M, Hernandez N, Finol
HJ. Inflammation and nitric oxide production in skeletal muscle
of type 2 diabetic patients. ] Endocrinol 2004;181:419-27.

83. Akkus I, Kalak S, Vural H, Caglayan O, Menekse E, Can G, et al.
Leukocyte lipid peroxidation, superoxide dismutase, glutathi-
one peroxidase and serum and leukocyte vitamin C levels of pa-
tients with type II diabetes mellitus. Clin Chim Acta 1996;
244:221-7.

https://doi.org/10.12701/yujm.2020.00563

84.Lin H, Ye S, Xu J, Wang W. The alpha-lipoic acid decreases uri-
nary podocalyxin excretion in type 2 diabetics by inhibiting oxi-
dative stress in vivo. ] Diabetes Complications 2015;29:64-7.

85. Furukawa S, Fujita T, Shimabukuro M, Iwaki M, Yamada Y, Na-
kajima Y, et al. Increased oxidative stress in obesity and its im-
pact on metabolic syndrome. J Clin Invest 2004;114:1752-61.

86. Anderson EJ, Lustig ME, Boyle KE, Woodlief TL, Kane DA,
Lin CT, et al. Mitochondrial H202 emission and cellular redox
state link excess fat intake to insulin resistance in both rodents
and humans. J Clin Invest 2009;119:573-81.

87.Konopka AR, Asante A, Lanza IR, Robinson MM, Johnson
ML, Dalla Man C, et al. Defects in mitochondrial efficiency and
H202 emissions in obese women are restored to a lean pheno-
type with aerobic exercise training, Diabetes 2015;64:2104-15.

88. Tushuizen ME, Nieuwland R, Scheffer PG, Sturk A, Heine RJ,
Diamant M. Two consecutive high-fat meals affect endotheli-
al-dependent vasodilation, oxidative stress and cellular micro-
particles in healthy men. ] Thromb Haemost 2006;4:1003-10.

89. Samocha-Bonet D, Campbell LV, Mori TA, Croft KD, Green-
field JR, Turner N, et al. Overfeeding reduces insulin sensitivity
and increases oxidative stress, without altering markers of mito-
chondrial content and function in humans. PLoS One 2012;
7:€36320.

90. Reitman A, Friedrich I, Ben-Amotz A, Levy Y. Low plasma anti-
oxidants and normal plasma B vitamins and homocysteine in
patients with severe obesity. Isr Med Assoc ] 2002;4:590-3.

91. Hasegawa G, Yamamoto Y, Zhi JG, Tanino Y, Yamasaki M, Yano
M, et al. Daily profile of plasma %CoQ10 level, a biomarker of
oxidative stress, in patients with diabetes manifesting postpran-
dial hyperglycaemia. Acta Diabetol 2005;42:179-81.

92. van der Schaft N, Schoufour JD, Nano J, Kiefte-de Jong JC,
Muka T, Sijbrands EJ, et al. Dietary antioxidant capacity and
risk of type 2 diabetes mellitus, prediabetes and insulin resis-
tance: the Rotterdam Study. Eur ] Epidemiol 2019;34:853-61.

93. Mancini FR, Affret A, Dow C, Balkau B, Bonnet F, Boutron-Ru-
ault MC, et al. Dietary antioxidant capacity and risk of type 2 di-
abetes in the large prospective E3N-EPIC cohort. Diabetologia
2018;61:308-16.

94. Kataja-Tuomola MK, Kontto JP, Ménnisto S, Albanes D, Virta-
mo JR. Effect of alpha-tocopherol and beta-carotene supple-
mentation on macrovascular complications and total mortality
from diabetes: results of the ATBC Study. Ann Med 2010;42:
178-86.

9S. Sluijs I, Cadier E, Beulens JW, van der A DL, Spijkerman AM,
van der Schouw YT. Dietary intake of carotenoids and risk of
type 2 diabetes. Nutr Metab Cardiovasc Dis 2015;25:376-81.

96. Eshak ES, Iso H, Muraki I, Tamakoshi A. Among the water-sol-

93


https://doi.org/10.1080/09674845.2009.11730273
https://doi.org/10.1080/09674845.2009.11730273
https://doi.org/10.1080/09674845.2009.11730273
https://doi.org/10.1016/j.archger.2004.04.065
https://doi.org/10.1016/j.archger.2004.04.065
https://doi.org/10.1016/j.archger.2004.04.065
https://doi.org/10.1016/j.archger.2004.04.065
https://doi.org/10.1042/CS20060323
https://doi.org/10.1042/CS20060323
https://doi.org/10.1042/CS20060323
https://doi.org/10.1042/CS20060323
https://doi.org/10.1016/j.jnutbio.2004.07.007
https://doi.org/10.1016/j.jnutbio.2004.07.007
https://doi.org/10.1016/j.jnutbio.2004.07.007
https://doi.org/10.1016/j.jnutbio.2004.07.007
https://doi.org/10.1016/S0026-0495(96)90226-7
https://doi.org/10.1016/S0026-0495(96)90226-7
https://doi.org/10.1016/S0026-0495(96)90226-7
https://doi.org/10.1016/S0026-0495(96)90226-7
https://doi.org/10.1177/112067210801800116
https://doi.org/10.1177/112067210801800116
https://doi.org/10.1177/112067210801800116
https://doi.org/10.1016/S1262-3636(07)70230-6
https://doi.org/10.1016/S1262-3636(07)70230-6
https://doi.org/10.1016/S1262-3636(07)70230-6
https://doi.org/10.1007/s001250050719
https://doi.org/10.1007/s001250050719
https://doi.org/10.1007/s001250050719
https://doi.org/10.1007/s001250050719
https://doi.org/10.1016/S0168-8227(99)00046-7
https://doi.org/10.1016/S0168-8227(99)00046-7
https://doi.org/10.1016/S0168-8227(99)00046-7
https://doi.org/10.1016/S0168-8227(99)00046-7
https://doi.org/10.1210/jc.2011-2963
https://doi.org/10.1210/jc.2011-2963
https://doi.org/10.1210/jc.2011-2963
https://doi.org/10.1210/jc.2011-2963
https://doi.org/10.1677/joe.0.1810419
https://doi.org/10.1016/0009-8981(96)83566-2
https://doi.org/10.1016/0009-8981(96)83566-2
https://doi.org/10.1016/j.jdiacomp.2014.09.011
https://doi.org/10.1016/j.jdiacomp.2014.09.011
https://doi.org/10.1016/j.jdiacomp.2014.09.011
https://doi.org/10.1172/JCI21625
https://doi.org/10.1172/JCI21625
https://doi.org/10.1172/JCI21625
https://doi.org/10.1172/JCI37048
https://doi.org/10.1172/JCI37048
https://doi.org/10.1172/JCI37048
https://doi.org/10.1172/JCI37048
https://doi.org/10.2337/db14-1701
https://doi.org/10.2337/db14-1701
https://doi.org/10.2337/db14-1701
https://doi.org/10.2337/db14-1701
https://doi.org/10.1111/j.1538-7836.2006.01914.x
https://doi.org/10.1111/j.1538-7836.2006.01914.x
https://doi.org/10.1111/j.1538-7836.2006.01914.x
https://doi.org/10.1111/j.1538-7836.2006.01914.x
https://doi.org/10.1371/journal.pone.0036320
https://doi.org/10.1371/journal.pone.0036320
https://doi.org/10.1371/journal.pone.0036320
https://doi.org/10.1371/journal.pone.0036320
https://www.ncbi.nlm.nih.gov/pubmed/12183861
https://www.ncbi.nlm.nih.gov/pubmed/12183861
https://www.ncbi.nlm.nih.gov/pubmed/12183861
https://doi.org/10.1007/s00592-005-0199-6
https://doi.org/10.1007/s00592-005-0199-6
https://doi.org/10.1007/s00592-005-0199-6
https://doi.org/10.1007/s00592-005-0199-6
https://doi.org/10.1007/s10654-019-00548-9
https://doi.org/10.1007/s10654-019-00548-9
https://doi.org/10.1007/s10654-019-00548-9
https://doi.org/10.1007/s10654-019-00548-9
https://doi.org/10.1007/s00125-017-4489-7
https://doi.org/10.1007/s00125-017-4489-7
https://doi.org/10.1007/s00125-017-4489-7
https://doi.org/10.1007/s00125-017-4489-7
https://doi.org/10.3109/07853890903508887
https://doi.org/10.3109/07853890903508887
https://doi.org/10.3109/07853890903508887
https://doi.org/10.3109/07853890903508887
https://doi.org/10.1016/j.numecd.2014.12.008
https://doi.org/10.1016/j.numecd.2014.12.008
https://doi.org/10.1016/j.numecd.2014.12.008
https://doi.org/10.1017/S000711451900062X

Park S and Park SY. Oxidative stress and insulin resistance

uble vitamins, dietary intakes of vitamins C, B2 and folate are
associated with the reduced risk of diabetes in Japanese women
but not men. BrJ Nutr 2019;121:1357-64.

97. Seyyedebrahimi S, Khodabandehloo H, Nasli Esfahani E, Mesh-
kani R. The effects of resveratrol on markers of oxidative stress
in patients with type 2 diabetes: a randomized, double-blind,
placebo-controlled clinical trial. Acta Diabetol 2018;55:341—
S3.

98. Choi SW, Ho CK. Antioxidant properties of drugs used in

94

type 2 diabetes management: could they contribute to, con-
found or conceal effects of antioxidant therapy? Redox Rep
2018;23:1-24.

99. Dao VT, Casas AL, Maghzal GJ, Seredenina T, Kaludercic N,
Robledinos-Anton N, et al. Pharmacology and clinical drug
candidates in redox medicine. Antioxid Redox Signal 2015;
23:1113-29.

100. Bonetta R. Potential therapeutic applications of MnSODs and
SOD-mimetics. Chemistry 2018;24:5032-41.

https://doi.org/10.12701/yujm.2020.00563


https://doi.org/10.1017/S000711451900062X
https://doi.org/10.1017/S000711451900062X
https://doi.org/10.1017/S000711451900062X
https://doi.org/10.1007/s00592-017-1098-3
https://doi.org/10.1007/s00592-017-1098-3
https://doi.org/10.1007/s00592-017-1098-3
https://doi.org/10.1007/s00592-017-1098-3
https://doi.org/10.1080/13510002.2017.1324381
https://doi.org/10.1080/13510002.2017.1324381
https://doi.org/10.1080/13510002.2017.1324381
https://doi.org/10.1080/13510002.2017.1324381
https://doi.org/10.1089/ars.2015.6430
https://doi.org/10.1089/ars.2015.6430
https://doi.org/10.1089/ars.2015.6430
https://doi.org/10.1089/ars.2015.6430
https://doi.org/10.1002/chem.201704561
https://doi.org/10.1002/chem.201704561

Yeungnam University Journal of Medicine

YUIM

Review article

elSSN 2384-0293

Yeungnam Univ J Med 2021;38(2):95-106
https://doi.org/10.12701/yujm.2020.00479

F-18 fluorodeoxyglucose positron emission tomography/
computed tomography in the infection of heart

Eunjung Kong

Department of Nuclear Medicine, Yeungnam University College of Medicine, Daegu, Korea

Received: June 7, 2020
Revised: August 10, 2020
Accepted: August 10, 2020

Infections involving the heart are becoming increasingly common, and a timely diagnosis of ut-
most importance, despite its challenges. F-18 fluorodeoxyglucose (FDG) positron emission to-

mography/computed tomography (PET/CT) is a recently introduced diagnostic tool in cardiology.
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This review focuses on the current evidence for the use of FDG PET/CT in the diagnosis of infec-
tive endocarditis, cardiac implantable device infection, left ventricular assist device infection, and
secondary complications. The author discusses considerations when using FDG PET/CT in routine
clinical practice, patient preparation for reducing physiologic myocardial uptake, acquisition of
images, and interpretation of PET/CT findings. This review also functions to highlight the need for
a standardized acquisition protocol.
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Introduction

Infections of the heart primarily manifest as endocarditis, which af-
fects 7.6 to 80,/100,000 adult admissions [ 1]. Prosthetic materials,
including valve replacements, grafts, implantable devices, and relat-
ed materials, such as leads, can lead to the development of endo-
carditis [2]. Moreover, cardiac implantable electronic device
(CIED) infections occur in approximately 1.8/1,000 pacemakers a
year according to a nationwide cohort study [3]. The diagnosis of
such infections can be difficult, and the clinical presentation, as
well as microbiological and imaging approaches have been used to
reach an accurate diagnosis.

The diagnosis of infective endocarditis (IE) is largely based on
the modified Duke criteria (mDC), which has an overall sensitivity
0f 80%. The mDC comprises causative pathogen detection and
echocardiographic features of endocardial involvement [4]. Echo-
cardiography is useful in diagnosing and managing patients with
IE, by showing the presence of a swinging intracardiac mass or veg-

etation, prosthetic valve partial dehiscence, annular abscesses, and

new valve regurgitation, which are categorized as major criteria in
the diagnosis of IE [4]. Furthermore, the diagnostic sensitivity for
vegetation in native and prosthetic valves is better for transesopha-
geal echocardiography (TEE) than transthoracic echocardiogra-
phy (96% and 92% vs. 70% and 50%, respectively) [5]. Echocardi-
ography has superior accuracy as a primary imaging tool for native
valve imaging but has disadvantages such as acoustic shadowing
and noise when imaging implanted material. Moreover, blood cul-
tures often lead to indeterminate results for confirming suspected
IE, and in up to 24% of patients with pathologically proven IE, it is
misclassified as a “possible” IE based on the mDC alone [6]. Re-
cently, the addition of F-18 fluorodeoxyglucose (FDG) positron
emission tomography/computed tomography (PET/CT) to the
mDC has improved the diagnostic accuracy in patients suspected
with prosthetic valve endocarditis (PVE) or intracardiac device in-
fection. FDG PET/CT is also useful to evaluate the extent of valve
and device infections, as well as the detection of extracardiac infec-
tions, such as septic embolism [6,7].

Unlike TEE, for which numerous well-designed prospective ran-
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domized studies have been conducted, knowledge on FDG PET/
CT is largely from observational case studies and retrospective
data reviews. Despite this limitation, published data for cardiac-de-
vice related infections are generally consistent and support its judi-
cious application in the workup of IE [8,9]. Furthermore, FDG
PET/CT may have unique advantages over TEE in the following
aspects: (1) to provide confirmatory information when TEE find-
ings are inconclusive; (2) to diagnose IE earlier than TEE before
morphological damage ensues; (3) to detect unexpected sources
of infection and embolisms; and (4) to potentially guide clinical
management [ 10]. The European Society of Cardiology (ESC)
recommends adding abnormal FDG uptake as the major criterion
for PVE in patients with suspected PVEs classified as “possible” or
“denied” in initial mDC [5]. In the 2017 appropriate use criteria,
FDG PET/CT was included as ‘may be appropriate’ for PVE and
CIED:s [11]. However, the American Heart Association guideline
states that more studies are needed to determine the role of FDG
PET/CT in the diagnosis and management of patients with IE, al-
though it is stated to be useful for detecting extracardiac complica-
tions [12].

Early adoption of a new technique in clinical care based on rec-
ommendations from a panel of experts may improve patient out-
comes, even when scientific evidence is lacking. In this article, the
general concepts and available evidence for FDG PET/CT use in
heart infections are reviewed, and recommendations for image ac-

quisition, interpretation, and pitfalls are given.

Prosthetic valve endocarditis

Several studies have examined the usefulness of FDG PET/CT for
PVE. Saby et al. [ 7] reported that FDG PET/CT had a sensitivity
of 73% and a specificity of 80% in a cohort of 72 patients. Further-
more, the sensitivity has significantly increased from 70% with the
mDC to 93% with the addition of abnormal FDG uptake around
the prosthetic valve as a new main criterion. A meta-analysis of 13
studies by Mahmood et al. [ 13] showed a pooled sensitivity of
80.5% and specificity of 73.1% and supported the utility of FDG
PET/CT as an ancillary diagnostic tool in challenging IE cases.
Recently, a large retrospective multicenter cohort study reported
FDG PET/CT had a sensitivity of 74% and a specificity of 91%. In
addition, if confusing factors, such as low inflammatory activity
(defined as C-reactive protein [CRP] levels <40 mg/dL), and the
use of surgical adhesives during transplantation, are excluded, the
sensitivity and specificity of FDG PET/CT in PVE diagnosis
would increase to 91% and 95%, respectively. Moreover, FDG
PET/CT is performed at the early stage of PVE diagnosis, positive
results can be confirmed even if the existing diagnostic tests, such
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as blood culture and echocardiography, are negative. Another in-
teresting finding is that by using FDG PET /CT with echocardiog-
raphy for diagnosis of IE, the sensitivity increases from 65% to 96%
compared to echocardiography alone; this facilitates early diagno-
sis before structural damage, and consequently reduces the inci-
dence of serious complications, such as valve dehiscence or peri-
valvular abscesses [ 14].

Another single center prospective study of 151 patients with sus-
pected PVE reported a sensitivity of 60% for echocardiography
alone and 42% for mDC, which increased to 91% when focal up-
take in PET/CT was included in the mDC. This study also con-
firmed that possible IE could be reduced from 33% to 8% if the di-
agnosis included FDG PET/CT findings [15]. Recent research
has indicated that positive FDG PET/CT results are related to ma-
jor cardiac events such as, death, recurrence of IE, acute heart fail-
ure, unsuspected cardiovascular hospitalization, and new embolic
events [16].

Native valve endocarditis

In contrast to PVE, there is limited research for the use of FDG
PET/CT in suspected native valve endocarditis (NVE). de Cam-
argo etal. [ 15] reported on 115 patients with NVE, the sensitivity,
specificity, positive predictive value (PPV), and negative predictive
value (NPV) were 22%, 100%, 100%, and 66%, respectively. Fur-
thermore, Kouijzer et al. [17] reported that although FDG PET/
CT has a low sensitivity of 45% in NVE, its ability to diagnose
NVE increases when FDG PET/CT is added to mDC, which is
particularly useful in cases that are difficult to diagnosis using con-
ventional techniques.

A recently published pathological study showed that a higher
FDG uptake was related to higher inflammatory infiltration, higher
fibrin, lower fibrosis, and a predominance of polymorphonuclear
cells in tissues. The study also reported that polymorphonuclear
cell infiltration was significantly increased and fibrosis was reduced
in PVE, compared to NVE [15]. Therefore, the sensitivity of FDG
PET/CT is expected to be lower in NVE than in PVE.

FDG PET/CT may influence the clinical management of pa-
tients with NVE by identifying the source of primary extracardiac
infection or infective emboli. A prospective study showed that
FDG PET/CT identified additional infection sites, such as the
lungs, skeleton, brain, and other organs, in 74.5% of patients with
diagnosed NVE. Based on these extracardiac findings on FDG
PET/CT, the incidence of IE relapse decreased by two-fold as a re-
sult of appropriate treatment [ 18]. In line with this, moderate to in-
tense FDG uptake in the perivalvular area is associated with worse
prognosis, such as increased new embolic events (hazard ratio
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[HR], 8.8) and rehospitalization (HR, 3.57) [16].

Cardiac implantable electronic device
infection

CIEDs, including pacemakers, implantable cardioverter-defibrilla-
tors, and cardiac resynchronization therapy devices (with or with-
out defibrillation capacity), consist of pulse generators to provide
the electrical stimulus and transvenous or epicardial leads to deliv-
er the stimulus to the heart. Approximately 1.2 million to 1.4 mil-
lion CIEDs are implanted each year worldwide [ 19]. CIED infec-
tions have an incidence of 1.37/1,000 device-years for pocket in-
fection alone and 1.14/1,000 device-years for device-related endo-
carditis. Among a cohort of 2,760 patients with definite IE, 177
cases (6.4%) involved CIED [20]. CIED infections are generally
considered in two categories; pocket infection and systemic infec-
tion such as lead and/or valvular infection [21]. However, these
categories are not exclusive, and the two forms can coexist (Fig. 1).
Antibiotics alone can be useful for managing superficial soft tissue
infections, but deep pocket infections or lead infections require

complete removal of the device, which has important implications

for patient care. Thus, fast and accurate diagnosis and, rapid treat-
ment are of supreme importance; however, difficulties remain, es-
pecially if the symptoms are delayed or mild [19].

The role of FDG PET/CT in CIED infection has received in-
creasing interest in recent years, and it is considered to be especially
useful when a diagnosis of pocket or lead infection is unclear with
other imaging techniques, such as TEE. Sarrazin et al. [22] report-
ed that PET/CT could distinguish skin infections from pocket,
lead, or intravascular infections in cases of unclear diagnosis or ex-
tension. They also proposed that PET/CT can help differentiate
an active cardiac device infection from residual normal postopera-
tive inflammation. In addition, Juneau et al. [23] presented a 93%
sensitivity and 98% specificity for pocket infection, but 88% and
65% for lead/IE, respectively. Furthermore, a large meta-analysis
involving 14 studies with a total of 492 patients showed that FDG
PET/CT had a high sensitivity and specificity (96% and 97%, re-
spectively) for pocket infection, but a relatively low sensitivity and
specificity (76% and 83%, respectively) for lead infections or
CIED-IE [24]. The reason for the poor diagnostic ability for lead
infection or IE was only speculated. Of the included studies, only

four involved physiological myocardial suppression, while lead in-

Fig. 1. Two patients (A-D and E-H) with suspected cardiac implantable electronic device (CIED) infection. (A) Gross photo showing CIED
exposure with redness in a 79-year-old woman. (B) Echocardiography reveals vegetation in the mitral valve. (C, D) Axial FDG PET/CT
shows no FDG uptake in the CIED pocket, but shows high uptake in the mitral valve. The patient did not undergo extraction of the CIED,
and instead, was treated with vancomycin for CIED-infective endocarditis with positive blood culture for Staphylococcus epidermidis.
(E) Gross photo showing pus drainage from the pacemaker insertion site in a 73-year-old man with positive wound culture for Serratia
marcescens. (F) Echocardiography confirming absence of abnormal findings in the heart. (G, H) Axial and coronal FDG PET/CT shows
increased FDG uptake in the pocket and along the lead. The patient underwent pacemaker removal. FDG, F-18 fluorodeoxyglucose; PET/
CT, positron emission tomography/computed tomography.

https://doi.org/10.12701/yujm.2020.00479 97



Kong E. FDG PET/CT in cardiac infection

fection was difficult to interpret in the other studies [25]. The veg-
etation in the lead or valve was too minimal and leukocyte induc-
tion was not sufficient for visualization of the FDG accumulation.
Moreover, many patients were investigated after initiation of antibi-
otic therapy.

A recent study involving 105 patients with confirmed CIED in-
fection demonstrated the ability of FDG PET/CT to predict the
outcomes of post transvenous lead extraction. Patients with posi-
tive findings of CIED pockets on FDG PET/CT, with or without
systemic involvement, had better survival rates (HR, 0.493). How-
ever, patients with CIED infection with no pocket infection in skin
lesions or on PET/CT images showed poor long-term survival.
The results can be explained by the hypothesis that CIED infec-
tion can arise from two mechanisms, which are associated with dif-
ferent long-term outcomes: (1) CIED infection can originate in a
CIED pocket and later spread to the bloodstream; and (2) primary
bloodstream infection (transient or recurrent bacteremia) can
cause metastatic infection of the lead. The latter may explain why
patients with no pocket infection in skin lesions or on PET/CT
images have a poor outcome. In addition, approximately 25% of
patients diagnosed with CIED infection can be restratified with
the presence/absence of CIED-IE by incorporating the FDG
PET/CT results [26]. The ESC guideline and appropriate use cri-
teria refer to the usefulness of FDG PET/CT in CIED infection as
“may be considered” [5,11].

Left ventricular assist device infection

Aleft ventricular assist device (LVAD) is mechanical circulatory
support device that is surgically implanted in patients with acute or
chronic refractory heart failure and serves as a bridge for transplant
or destination therapy [27]. LVADs typically consist of a pump
with an inflow conduit from the left ventricular apex and an out-
flow conduit to the ascending aorta. The pump is placed into a
pocket, and a driveline, tunneled from the pump, is connected to
an external power source through an exit site on the lower abdomi-
nal wall. The driveline is particular at risk of infection, with an in-
fection incidence of between 17% to 30% and a mortality rate of
9.8% at 6 months and 31% at 12 months [28]. Early treatment can
improve the prognosis, but proper diagnosis is difficult at the time
of infection. Although the use of FDG PET/CT has shown good
diagnostic results for driveline infection, the number of patients in-
cluded in each study was small.

Bernhardt et al. [29] reported the sensitivity of FDG PET/CT
in LVAD infections as 87.5%, the specificity as 100%, the PPV as
100%, and the NPV as 86.7%. They also confirmed the utility of
FDG PET/CT in the location and quantification of the extent of
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infection. Moreover, a recent case series and meta-analysis of four
studies showed a pooled sensitivity of 92% and specificity of 83%
for the diagnosis of LVAD infection, but the specificity varied con-
siderably between studies (25% to 100%) [30]. Akin et al. [31]
showed that FDG PET/CT imaging provided accurate informa-
tion on the location and extent of LVAD-related infections 3 weeks
after implantation. Although data are limited, preliminary studies
have shown that FDG PET/CT can differentiate and localize the
site and extension of infection within the central portion of the de-
vice, or along the peripheral driveline. This finding has clinical sig-
nificance, in that patients with infection involving the central por-
tion of a LVAD (including the pump and cannula) have a poorer
survival rate than those with an infection involving the peripheral
driveline and exit site [32].

de Vaugelade et al. [33] compared the diagnostic performance
of FDG PET/CT and leucocyte labeled scintigraphy and demon-
strated that FDG PET/CT showed greater sensitivity (95.2% vs.
71.4%, respectively). A recent analysis of 57 patients who under-
went 85 PET/CT scans showed that a threshold of peak standard-
ized uptake value (SUVpeak) of 2.5 could accurately diagnose
driveline infections. On dividing the LVAD infection into four
components on FDG PET/CT, patients with three or more com-
ponents showed lower survival. Moreover, the presence of thoracic
lymph nodes with FDG avidity was also associated with lower sur-
vival. Patients who underwent early surgical revision after PET/
CT had a shorter hospital stay [34].

Although visual analysis by FDG PET/CT is highly associated
with LVAD infection, quantitative parameters provide greater sen-
sitivity and specificity than visual grading alone. A retrospective
study that evaluated both visual and semiquantitative approaches
reported that FDG uptake along the driveline is rarely an artifact;
however, this depends on the reader’s experience and is not suit-
able for inter-examination or patient-to-patient comparison. In a
semiquantitative analysis of FDG PET/CT, the diagnostic ability
could be further improved with a sensitivity and specificity of
100%, and the maximum SUV (SUVmax) increased by 3.88 or
more compared to the basal scan [35]. DellAquila et al. [36] re-
ported that quantitative FDG PET/CT analysis using SUVmax
was accurate in diagnosing superficial and deep driveline infec-
tions, but had limited use in pump housing infections, in which vi-
sual analysis was better. Furthermore, Avramovic et al. [37] pro-
posed that metabolic volume had more diagnostic capability than
visual score or SUVmax for LVAD driveline infection. The results
demonstrated that the sensitivity, specificity, PPV, and NPV were
87.5%, 79%, 81%, and 86% for visual score; 87.5%, 87.5%, 87.5%,
and 87.5% for SUVmax; and 96%, 87.5%, 88.5%, and 95.5% for
metabolic volume, respectively.
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The use of surgical adhesives to strengthen inflow and outflow
cannulas can lead to false-positive findings. Careful review of each
patient’s surgical report with regard to the implantation procedure
could improve the discriminant power for LVAD infection. More-
over, the large, dense structures of the pump housing are suscepti-
ble to beam hardening and scatter in the low-dose CT images used
for attenuation correction (AC), which can lead to false uptake. In
addition, FDG uptake by a foreign body reaction around the
LVAD, physiologic FDG uptake by the adjacent left ventricular
myocardium, presence of chronic fistula, and the possibility of in-
ternal surface infection of pump housing are all possible reasons for
false uptake in FDG PET/CT [36].

Extracardiac complications of infective
endocarditis

Extracardiac complications following IE and CIED infection occur
in 22% to 43% of patients within the first 2 weeks of treatment
[38]. Metastatic infection, spondylodiscitis, osteomyelitis, septic
arthritis, and metastatic soft tissue abscess can occur. Previous
studies have shown that FDG PET/CT is useful to detect and lo-

calize these complications before clinical suspicion in patients with
NVE [17,38-40] (Fig. 2). As such, the ESC guidelines recommend
the use of FDG PET/CT in combination with other imaging stud-
ies, such as whole-body CT and brain magnetic resonance imag-
ing, for the examination of embolic events [S]. Orvin et al. [40] re-
ported on the use of FDG PET/CT in patients with confirmed IE
and demonstrated that pertinent extracardiac findings on FDG
PET/CT were present in 75% of patients. Consequently, treat-
ment plans were changed in up to 35% of patients and included an-
tibiotic treatment prolongation, referral to surgical procedures, and
avoidance of unnecessary device extraction.

Monitoring response to antimicrobial
therapy

For treatment of IE, the duration of antimicrobial therapy depends
on the causative organism and the site of infection (NVE, PVE, or
CIED infection). The recommended duration of treatment in the
2015 ESC guidelines [5] and the Northern American guidelines
[41] is based on early randomized studies conducted in the 1990s

or expert opinion, and there are very few recent comparative stud-

Fig. 2. (A) Extracardiac metastatic infection in a 51-year-old woman demonstrating bilateral lung infection and spondylodiscitis
resulting from Staphylococcus aureus. (B) Axial FDG PET, (C) axial FDG PET/CT, and (D) axial lung CT showing extensive lung septic emboli.
(E) Sagittal FDG PET/CT, (F) sagittal FDG PET, and (G) coronal FDG PET/CT showing infective spondylodiscitis in T10 to T11. FDG, F-18
fluorodeoxyglucose; PET, positron emission tomography; CT, computed tomography.
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ies on the treatment duration [42]. An encouraging role of FDG
PET/CT in evaluating the effectiveness of antimicrobial therapy in
IE was recently proposed in a small observational study [43].
Moreover, Garcia et al. [44] reported the usefulness of determin-
ing a need for continued therapy in cases with remnants of infec-
tion at the end of standard treatment; thus, continuation of therapy
is needed until increased metabolism is no longer observed on
FDG PET/CT. Further large-scale studies are necessary to utilize
and prove the usefulness of this application.

Practical consideration in clinics

The main limitation of FDG PET/CT in the diagnosis of cardiac
infections is the absence of current standardized protocols, which
have varied across previous studies. FDG PET/CT guidelines for
diagnosis and monitoring in IE should include information on pa-
tient preparation, such as the diet protocol, FDG dosage, duration
of uptake, acquisition time, and imaging processing including mo-
tion correction of cardiac and respiratory gating and image inter-

pretation.

1. Patient preparation
In an oncological setting, myocardial FDG uptake varies from pa-
tient-to-patient and even for serial examinations of the same pa-
tient. This variation is considered to be due to nonspecific FDG
uptake patterns in which diffuse myocardial activity is higher than
liver activity or uptake in the lateral wall and/or ring shaped/cir-
cumferential basal uptake. Since this physiological uptake can
mask pathological activities, patient preparation methods to inhibit
physiological uptake have been proposed [45,46]. The degree of
myocardial glucose metabolism varies greatly depending on the
patient’s overall metabolic status, while the fasting myocardium
uses free fatty acids (FFAs) as the main energy source (90%) [47].
Following dietary carbohydrate intake, myocardial metabolism
shifts to glucose, following the Randle cycle [47,48]. The myocar-
dium metabolizes glucose when blood sugar and insulin are elevat-
ed and FFAs are decreased. Conversely, as glucose and insulin lev-
els decrease and FFAs increase in the fasting state, FFAs are used as
the primary source of myocardial energy. The glucose metabolism
in inflammatory cells is regulated by glucose transporter 1
(GLUT1) and GLUTS3, unlike in the myocardium, where it is reg-
ulated via GLUT 4 and is independent of insulin effects [49,50].
Therefore, a patient preparation method that enables myocardial
FFA metabolism, while simultaneously suppressing physiologic
glucose uptake, is essential for successful FDG PET cardiac infec-
tion/inflammation imaging.

Most previous studies have implemented a high-fat, low-carbo-
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hydrate (HFLC) diet prior to a prolonged fast, or prolonged fast
alone, while some studies have also used additional intravenous
heparin administration. Although many preparation methods have
been proposed to suppress physiologic myocardial glucose uptake,
most studies included a small number of patients, and the prepara-
tion strategies were heterogeneous. Therefore, no clear consensus
has been reached on the optimal method [51]. The guidelines of
Society of Nuclear Medicine and Molecular Imaging, American
Society of Nuclear Cardiology, and Society of Cardiovascular CT
(SNMMI/ASNC/SCCT guideline) recommend a preparation
regimen that incorporates a fat-rich and low-carbohydrate diet for
12 to 24 hours before scanning, and fasting 12 to 18 hours before
and/or the infusion of intravenous heparin approximately 15 min-
utes before FDG injection [52]. More recently, the Japanese Soci-
ety of Nuclear Cardiology (JSNC) performed an analysis of previ-
ous research and suggested a more detailed method, which in-
volved fasting for 12 to 18 hours, and a low-carbohydrate diet, with
a total carbohydrate content of less than S g for dinner the day be-
fore the scan. In addition, they suggested that patients with diabe-
tes underwent same preparation as those without diabetes, albeit
with particular attention to sugar control [53].

Regarding the effect of heparin preadministration on inhibition
of physiologic uptake, Osborne et al. [S1] reviewed 31 dietary
preparation studies and found that the myocardium appropriately
suppressed FDG uptake in 87% to 93% of patients who fasted for 4
hours after two HFLC meals. In addition, the same effect was re-
ported when unfractionated heparin was injected 15 minutes be-
fore FDG injection after at least one HFLC meal and overnight
fasting. Moreover, the authors did not recommend the fasting-only
methods, food or drink intake, unrestricted diets, and high-fat sup-
plements within 4 hours prior to scanning [ 51]. Furthermore, hep-
arin showed an anticoagulant effect at doses above 10 U/kg, and
the majority of published studies used unfractionated heparin 50
U/kg [54]. In order to lower the risk of heparin-induced thrombo-
cytopenia (HIT), an uncommon but potentially life-threatening
risk, low molecular weight heparin has been suggested; however,
low molecular weight heparin undergoes approximately 60% lesser
lipolysis than unfractionated heparin [55]. The aforementioned
SNMMI/ASNC/SCCT guidelines suggest the use of 15 to S0 U/
kg heparin, while the JSNC guideline does not recommend the
use of heparin. By way of explanation, the JSNC explained that
when fasting for more than 18 hours after alow carbohydrate diet,
the inhibition of physiological myocardial uptake by heparin was
limited, and the risk of HIT following unfractionated heparin is
not negligible. However, only a small number of patients were in-
cluded in the studies cited in these guidelines or review, and studies
may provide varying suggestions owing to different fasting times,
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dietary methods, and frequency; therefore, one is not absolutely
correct. The JSNC performed an analysis of fasting over 18 hours
by dividing 82 patients into two groups [ 53], while Scholtens et al.
[56] performed an analysis by dividing 150 people into three
groups, and found that heparin additionally induced a significant
decrease in myocardial intake during 12 hours of fasting.

Intracellular calcium is known to stimulate glucose uptake, and
Gaeta et al. [57] reported a significant decrease in myocardial
FDG uptake in mice treated with verapamil prior to FDG injec-
tion. However, these findings have not been replicated in humans
[58].

Studies to date have failed to establish a single preparation tech-
nique that is far superior to all others, and metabolic profiles vary
among patients; therefore, each center must optimize its own pro-

tocols that adhere to the principles described above.

2. Imaging acquisition

Hyperglycemia has been shown to impair the inflammatory cell
uptake of FDG, as a result of competition with endogenous blood
glucose; thus, it is recommended to perform scanning when the
patient’s blood glucose is below 200 mg/dL. While most studies
perform imaging acquisition 1 hour after FDG injection, Caldarel-
laetal. [59] reported that an improved target-to-back-ground ratio
is possible if imaging is delayed by 2 to 3 hours. This finding may
have additional value for CIED infections, especially in lead infec-
tions with low diagnostic sensitivity. However, a patient series
study comparing 1- and 2.5-hour post-injection images in PVE pa-
tients reported a false-positive interpretation trend for late images,
requiring attention to interpretation [60].

Whole-body (head to feet) FDG PET/CT scanning has an ad-
vantage with regard to assessing localization of extracardiac infec-
tion, including clinically unpredicted distant foci [40,61]. In addi-
tion, treatment can be modified depending on the presence or lo-
cation of the lesions [40]. Although physiological uptake leads to
difficulty in visualizing small intracranial lesions, additional infec-
tious lesions have been found on whole-body PET/CT in 17% of
patients [ 13].

Gated cardiac PET imaging can improve spatial resolution and
enhance the detection of small moving lesions with the heartbeat,
and comparison with CT angiography (CTA) images is easier
[62]. However, gated cardiac PET requires a surplus scan time, and
there are currently no publications that have examined the addi-
tional value of gated cardiac PET for the diagnostic performance of
endocarditis.

Dizzi et al. [63] suggested that a combination of FDG PET with
CTA could improve the sensitivity in PVE and CIED infection. In
their study, they demonstrated that the sensitivity, specificity, PPV,
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and NPV were 54.5%, 93.8%, 92%, and 60.9% for mDC; 86.4%,
87.5%, 90.2%, and 82.9% for PET /nonenhanced CT; and 91%,
90.6%, 92.8%, and 88.3% for PET/CTA. They also demonstrated
that the use of PET/CTA significantly reduced the proportion of
suspicious cases to 8%, from 20% in PET /nonenhanced CT. Fur-
thermore, the high sensitivity of FDG PET for diagnosing infec-
tions, combined with the high spatial resolution of cardiac CTA,
which delineate structural damage, was able to the nine possible
cases in PET/nonenhanced CT to be reclassified into eight rejects
and one definite case [6]. Moreover, in a study of adult patients
with congenital heart disease and suspected IE and/or CIED in-
fection, FDG PET/CTA enhanced the diagnostic sensitivity from
39.1% to 89% and confirmed the diagnosis in 92% of cases [63].

It has been advised that FDG PET/CT is untrustworthy in the 2
months after surgery [64 ]. Moreover, the ESC guidelines recom-
mended that it should be used with caution in interpreting FDG
PET/CT results in patients <3 months after cardiac surgery, as
postoperative inflammatory responses may cause nonspecific
FDG uptake; thus, in these cases, radio-labeled leucocyte single
photon-emission CT (SPECT)/CT can be considered as an alter-
native [5]. However, recent studies refuted that scanning for an
early after the surgery can be correctly displayed true-negative and
the waiting may not resolve potential misidentification problem
[14,65,66].

3. Image interpretation

Most studies used visual image analysis, to distinguish diseased
states from physiologic uptake. The visual evaluations have been
reported to have 74%, 91%, 89%, and 78% sensitivity, specificity,
PPV, and NPV for PVE, respectively; and were significantly im-
proved by excluding confounders, as described above (91%, 95%,
95%, and 91%) [ 14]. The most typical finding in infection is an in-
creased localized uptake in the valve annuli, near the valve leaflets,
or in prosthetic materials, where FDG uptake is not observed
physiologically. In contrast, a mild homogeneous uptake near me-
chanical prosthetic valves should be considered as a physiologic
uptake. However, a high uptake near prosthetic valves, particularly
in cases with clinically high suspicion of infection without other in-
tectious foci, should be considered as possible infection, even if ho-
mogeneous.

FDG PET/CT can overlook small vegetations, and endocarditis
can be ruled out if there is no FDG uptake in the heart. However, if
FDG avid metastatic infection lesions, such as septic pulmonary
emboli, fungal aneurysms, or brain abscesses, are found, they may
be considered as evidence of endocarditis, even in the absence of
cardiac abnormalities [67]. This guidance is especially important
when FDG PET/CT is less sensitive at the primary focus, such as
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in NVE or lead endocarditis, as mentioned earlier.

AC artifacts occur when high-density structures produce beam
hardening or scattering artifacts in low-dose CT used for AC, and
can result in false uptake. Non-AC PET images are difficult to eval-
uate quantitatively, but if the lesion uptake is less than two-fold that
of the liver uptake, the artifacts should be excluded by comparing
the non-AC images with the corresponding AC images to reduce
the possibility of false positives (Fig. 3) [25]. In addition, metal ar-
tifact reduction algorithms can improve the confidence of AC im-
age analysis in patients with metallic cardiac devices or valves
[68,69].

Semiquantitative measurements of the metabolic activity of le-
sions using SUVs are less subjective and provide a more objective
threshold for determining infection. For this purpose, Scholten et
al. [70] analyzed studies on the SUV value of PVE. However, inter-
center exchanges were not possible due to the lack of standardized
protocols between studies; and because the threshold for rejected
PVEs (0.5 to 4.9) and definite PVEs (4.2 to 7.4) showed wide
ranges. A semiquantitative measure of FDG uptake, the European
Association of Nuclear Medicine Research Ltd.-standardized SUV
value ratio (affected valve/blood pool) of > 2.0, was a 100% sensi-
tive and 91% specific interpreter of PVE [14]. It has been pro-
posed that grading of valvular FDG uptake as intense, moderate,
mild, or absent is more useful than a simple grading of positive or

negative. Similar to the mDC for echocardiography; it is also possi-

ble to set up a registry to predict the probability of PVE for each
uptake intensity [71].
False-positive findings may occur in areas where surgical adhe-
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sives have been applied, which may last for 2 or 3 months [ 14,45].
False-negative findings may be due to low inflammatory activity at
the time of imaging or as a result of prolonged antibiotic treatment
[14]. Swart et al. [ 14] reported that a CRP value less than four-fold
the upper normal limit ( <40 mg/L) was a remarkable false-nega-
tive factor. Although PET is highly sensitive to detecting disease ac-
tivity, it has lower spatial resolution than CT. To visualize sites with
an abnormal uptake by PET, the target structure should have a vol-
ume larger than 1 cm’, with significant accumulation of the admin-
istered radio-tracer [ 72]. In addition, PET requires data collection
for a relatively longer time compared to CT, and motion from the
heart beat and breathing during data acquisition can degrade the
spatial resolution of PET. However, the detrimental effect caused
by motion cannot be noticeably overcome by physiological gating
during data collection. Therefore, the use of PET is not optimal for
detecting and characterizing small lesions [ 73 ]. Overall, clinicians
face considerable challenges in diagnosing and characterizing in-
fectious heart diseases with structural or functional imaging, and

further improvement in imaging technology will be needed.

Conclusion

FDG PET/CT imaging is a valuable diagnostic modality for pa-
tients with suspected IE with prosthetic valves or intracardiac de-
vices. Proper use of PET/CT imaging increases the diagnostic ca-
pacity of the mDC. Although the role of FDG PET/CT in NVE is
limited, adding the results of FDG PET/CT to the mDC is helpful
in diagnosis, particularly if the decision is difficult with convention-

o M

Fig. 3. (A) Axial FDG ETP/CT, (B) non-attenuation, and (C) AC PET images of a case of definite infective endocarditis (IE) resulting
from Escherichia coli in an 89-year-old patient with a mitral native valve. She suffered from fever of unknown origin, and FDG PET/
CT was performed to evaluate the source of the fever. FDG PET/CT shows focal areas of enhanced glycolytic metabolism (arrow) around
the calcified mitral valve, in which the standard uptake value was 5.8. Dense calcification can result in false uptake through AC, and
therefore, readers should check for non-AC PET. FDG, F-18 fluorodeoxyglucose; PET, positron emission tomography; CT, computed
tomography.
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al approaches. FDG PET/CT can help determine treatment regi-
mens related to CIED infection and the monitoring of antimicro-
bial therapy in IE. In LVAD, FDG PET/CT is considered to be ac-
curate in diagnosing driveline infections, although it has limited
value in evaluating pump housing infections. For all cases of IE,
whole-body FDG PET/CT is advantageous in the early detection
of metastatic infection and embolic events. The patient should be
carefully prepared using a HFLC diet, heparin infusion prior to im-
aging, and increasing the specificity through AC and non-AC im-
ages to reduce impact on metal artifacts. The benefits of using
FDG PET/CT for cardiac infection will become more apparent
through the development of standardized protocols and large-scale

prospective studies.
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MicroRNAs (miRNAs) are a class of noncoding RNAs that negatively requlate target messenger
RNAs. In multicellular eukaryotes, numerous miRNAs perform basic cellular functions, including

cell proliferation, differentiation, and death. Abnormal expression of miRNAs weakens or modifies
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Introduction

MicroRNAs (miRNAs or miRs) are small (20-23 nucleotides)
noncoding RNAs that negatively regulate messenger RNAs
(mRNA) expression by blocking translation or by directly promot-
ing degradation of the target mRNA [1]. It is estimated that miR-
NAs regulate approximately 30% of the protein-coding genes in
humans. Individual miRNAs can regulate the expression of multi-
ple genes, and conversely, a single target gene can be regulated by
many miRNAs [1].

More than half of the miRNA genes are commonly located in in-
trons. miRNAs are produced by endogenously transcribed long
primary miRNA (pri-miRNA) by RNA polymerase (Pol) I or Pol
II and show a typical mRNA form with a 5'-cap structure and a 3'-
poly (A) tail [2,3]. The pri-miRNAs are further processed into a
hairpin-shaped structure, 60 to 100 nucleotides in length, known
as precursor miRNA (pre-miRNA) by the nuclear RNase III Dro-
sha. This nuclear processing event is site- specific and critical for
determining the mature miRNA sequence. After being exported to
the cytoplasm by double-stranded RNA-binding proteins (expor-
tin-S), pre-miRNAs undergo a final processing event by RNase I1I
family enzymes (Dicer) to form a 20-nucleotides miRNA duplex.

various apoptosis pathways, leading to the development of human cancer. Cell death occurs in
an active manner that maintains tissue homeostasis and eliminates potentially harmful cells
through requlated cell death processes, including apoptosis, autophagic cell death, and necropto-
sis. In this review, we discuss the involvement of miRNAs in requlating cell death pathways in
cancers and the potential therapeutic functions of miRNAs in cancer treatment.

Keywords: Apoptosis; Autophagy; Endoplasmic reticulum stress; MicroRNAs; Necroptosis

These mature miRNA duplexes are unwound and the mature
strand is incorporated into the RNA-induced silencing complex
(RISC) together with an Argonaute (AGO) protein, subsequently
forming an active RISC complex [4]. This complex binds to spe-
cific mRNA with a complementary sequence, usually in the 3'-un-
translated regions (UTRs) of mRNAs to trigger mRNA silencing
by translational repression or degradation [5,6]. In general, miR-
NAs partially base pair with the sequence of the 3-UTRs of the
target mRNAs. This partial complementarity often facilitates
translational repression [7]. In contrast, perfect or near-perfect
complementary miRNA-mRNA interaction induces the cleavage
of mRNA through AGO endonuclease activity, exerting a strong
repressive effect on target mMRNA expression [8].

The modulation of miRNAs including suppressing the onco-
genic miRNAs (oncomiRs) and replacing the deficient tumor-sup-
pressive miRNAs (oncosuppressor miRs) in cancer cells may be a
reliable tool to improve cancer therapy [9]. miRNAs are involved
in many biological processes, such as cell proliferation, cell death,
and tumorigenesis. In addition, regulation of gene expression by
miRNAs is important for cellular responses to environmental
stresses such as starvation, hypoxia, oxidative stress, and DNA

damage. miRNAs can strongly affect the expression of various cell

Copyright © 2021 Yeungnam University College of Medicine

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://doi.org/10.12701/yujm.2020.00836

107



Jang JH and Lee TJ. The role of microRNAs in cell death pathways

death-related genes such as pro- and antiapoptotic genes, autopha-
gy regulation genes, endoplasmic reticulum (ER) stress genes,
and/or necroptosis-related genes [ 10]. Abnormal expression of
miRNAs associated with cell death pathways can affect physiologi-
cal conditions and promote disease, including carcinogenesis [ 11].

Numerous miRNAs can function as oncogenes or tumor sup-
pressors, and it is widely accepted that dysregulation of miRNA ex-
pression is closely related to the initiation, progression, and metas-
tasis of cancer. An aberrant miRNA expression is a common event
in malignant tissues compared to that in their normal counterparts
because many miRNAs are frequently located at vulnerable sites in
the human genome, causing gene amplification and deletion, chro-
mosomal rearrangement, and epigenetic changes [11].

miRNAs are classified as oncomiRs or oncosuppressor miRs,
which specifically target oncogenes and tumor-suppressor genes,
respectively. Generally, oncomiRs are overexpressed, while oncos-
uppressor miRs are underexpressed in cancers [ 12]. OncomiRs
are associated with specific cancer forming (oncogenic) events, in-
cluding carcinogenesis, malignant transformation, and metastasis.
Abnormal expression of these miRNAs favors uncontrolled prolif-
eration and survival, promotes invasive behavior, and contributes
to tumor initiation and progression by regulating cell death. On-
cosuppressor miRs generally prevent tumor development by sup-
pressing oncogenes and/or genes that control cell differentiation
or cell death. Oncosuppressor miRs can be downregulated as a re-
sult of deletions, epigenetic silencing, or loss of transcription factor
expression.

Despite global dysregulation, most miRNA expression is global-
ly suppressed in cancer tissues compared to that in normal tissue
counterparts [ 13]. Genetic deletion of the miRNA-processing ma-
chinery causes global depletion of miRNAs, which favors cell
transformation and tumorigenesis in vivo [ 14]. This indicates that
miRNA alterations play a causative role in the development of can-
cer, not just the effect of tumorigenesis [ 15]. In this review, we dis-
cuss the recent progress in the understanding of miRNA function
in the regulation of apoptosis, autophagy, ER-stress-mediated cell

death, and necroptosis in cancer cells.

The role of microRNAs in apoptotic pathways

Apoptosis is a programmed cell death that is precisely coordinated
by genes and plays an important role in maintaining cellular ho-
meostasis. Apoptosis occurs physiologically in cells that are no lon-
ger needed, as observed during many developmental processes.
Apoptosis also occurs when cells commit a regulated suicide for
the overall benefit of the organism in pathological situations such

as infections, neoplasm formation, and irreversible cell damage.
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The two main types of apoptotic pathways are “intrinsic pathways”
and “exogenous pathways” [ 16,17]. The intrinsic apoptotic path-
way receives signals to destroy cells from one ofits genes or pro-
teins due to the detection of DNA damage. In the extrinsic apop-
totic pathway, cells receive signals from other cells in the organism
or from outside the cell, instructing it to commit programmed cell
death. The extrinsic and intrinsic pathways can be linked by differ-
ent signaling pathways to common pathways, for example, by Bid,
a BH3 domain-containing protein of B-cell lymphoma 2 (Bcl-2).
The truncated Bid trigger switches from the external to the internal
signaling pathway [ 18].

The extrinsic pathway transmits extracellular death signals by
the cell-surface death receptor (DR), leading to the formation of
the death-inducing signaling complex (DISC) [19]. DRs belong to
the tumor necrosis factor (TNF) /nerve growth factor superfamily.
DRs possess the death domain (DD), death effector domain, the
transmembrane domain, and cysteine-rich motifs [20]. There are
sixmammalian DRs (TNF receptor 1 [TNFR1], Fas, DR3, DR4
[TNF-related apoptosis-inducing ligand receptor 1, TRAILR1],
DRS [TRAILR2], and DR6) [21,22].

The intrinsic pathways are regulated by the release of cyto-
chrome ¢ from mitochondria or loss of the mitochondrial mem-
brane potential. The release of cytochrome ¢ into cytosol triggers
the activation of caspase-3 through the formation of the apopto-
some [23]. Anti-cancer drug-induced caspase activation may be
initiated through an extrinsic pathway or the intrinsic mitochondri-
al pathway [24]. Caspases play an essential role in apoptotic signal-
ing pathways. Caspases are of two types; initiator caspases and exe-
cutioner caspases. The initiator caspases (caspase-2, -8, -9, and
-10) are responsible for the conversion of the inactive form of the
executor caspase into the active form. Executioner caspases
(caspase-3, -6,and -7) directly trigger the apoptotic process in cells
[25]. For example, caspase-8 induces cell death through caspase-3
activation, an important primary caspase in the intrinsic and ex-
trinsic pathways of apoptosis [26]. Mitochondrial damage result-
ing from drug-induced apoptosis is often accompanied by the re-
lease of cytosolic cytochrome ¢ from the mitochondria. X-linked
inhibitor of apoptosis protein (XIAP), a member of the inhibitor
of apoptosis family of proteins, is a protein that inhibits apoptotic
cell death by inhibiting caspase-3, -7, and -9 activations [27]. Addi-
tionally, Mcl-1,), a Bcl-2 family protein that inhibits apoptosis, and
cellular FLICE (Fas associated with death domain [FADD]-like
interleukin-1B-converting enzyme)-inhibitory protein (c-FLIP),
an antiapoptotic protein that inhibits apoptosis receptor-mediated
apoptosis signaling pathway, are important miRNA targets
[28,29].

Many miRNAs are involved in extrinsic signaling pathways.
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miR-7 is a specific sensitizer for TRAIL-mediated apoptosis in
glioblastoma multiforme and hepatocellular carcinoma cells [30].
miR-590 is regulated via the signal transducer and activator of tran-
scription S (STATS) pathway and targets Fas ligand (FasL) to pro-
mote cell survival in human acute myelogenous leukemia cells
[31]. miR-21 is a direct target of FasL in pancreatic cancer, and its
ectopic expression protects cancer cells from gemcitabine-mediat-
ed apoptosis [32]. miR-20a inhibits the expression of Fas in osteo-
sarcoma cells, thereby facilitating the survival of tumor cells and
enhancing their metastatic capacity [33]. Besides, miR-146a and
miR-196b inhibit Fas expression, and ectopic expression of miR-
196b causes rapid leukemia [34,35]. In addition, the expression of
miR-196b-5p has been shown to possess a significant negative cor-
relation with the expression of Fas in non-small cell lung cancer
(NSCLC) [35]. miR-2S, which has been observed to directly tar-
get DR4 and protect against TRAIL-mediated apoptosis, is upreg-
ulated in intrahepatic bile duct cancer [36]. FADD is regulated by
miR-128a or miR-155. The expression level of miR-128a is in-
creased in acute lymphoblastic leukemia. The ectopic expression
of miR-128a enhances Fas resistance in Jurkat cells by targeting
FADD, but antagonizing miR-128a sensitizes Fas-mediated apop-
tosis [37]. Curcumin induces AS49 cell apoptosis through down-
regulation of miRINA-186" expression that targets caspase-10,
which is homologous to caspase-8 [ 10,38]. c-FLIP is a major antia-
poptotic protein and an important chemotherapy resistance factor
[39]. miR-708 negatively regulates the expression of c-FLIP and
enhances the sensitivity of renal cancer cells to various apoptotic
stimuli [40]. miR-378, miR-155, and miR-let-7a can regulate can-
cer cell apoptosis via target caspase-3 [41]. miR-106b is associated
with the recurrence of prostate cancer and directly targets
caspase-7 [42]. miR-133 and miR-24a directly suppress caspase-9
to regulate apoptosis in pancreatic cancer cells [43].

In the intrinsic apoptotic pathway, apoptotic regulator genes are
also regulated by many different miRNAs. miR-365 has been
shown to directly target Bcl-2-like protein 4 (Bax) and the adaptor
protein Src homology 2 domain-containing 1 (SHC1) in lung ade-
nocarcinoma and lung cancer cell lines [44]. miR-125b is signifi-
cantly downregulated in gastric cancer cells. However, overexpres-
sion of miR-125b inhibits proliferation, migration, and invasion in
gastric cancer cell lines (HGC-27 and MGC-803) [45]. miR-148a
and miR-204 induce apoptosis by negatively targeting Bcl-2 at the
posttranscriptional level [46,47]. In prostate cancer cell lines, ecto-
pic expression of miR-204 has been shown to decrease cell viability
and promote apoptosis through the downregulation of Bcl-2 ex-
pression [47]. miR-608 directly targets Bcl-extra large (Bcl-xL)
and significantly inhibits chordoma cell proliferation by inducing
apoptosis [48]. miR-23a/b and miR-27a/b can target apoptotic
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protease activating factor 1 (Apafl) and thereby control the sensi-
tivity of neurons to apoptosis [49]. The miRNAs that regulate

apoptosis are summarized in Fig. 1.

The role of microRNNAs in endoplasmic
reticulum stress pathways

Since the ER is involved in the localization and folding of intracel-
lularly secreted transmembrane proteins, the accumulation of un-
folded proteins in cells causes cellular stress and leads to a specific
ER response called the unfolded protein response (UPR) [50].
UPR is regulated by three sensor proteins; protein kinase RNA-
like ER kinase (PERK), inositol-requiring enzyme 1 (IRE1), and
activating transcription factor (ATF) 6 [51]. When ER stress is in-
creased, the sensor initiates an adaptive response, including induc-
tion of ER chaperone proteins and inhibition of protein synthesis.
UPR shows a cascade pattern that activates protein synthesis inhi-
bition and induction of ER stress-related gene expression. If the
adaptive response fails to alleviate ER stress and goes beyond what
the cell can tolerate, both the intrinsic and extrinsic apoptotic path-
ways can become activated to remove the stressed cells [52]. Play-
ers involved in apoptosis include IRE1a, PERK, and ATF6 [53].
PERK hyperactivation can upregulate the CCAAT-enhancer-bind-
ing protein homologous protein (CHOP, also known as growth ar-
rest and DNA damage 153) transcription factor. CHOP inhibits
the expression of antiapoptotic Bcl-2 and upregulates proapoptotic
BIM and DRS [53]. Hyperactivated IRE1a activates apoptosis sig-
nal-regulating kinase 1 (ASK1) and its downstream target c-Jun
NH2-terminal kinase (JNK). Phosphorylated JNK activates
proapoptotic BIM and inhibits antiapoptotic Bcl-2. ATF6 likely
has proapoptotic targets such as apoptotic factors caspase-12, -9,
and -3 [54].

miR-199a-Sp directly binds to the binding sites of GRP78,
ATF6,and IREla [5S5]. PERK has been reported to be a direct tar-
get of miR-204, which increases ER stress-induced cell death in
p-cells; however, ATF6 and IRE1a are not affected by miR-204
[56]. Interestingly, PERK induces miR-483 expression, which is
associated with the activation of ATF4, but not CHOP [57]. A re-
cent study showed that miR-7112-3p directly targets PERK and
regulates the ER stress signaling pathway (activation of the PERK/
ATF4/CHOP/ caspase cascade) and apoptosis in colorectal can-
cer CX-1 cells [$8]. Besides, colorectal cancer tissues show high
expression of miR-7112-3p [58]. The enforced expression of ac-
tive ATF6 decreases the expression of miR-455 [59]. miR-702 di-
rectly regulates ATF6, which inhibits apoptosis in cultured cardio-
myocytes treated with isoproterenol [60]. IRE1a cleaves miR-17,
miR-34a, miR-96, and miR-125b during ER stress to suppress the
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Fig. 1. MicroRNAs (miRs) that regulate the apoptotic signaling pathways. The yellow box indicates the components of the extrinsic
apoptotic signaling pathway. When a death ligand binds to a death receptor (DR), an exogenous pathway is initiated. The light green box
indicates the components of the intrinsic pathway. Activation of the intrinsic pathway or mitochondrial pathway releases cytochrome ¢
into the cytoplasm. TRAIL, tumor necrosis factor (TNF)-related apoptosis-inducing ligand; FasL, Fas ligand; TNFR, TNF receptor 1; FADD,
Fas-associated death domain protein; c-FLIP, cellular FLICE (FADD-like IL-1B-converting enzyme)-inhibitory protein; Bid, BH3 interacting-
domain death agonist; tBid, truncated Bid; Smac, second mitochondria-derived activator of caspases, also referred to as DIABLO; Bak,
Bcl-2 homologous antagonist killer; Bax, Bel-2-like protein 4; Bcl-2, B-cell lymphoma 2; Bel-xL, B-cell lymphoma-extra large; XIAP,
X-linked inhibitor of apoptosis; Apaf1, apoptotic protease activating factor 1.

translation of proapoptotic caspase-2 [61]. ER stress-induced
apoptosis is mediated via caspase-2, which is also regulated by
IREla [62]. PERK-dependent expression of miR-30c-2p inhibits
X box-binding protein 1 (XBP1) and nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-«B), and overexpression of
miR-30c-2-3p exerts a proapoptotic effect by reducing the transla-
tion of XBP1 under ER stress conditions [63]. CHOP controls
miR-708 transcription during prolonged ER stress [64]. miR-211
is an antiapoptotic miRNA that regulates CHOP expression in a
PERK- and ATF4-dependent manner [65] (Fig. 2).

The role of microRNAs in necroptotic cell
death pathways

Necroptosis is a programmed form of necrosis or inflammatory
cell death. Even if necroptosis inhibits caspase activity, cell suicide
occurs in a caspase-independent manner. When caspases are inac-
tivated in cells, receptor-interacting protein (RIP) 1 is phosphory-
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lated by TNF-a and then interacts with RIP3 to induce necroptosis
[66]. In this signaling pathway, when TNF-a stimulates TNFR1,
TNFRI1-associated DD protein (TRADD) and TNF receptor-as-
sociated factor 2 (TRAF2) send signals to receptor-interacting ser-
ine/threonine-protein kinase (RIPK) 1, finally recruiting RIPK3
to form a necrosome. The RIP1 inhibitor necrostatin-1 (nec-1)
has been demonstrated to prevent the death of TNF-a-treated
FADD-deficient Jurkat cells [67,68]. Apoptosis-inducing factor
(AIF) is transferred from the mitochondria to the cytoplasm and
nucleus and induces caspase-independent chromatinolysis [69].
Necroptosis is not only associated with diseases but also with in-
flammatory diseases such as pancreatitis and Crohn disease [70].
Several miRNAs are known to regulate necroptosis signaling
pathways. Deubiquitinase cylindromatosis (CYLD) is an import-
ant deubiquitinating enzyme involved in apoptosis or necroptosis
signaling pathways. CYLD is directly targeted by miR-181b-1 and
miR-19, which leads to inflammation and tumor progression
[71,72]. Moreover, miR-874 and miR-512-3p have been reported
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Fig. 2. MicroRNAs (miRNAs or miRs) that regulate the endoplasmic reticulum (ER) stress pathways. Various miRNAs play a role in survival
or apoptosis under ER stress conditions. A critical step in unfolded protein response (UPR) signaling is the initial detection of ER stress.
PERK, ATF6, and IRE1a possess UPR sensors that are activated by ER stress. BIP, binding immunoglobulin protein, also known as GRP78;
PERK, protein kinase RNA-like ER kinase; ATF, activating transcription factor; IRE1a, inositol-requiring enzyme 1 alpha; EIF2a, eukaryotic
initiation factor 2 alpha; CHOP, CCAAT-enhancer-binding protein homologous protein; XBP1, X box-binding protein 1.

to regulate necroptosis by targeting caspase-8, which is involved in
the transition between apoptosis and necroptosis [73,74]. miR-
128a and miR-155 regulate the activity of the adapter protein
FADD [37,75]. miR-21 has been shown to act as a pro-necroptosis
oncogene through the regulation of RIP1/3-mediated necroptosis
[76]. miR-92a-3p is known to be involved in apoptosis or necrosis,
which is a member of the miR-17-92 cluster. In addition, miR-92a-
3p has been shown to significantly increase cell growth and colony

formation in renal cancer cells [77] (Fig. 3).

The role of microRNAs in autophagy
pathways

Autophagy is a basic catabolic process that occurs in response to
starvation or other stressful conditions. Autophagy encloses dys-
functional, misfolded, or aggregated proteins and damaged cellular
components (e.g., mitochondria, ER, and peroxidants) in dou-
ble-membrane vesicles called autophagosomes, which eventually
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digest them by lysosomal enzymes and use them for cellular me-
tabolism again [78]. Autophagy involves several key steps for the
final degradation of cellular components in lysosomes; sequestra-
tion, transport to lysosomes, degradation, and utilization of degra-
dation products. Each step is tightly regulated by evolutionarily
conserved autophagy-related (ATG) genes [79].

Autophagy regulates intracellular homeostasis through the cyto-
plasmic turnover of proteins and organelles. In some cases, autoph-
agy dysfunction can have various pathological consequences, in-
cluding cancer, neurodegeneration, cardiovascular disorders, and
microbe infection. Impaired autophagic signaling pathways are fre-
quently observed in cancer patients. In cancer cells, autophagy has
been referred to as a ‘double-edged sword’ because it increases
apoptotic cell death [80] and maintains tumor cell survival in re-
sponse to metabolic stress in vitro [81]. Since the mechanisms that
regulate dual opposed survival-supporting and death-promoting
roles of autophagy are still far from resolution, it seems necessary
to understand the mechanisms that precisely regulate each step of
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Fig. 3. MicroRNAs (miRs) that regulate necroptotic signaling pathways. Necroptosis is stimulated by TLR, IFNR, and TCR, which are
members of the tumor necrosis factor (TNF) receptor superfamily. Extrisic stimili such as cellular stress, damage, and infection activated
TNFR1, which can lead to cell survival, apoptosis, or necroptosis. clAP1 and clAP2 ubiquitinate RIP1, whereas CYLD deubiquitinates RIP1.
MLKL is a critical substrate of RIP3 during the induction of necroptosis. TNFR1, TNF-a receptor 1; CYLD, cylindromatosis; TRAF2, TNF
receptor-associated factor 2; RIP1, receptor-interacting protein kinase 1; TRADD, TNFR1-associated death domain protein; c-IAP1/2,
cellular inhibitor of apoptosis protein 1/2; IKK, 1B kinase; NF-xB, nuclear factor kappa-light-chain-enhancer of activated B cells; FADD,
Fas-associated protein with death domain; TLRs, toll-like receptors; TCR, T-cell receptor; IFNRs, interferon receptors; c-FLIP, cellular FLICE
(FADD-like interleukin-1@-converting enzyme) inhibitory protein; MLKL, mixed lineage kinase domain-like; PGAM5, phosphoglycerate

mutase 5; Drp1, dynamin-related protein 1.

autophagy to design novel intervention strategies against cancers.
One of the key downstream effectors of autophagy is the mam-
malian target of rapamycin (mTOR) that coordinates eukaryotic
cell growth and metabolism in the presence of growth factors and
abundant nutrients [82]. mTOR is well known to regulate cell
growth, proliferation, metastasis, and transcription factors. It is as-
sociated with two distinct protein complexes, mTOR complex
(mTORC) 1/2 [83]. The three important elements of mMTORC1
are mTOR, regulatory-associated protein of mMTOR (Raptor), and
mammalian lethal with Sec13 protein 8 (mLST8), also known as
GABL. In addition, "TORCI contains two inhibitory elements;
proline-rich Akt substrate of 40 kDa (PRAS40) and DEP do-
main-containing mTOR interacting protein (DEPTOR).
mTORC2 contains rapamycin-insensitive companion of mTOR
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(Rictor), a protein that performs similar functions in mTORC2 in-
stead of Raptor. mMTORC?2 also contains DEPTOR and inhibitory
elements mSinl and Protor1/2. It has been found that the rapamy-
cin complex directly inhibits MTORC1, but mTORC2 is unre-
sponsive to rapamycin treatment [83,84]. Since the mTOR signal-
ing pathway is activated in various cancers, specifically targeting
the mTOR pathway via miRNA is a cancer treatment strategy. It is
possible to search for various miRNAs that inhibit mTOR signal-
ing in cancer cells, increase the effectiveness of mMTORC1/2 inhibi-
tors, and improve the effectiveness of cancer treatment.

miR-99a targets mTOR, which reduces tumorigenesis in lung
cancer cells [85]. miR-193a-5p directly targets phosphoinositi-
de-3-kinase regulatory subunit 3 (PIK3R3) and mTOR to inacti-
vate the AKT/mTOR signaling pathway and suppress NSCLC
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Fig. 4. miRNAs involved in the autophagy pathways. Autophagy occurs under a variety of conditions, such as cell growth signaling,
glucose deficiency, hypoxia, genotoxicity, and endoplasmic reticulum (ER) stress, and activates signaling pathways that initiate or inhibit
the autophagy cascade. The mTOR and AMPK proteins are important regulators of the autophagy pathway. mLST8, mammalian lethal
with Sec13 protein 8, also referred to as GPL; mTOR, mammalian target of rapamycin; Raptor, regulatory-associated protein of mTOR;
mTORC1, mTOR complex 1; ULK, Unc-51-like kinase; AMPK, AMP-activated protein kinase; TAK1, transforming growth factor p-activated
kinase 1; ATG4, autophagy-related 4 cysteine peptidase; LC3, microtubule-associated proteins 1A/1B light chain 3B; AMP, adenosine
monophosphate; ATP, adenosine triphosphate; LKB1, liver kinase B1; CAMKKP, calcium/calmodulin kinase kinase beta; elF2a, eukaryotic

initiation factor 2 alpha; DAPK, death-associated protein kinase.

metastasis [86]. Moreover, miR-199a-3p regulates mMmTOR and
c-Met to inhibit invasion and enhance doxorubicin sensitivity in
hepatocarcinoma cells [ 87]. Downregulation of miR-148b is asso-
ciated with poor survival in NSCLC [88]. In pancreatic cancer, it
has been observed that miR-148b is a direct target of adenosine
monophosphate-activated protein kinase (AMPK) a1 that inhibits
cell proliferation and invasion, and enhances chemosensitivity
[89]. miR-26b directly suppresses transforming growth factor
B-activated kinase 1 (TAK1) and other factors to enhance chemo-
sensitivity [90]. ATG4C, an ATG4 family member, has been ob-
served to decrease the expression of miR-376b [91]. Moreover,
miR-101 directly targets ATG4D, an ATG4 family member, which
acts as a potential inhibitor of rapamycin- or etoposide-induced au-
tophagy [92]. miR-204 interferes with autophagy and inhibits the
growth of renal clear cell carcinoma [93]. In addition, miR-204 di-
rectly targets ATF2 to suppress cell proliferation and autophagy
and induce apoptosis of NSCLC [94]. In pancreatic cancer cells,
ATF12 expression is inhibited by miR-23b, which decreases auto-
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phagic activity and suppresses radio-resistance [95]. Additionally,
miR-630 is considered to be a target of ATG12 [96]. Beclin-1, the
main component of the class III phosphatidylinositol 3-kinase
(PI3K-III) complex, is negatively regulated by miR-376b, miR-
30a, and miR-216a, which leads to decreased autophagic activity
[91,97-99]. Death-associated protein kinase (DAPK) is a well-
known proapoptotic and suppressor of metastasis. DAPK is a di-
rect target of miR-103 that promotes colorectal cancer metastasis

[100] (Fig. 4).

Conclusion

In this review, we have summarized and discussed how miRNAs
regulate apoptosis, ER stress, necroptosis, and autophagy by target-
ing a wide range of components of these pathways and document-
ed the aberrant expression of miRNAs in cancer and the oncogen-
ic or tumor-suppressor roles of miRNAs. miRNAs discussed in
this review could be used as promising diagnostic and prognostic
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biomarkers as well as effective therapeutic targets for various can-
cers. However, further studies are needed to improve knowledge
about the mechanisms and functions of miRNAs in various pro-
grammed cell death pathways in cancer cells. In addition, it is nec-
essary to determine the best formulation and precise drug delivery
system to target cancerous tissues while avoiding unwanted miR-
NA effects that can result from targeting important genes in other
healthy tissues. Finally, the selected miRNAs should have the po-
tential to intervene and modify cell physiology and behavior in
many human pathologies, including the deregulation of the cell
death machinery.
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Background: This study is an analysis of evaluator factors affecting physician-patient interaction
(PPI) scores in clinical performance examination (CPX). The purpose of this study was to investi-
gate possible ways to increase the reliability of the CPX evaluation.

Methods: The six-item Yeungnam University Scale (YUS), four-item analytic global rating scale
(AGRS), and one-item holistic rating scale (HRS) were used to evaluate student performance in
PPI. A total of 72 fourth-year students from Yeungnam University College of Medicine in Korea
participated in the evaluation with 32 faculty and 16 standardized patient (SP) raters. The study
then examined the differences in scores between types of scale, raters (SP vs. faculty), faculty
specialty, evaluation experience, and level of fatigue as time passes.

Results: There were significant differences between faculty and SP scores in all three scales and a
significant correlation among raters' scores. Scores given by raters on items related to their spe-
cialty were lower than those given by raters on items out of their specialty. On the YUS and
AGRS, there were significant differences based on the faculty's evaluation experience; scores by
raters who had three to ten previous evaluation experiences were lower than others' scores.
There were also significant differences among SP raters on all scales. The correlation between the
YUS and AGRS/HRS declined significantly according to the length of evaluation time.

Conclusion: In CPX, PPI score reliability was found to be significantly affected by the evaluator

factors as well as the type of scale.

Keywords: Clinical competence; Medical students; Physician-patient relations

Introduction

Establishing major competencies and training for clinical perfor-
mance in medical education has been prevalent in Korea for only
the last 15 years. This is due to the clinical skills test that was add-
ed to the paper-based Korean Medical Licensing Examination
(KMLE) in 2009. This crucial change in the KMLE has strength-

ened clinical performance in Korean medical schools.

Yeungnam University has also conducted regional consortiums
in training and its evaluation of clinical performances bi-annually.
The consortium is primarily intended for educational feedback,
so after conducting a similar evaluation of the KMLE, not only in-
dividual student feedback but also school feedback will be ob-
tained.

The clinical skills test is consisting of the objective structured

clinical examination (OSCE) and clinical performance examina-
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tion (CPX). In evaluating communication skills and attitude by
the standardized patient (SP), Yeungnam University employs five
to six items that are the same as the physician-patient interaction
(PPI) scales on the KMLE. These items include effective ques-
tioning, careful listening, a patient-centered attitude, using words
precisely, and rapport building. In the physical examination sta-
tion, another item has been included to assess a good manner
during physical examination. Even though the six items of the PPI
evaluation are based on global rating forms, the assessment guide-
lines and evaluation criteria for each question are quantitative
rather than qualitative. They endeavor to establish an objective
evaluation according to the checklist developed for this purpose.
Faculty raters evaluate technical skills; SP raters evaluate PPI for
the same students. This evaluation process is based on multiple
studies conducted on the accuracy of information provided by
trained SP raters and derived from SP assessments [ 1-3].

In general, the degree of agreement between faculty and SP
scoring is 80% to 100%. However, research has shown inconsis-
tencies in SP evaluations in Korea for 2,000, although SP score are
higher than faculty scores. For example, in the study of Park et al.
[4], the degree of agreement among the evaluations was 71% to
82%; the correlation among those evaluations appeared to have a
36% to 42% reliability, and the actual correlation itself was 0.60 to
0.65. The study of Kim et al. [5] regarding 14 evaluation items
shows a significant difference between faculty and SP evaluations.
In other studies, the correlation between faculty raters and SP rat-
ers for PPI was 0.54, which was lower than that in other regions
[6,7]. Numerous researchers agree that the differences among the
raters are due to a lack of explicit criteria and training experience,
the rater’s level of fatigue, and the number of items and rating
scales [8,9].

Since 2010, however, there has not been enough exploratory
research into the characteristics of these assessors or their reliabili-
ty. This is the primary reason for the current study—to remedy
evaluation methods, assessment skills, and training for raters. To
accomplish reliable PPI evaluations, we compared faculty evalua-
tions using the Yeungnam University Scale (YUS), analytic global
rating scale (AGRS), and holistic rating scale (HRS) [10] with SP
evaluation scores. In addition, research was conducted on the dif-
ferences in faculty specialty and rater’s experiences, as well as the
rater’s level of fatigue as time passes.

The research problems of this study are as follows: are there any
differences in PPI scores between faculty raters and SP raters;
what are the differences in PPI scores based on the faculty raters’
specialty? What are the differences in PPI scores according to the
raters’ evaluation experience? Are the scores consistent from be-
ginning to end during long evaluation times?

https://doi.org/10.12701/yujm.2020.00423

Materials and methods

1. Procedure and participants

The present study protocol was reviewed and approved an ex-
emption of informed consent by the Institutional Review Board
of Yeungnam University Hospital (IRB No: 7002016-E-2015-
001).

For this study, we analyzed the PPI evaluation in the CPX that
was conducted among third-year students at Yeungnam Universi-
ty College of Medicine in 2013. The evaluation was conducted on
December 16 and 17. In total, 72 students were enrolled; there
were 51 males (70.8%) and 21 females (29.2%) whose average
age was 22.45 years. The group was subdivided randomly into 12
teams consisting of six members each. A total of 12 stations were
set up to evaluate the CPX over 2 days; two copies of six stations
were assigned each morning and afternoon.

To assess the reliability of the evaluation process, faculty raters
and SP raters conducted the PPI evaluation simultaneously in
each station; 48 faculty raters and 24 SP raters took part in the
evaluations. Before the examination, all raters were trained for 2
hours on the general assessment process and the criteria for scor-
ing assigned stations. We analyzed the evaluation results of eight
stations, excluding four stations that did not have a complete scor-
ing process. Consequently, we analyzed the final data based on
evaluations conducted by 32 faculty and 16 SP raters. Of the 32
faculty raters, 12 evaluated stations related to their specialty while
the other 20 evaluated stations out of their specialty. Nine had
majored in basic medical science and 23 in clinical medicine. On
average, faculty raters had participated in evaluation $.13 times,
while the average evaluation experience of SP raters was 7.44
times. Finally, the eight stations we examined included: jaundice,
antenatal care, adult immunization, drinking problems, low back
pain, micturition disorder, convulsion in childhood, and masto-

dynia/breast mass.

2. Research instruments

For this study, three rating scales were employed. The first scale,
the YUS, was developed by the Daegu-Gyeungbuk regional con-
sortium in Korea and revised by the Yeungnam University Col-
lege of Medicine. The YUS consists of six items worth four points
each; effective questioning, careful listening, patient-centered atti-
tude, using words precisely, rapport building, and a good manner
during physical examination. Also, the uniqueness of this rating
scale is that it is similar to the global rating; however, it has been
developed as a quantitative criterion to ensure evaluation objec-
tivity. Table 1 shows an example of YUS. As a second scale, we
employed four questions from AGRS developed by Hodges and
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Mcllroy [10]. The AGRS consists of the following four items
worth five points each; response to patient’s feelings and needs,
degree of coherence in the interview, verbal expression, and
non-verbal expression. This scale used qualitative criteria to assess
the above items. Finally, the one-item HRS was employed as an
additional question for the overall assessment of the knowledge
and skills. Table 2 shows an example of AGRS and HRS.

3. Analysis

Regarding the 72 students’ clinical performance, we compared
differences in final scores using the rater’s assessment expertise,
rating experience, and the level of fatigue. Initially, all test items
used T-score as a standard; the scores of YUS, AGRS, and HRS
were compared with the average scores of the overall test items. In
addition, we compared the faculty rater’s scores with those of the
SP raters for each of the evaluations. We also compared scores of
the faculty raters who assessed stations related to their specialty

with the scores of those who assessed stations out of their special-

Table 1. An example of evaluation standards of Yeungnam
University Scale

Standard

- Effective questions: open questions, confirmation
questions, summary of the dialogues

Item

1. He (or she) asked
me something well
and effectively

- Avoid questions: leading question, double
meaning questions

4. Excellent: asked all effective questions without
any avoid questions

3. Good: asked 2 effective questions and avoid
questions

2. Normal: asked 1 effective question or not
asked any effective and avoid questions

1. Not sufficient: not asked any effective question
and asked avoid questions

- Verbal response, listening attitude, eye contact,
not take any speaking

4. Excellent: used 4 actions very well
3. Good: used 2 or 3 actions of all

2. Normal: used 1 action or not used any actions
and not used any opposite actions

1. Not sufficient: used 4 opposite actions

2. He (or she) listened
carefully

ty and the differences between basic medical science and clinical
medicine specialties. We proceeded with comparing score differ-
ences based on rater evaluation experience divided into three cat-
egories; less than three times, three to 10 times, and more than 10
times.

Furthermore, we examined the correlation coefficient based on
the SP rater’s level of fatigue. To test these group differences, the
T-test and F-test were used. To verify differences based on SP rat-
er fatigue, we compared the results of SPs who were assigned
during the morning or afternoon with those who participated all
day. Moreover, we looked at the correlation differences among all
scales.

Results

A comparison of raters’” scores based on the evaluation tools for
each item and the inter-rater correlation coefficient are shown in
Table 3 and Fig. 1. The results show significant differences in
scores between faculty and SP raters according to the evaluation
tools. The scores of SP raters were significantly higher than those
of the faculty raters; YUS (£=-18.23, p<0.001), AGRS (t=-
10.24, p<0.001), and HRS (t=-3.20, p<0.01), respectively.
Correlation coefficients between the faculty and SP raters were
the following: YUS, 0.49 (p < 0.001); AGRS, 0.34 (p < 0.01); and
HRS, 0.40 (p<0.001), respectively. These results indicate a sig-
nificant correlation among the raters’ scores based on each evalua-
tion tool.

The results of the score differences according to the major con-
gruence of the raters who assessed items related to their specialty
and those who assessed items out of their specialty are in Table 4.
There was a significant difference between the YUS (t=-3.61,
p<0.001) and the AGRS (t=-2.73, p<0.01). The scores of the
raters who assessed stations related to their specialty were lower
than those of the raters who assessed stations out of their area of
specialty. In the case of HRS, there was no significant difference.

Table 5 shows the results of score differences according to rat-

ers’ evaluation experiences. In the YUS and AGRS, significant dif-

Table 2. An example of evaluation standards of analytic global rating scale and holistic rating scale

Example Rating scale
P 1 2 3 4 5
Response to patient's feelings Does not respond to obvious patient Responds to patient's needs and Responds consistently in a perceptive
and needs Fempathy) cues (verbal and non-verbal) and/or cues, but not always effectively and genuine manner to the

responds inappropriately

Degree of coherence in the  No recognizable plan to the interaction;

patient's needs and cues

Organizational approach is formulaic Superior organization, demonstrating

interview the plan does not demonstrate and minimally flexible and/or command of cohesive devices
cohesion or the patient must control of the interview is flexibility, and consistent control
determine the direction of the inconsistent of the interview
interview
120 https://doi.org/10.12701/yujm.2020.00423
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Table 3. Comparisons of rating scales and Pearson's correlation coefficient of raters
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Rater
Case F;ig Ineg Faculty (n=32) SP(h=16) Total (h=48) t Pea rsgg e’sﬁ?girersltatlon
n Mean (SD) n Mean (SD) n Mean (SD)
A YUS 4 50.39 (8.41) 2 56.33 (2.53) 6 53.42 (6.82) -5.70" 0.34"
AGRS 4 49.81 (9.34) 2 55.49 (7.79) 6 52.71 (9.01) -3.98° -0.34"
HRS 4 51.79 (10.50) 2 54.29 (9.28) 6 53.06 (9.94) -1.51 -0.28"
B YUS 4 4398 (8.33) 2 53.20 (6.15) 6 4863 (8.63) -7.62° 0.26”
AGRS 4 45.48 (5.96) 2 47.44 (12.35) 6 46.47 (9.73) -1.23 0.12
HRS 4 49.13 (9.45) 2 46.22 (12.90) 6 47.67 (11.37) 1.56 0.32"
C YUS 4 4534 (7.48) 2 50.24 (7.59) 6 47.85 (7.90) -3919 0.36”
AGRS 4 45,77 (7.36) 2 48.28 (10.30) 6 47.05 (9.04) -1.70 0.27°
HRS 4 45.89 (9.30) 2 46.66 (11.00) 6 46.28 (10.17) -045 0.39°
D YUS 4 46.32 (9.73) 2 53.61 (4.48) 6 50.50 (8.03) -5.16" -0.M
AGRS 4 46.71 (10.35) 2 51.54 (6.47) 6 49.48 (8.65) -3.05” -0.09
HRS 4 47.79 (10.50) 2 47.75(7.21) 6 47.76 (8.73) 0.02 0.06
E YUS 4 47.61 (6.58) 2 55.35 (3.96) 6 51.64 (6.61) -8.39° 0.26”
AGRS 4 49.48 (6.53) 2 55.19 (6.27) 6 52.46 (6.99) -5319 021
HRS 4 51.21(9.84) 2 5537 (7.09) 6 53.38 (8.74) -2.87" 0.32”
F YUS 4 45.19 (5.67) 2 54.93 (3.12) 6 50.09 (6.68) -12.88° 0.35”
AGRS 4 47.59 (7.27) 2 56.85 (4.78) 6 52.25 (7.68) -9.11¢ 0.03
HRS 4 48,03 (9.10) 2 58.43 (4.07) 6 53.26 (8.74) -8919 0.14
G YUS 4 4150 (8.64) 2 49.77 (4.44) 6 4509 (8.21) -7.05° 0.23
AGRS 4 43.21(8.62) 2 49.73 (5.35) 6 46,04 (8.04) -5.27° 0.24
HRS 4 45.38 (10.73) 2 46.84 (7.35) 6 46,01 (9.41) -092 0.45"
H YUS 4 49.22 (6.31) 2 54.24 (3.56) 6 51.87 (5.62) -5.69° 0.17
AGRS 4 5191 (5.19) 2 54.61(3.98) 6 53.34 (4.77) -3.42° 0.18
HRS 4 53.41(8.84) 2 51.02 (8.10) 6 52.14 (8.51) 1.67 0.06
Total YUS 4 46.13 (8.12) 2 53.57 (5.18) 6 4993 (7.73) -18.23° 0.29"
AGRS 4 47.44 (8.08) 2 52.48 (8.38) 6 50.01 (8.61) -10.24° 0.14"
HRS 4 49,05 (10.09) 2 50.95 (9.78) 6 50.02 (9.98) -3.20” 0.20”

SP, standardized patients; SD, standard deviation; YUS, Yeungnam University Scale; AGRS, analytic global rating scale; HRS, holistic rating scale; A,
jaundice; B, antenatal; C, adult immunization; D, drinking problem; E, low back pain; F, micturition disorder; G, convulsion in childhood; H, mastodynia,

breast mass.

7p<0.05. "p<0.01. ?p<0.001.
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ferences based on the faculty’s evaluation experience were ob-
served. It was observed that the scores from those who had partic-
ipated 3-10 times group were lower than those from the other
two groups. In all scales, there were significant differences among
the SP raters. However, for the SP raters, scores from those who
had participated 3—10 times were higher than those from the oth-
er groups.

The reviewed correlation between three rating scales in each
group of raters is shown in Table 6. In the results of the correlation
between the rating scales, the following were observed; 0.66 to
0.83 in faculty (p < 0.001) and 0.68 to 0.82 in SP (p < 0.001).

To find the impact of the raters’ level of fatigue on evaluation
outcome, we compared the scores given by SP raters in the morn-
ing and afternoon. The results are shown in Table 7. The correla-
tion between the YUS and AGRS and between the YUS and HRS

were significantly lower in the afternoon than in the morning.

Discussion

Analyzing the differences between the evaluation results of the
three assessment tools and the raters’ characteristics, we have ex-

plored factors that may affect PPI scores. This study was conduct-

Table 4. Comparisons of scores according to the congruence of the
raters' specialty

Specialty
Rating scale  Congruence  Incongruence Total (n=32) ¢t
(n=12) (n=20)
YUS 44.36 (5.94) 46.74 (8.68) 46.13(8.12) -3.61 2
AGRS 46.00 (6.91) 47.95 (8.39) 47.44(8.08) -2.73"
HRS 48.61 (10.26) 49.20 (10.05)  49.05 (10.09) -0.60

Values are presented as mean (standard deviation).

YUS, Yeungnam University Scale; AGRS, analytic global rating scale; HRS,
holistic rating scale.

7p<0.001.”p<0.01.

ed to minimize the effects of co-factors to secure fairness. There-
fore, this study tried to find out the difference between evaluation
results according to the characteristics of evaluators and evalua-
tion tools and discuss the implications of each result.

The result of this study showed that there was a slight difference
in PPI scores between faculty raters and SP raters. In general,
when there was a significant difference, the evaluation scores of
SPs were significantly higher than that of the faculty. These results
were similar to previous studies due to the SP role, which was not
primarily for evaluation purposes but rather for constructive edu-
cational feedback. Hence, SPs are not comfortable with giving low
scores. However, faculty raters deal with subjects with which they
are familiar; consequently, they can be better focused and stricter
in their evaluation [11-13]. In addition, concerning the YUS,
AGRS, and HRS scores, Pearson’s correlation coefficient between
the faculty and SP raters was 0.34 to 0.49. In the study of Kwon et
al. [6], the results of the CPX concerning technical skill items-his-
tory taking, physical examination, and patient education-showed
correlation coefficient from 0.69 to 0.91. In contrast, the correla-
tion for the patient-doctor relationship was somewhat low; 0.09
to 0.51. The reasons for these results could be found in ambigu-
ous applied standards, the level of raters’ fatigue, and lack of train-
ing [6-9,14]. For additional improvement of the evaluation pro-
cess, this study recommends periodic evaluation of raters and fur-
ther training tasks.

The SPs involved in this study had participated in PPI evalua-
tions using the YUS an average of 7.44 times and had at least 3 to
12 hours of training according to the training guidelines set by the
consortium. However, in the training for the AGRS and HRS, the
instruction portion involved less than three hours of training. Fur-
thermore, the raters’ fatigue from having to assess on all three
scales could affect the evaluation outcome. In the case of faculty
raters, even though they had an average of 5.13 evaluation experi-

Table 5. Comparisons of scores between evaluation experiences of faculty raters and standardized patients

Evaluation experience (time)

Total

Rating scale  Rater <3 3-10 >10 F Scheffé
n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)

YUS Faculty 6 48.49 (7.48) 20 4435 (7.64) 6  49.03(8.83) 32 46.13 (8.12) 19.78" 3.1>2
SP 3 48.57 (5.09) 7 55.57 (3.71) 6 51.89 (5.84) 16 53.57 (5.18) 39.687 2>13
Total 9 49,68 (6.81) 27 49.37 (8.33) 12 50.94 (7.09) 48 49.93 (7.73) 439" 3>2

AGRS Faculty 6 51.66 (7.83) 20 46.04 (7.26) 6 50.49 (9.55) 32 47.44 (8.08) 14.11% 3.1>2
SP 3 51.22 (6.00) 7 55.29 (6.69) 6  49.78(9.87) 16 52.48 (8.38) 30.197 2>13
Total 9 47.29 (7.20) 29 50.18 (8.38) 10  50.01(9.76) 48 50.01 (8.61) 0.4

HRS Faculty 6 49.96 (10.30) 20 48.18 (10.08) 6  50.87(9.69) 32 49,05 (10.09) 3.25”
SP 3 49.80 (7.18) 7 53.48 (8.90) 6  49.64(10.88) 16 50.95 (9.78) 19.25" 2>13
Total 9 48.54 (9.15) 27 50.55 (9.92) 12 50.04 (10.50) 48 50.02 (9.98) 3.17” 2>1

SD, standard deviation; YUS, Yeungnam University Scale; SP, standardized patient; AGRS, analytic global rating scale; HRS, holistic rating scale.

?p<0.001.”p<0.05.
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Table 6. Comparisons of correlation between three rating scales in
each group of raters

Prarars oneaon oty (=32 S, 1ora (1-40)
YUS-AGRS correlation 0.83" 0.77" 0.80"
AGRS-HRS correlation 0.757 0.827 0.77%
YUS-HRS correlation 0.66” 0.68” 0.627

YUS, Yeungnam University Scale; AGRS, analytic global rating scale;
HRS, holistic rating scale.
7p<0.001.

Table 7. Comparisons of correlations between morning and
afternoon in standardized patient raters

Pearson's correlation Morning  Afternoon Total

coefficient (n=16) (n=16) (n=32)
YUS-AGRS correlation 0.82 (0.08) 0.71 (0.10)  0.76 (0.11) 3.327
AGRS-HRS correlation 0.80(0.12) 0.76 (0.13) 0.78(0.12)  0.75
YUS-HRS correlation  0.72 (0.14)  0.59 (0.10) 0.65(0.14)  2.74”
Values are presented as mean (standard deviation).
YUS, Yeungnam University Scale; AGRS, analytic global rating scale;

HRS, holistic rating scale.
7p<0.01.”p<0.05.

t

ences, their previous experience was limited only to evaluating
technical skills; thus, they did not have proper training in con-
ducting PPI evaluations. Since the pre-evaluation training for this
study was completed in only one hour, overall training for the
evaluation process was insufficient. There is another possibility
that the raters’ fatigue level was high because we conducted the
technical skill and PPI evaluations together. The fact that the reli-
ability among the scales evaluated in the afternoon is lower than
that in the morning can be interpreted as an increase in the fatigue
of the evaluator and a decrease in concentration. Therefore, it is
necessary to arrange evaluators separately in the afternoon or pro-
vide sufficient rest time.

There were significant differences in the scores related to the
raters’ specialty and in scores between basic medical science and
clinical medicine. Regarding the evaluation experience, the scores
showed significant differences among each faculty and SP group.
In the case of the faculty, the scores of evaluators with 3—10 evalu-
ation experiences were significantly lower than those with less
than three or more than 10 evaluation experiences. However, in
the case of SPs, the evaluation scores of evaluators with 3—-10 ex-
periences were significantly higher than those with less than three
or more than 10 evaluation experiences. These results are the
same for all YUS, AGRS, and HRS evaluations.

According to these results, it was found that the faculty mem-
bers were more thoroughly assessed if their majors matched, or if
they had more than three or less than 10 evaluation experiences.
However, SPs appeared to be less thorough, as they became accus-
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tomed to evaluation and became more involved when they had
three to 10 evaluation experiences. To offset these differences and
increase reliability, we need to strengthen the rater’s competences
through systematic strategies during their training and feedback.
In addition, it is necessary to systematically apply a statistical
method to offset the score difference between evaluators. Accord-
ingly, in medical schools, it is necessary to train or acquire evalua-
tion experts or analysis experts, and it is necessary to secure an
evaluation system or an evaluation support team that is capable of
systematic evaluation support.

Besides, in Korea, technical skills are assessed by faculty, but hu-
manistic skills are assessed by SPs. The faculty raters tend to
over-emphasize the importance of technical skills and, thus, eval-
uate them more strictly. However, they are inclined to be laxer and
more generous when evaluating humanistic skills because they
would feel awkward doing otherwise [15]. Moreover, Park et al.
[7] reported lower PPI scores from SP evaluators through com-
parative studies on the accuracy of scoring by faculty and SPs on
the CPX, confirming that there are also differences between eval-
uators who are simply observant or participatory. This means that
it may also depend on the extent of the evaluator’s subjective in-
tervention, and therefore, accurate feedback on humanistic skills
can be hindered in the process of evaluation feedback and retrain-
ing. Hence, faculty raters need to recognize the importance of hu-
manistic skills and feedback for their results. Separate sessions of
technical and humanistic skills on the CPX needs to be examined
closely; both adequacy and reliability should be reviewed.

This study also tried to explore the appropriateness of the eval-
uation tool. Numerous previous studies on the subject report that
the global rating is similar to the checklist or even superior in va-
lidity and reliability. Furthermore, to evaluate students’ perfor-
mance, they recommend using the checklist and the global rating
scale together [11,16-18]. The checklist is primarily known for
the evaluation of technical skills, including procedural perfor-
mance. However, the global rating scale is known as an efficient
tool to measure a student’s attitudes and PPI, communication
skills, and possible expertise [16,18-23]. Therefore, as far as hu-
manistic skills are concerned, it is appropriate to employ the glob-
al rating scale for the PPL

The worksheet has been developed as a checklist, although the
PPI evaluation scales include global rating scale items at the Yeun-
gnam University College of Medicine. This is because the check-
list is superior in apparent objectivity and ease of use [24]. How-
ever, the checklist form of the worksheet may be more appropriate
for the technical skills station, and the global rating form may be
more appropriate for attitudes in the PPI station [25]. Generally,
raters who use the checklist are inclined to give the same scores to
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the students whether they performed well [26]. In this study, one
of the SPs reported that there were students who were not satis-
fied with the overall physician-patient relationship, although she
gave high scores for a lack of demerit factors according to the
checklist.

In addition, students tend to memorize the checklist rather than
practice technical skills in the process of preparing for the OSCE
[27]. In this context, the phenomenon diminishes the value of ed-
ucation; specifically, it reduces the validity of assessing students’
competence [12]. It is therefore imperative that we provide im-
proved assessment tools for students so that the skills are embod-
ied rather than a simple recitation of a memorized PPI checklist.
Furthermore, it is necessary that students internalize the correct
attitude in their practice. Thus, we propose a further study on how
to improve evaluation tools and standards as a form of the AGRS.

In this study, SP assesses an average of six students at one sta-
tion. We compared the correlations among the individual assess-
ment scales, dividing the process into two different time peri-
ods-morning and afternoon-to find out the potential impact that
raters’ fatigue can have on the scores. We found a significant dif-
ference in the correlation between YUS and AGRS, and between
YUS and HRS. Scores given in the afternoon session were lesser
reliable than those given in the morning, which is statistically sig-
nificant. Indeed, it is hard to stay focused on evaluations for a long
time. The rater’s fatigue, caused by the multitude of evaluation
items and the number of students to evaluate, is responsible for
the failure to maintain consistency [28-30]. To enhance the de-
gree of consistency among raters, a strategy to lengthen the train-
ing period but reduce the time that raters spend on assessments
could be proposed. Furthermore, specific ways could be proposed
to use professional SPs more efficiently. As described above, SP
evaluators received 3 to 12 hours of pre-training for CPX evalua-
tion whereas faculty members received only one hour of pre-train-
ing. The reason for the low correlation between evaluation scores
between faculty members and SP evaluators may also be because
the standardized evaluator education was not conducted equally.
It is suggested that systematic training is required for all evaluators
to increase the reliability of evaluation scores.

This study based on one CPX assessment conducted at a
school, and it is focused on the evaluation of the patient-doctor
relationship rather than the clinical performance process. Due to
temporal and financial limitations in the actual evaluation, two
SPs participated in one clinical item evaluation, while four profes-
sors participated in the same evaluation. Therefore, the decrease
in reliability for the evaluation tools of SP evaluators in the after-
noon may be due to the increased fatigue.

Although the correlation was a little low, it was considered that
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the correlation between faculty and SP evaluators was higher
when YUS was used than when AGRS or HRS were used. In the
actual evaluation situation, ease of evaluation is considered as an
important factor, and the evaluation tools with high validity and
reliability with a few evaluation items are preferred. It is recom-
mended to use HRS for the ease of evaluation, but it can be seen
that the use of AGRS or YUS that comprises four to six items may
be more appropriate to compensate for the limitations regarding
single-item measurement. The most appropriate evaluation tool
should be suitable in the form and number of evaluation items,
and both evaluation validity and reliability must be satisfied.
Therefore, it is necessary to continuously study which evaluation
tools are useful for evaluating according to various evaluation situ-
ations and clinical presentations.

The limitations of this study are as follows: First, this cannot be
generalized because it based on the experience of a single school.
Second, it is a retrospective study, not a study designed to identify
only the factors that affect PPI scores. Third, this is a separate
analysis of the PPI scores only, which are parts of the station for
CPX. Therefore, it did not reflect the impacts of the characteris-
tics (e.g, difficulty level, etc.) of each station. Finally, it did not re-
flect the personal characteristics (e.g., beliefs, emotional state, fa-
tigue level, etc.) of raters on the day of assessment.

In conclusion, the reliability of PPI scores on the CPX was
found to be significantly affected by evaluator factors as well as the
type of scale used. There is a need for a further study to establish
guidelines for evaluating PPI on the CPX and to offer appropriate
assessment tools, an ideal number of items, raters” qualification,
and ideal length of evaluation time.
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Background: Dialysis patients are prone to having disabilities. We aimed to evaluate the associa-
tion between disability and various clinical outcomes in Korean dialysis patients.

Methods: This study consisted of 1,615 dialysis patients from 27 centers. We evaluated disability
by using four questions on the activities of daily living (ADLs) concerning whether help was
needed for feeding, dressing/undressing, getting in/out of bed, or taking a bath/shower. We divid-
ed the patients into three groups: no disability (Non-D, none of the four ADL domains required
help; n=1,312), mild disability (Mild-D, one ADL domain required some/full help; n=163), or
moderate to severe disability (MS-D, two or more ADL domains required some/full help; n=140).
We evaluated falls, frailty, health-related quality of life (HRQoL), mortality, and hospitalization.
Results: The numbers of participants with a fall during the last 1 year were 199 (15.2%), 42
(25.8%), and 44 (31.4%) in the Non-D, Mild-D, and MS-D groups, respectively (p<0.001). The
numbers of participants with frailty in the Non-D, Mild-D, and MS-D groups were 381 (29.0%),
84 (51.5%), and 93 (66.4%), respectively (p<0.001). In both univariate and multivariate analyses,
the physical component scale and mental component scale scores decreased as the grade of dis-
ability increased (p<0.001 for both scores). Hospitalization-free survival rate at 500 days was
64.2%, 56.7%, and 51.1% in the Non-D, Mild-D, and MS-D, respectively (p=0.001 for trend). Pa-
tient survival rate at 500 days was 95.3%, 89.5%, and 92.3% in the Non-D, Mild-D, and MS-D,
respectively (p=0.005 for trend).

Conclusion: Disability was associated with falls, frailty, HRQoL scales, and survival trends in Kore-
an dialysis patients.

Keywords: Dialysis; Disabled persons; Quality of life; Treatment outcome

Introduction

Patients with end-stage renal disease require renal replacement
therapy, which includes dialysis and kidney transplantation. Al-
though kidney transplantation is the best option for renal replace-
ment therapies, most patients undergo dialysis. In the United
States, 124,114 patients were diagnosed with incident end-stage re-
nal disease; among them, 87.8% underwent hemodialysis (HD)
and 9.6% underwent peritoneal dialysis (PD) [ 1]. Dialysis patients

have poor survival and clinical outcomes compared with the gener-
al population. Many researchers have tried to identify risk factors
for poor prognosis in dialysis patients. However, the prognosis re-
mains poor, and studies about new risk factors are ongoing.
According to the World Health Organization (WHO), disability
can be defined as an umbrella term, which includes impairment,
activity limitation, and participation restrictions [2]. Disability is
associated with poor clinical outcomes in the general population,

due to inaccessibility to health care services, and vulnerability to
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infection. Many comorbid conditions lead to the development of
disability, and end-stage renal disease is associated with many co-
morbid conditions such as diabetes mellitus (DM), hypertension,
and uremia. Therefore, dialysis patients are prone to having disabil-
ities. Jassal et al. [3] analyzed dialysis outcomes and practice pat-
terns in a cohort of 7,226 patients from 12 countries, and showed
that disability is associated with low health-related quality oflife
(HRQoL) and poor survival. Additionally, Yazawa et al. [4] used a
Japanese national registry of 7,664 HD patients, and showed an as-
sociation between disability and mortality. However, previous
studies have included limited ethnicities and only focused on sur-
vival or HRQoL. Regional and national differences must be con-
sidered. Hence, we aimed to evaluate the association between dis-
ability and various clinical outcomes in Korean dialysis patients.

Materials and methods

This study was approved by the Institutional Review Board (IRB)
of Yeungnam University Hospital (IRB No: 2016-06-022). In-
formed consent was obtained from all individual participants in-

cluded in the study.

1. Study population

We used data from a previous study [5]. Briefly, a total of 2,737
study participants underwent maintenance dialysis and were en-
rolled from 27 dialysis centers between July and December 2012.
Patients were excluded for the following reasons: age <20 years
(n=12), dialysis vintage < 6 months (n=164), a history of hospi-
talization in the prior 3 months for any other than an HD vascular
access (n=351), inability to walk with or without an assistive de-
vice (n=79), inability to communicate with the interviewer
(n=149), refusal to provide informed consent (n=254), or insuf-
ficient data (n=113). Finally, a total of 1,615 patients were recruit-
ed into our study (Fig. 1; 1,249 and 366 patients underwent HD

and PD, respectively). The participants were recruited between

Patients assessed for eligibility (n=2,737)

Exclusion criteria
12 Excluded due to age <20 yr
164 Excluded due to dialysis vintage <6 mo
351 Had history of hospitalization in the prior 3 mo
79 Excluded due to inability to ambulate
254 Refused to consent
149 Excluded due to inability to communicate
113 Had missing data

A 4

A 4

1,615 Patients included in the analysis

Fig. 1. Study flow chart.
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July and December 2012; the follow-up ended in March 2014.
During the follow-up period, transfer to other hospitals, change of
dialysis modality, kidney transplantation, or follow-up loss was

considered as censored data.

2. Study variables

In our study, all variables except patient survival and hospitaliza-
tion rates were defined using findings at the enrollment. Our study
examined age, sex, body mass index (BMI, kg/m”), DM, coronary
artery disease (CAD), cerebrovascular disease (CVD), dialysis vin-
tage, and education level, as well as hemoglobin (mg/dL), serum
albumin (g/dL), blood urea nitrogen (BUN, mg/dL), creatinine
(mg/dL), calcium (mg/dL), phosphorus (mg/dL), total cholester-
ol (mg/dL), high-sensitivity C-reactive protein (hs-CRP, mg/dL),
and intact-parathyroid hormone (i-PTH, pg/mL) levels. DM was
defined as a self-reported history and medical record of its diagno-
sis, or a fasting glucose level of > 126 mg/dL. CAD was defined as
a self-reported history and medical record of angina, myocardial in-
farction, or congestive heart failure. CVD was defined as a self-re-

ported history and medical record of stroke.

3. Assessment of disability and clinical outcomes

We evaluated disability by using four questions on activities of dai-
lyliving (ADLs) concerning whether help was needed for feeding,
dressing/undressing, getting in/out of bed, or taking a bath/show-
er [6]. Each question required one of three responses: no help,
some help, or full help. We divided the patients into three groups:
Non-D, (non-disabled, none of the four ADL domains required
help), Mild-D (mildly disabled, one ADL domain required some
or full help), or MS-D (moderate to severely disabled, two or more
ADL domains required some or full help).

All data on mortality and hospitalization rates were retrieved
from medical records up to March 2014 (mean follow-up duration,
484+ 113 days). If a patient with HD was admitted for a vascular
access-related problem, the hospitalization was not considered as a
significant one. We evaluated exhaustion using the vitality (VT)
component in HRQoL scales, which consist of four questions:
“Did you feel full of pep?”, “Did you have a lot of energy?”, “Did
you feel worn out?”, and “Did you feel tired?” Exhaustion was de-
fined as mean vital score < on four questions [5]. We defined a
fall as an event that resulted in a participant coming to rest uninten-
tionally on the ground or a lower level with or without losing con-
sciousness during the last 1 year. Serious falls were defined as head
injury requiring hospitalization, joint dislocations, severe sprains,
or a laceration requiring sutures [ 7]. We identified numbers of par-
ticipants with fall history and total numbers of falls and/or num-
bers of serious falls.
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Exercise was classified using the WHO definition [8]. Physical
activity was defined as the presence of regular exercise during lei-
sure time for the past 3 months. Exercise was defined as engaging
in moderate activity for > 30 minutes/day for S days a week or ata
high intensity for > 20 minutes/day for 3 days a week. Frailty was
defined using modified criteria from the study by Johansen et al.
[9]. Johansens criteria include four components (slowness/weak-
ness, 2 points for physical functioning scale <75; poor endurance/
exhaustion, 1 point for VT scale < 55; physical inactivity, 1 point
for physically active < 1 day/week during their leisure time for the
past 3 months; and unintentional weight loss, 1 point for uninten-
tional body weight loss > 4.5 kg or 5% of baseline value over the
past year). A summed score > 3 is defined as frailty.

4. Health-related quality of life assessment

The Kidney Disease Quality of Life-Short Form (KDQOL-SF)
Korean version 1.3 was used to evaluate HRQoL [ 10]. This ques-
tionnaire includes the 36-Item Short Form Health Survey (SF-36)
with eight domains (physical functioning, role limitations due to
physical health problems, body pain, general health, VT, social
functioning, role limitations due to emotional problems, and men-
tal health) and an overall health rating. It also includes a kidney dis-
ease-specific scale with 11 items (symptom/problems [SP], effects
of kidney disease [EKD], burden of kidney disease [BKD], work
status [WS], cognitive function [CF], quality of social interaction
[QSI], sexual function [SeF], sleep, social support [SS], patient
satisfaction [PS], and dialysis staff encouragement [DSE]). Each
domain was scored from 0 to 100. The physical component scale
(PCS) and mental component scale (MCS) scores were also cal-
culated from the SF-36 scale [11].

S. Statistical analyses

IBM SPSS Statistics version 23 (IBM Corp., Armonk, NY, USA)
was used for analyses. Our data were expressed as the mean * stan-
dard deviation (SD) or standard error (SE) for continuous data
and as numbers (percentage) for categorical data. Pearson chi-
square test was used to analyze categorical data. One-way analysis
of variance, followed by a post-hoc Tukey comparison, was used to
analyze continuous data. The Kaplan-Meier log-rank test and Cox
regression analysis were used to compare survival estimates. Multi-
variate methodology was used for the analysis of covariance or Cox
regression analysis. The covariates included age, sex, BMIL, DM,
CAD, CVD, dialysis vintage, dialysis modality, education level, and
levels of hemoglobin, serum albumin, BUN, serum creatinine, cal-
cium, phosphorus, i-PTH, total cholesterol, and hs-CRP. Logistic
regression analysis was used to estimate the odds ratios (ORs) and
95% confidence intervals (Cls), which were then used to deter-
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mine the correlation between falls and the groups. The level of sta-

tistical significance was set at p < 0.0S.

Results

1. Clinical characteristics

The numbers of participants in the Non-D, Mild-D, and MS-D
groups were 1,312, 163, and 140, respectively (Table 1), and the
prevalence of disability was 18.8% in our cohort. Patients in the
MS-D group were the oldest among those in the three groups. The
proportion of those with comorbidities (DM, CAD, and CVD) in-
creased as the grade of disability increased. The Non-D group had
the highest proportion of those on HD. Serum albumin, creati-
nine, and phosphorus levels in the MS-D group were lower than
those in the Non-D group. The mean follow-up duration was
484+ 113 days. The trend showed lesser follow-up duration in the
Mild-D group than in the other groups (p =0.046 for trends;
p=0.037 for Non-D vs. Mild-D; p=0.998 for Non-D vs. MS-D;
p=0.161 for Mild-D vs. MS-D).

2. Evaluation of falls, frailty, and exhaustion according to
disability

The numbers of participants who had a fall during the past 1 year
were 199 (15.2%), 42 (25.8%), and 44 (31.4%) in the Non-D,
Mild-D, and MS-D groups, respectively (p < 0.001). In addition,
the numbers of participants who had a serious fall during the past 1
year were 35 (2.7%), S (3.1%), and 6 (4.3%) in the Non-D,
Mild-D, and MS-D groups, respectively (p <0.001). The total
numbers of falls during the past 1 year were 0.30+1.51,
0.42+0.84, and 0.57 % 1.01 in the Non-D, Mild-D, and MS-D
groups, respectively (p=0.075).

Univariate logistic regression analysis showed that the ORs of
falls in the Mild-D and MS-D groups were 1.94 (95% CI, 1.33—~
2.85;p=0.001) and 2.62 (95% CI, 2.62-3.85; p < 0.001), respec-
tively, relative to the Non-D group. The OR of falls in the MS-D
group was 1.35 (95% CI, 0.82-2.22; p=0.238), relative to the
Mild-D group. Multivariate logistic regression analysis showed that
the ORs of falls in the Mild-D and MS-D groups were 1.62 (95%
CI, 0.97-2.70; p=0.066) and 2.03 (95% CI, 1.18-3.49;
p=0.011), respectively, relative to the Non-D group. The OR of
falls in the MS-D group was 1.38 (95% CI, 0.68-2.81; p=0.369),
relative to the Mild-D group.

The numbers of participants with frailty in the Non-D, Mild-D,
and MS-D groups were 381 (29.0%), 84 (51.5%), and 93 (66.4%),
respectively (p < 0.001). Additionally, the numbers of participants
with exhaustion in the Non-D, Mild-D, and MS-D groups were
844 (64.3%), 112 (68.7%), and 114 (81.4%), respectively
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Table 1. Clinical characteristics

Characteristic Non-D (n=1,312) Mild-D (n=163) MS-D (n=140) p—valuea]
Age (yr) 550+ 12.7 579+135 61.1+13.1%9 <0.001
Male sex 736 (56.1) 92 (56.4) 75 (53.2) 0.795
Body mass index (kg/m?) 224+32 223+3.1 224+34 0.967
Diabetes mellitus 496 (37.8) 66 (40.5) 77 (54.6) 0.001
Coronary artery disease 193 (14.7) 25(15.3) 36 (25.5) 0.004
Cerebrovascular disease 103 (7.9) 19 (11.7) 22 (15.6) 0.004
Dialysis vintage (yr) 5.1+44 54+45 50+49 0.729
Education level 0.579

<6th grade 278 (21.2) 41 (25.2) 34 (24.3)

7th-12th grade 259 (19.7) 35(21.5) 26 (18.6)

>12th grade 775 (59.1) 87 (53.4) 80 (57.1)
Hemoglobin (mg/dL) 10.5+0.9 104+09 104+ 1.1 0.546
Serum albumin (mg/dL) 3.9+04 3.8+04 3.8+04" <0.001
BUN [mg/dL) 60.6£15.0 57.6+15.6 57.5+14.1 0.007
Creatinine (mg/dL) 10.6+3.0 10.1£29 9.6+3.0” <0.001
Calcium (mg/dL) 8.72+0.83 8.64+0.76 8.58+0.84 0.085
Phosphorus (mg/dL) 537+1.36 5.06+1.35 4.79+1.18% <0.001
Total cholesterol (mg/dL) 153.5+36.7 156.1+38.6 156.2+40.9 0.551
i-PTH (pg/mL) 283.8+345.1 277.5+378.2 216.8+254.9 0.087
hs-CRP (mg/dL) 0.68+1.63 0.76+1.93 0.62%1.29 0.837
Dialysis modality (HD) 1,053 (80.3) 103 (63.2) 94 (66.7) <0.001
Follow-up (day) 487+ 114 463+ 125" 487 +827 0.046

Values are presented as meanztstandard deviation for continuous variables and number (%) for categorical variables.

Non-D, non-disabled group; Mild-D, mildly disabled group; MS-D, moderate to severely disabled group; BUN, blood urea nitrogen; i-PTH, intact-
parathyroid hormone; hs-CRP, high-sensitivity C-reactive protein; HD, hemodialysis.

a)p—values were tested by using one-way analysis of variance, followed by a post-hoc Tukey comparison, for continuous variables, and Pearson chi-square
test for categorical variables. ®p<0.05 vs. the Non-D group. 9p<0.05 vs. the Mild-D group. There was no significant difference in variables between

groups without superscripts, such as  or °.

(p<0.001). The numbers of participants who performed exercise
in the Non-D, Mild-D, and MS-D groups were 313 (23.9%), 30
(18:4%),and 20 (14.3%), respectively (p=0.023).

3. Evaluation of health-related quality of life scales,
hospitalization, and survival according to disability

Table 2 shows differences in the HRQoL scales according to dis-
ability. On both univariate and multivariate analyses, the PCS and
MCS scores decreased as the grade of disability increased. Among
kidney disease-specific scales, SP, EKD, BKD, WS, CF, QS]I, sleep,
and PS were associated with the grade of disability on both univari-
ate and multivariate analyses.

Kaplan-Meier analysis showed that those in the Mild-D and
MS-D groups had poor first-hospitalization-free survival compared
with those in the Non-D group (Fig. 2A). The Non-D group had
better patient survival compared with the Mild-D group, but there
were no significant differences in survival between the Non-D and
MS-D groups or the Mild-D and MS-D groups (Fig. 2B). The total
numbers of deaths during follow-up in the Non-D, Mild-D, and
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MS-D groups were 59 (4.5%), 16 (9.8%), and 11 (7.9%), respec-
tively (p=0.007), which was lower in the Non-D group than in the
other groups. The most common cause of deaths in the Non-D
and Mild-D groups was CAD (15 [25.4%] in Non-D group and 4
[25.0%] in Mild-D group), which that in the MS-D group was in-
fection (S [45.5%]). Multivariate Cox regression analysis showed
that the Mild-D group had a higher hazard ratio relative to the
Non-D group (Table 3). Although statistical significance was not
observed, the MS-D group also had a higher hazard ratio relative to
the Non-D group. Trends for first-hospitalization-free survival rate

were similar to those for patient survival.

Discussion

The proportion of participants with falls, frailty, and exhaustion in-
creased as the grade of disability increased. Participants with dis-
abilities had low physical activity. Both univariate and multivariate
analyses showed an inverse association between the grade of dis-
ability and the PCS or MCS. In addition, SP, EKD, BKD, WS, CF,
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Table 2. Comparison of quality-of-life scales according to disability

Univariate (mean + SD) Multivariate (mean + SE)

Scale
Non-D Mild-D MS-D p-value Non-D Mild-D MS-D p-value

SF-36 scale
PF 784+200  622+263" 4924319 <0.001 76.6+0.8 644+18"  514+21% <0.001
RP 69.5+39.6  493+418" 387+439% <0.001 699+ 1.5 554+3.77  354%4.2% <0.001
BP 80.1+24.1 705+27.3”  61.4+282% <0.001 79.8+09 742+23" 597426 <0.001
GH 460+223 39242197 351+21.9” <0.001 46.0%09 4084217 333+24” <0.001
VT 4651208  394+206” 34.6+22.2" <0.001 466+08 4161207  347+22° <0.001
SF 78.1+£26.7  66.6+27.8” 609+31.6” <0.001 77.9+1.1 67.8+2.6°  59.6+3.0” <0.001
RE 75.14£39.6  553+44.6” 492+459” <0.001 76.6+ 1.6 6321387 419143 <0.001
MH 60.8+19.7  527+200” 483+22.7" <0.001 62.0+038 5504197  467+2.2% <0.001
OHR 39.0+254  337+289  27.8+257* <0.001 374+ 10 349+24 27.4+2.7% 0.003
PCS 64.1+189  52.1+21.17 43.8+232% <0.001 63.8+0.7 553+1.87  429+2.0% <0.001
MCS 61.3+195  50.7+203” 456+225% <0.001 61.8+0.8 53.7+1.87  432+2.1% <0.001

KD-specific scale
Sp 819+135  745+17.17  70.6+18.9% <0.001 824406 773+137  69.3+1.5" <0.001
EKD 752+179  663+208" 60.6+223" <0.001 76.6+0.7 67.6+1.7  57.6+£1.9% <0.001
BKD 3684262  27.4+2537  27.7+266" <0.001 372410 2734247 2524287 <0.001
WS 29.9+37.1 21243237 167+29.17 <0.001 293+13 213+337 239138 0.049
CF 88.1+152  803+209” 73.2+243% <0.001 88.9+0.6 827+15)  707+1.8% <0.001
Qsl 775+£206  69.2+2197 627+263" <0.001 77.0£038 69.8+2.0°  586+23% <0.001
SeF 78.1+259  693+299  77.2+240 0.230 777422 69.0+ 6.1 88.5+8.3 0.155
Sleep 656+21.0  57.4+21.6” 56.7+21.0” <0.001 66.7+0.8 568+19”  556+2.2” <0.001
SS 689+269  59.2+27.27 66.7+263° <0.001 67.6+ 1.1 61.5+2.6 65.5+29 0.084
PS 66.6+22.7  61.7+244  63.1+215 0013 66.5+09 60.3+2.1 632124 0.019
DSE 862+18.1  847+205 879+185 0.310 88.3+0.7 856+ 1.6 86.6+ 1.8 0.260

p-values were determined by using Student's t-test for univariate analysis and analysis of covariance for multivariate analysis. The multivariate analysis
was adjusted for age, sex, body mass index, dialysis modality, diabetes mellitus, cerebrovascular disease, coronary artery disease, dialysis vintage,
education level, levels of hemoglobin, serum albumin, blood urea nitrogen, serum creatinine, calcium, phosphorus, total cholesterol, intact-parathyroid
hormone, and high-sensitivity C-reactive protein.

SD, standard deviation; SE, standard error; Non-D, non-disabled group; Mild-D, mildly disabled group; MS-D, moderate to severely disabled group;
SF-36, 36-Item Short Form Health Survey; PF, physical functioning; RP, role limitations due to physical health problems; BP, body pain; GH, general
health; VT, vitality; SF, social functioning; RE, role limitations due to emotional problems; MH, mental health; OHR, overall health rating; PCS, physical
component scale; MCS, mental component scale; KD, kidney disease; SP, symptom/problems; EKD, effects of kidney disease; BKD, burden of kidney
disease; WS, work status; CF, cognitive function; QSI, quality of social interaction; SeF, sexual function; SS, social support; PS, patient satisfaction; DSE,
dialysis staff encouragement.

a’p<]0.0b]5 vs. the Non-D group. ”p<0.05 vs. the Mild-D group. There was no significant difference in variables between groups without superscripts, such
as”? or”.

QS], sleep, and PS were associated with the grade of disability in
both univariate and multivariate analyses. Although the statistical
significance was weak, the trend was favorable for the first-hospital-
ization-free and patient survival rates in the Non-D group. Howev-
er, there were no significant differences in these rates between the
Mild-D and MS-D groups.

Disability was defined as an umbrella term for impairments, ac-
tivity limitations, and participation restrictions [2]. Social, medical,
or psychological problems lead to functional or intellectual disabil-
ity, which is associated with inaccessibility to health care services or
vulnerability to diseases such as sore or urinary tract infection. Dis-
ability can be diagnosed using a medical, functional, or social mod-
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el, with the functional model (using ADL) being the most com-
monly used one [12]. Katz et al. [ 13] first published a model using
6 ADLSs (bathing, dressing, toileting, transfer, continence, or feed-
ing). Modified scales using 4 or S ADLs were introduced after the
original version [6,14,15]. We evaluated disability using a model
with 4 ADLs [6].

Dialysis patients are at a high risk of falls and these are associated
with adverse outcomes. In addition, previous studies have shown
an association between frailty/exhaustion and cardiovascular dis-
ease or mortality, in dialysis and nondialysis populations [ 16,17].
Therefore, we aimed to identify the association between disability
and these variables. First, we analyzed cross-sectional data at en-
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Fig. 2. Kaplan-Meier curves of hospitalization-free survival and patient survival. (A) Hospitalization-free survival rate at 500 days (Non-D,
64.2%; Mild-D, 56.7%; MS-D, 51.1%; p=0.001 for trends, p=0.023 for Non-D vs. Mild-D, p=0.001 for Non-D vs. MS-D, and p=0.445
for Mild-D vs. MS-D). (B) Patient survival rate at 500 days (Non-D, 95.3%; Mild-D, 89.5%; MS-D, 92.3%; p=0.005 for trends, p=0.003
for Non-D vs. Mild-D, p=0.088 for Non-D vs. MS-D, and p=0.434 for Mild-D vs. MS-D). Non-D, non-disabled group; Mild-D, mildly
disabled group; MS-D, moderate to severely disabled group.

Table 3. Cox regression analyses according to disability

Variable Univariate Multivariate
Hazard ratio (95% Cl) p-value Hazard ratio (95% ClI) p-value
Patient survival
Non-D (ref) - - - -
Mild-D 2.32 (1.34-4.03) 0.003 2.15(1.08-4.30) 0.030
MS-D 1.73 (0.91-3.29) 0.095 1.26 (0.55-2.87) 0.583
Mild-D (ref) - - - -
MS-D 0.74 (0.34-1.59) 0436 0.58 (0.21-1.56) 0277
First HFS
Non-D (ref) - - - _
Mild-D 1.34 (1.04-1.72) 0.025 1.33(0.98-1.81) 0.064
MS-D 1.52 (1.18-1.97) 0.001 1.23 (0.89-1.71) 0.210
Mild-D (ref) - - - -
MS-D 1.14 (0.81-1.60) 0.445 0.80 (0.52-1.23) 0.303

Multivariate analysis was adjusted for age, sex, body mass index, dialysis modality, diabetes mellitus, cerebrovascular disease, coronary artery disease,
dialysis vintage, education level, and levels of hemoglobin, serum albumin, blood urea nitrogen, serum creatinine, calcium, phosphorus, total cholesterol,
intact-parathyroid hormone, and high-sensitivity C-reactive protein.

Cl, confidence interval; Non-D, non-disabled group; Mild-D, mildly disabled group; MS-D, moderate to severely disabled group; ref, reference; HFS,
hospitalization-free survival.

rollment and found that the presence of disability was associated feelings of hopelessness, loss of libido, or increased irritability [ 16].

with falls. Although a causal relationship between the two variables
was not clear, we suggested that patients with disabilities would be
at risk of falls and those who have had falls would be prone to hav-
ing disabilities. Second, our study showed an association between
disability and frailty/exhaustion. Frailty is defined as a medical
syndrome with multiple etiologies that is associated with de-
creased strength, endurance, and physical function [17]. Sense of

exhaustion is defined as a combination of fatigue, lack of energy,
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In our study, frailty was evaluated based on physical function/per-
formance, VT, and unintentional weight loss. Exhaustion was eval-
uated using VT component in HRQoL scales. Therefore, frailty fo-
cused on physical function and exhaustion focused on subjective
sense. Although the two variables closely overlap or correlate, they
are different. Our study showed that disability was associated with
these two variables (frailty and exhaustion).

Disability was associated with falls, frailty, and exhaustion, all of
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which can in turn lead to disability; exercise or rehabilitation may
be helpful to prevent or decrease these vicious cycles. El-Khoury et
al. [ 18] performed a meta-analysis for the effect of the exercise pro-
gram on fall-induced injuries in an elderly population and showed
that exercise results in a decrease in all injurious falls. Desai et al.
[19] evaluated the favorable effect of pedaling exercise on a 6-min-
ute walking test and handgrip and pinch strengths in HD patients.
A Korean study evaluated the positive effect of intradialytic exer-
cise on daily physical activity, and it was found to improve physical
activity [20]. Additionally, Lorenz et al. [21] showed a favorable
result of a protocolized exercise program in kidney transplant can-
didates with advanced chronic kidney disease. However, our re-
sults showed that exercise decreased as the grade of disability in-
creased. Education and encouragement of active exercise or reha-
bilitation would lead to improvement and prevention of adverse
outcomes in participants with disabilities or those prone to having
disabilities.

We evaluated the effect of disability on HRQoL scales in dialysis
patients. Jassal et al. [3] investigated the association between dis-
ability scores and HRQoL. However, they evaluated HRQoL us-
ing SF-36 alone and only focused on the PCS and MCS among
data for the SF-36 scales. In addition, they performed multivariate
analyses adjusted by age and country alone. We evaluated HRQoL
using the KDQOL-SF and examined the scores for each of the 22
components, including the PCS and MCS. Various covariates were
adjusted in our study. Our results showed that all 11 scores in SF-
36 including the PCS and MCS were associated with disability,
which is consistent with previous study findings. Among kidney
disease-specific scales, SP, EKD, BKD, WS, CF, QSI, and sleep
were associated with disability. However, SeF, SS, PS, and DSE
were not associated with disability; among these, SS, PS, and DSE
would be more influenced by social factors such as quality of
health care or medical insurance than by medical or functional sta-
tus in each participant.

A prospective study showed the positive association between
the presence of disability and mortality in dialysis patients [22]. A
multicenter study using the Dialysis Outcomes and Practice Pat-
tern Study cohort enrolled 7,226 HD patients and showed that
mortality increased and HRQoL decreased as functional depen-
dency increased [3]. A Japanese study divided the 7,664 HD pa-
tients into three groups according to the severity of disability, and a
positive association between the grade of disability and early death
or all-cause death was observed [4]. In addition, previous studies
showed that multi-domain interventions including nutritional,
physical, or cognitive treatment were effective in improving physi-
cal or emotional function in the elderly population [23,24].

Our results were similar to those from previous studies. This
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study showed that the Mild-D group had poor patient survival
compared with the Non-D group. The MS-D group had poor pa-
tient survival compared with the Non-D group, but there was no
statistical significance. Additionally, there was no significant differ-
ence in patient survival rates between the Mild-D and MS-D
groups. The first hospitalization-free survival trend was similar to
that of patient survival. The Mild-D group had the poorest surviv-
al, possibly because of two factors. First, the use of a subjective
method using questionnaires and the lack of consensus for the as-
sessment of the severity of disability are associated with a nonlinear
trend between the severity of disability and prognosis. This study
did not show poor prognosis in the MS-D group compared to the
Mild-D group, and this may be caused by the two aforementioned
factors. The presence of disability is associated with high morbidi-
ty and mortality. Some studies have shown the association be-
tween the severity of disability and prognosis, but there were dif-
ferences in the methods defining disability and cut-off value for se-
verity [25,26]. In addition, Son et al. [25] showed that the pres-
ence of disability was associated with poor prognosis, but progno-
sis did not differ between mild and severe disability. In our study,
disability was defined using questionnaires for ADL, which is a
highly subjective method. The patients in the MS-D group had sig-
nificantly lower scores for body pain, MCS, SP, and QSI than those
in the Mild-D group. These revealed that the severity of disability
can lead to low HRQoL scores, but measuring the severity of dis-
ability using a subjective method can be influenced by low
HRQoL scores. Second, the short-term follow-up duration and
high patient survival rates in our study may not achieve statistical
significance. In addition, the numbers of deaths by CAD, infection,
or others, respectively, were 15, 13, and 31 in the Non-D group,
four, three, and nine in the Mild-D group, and none, five, and sixin
the MS-D group. The absolute number of deaths was different
among the three groups, but there was no statistically significant
difference in the distribution of the cause of death among them
(p=0.271). Further investigations, using a method combined with
objective indicators such as handgrip strength or gait speed and
data with greater number of deaths during long-term follow-up,
would be helpful to identify the difference in prognosis and cause
of death according to the severity of disability.

Our study included both HD and PD patients and showed that
the number of HD patients decreased as the grade of disability in-
creased. Differences in disability and HRQoL according to modali-
ty are additional important issues. There were conflicting results
regarding the association between disability/HRQoL and dialysis
modality. Although our study did not include these data, a previ-
ous study using this cohort evaluated the impact of disability by di-
alysis modality [27]. The study showed that disability was more
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common in PD patients; additionally, MCS and PCS were higher
in HD patients than in PD patients.

Malnutrition is associated with a loss of muscle mass, which can
lead to disability. Serum albumin and creatinine are well-known in-
dicators of nutritional or muscle mass status, and serum phospho-
rus is highly associated with protein intake. Therefore, malnour-
ished patients with low serum albumin, creatinine, or phosphorus
levels are prone to the development of disability. In our study, the
Non-D group had trend for higher serum albumin, creatinine, and
phosphorus than the other groups. The trend in these variables
would be an extension of the high prevalence of malnutrition in pa-
tients with disabilities.

This study has a few limitations. First, our study design was ret-
rospective, and we used a data set from a previous study [5]. Sec-
ond, we did not evaluate disability by using questionnaires with
traditional measurements, such as those used by Katz et al. [ 15].
Questionnaires for five ADLs are most commonly used to define
disability [28]. However, our study evaluated disability using four
items (meal, dress/undress, get in or out of bed, and take a bath or
shower) among the five to six traditional items. Validity of the use
of four items has not been evaluated. However, due to limited ef-
fort and time commitments, two similar questions such as those
for toileting or bathing can be combined into one question. Third,
our study did not include data on dialysis adequacy. Fourth, there
was a large difference in the numbers among the groups. The num-
bers in the Non-D group were greater than those in the other
groups. The difference in numbers among the groups is common
in studies using diseases with low prevalence and this is associated
with selection bias. Studies for two groups may be overcome using
statistical methods, such as propensity score matching. However,
there was little evidence for propensity score matching methods in
studies of three or more groups. Future prospective studies with
long-term follow-up and additional parameters such as dialysis ad-
equacy are needed to overcome these limitations.

In conclusion, disability was associated with poorer outcomes,
which include falls, frailty, and exhaustion in Korean dialysis pa-
tients. Most HRQoL scales and survival trends were poorer in par-

ticipants with disabilities than those without a disability.
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Background: Postoperative acute kidney injury (AKI), which increases the risk of postoperative
morbidity and mortality, poses a major concern to surgeons. We conducted this study to analyze
the risk factors associated with the occurrence of AKI after orthopedic surgery.

Methods: This was a retrospective study that included 351 patients who underwent total hip or
knee replacement surgery at Inje University Haeundae Paik Hospital between January 2012 and
December 2016.

Results: AKI occurred in 13 (3.7%) of the 351 patients. The patients' preoperative estimated glo-
merular filtration rate (eGFR) was 66.66 +34.02 mL/min/1.73 m® in the AKI group and
78.07 £21.23 mL/min/1.73 m” in the non-AKI group. The hemoglobin levels were 11.21+1.65 g/
dL in the AKI group and 12.39+1.52 g/dL in the non-AKI group. Hemoglobin level was related to
increased risk of AKI (odds ratio [OR], 0.13; 95% confidence interval [Cl], 0.02-0.68; p=0.016).
Administration of crystalloid or colloid fluid alone and the perioperative amount of fluid did not
show any significant relationship with AKI. Further analysis of the changes in eGFR was per-
formed using a cutoff value of 7.54. The changes in eGFR were significantly related to decreased
risk of AKI (OR, 0.74; 95% Cl, 0.61-0.89; p=0.002).

Conclusion: Renal function should be monitored closely after orthopedic surgery if patients have
chronic kidney disease and low hemoglobin level. Predicting the likelihood of AKI occurrence,
early treatment of high-risk patients, and monitoring perioperative laboratory test results, includ-
ing eGFR, will help improve patient prognosis.

Keywords: Acute kidney injury; Orthopedic procedures; Postoperative complications; Risk factors

Introduction

Postoperative acute kidney injury (AKI), which increases the risk
of postoperative morbidity and mortality, poses a major concern
to surgeons [ 1,2]. Previous studies reported a 9.1% risk of AKI
after elective or emergency orthopedic surgical procedures [3,4].
According to a study conducted in patients who underwent any
type of inpatient operative procedure in the United States, hospi-
tal mortality showed a high correlation with postoperative AKI.
In patients with AKI, the lengths of stays in the intensive care

unit (6 days vs. 2 days) and hospital (12 days vs. S days) were lon-
ger and the risk-adjusted average cost of care was higher than those
in patients without AKI (US dollar [USD] 42,600 vs. USD
26,700) [5].

Several perioperative risk factors are associated with the devel-
opment of AKI. The major perioperative risk factors include un-
derlying chronic kidney disease (CKD), diabetes, and congestive
heart failure during cardiac surgery [6]. However, little is known
about the occurrence of postoperative AKI after orthopedic sur-

gery. Patients undergoing orthopedic surgery are expected to have
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a high probability of renal dysfunction because of comorbidities,
potential high volume of blood loss, and development of perioper-
ative infection. Recently, the number of orthopedic surgeries being
performed has been increasing [ 7] along with the aging of the Ko-
rean population [8], which leads to a high number of high-risk Ko-
rean patients. Thus, we conducted this study to analyze the risk
factors associated with the occurrence of AKI after orthopedic sur-
gery to provide ample information that will aid the effective man-
agement of patients, such as elderly patients who have undergone
orthopedic surgery.

Materials and methods

1. Patients

This study was approved by the Institutional Review Board (IRB)
of the Inje University Haeundae Paik Hospital (IRB No: 2020-08-
018). Written informed consent was obtained from the study sub-
jects. This retrospective study included 351 patients who under-
went total hip or knee replacement surgery in Inje University Hae-
undae Paik Hospital between January 2012 and December 2016.
Age, sex, preoperative glomerular filtration rate (GFR), postopera-
tive GFR, drugs used (nonsteroidal anti-inflammatory drugs, an-
giotensin-converting-enzyme inhibitors, and statins), number of
prescribed drugs (total number of drugs prescribed and taken at
the hospital before surgery), albumin level (g/dL), hemoglobin
level (g/dL), pro-B-type natriuretic peptide level (pg/mL), ejec-
tion fraction, and perioperative amount of fluid (the total amount
of fluid administered in 3 days, including the day before surgery),
types of fluid administered during surgery, presence of diabetes
and hypertension, and presence of CKD were assessed.

2. Definition

AKI was defined as a postoperative creatinine level of > 0.3 mg/dL
[9], and CKD was defined as a GER of <60 mL/min/1.73 m’,
calculated using the Chronic Kidney Disease Epidemiology Col-
laboration equation [10]. The postoperative estimated GFR
(eGFR) was based on value obtained on the third day after surgery.
The change in eGFR from baseline was indicated as AeGFR.

3. Statistical analyses

The study data are presented as frequencies with percentages for
categorical variables and means + standard deviations for continu-
ous variables. The effect of the independent variables on the re-
sponse variables was analyzed using multivariate logistic regres-
sion, and the statistically significant variables were selected using a
backward elimination method with a 0.0S alpha level. Differences
in the characteristics of the study participants were compared

https://doi.org/10.12701/yujm.2020.00542

across subgroups by using the chi-square or Fisher exact test for
categorical variables and the independent t-test or Mann-Whitney
U-test for continuous variables. The Shapiro-Wilk test was used to
check if the data distribution was normal. Univariate and multivari-
ate analyses were performed using logistic regression to identify
prognostic factors that are independently related to AKI. A receiv-
er-operating characteristic curve was used to assess the sensitivity
and specificity of the change in eGFR from baseline. Positive and
negative predictive values were also calculated. All statistical analy-
ses were performed using the IBM SPSS version 24.0 (IBM Corp,,
Armonk, NY, USA) and MedCalc version 11.6.0 software (Med-
Calc Software Ltd., Ostend, Belgium). A p-value of <0.05 was
considered statistically significant.

Results

The baseline characteristics of the study patients are shown in
Table 1. Overall, AKI occurred in 13 (3.7%) of the 351 patients.
The mean ages of the study participants in the AKI and non-AKI
groups were 67.92 +13.49 years and 66.34 + 11.03 years, respec-
tively. Of the study population, 269 patients (76.6%) were wom-
en, and 66 (18.8%) had CKD. The patients’ preoperative eGFR
was 66.66 +£34.02 mL/min/1.73 m” in the AKI group and
78.07 £21.23 mL/min/1.73 m® in the non-AKI group. The albu-
min level was 3.31 +£0.32 g/dL in the AKI group and 3.67 £0.42
g/dL in the non-AKI group. The hemoglobin level was 11.21 +1.65
g/dL in the AKI group and 12.39 £1.52 g/dL in the non-AKI
group. The AeGFR was significantly related to decreased risk of
AKI (odds ratio [OR], 0.74; 95% confidence interval [CI], 0.61-
0.89; p=0.002); Hemoglobin level showed statistically significant
results with acute renal injury (OR, 0.13; 95% CI, 0.02-0.68;
p=0.016). Lower hemoglobin level was associated with more
acute renal injury. Regarding the administration of perioperative
fluid therapy, eight (3.7%) of the 219 patients in the crystalloid
group and five (3.8%) of the 132 patients in the colloid group de-
veloped AKI. Administration of crystalloid or colloid fluid alone
did not show any significant association with the development of
AKI. The perioperative amount of fluid was 1,330.77 £ 606.06
mL in the AKI group and 1,539.85 +£942.03 mL in the non-AKI
group, showing no statistically significant difference (Table 1).
The multivariate analysis revealed that the other variables were
not related to AKI, although some variables showed significance
after the univariate analysis. The AeGFR was further analyzed us-
ing a cutoff value of 7.54. The sensitivity, specificity, false-negative
rate, false-positive rate, positive predicted value, and negative pre-
dicted value of AeGFR for predicting AKI were 100%, 89.64%,
0.00%, 10.36%, 27.08%, and 100%, respectively. The concordance
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Table 1. Patients' demographic and clinical variables across groups

Acute kidney injury

Univariate logistic regression

Multivariate logistic regression®

)

Variable

Yes (n=13) No (n=338) p-value OR (95% Cl) p-value OR (95% Cl) p-value

Age (yr) 67.92+13.49 66.34+ 11.03 0.280” 1.01 (0.96-1.07) 0.614 - -
Sex

Male 3(23.1) 79 (23.4) >0.999° 0.98 (0.26-3.66) 0.980 - -

Female 10 (76.9) 259 (76.6) - -
Diabetes mellitus

Yes 2 (15.4) 66 (19.5) >0.999? 0.75 (0.16-3.46) 0.712 - -

No 11 (84.6) 272 (80.5) 1.00 - -
Hypertension

Yes 11 (84.6) 182 (53.8) 0.029" 4.71 (1.03-21.59) 0.046 - -

No 2 (15.4) 156 (46.2) 1.00 - -
CKD

Yes 9 (69.2) 57 (16.9) <0.0019 11.09 (3.30-37.26) <0.001 - -

No 4(30.8) 281 (83.1) 1.00 - -
ACEi

Yes 4(30.8) 110 (32.5) >0.999? 0.88 (0.27-2.94) 0.842 - -

No 9(69.2) 219 (64.8) 1.00 - -
NSAIDs

Yes 2(15.4) 50 (14.8) >0.999? 1.01 (0.22-4.72) 0.985 - -

No 11 (84.6) 279 (82.5) 1.00 - -
Anesthesia

Spinal 11 (84.6) 267(790)  >0999°  1.46(032-675)  0.626 - -

General 2(15.4) 71 (21.0) 1.00 - -
During operative bleeing (mL) 155.77+14941  227.57+26051  0.558" 1.00 (1.00-1.00) 0.325 - -
Operation time (min) 173.08+25.78 186.88+41.10 0.267" 0.99 (0.97-1.01) 0.231 - -
Type of surgery

Total knee replacement 9 (69.2) 229 (67.8) 1.0007 1.07 (0.32-3.55) 0.911 - -

Total hip replacement 4(30.8) 109 (32.2) 1.00 - -
Preoperative GFR (mL/min/1.73 m?)  66.66+34.02 78.07+21.23 0.043" 0.97 (0.95-1.00) 0.058 - -
AeGFR -29.47+£18.10 10.89+1493 <0.001? 0.82 (0.75-0.90) <0.001 0.74 (0.61-0.89) 0.002
Albumin (g/dL) 3.31+£0.32 3.67+0.42 0.001? 0.13 (0.03-0.49) 0.003 - -
Hemoglobin (g/dL) 11.21+1.65 12.39£1.52 0.015” 0.61 (0.43-0.88) 0.008 0.13 (0.02-0.68) 0.016
Postopeative CRP (mg/L) 13.73+8.09 13.39+7.18 0.786” 1.01 (0.93-1.09) 0.870 - -
Total CO, (mmol/L) 24.28+2.82 26.53+3.22 0.019” 0.78 (0.64-0.95) 0.013 - -
Ejection fraction (%) 65.04+6.99 64.66+4.09 0.354” 1.02 (0.87-1.19) 0.788 - -
Hospital stay (day) 24.82+6.59 23.55+12.14 0.104” 1.01 (0.96-1.06) 0.731 - -
No. of prescribed drug 7.36+3.93 4,11 +3.47 0.008" 1.23 (1.07-1.43) 0.005 - -
proBNP [ng/L) 248.57 £274.08 23501+40940 0511 1.00 (1.00-1.00) 0.954 - -
Fluid therapy

Crystalloid 8(61.5) 211 (62.4) 1.000? 1.00 - -

Colloid 5(38.5) 127 (37.6) 1.04 (0.33-3.24) 0.948 - -
Perioperative amount of fluid (mL) 1,330.77+606.06 1,539.85+942.03  0.479" 1.00 (1.00-1.00) 0.425 - -

Values are presented as mean +standard deviation or number (%).

CKD, chronic kidney disease; ACEi, angiotensin-converting enzyme inhibitor; NSAIDs, nonsteroidal anti-inflammatory drugs; eGFR, estimated glomerular

filtration rate; AeGFR, change in eGFR at postoperative from baseline; CRP, C-reactive protein; proBPN, pro-B-type natriuretic peptide.

?In a multivariate logistic regression, the statistically significant variables in the univariate analyses were included. Then, categorical variables that have
less frequency in a certain subgroup such as hypertension and CKD were excluded since the estimated odds ratio goes infinity and is not estimable.

Finally, the statistically significant variables were selected in a backward elimination method with 0.05 alpha level.

The p-values were derived from "Mann-Whitney U-test, “Fisher exact test, “chi-square test, and “independent t-test. Shapiro-Wilk test was employed

for test of normality assumption.
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between a AeGFR of —7.54 and the occurrence of AKI was good
(316/351,90.03%) (Table 2, Fig. 1).

Discussion

This study involved the analysis of the risk factors for AKI in pa-

Table 2. Comparison of efficacies of AeGFR for detecting the acute
kidney injury

Cut-point value of AeGFR

Variable
<-7.54 >-7.54

Acute kidney injury

Yes 13 0

No 35 303
AUC (p-value) 0.98 (<0.001)
Sensitivity (%) 13/13 (100)
Specificity (%) 303/338 (89.64)
FNR, 100%-sensitivity 0/13 (0)
FPR, 100%-specificity 35/338 (10.36)
PPV (%) 13/48 (27.08)
NPV (0%) 303/303 (100)

AeGFR, change in estimated glomerular filtration rate at postoperative
from baseline; AUC, area under the curve; sensitivity, proportion of
patients with acute kidney injury who had a lower than -7.54 for AeGFR;
specificity, proportion of patients without acute kidney injury who had a
higher than -7.54 for AeGFR; FNR, false-negative rate; FPR, false-positive
rate; PPV, positive predicted value; NPV, negative predicted value.
Concordance between AeGFR with -7.54 and acute kidney injury was
good (316/351, 90.03%).

100 -
80

60 —

Sensitivity (%)

40~ —— ROC curve

T 95% ClI
20

0 T T T T T
0 20 40 60 80 100
Specificity (%)

AUC 0.980

SE 0.009

95% Cl 0.960-0.992
Z-Statistic 51.029
p-value (H,: area=0.05) <0.001

Fig. 1. Efficacy rates of changes in estimated glomerular filtration
rate (AeGFR) for detecting acute kidney injury. AUC, area under the
receiver-operating characteristic (ROC) curve; SE, standard error;
Cl, confidence interval.
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tients who underwent major orthopedic surgery in our hospital for
over 5 years. The incidence of renal insufficiency after orthopedic
surgery has been reported to be up to 9.1% [3,4]. The incidence
also differs according to the surgical site. According to a study by
the Scottish Arthroplasty Project, the prevalence of AKI after total
hip arthroplasty increased from 0.47% to 0.78%, and the preva-
lence of AKI after total hip arthroplasty increased from 0.39% to
0.75% between 2004 and 2013 [11]. In the present study, the inci-
dence of AKI was 3.7%, which is low as compared with those re-
corded in previous studies. The incidence of AKI varies among
studies depending on the type of surgery performed [12-14].

In the present study, preoperative hemoglobin levels were found
to influence the occurrence of AKI, which is consistent with previ-
ous studies [ 7], thereby suggesting that preoperative general con-
ditions may affect the postoperative clinical course.

In another study, for patients with severe sepsis in the surgical in-
tensive care unit, a lower AKI incidence rate was recorded for a crys-
talloid group than for a hydroxyethyl starch group [15]. Adequate
fluid management with consideration of fluid type is important to
maintain hemodynamic stability in patients undergoing surgery. In-
sufficient fluid administration results in renal hypoperfusion but may
cause pulmonary congestion when performed excessively. In the
present study, however, we found no statistically significant differenc-
esrelated to the type and amount of fluid administered.

The definition of AKI has been constantly revised and supple-
mented [16]. We, therefore, sought to identify patients with addi-
tional risk of developing AKI according to their AeGFR. A cutoff
of 7.54 had a high sensitivity and specificity (100% and 89.64%, re-
spectively). Therefore, if the AeGFR is > 7.54, management is re-
quired but still depending on the case. In clinical practice, after
checking only creatinine levels, if the change is within the normal
range even if the AeGFR is significant, it is often skipped unre-
markably. In our study, 73.3% of the patients with significant AeG-
FR had changes in creatinine level that were within the normal
range (0.7-1.2 mg/dL). Clinicians should check patients’ eGFR
because if the change is significant, careful monitoring is required
particularly for changes in renal function in patients with AKI.
These data will help establish the treatment direction and improve
prognosis, particularly in older patients, because their treatment
can be challenging owing to the difficulty in estimating the accu-
rate renal function using creatinine levels (because of age-related
reduction of muscle mass) and other factors [17].

One study showed that blood transfusion, hepaticojejunostomy,
and oliguria are the strongest predictors of AKI after liver resection,
although their findings could not be applied to orthopedic re-
search because of the specificity of the field [ 18]. In a cohort study
that assessed age, male sex, presence of diabetes, low GFR, use of
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angiotensin-converting enzyme inhibitors or angiotensin receptor
blockers, the number of prescriptions, and the American Society of
Anesthesiologists grade during surgery for orthopedic patients in
Scotland, acute renal injury was identified as a predictor of and
confirmed to be associated with increased long-term mortality
[19]. In our study, the risk factors considered in previous studies
did not show a statistically significant relationship with acute renal
injury, and the difference in these results was that the incidence of
AKI was lower in our study than in other studies. This could be be-
cause our study was conducted in a single race or local area; hence,
its main limitation resulted in a selection bias.

This study has some limitations. First, because the study was
conducted in a single institution, it was conducted in patients of a
single race or from a local area, and a selection bias may be associat-
ed with this. Therefore, the results of our study can be applied to
domestic patients but will be difficult to apply to various races. Fur-
ther multicenter studies are needed to augment the information
generated from the present study. The second limitation is that it is
aretrospective study. Whether the statistically significant variables
had a causal relationship with AKI was difficult to confirm, and the
association alone could be confirmed. Because the data we used
were from patients not recruited for research, new AKI-related risk
factors may exist among the variables that we did not consider.
Thus, additional prospective studies are needed. The third limita-
tion is a problem because of the small number of patients with AKI
as compared with the total number of patients. Owing to the small
number of patients, securing statistical significance was difficult.
Thus, further studies with larger numbers of patients are needed.

Renal function should be monitored closely after orthopedic sur-
gery if the patient has CKD or low hemoglobin levels, which should
be stabilized before the procedure. In addition, clinicians should
check the eGFR because a significant change in eGFR requires care-
ful monitoring based on the occurrence of AKI. In elderly patients
whose renal functions are difficult to accurately assess on the basis of
creatinine levels, more attention should be paid to eGFR changes.
Predicting the likelihood of AKI occurrence, early treatment of high-
risk patients, and monitoring perioperative laboratory test results, in-

cluding eGFR, will help improve patient prognosis.
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Background: This study was performed to investigate the association between cystographic anas-
tomotic urinary leakage (UL) after retropubic radical prostatectomy (RRP) and early urinary in-
continence (Ul).

Methods: The medical records of 53 patients who had undergone cystography after RRP at our
institution between January 2015 and December 2018 were retrospectively analyzed. Cystogra-
phy was performed 7 to 10 days after surgery. The duration of catheterization depended on the
degree of UL, which was classified as mild, moderate, or severe. The study subjects were divided
into the non-UL group and the UL group. Continence was defined as the use of no pads. The
prostate was dissected in an antegrade fashion, and urethrovesical anastomosis was performed
with a continuous suture.

Results: Incontinence rates at 1 and 3 months postoperatively were significantly higher in the UL
group than the non-UL group (83.3% vs. 52.2%, p=0.014 and 76.7% vs. 47.8%, p=0.030, re-
spectively); however, those at 6 and 12 months were not significantly different (23.3% vs. 17.4%,
p=0.597 and 4.3% vs. 10.0%, p=0.440, respectively). The severity of UL was not found to influ-
ence the duration of incontinence. The presence of cystographic anastomotic UL was found to be
predictive of Ul during the first 3 postoperative months (odds ratio, 3.3; p=0.045).

Conclusion: The presence of anastomotic UL on cystography was associated with higher rates of
Ul in the early postoperative periods. However, incontinence rates in patients with or without
anastomotic UL immediately after RRP equalized at 6 months and the severity of UL did not af-
fect the duration of postoperative Ul.

Keywords: Anastomotic leak; Prostatectomy; Urinary incontinence

Introduction

Retropubic radical prostatectomy (RRP) is now established as the
gold standard surgical management for localized prostate cancer
[1,2]. However, the role of RRP has become more complex be-
cause a greater focus has been placed on patient- and cancer-specif-
ic considerations, especially those related to the balance between

oncologic and functional outcomes. Unfortunately, the majority of

patients who undergo RRP for prostate cancer experience treat-
ment-related complications, especially postprostatectomy urinary
incontinence (PPUI), which has a significant impact on patient
quality of life [3].

RRP involves removal of the prostate and formation of a new
connection between the urethra and bladder. Prostate removal is
achieved by antegrade or retrograde processing, and anastomosis

between the urethra and bladder is performed using a continuous

Copyright © 2021 Yeungnam University College of Medicine
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or interrupted suture. In the case of open RRP, an interrupted su-
ture is usually used, but the widespread use of laparoscopy has con-
tributed to the proportion of procedures conducted using a contin-
uous suture [4].

In general, cystography is performed between 1 and 2 weeks af-
ter RRP to confirm urinary leakage (UL) at the anastomosis site.
One of the most common short-term complications of RRP is UL
[5]. In several studies, the incidence of UL has been reported to be
as high as 10% [6]. The consensus opinion is that UL does not
seem to affect long-term PPUI, but early continence may be de-
layed due to UL, and patients with anastomotic leakage have a
higher incidence of PPUI [ 7,8]. However, it remains unclear how
the degree of UL affects urinary incontinence after RRP, and no re-
ports on this relationship have been published in Korea.

We retrospectively analyzed the incidence and severity of UL in
53 patients who had undergone RRP at our center. These patients
were divided into two groups based on the presence or absence of
anastomotic UL immediately after surgery and compared with re-
spect to possible factors responsible for UL. Moreover, the associa-
tion between UL and PPUI was investigated.

Materials and methods

1. Study design and patient enrollment

After the approval of the Institutional Review Board (IRB) and
Ethics Committee of Dongguk University College of Medicine
(IRB No: 1107-201903-HR-03-02), 53 consecutive patients with
a diagnosis of prostate cancer who had undergone RRP at our in-
stitution between January 2015 and December 2018 were enrolled
in this study. Informed consent was waived by the IRB.

®

2. Variables inspected

Data were obtained by retrospective chart review. The variables an-
alyzed included age, body mass index (BMI), prostate volume, op-
erative time, estimated blood loss, duration of catheter indwelling,
presence or absence of UL on postoperative cystography, and
pathologic variables (i.e., preoperative prostate-specific antigen
[PSA] level, postoperative Gleason score, and pathologic stage).

Cystography was performed 7 to 10 days after surgery. Normal
saline (up to 200 mL) was injected to check for UL. The duration
of catheterization depended on the degree of UL, which was classi-
fied as mild, moderate, or severe. UL was defined as mild when
leakage was observed after injecting 200 mL, moderate if observed
after injecting 100 mL, and severe if leakage occurred before inject-
ing 100 mL normal saline (Fig. 1).

In cases of mild UL, the catheter was removed after 3 days, and
for moderate UL, it was removed after 7 days [9]. In cases of severe
UL, cystography was repeated at 7-day intervals with the catheter
in situ until the UL ceased. The 53 study subjects were divided into
two groups; the non-UL group (n=23) and the UL group (n=30).

3. Definition and assessment of continence

Continence was defined as no pad usage, as determined by patient
response. Patients were asked the following question; “How many
pads or adult diapers have you used daily to control leakage during
the past 4 weeks?” Continence recovery was evaluated routinely at
1,3, 6,and 12 months after RRP.

4. Surgical technique

RRP was performed in the supine position. The superficial dorsal
vein was coagulated by bipolar ablation, and periprostatic fat was
removed. Before disassembling the bladder and prostate, both lat-

Fig. 1. Cystography findings and classification of urinary leakage (UL). (A) Mild UL (UL developed after bladder filling with 200 mL normal
saline). (B) Moderate UL (UL developed after bladder filling with 100 mL normal saline). (C) Severe UL (UL developed before bladder filling

with 100 mL normal saline).
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eral outer borders of the bladder and prostate were dissected and a
cut was placed along the imaginary bladder-prostate borderline.
After dissecting vas deferens and seminal vesicles, the prostate was
dissected in an antegrade fashion while preserving the bilateral
nerves, and hemostasis was conducted carefully. A double-strand-
ed running suture was then placed bidirectionally from 6 o’clock to
3 and 9 o’clock and then from 3 o’clock to 9 and 12 o'clock while
maintaining tension at the posterior anastomosis site to achieve
anastomosis with a Monosyn 3.0 (Aesculap, Melsungen AG, Ger-
many) suture. A catheter was then inserted, and a 120-mL saline
filling test was conducted to confirm the absence of leakage.

S. Statistical analysis

The chi-square test and the Mann-Whitney test were used to ana-
lyze the demographics and perioperative outcomes. Incontinence
rates at 1, 3, 6, and 12 months after surgery were analyzed using the
chi-square test. Logistic regression analysis was used to identify
factors that independently affected incontinence. PASW Statistics
version 18.0 (IBM Corp., Armonk, NY, USA) was used for the
analysis. For all comparisons, p-values of < 0.05 were considered

statistically significant.

Results

Fifty-three patients who had undergone RRP were included in the
study. The mean patient age was 68.8 years (range, 67-70 years),

mean BMI was 24.5+£2.9 kg/mz, and mean prostate size was
40.1 £ 18.6 mL. Six patients (11.3%) had a preoperative PSA >20
ng/mL, and pathological organ-confined disease was observed in
31 patients (58.5%).

UL was detected during postoperative cystography inspections
in 30 patients (56.6%); six had mild, 12 had moderate, and 12 had
severe leakage. The longest period of catheterization was 38 days,
which was observed in three patients. These three patients were
evaluated for incontinence 1 month after removal of the Foley
catheter. The mean catheterization periods for mild, moderate, and
severe UL were 13.0, 17.0, and 20.1 days, respectively.

Times to catheter removal were significantly different between UL
and non-UL groups (9.7 0.9 vs. 20.6£7.5, p=0.001) (Table 1).
However, other perioperative characteristics and outcomes were
similar. Furthermore, no significant intergroup difference was ob-
served for pathologic data, including pathologic stage, mean Glea-
son score, and positive surgical margin (Table 1).

Incontinence rates at 1 and 3 months postoperatively were sig-
nificantly different between UL and non-UL groups (83.3% vs.
52.2%, p=0.014 and 76.7% vs. 47.8%, p = 0.030, respectively), but
no significant difference was observed at 6 months (Table 2). The
degree of UL was not found to influence the duration of inconti-
nence (Table 2). In patients with severe UL, the incontinence rate
at 12 months was 16.7%.

By logistic regression analysis, anastomotic UL was found to be

the only significant predictor of urinary incontinence (odds ratio,

Table 1. Perioperative characteristics and outcomes between urinary leakage (UL) and non-UL group

Characteristic UL group (n=30) Non-UL group (n=23) p-value
Age (yr) 69.1+4.8 68.4+59 0.649
Body mass index (kg/m?) 25129 23.6+26 0.059
Prostate volume (mL) 41.0+21.5 39.0+14.4 0.709
Preoperative PSA (ng/mL) 10.4+9.0 9.8+9.2 0.830
Mean operative time (min) 218.6+33.5 193.1+43.8 0.088
Estimated blood loss (mL) 284.7+129.8 268.2+ 143.0 0.664
Catheterization (day) 20.6+7.5 9.7+09 0.001
Pathologic stage 0.152
T2 15 (50.0) 7 (30.4)
13 15 (50.0) 16 (69.6)
Pathologic Gleason score 0.615
6 0 2(87)
7 14 (46.7) 12 (52.2)
8 7(23.3) 2(8.7)
9 9 (30.0) 6(26.1)
10 0 1(43)
Positive surgical margin 8(26.7) 8(34.8) 0.524

Values are presented as meantstandard deviation or number (%).
PSA, prostate-specific antigen.
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3.3; 95% confidence interval, 0.973-11.207; p=0.045) (Table 3).
There were no significant factor of PPUI at 6 and 12 months
(Tables 4, 5).

Discussion

PPUL is a major complication of RRP and has a substantial impact
on patient’s quality of life because it affects physical activity and so-
cial well-being. The reported incidence of PPUI varies from 4% to
69% [9,10], depending on multiple factors such as age, preopera-
tive voiding status, sphincteric functional competence, periopera-
tive bladder function, and operative factors [ 10-13].

The pathophysiology of PPUT is not fully understood, although
several studies have suggested that intrinsic bladder sphincter defi-
ciency, underactivity, neural injury [ 14,15], defects in urethral sup-
port [ 16], shortening of membranous urethral length, and venous

Table 2. Incontinence rates between urinary leakage (UL) and non-
UL group from 1 to 12 months and comparison of incontinence
rates based on the degree of leakage

Incontinence rate

Variable
1 Mo 3 Mo 6 Mo 12 Mo
Group
Non-ULgroup (n=23) 12(52.2) 11(47.8) 4(17.4) 1(4.3)
UL group (n=30) 25(83.3) 23(76.7) 7 (233) 3(10.0)
p-value 0.014 0.030 0.597 0.440
Degree of leakage”
Mild (n=6) 4 (66.7) 4(66.7)  3(50.0) 0
Moderate (n=12) 11(91.7) 10(83.3) 1(8.3) 1(8.3)
Severe (n=12) 10 (83.3) 9(750) 3(25.0) 2(16.7)

p-value” 0066 0157 0209 0519

Values are presented as number (%).

a]Mild, leakage occurred after injecting 200 mL normal saline (NS);
moderate, leakage occurred after injecting 100 mL NS; severe, leakage
occurred before injecting 100 mL NS. ®Non-UL group, Mild, Moderate
and Severe UL group were analyzed by chi-square test.

Table 3. Multivariate logistic regression analysis for factors of
postprostatectomy urinary incontinence at 3 months

Variable OR (95% Cl) p-value
Age 1.044 (0.925-1.179) 0.483
Body mass index 1.250 (0.955-1.637) 0.105
Prostate-specific antigen 1.019 (0.939-1.105) 0.655
Pathologic T stage 1.204 (0.293-4.945) 0.796
Gleason score 1.160 (0.585-2.298) 0.671
Prostate size 1.006 (0.970-1.043) 0.754
Duration of catheterization 1.317 (0.733-2.366) 0.357
Degree of leakage 1.213 (0.105-8.551) 0.1M
Urinary leakage 3.301 (0.973-11.207) 0.045

OR, odds ratio; Cl, confidence interval.
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sealing effects underlie the condition [17,18]. Research efforts
have resulted in several surgical advances, especially the nerve-sav-
ing technique, which was recently evaluated in a large European pa-
tient cohort [19].

Although UL does not seem to affect long-term incontinence, it
has been associated with early PPUI [7,8]. Consistently, in this
study, the incontinence rates were significantly higher in the UL
group compared to the non-UL group during the first 3 postopera-
tive months; however, no significant intergroup difference was ob-
served at 6 months postoperatively. Furthermore, anastomotic UL
was identified as a significant prognostic factor of urinary inconti-
nence in the early postoperative period following RRP. These find-
ings indicate that given the absence of UL through a defective
anastomotic site, adequate urinary drainage after RRP is essential
to promote healing of the vesicourethral anastomosis.

In the current study, the proportion of cases with UL after RRP
(56.6%) was higher than has been previously reported [20,21]. At
our center, in cases of UL post-RRDP, the Foley catheter is removed

at 1 to 2 weeks postoperatively, depending on the degree of UL.

Table 4. Multivariate logistic regression analysis for factors of PPUI
at 6 months

Variable OR 95% Cl p-value
Age 1.080 0.908-1.284 0.386
Body mass index 1.098 0.843-1.431 0.486
PSA 0.965 0.868-1.072 0.506
Pathologic T stage 5.730 0.753-43.626  0.092
Gleason score 0.409 0.133-1.252 0nz7
Prostate size 1.018 0.981-1.056 0.344
Duration of catheterization 1.211 0.937-1.565 0.143
Degree of leakage 0.082 0.003-2.577 0.155
Urinary leakage 0.107 0.008-1.425 0.091

PPUI, postprostatectomy urinary incontinence; OR, odds ratio; Cl, confidence
interval; PSA, prostate specific antigen.

Table 5. Multivariate logistic regression analysis for factors of PPUI
at 12 months

Variable OR 95% Cl p-value
Age 1.015 0.702-1.466 0.939
Body mass index 211 0.832-5.359 0.116
PSA 1.101 0.877-1.381 0.407
Pathologic T stage 2985  0.094-94.440 0.535
Gleason score 2.743 0.267-28.200 0.396
Prostate size 0.862 0.636-1.168 0.339
Duration of catheterization 0.696  0.293-1.652 0.412
Degree of leakage 570906  0.003-7.853 0.178
Urinary leakage 600.972 0.042-2.647 0.177

PPUI, postprostatectomy urinary incontinence; OR, odds ratio; Cl,
confidence interval; PSA, prostate specific antigen.
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Thus, sphincter function at the anastomosis site is likely to be ab-
normal during the early period. All of our patients received contin-
uous anastomosis, and thus, approximation was more precise than
that achieved using interrupted sutures. Leakage is more likely in
incompletely sutured regions when interrupted sutures are used
but may also occur due to loosening of the approximation with
continuous anastomosis. If the Foley catheter indwelling period is
sufficient, contracture is less likely during healing, and the healing
period is reduced. However, when continuous suturing is per-
formed using an open approach, the distance between S and 7
oclock in the posterior anastomosis area tends to be greater than
that in the anterior anastomosis area. This might have contributed
to the higher prevalence of UL after RRP in the present study.
Since RRP cases were performed by a single surgeon with less than
60 cases of experience, it was also considered a very important
cause.

There were 12 patients with severe UL, and 2 (16.7%) of them
experienced mild incontinence 1 year after RRP. These patients
used only one pad per day and had no obstructive symptoms, such
as aweak urine stream or hesitancy, which are the main symptoms
of bladder neck contracture. Despite a short follow-up period, we
were able to conclude that serious UL did not necessarily cause
bladder neck contracture.

This study is limited by its retrospective, single-center design,
and relatively small sample size. In fact, many factors affect PPUI,
including the length of the preserved urethra after surgery, preser-
vation of the bladder neck, sphincter injury, and preoperative void-
ing status. However, our study shows that postoperative cysto-
graphic UL does not develop into long-term incontinence and that
in this era of robotic surgery, a continuous anastomosis suture pro-
cedure can be adopted during open RRP. No association has been
previously reported between incontinence and urethrovesical
anastomosis leakage in Korea.

Cystographically detected anastomotic UL was associated with
higher rates of early urinary incontinence. However, continence
rates were much improved 6 months after RRP in patients with
anastomotic UL after surgery and the severity of UL did not affect
the duration of postoperative UL
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Pudendal nerve entrapment (PNE) syndrome refers to the condition in which the pudendal nerve
is entrapped or compressed. Reported cases of PNE associated with ganglion cysts are rare. Deep
gluteal syndrome (DGS) is defined as compression of the sciatic or pudendal nerve due to a
non-discogenic pelvic lesion. We report a case of PNE caused by compression from ganglion cysts
and treated with steroid injection; we discuss this case in the context of DGS. A 77-year-old
woman presented with a 3-month history of tingling and burning sensations in the left buttock
and perineal area. Ultrasonography showed ganglion cystic lesions at the subgluteal space. Mag-
netic resonance imaging revealed cystic lesions along the pudendal nerve from below the piri-
formis to the Alcock’s canal and a full-thickness tear of the proximal hamstring tendon. Aspira-
tion of the cysts did not yield any material. We then injected steroid into the cysts, which re-
solved her symptoms. Steroid injection into a ganglion cyst should be considered as a treatment

Fax: +82-2-6298-1866
E-mail: ri-pheonix@hanmail.net

option for PNE caused by ganglion cysts.

Keywords: Corticosteroids; Ganglion cysts; Nerve entrapment; Pudendal nerve

Introduction

Pudendal neuralgia is a neuropathic pain that presents in the dis-
tribution of pudendal nerve. The pudendal nerve emerges from
the sacral plexus nerves (S2 to S4) and carries sensory fibers to
genitalia such as the penis, scrotum, clitoris, and labia, and to the
motor fibers of the perineum and pelvic floor muscles. Although
pudendal neuralgia can be suspected in the presence of perineal
pain, it is difficult to determine a cause in the absence of organic
lesions on imaging tests [1]. Pudendal nerve entrapment (PNE)
syndrome refers to the condition in which the pudendal nerve is
entrapped or compressed [2]. Previous studies have reported that
most cases of PNE are related to iatrogenic mechanical insult,
such as gynecologic or hip surgery, or from incorrect seating posi-
tion while cycling [3-5]. Only a few cases of organic lesions asso-
ciated with PNE have been reported [1,2]. Furthermore, there

has only been one published report of PNE related to ganglion
cysts; this case was successfully treated with ultrasound-guided
aspiration of the cysts [2].

Pudendal neuralgia caused by PNE presents with unilateral pelvic
pain. This pain is typically aggravated by a seated position because
the pudendal nerve is compressed between the sacrospinous and
sacrotuberous ligaments and relieved by sitting on the toilet seat [1].
PNE may also cause pain in the posterior hip, the buttocks while
seated, or in the medial thigh; referred sciatic pain has also been re-
ported [1]. Recently, the concept of deep gluteal syndrome (DGS)
has been introduced and defined as compression of the sciatic or
pudendal nerve due to a non-discogenic pelvic lesion [6]. Thus,
PNE can be considered to be part of the DGS spectrum.

In this report, we present a case of PNE caused by ganglion
cysts that was successfully treated with steroid injections. We dis-
cuss this case in the context of DGS.

Copyright © 2021 Yeungnam University College of Medicine
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Case

This case report was approved by the Institutional Review Board
of Keimyung University Dongsan Hospital (IRB No: 2020-06-
037). Written informed consent was obtained from the patient for
publication of this case report and accompanying images.

A 77-year-old woman presented to our clinic with a 3-month
history of tingling and burning sensations in the left buttock and
perineal area. The pain was aggravated in the sitting position and
relieved while standing or in a supine position. She had no sphinc-
ter dysfunction such as urination or defecation and no history of
trauma or pelvic surgery. On physical examination, passive exter-
nal rotation and abduction of her hip joint produced the inguinal
and buttock pain. There was a tenderness over the ischial tuberos-
ity and piriformis area. There was no weakness of the lower ex-
tremities except for the left knee flexor (Medical Research Coun-
cil grade IV). Deep tendon reflexes of the lower limbs were nor-
mal. There was no sensory impairment in the left lower extremity
or the S4 and SS dermatomes. Her pedal pulses were normal. We
performed an ultrasound to identify the cause of her buttock and
perineal pain. Ultrasonography revealed cystic lesions at the sub-
gluteal space and a near full-thickness tear of the proximal ham-
string tendons at the ischial tuberosity (Fig. 1). Pelvis magnetic
resonance imaging showed ganglion cystic lesions along the pu-
dendal nerve from below the piriformis to the Alcock’s canal (Figs.
2, 3). In addition, we noted fluid collection related to the tear of
the hamstring origin sites around the ischial tuberosity (Figs. 2, 3).
Based on the proximity of the ganglion cysts to the pudendal
nerve, we determined that the cysts caused the PNE. Aspiration
of the cysts under ultrasound guidance did not produce material.
We then injected steroid (triamcinolone acetonide 20 mg+19% li-
docaine 3 mL) into the cysts, which resolved her burning sensa-

tions.

Discussion

The prevalence of pudendal neuralgia caused by PNE has not
been established, mostly due to the fact that it is often underdiag-
nosed. Kaur and Singh [7] and Spinosa et al. [8] reported an inci-
dence of 1% in the general population and it is also known to be
more common in females than males. While PNE can significant-
ly impair patients’ quality of life, owing to its rarity and difficulty
of diagnosis, it is often inappropriately treated [7]. Further, the
mean time to diagnosis is 4 years and there is no specific diagnos-
tic test [9]. The ‘Nantes criteria, created to facilitate the diagnosis
of PNE, include (1) pain in the anatomical territory of the puden-
dal nerve, (2) pain that is worsened by sitting, (3) the patient is

https://doi.org/10.12701/yujm.2020.00437

not woken at night by the pain, (4) there is no objective sensory
loss on clinical examination, and (5) pain relief provided by an
anesthetic pudendal nerve block [10]. In our case, the patient met
the first four diagnostic criteria.

The pudendal nerve originates from the S2, S3, and S4 sacral
nerve roots and courses between the piriformis and ischiococcy-
geus muscles, leaving the pelvis through the greater sciatic fora-
men. It then crosses the sacrospinous ligament and re-enters the
pelvis through the lesser sciatic foramen. After re-entrance, it
courses anterosuperiorly through the Alcock’s canal. The nerve
divides into three branches as it exits the canal. The Alcock’s canal
lies on the medial surface of the obturator internus muscle and the
medial aspect of ischial tuberosity above the falciform ridge
[7,11]. In our patient, ganglion cysts were observed along the pu-
dendal nerve from below the piriformis to the Alcock’s canal. Cys-
tic lesions observed along the pudendal nerve should be distin-
guished from extraneural or intraneural ganglion cysts. Because
our patient did not receive an exploratory operation or high-reso-
lution magnetic resonance neurography, the characteristics of the
cysts were not identified in detail.

DGS encompasses a variety of conditions including piriformis,
gemelli-obturator internus, ischiofemoral impingement, and prox-
imal hamstring syndromes. The presenting symptoms can be lo-
calized in the perineal, perianal and posterior areas, with the spe-
cific location depending on which nerve is compressed or irritat-
ed. Previous studies of DGS have mainly discussed involvement
of the sciatic nerve rather than of the pudendal nerve. Hamstring
tears around the ischial tuberosity can also be a cause of DGS.
Further, proximal hamstring tendon pathologies can cause a gan-
glion cyst that irritates or compresses the adjacent nerves [6]. In
our case, ganglion cysts along the pudendal nerve seemed to be
associated with a full-thickness tear of the proximal hamstring
tendon. We consider our patient’s symptoms to fit into the catego-
ry of DGS.

Ganglion cysts have been reported in most joints, tendons, and,
rarely, in bone. On average, they have a 50% spontaneous resolu-
tion rate. While the management of ganglion cysts ranges from
nonsurgical to surgical treatments, aspiration is the mainstay of
nonsurgical treatment [12]. Lee et al. [2] reported the first case of
PNE caused by a ganglion cyst and suggested ultrasound-guided
aspiration as a treatment option to alleviate pain. However, the re-
currence rate of cysts treated with aspiration alone is more than
50% [12]. To decrease recurrence after simple aspiration, steroid
injections have been used [13]. In our patient’s case, aspiration of
the cysts was non-productive but an injected steroid was success-
ful in alleviating her pain. Considering that aspiration of the cyst
did not produce material, the injected steroid might spread to the
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Fig. 1. Ultrasonographic findings. (A) A 2.6x1.2 cm-sized ganglion cystic lesion (asterisk) at the subgluteal space. (B) Full-thickness tear
(arrow) of the proximal hamstring tendon at the ischial tuberosity (IT).

Fig. 2. Coronal fat-suppressed T2-weighted images of ganglion cyst courses along the pudendal nerve. (A) A 2.0x0.8 cm-sized ganglion
cyst (arrow) below piriformis (P). (B) A 1.8x1.4 cm-sized ganglion cyst (arrow) at the entrance of the Alcock’s canal. (C) A 1.0x0.75 cm-
sized ganglion cyst (arrow) within the Alcock's canal and full-thickness tear (arrowhead) of the proximal hamstring tendon at the ischial
tuberosity (IT).

Fig. 3. Axial fat-suppressed T2-weighted images of ganglion cyst courses along the pudendal nerve. (A) A 1.0x0.8 cm-sized and 1.2x1.3
cm-sized ganglion cysts (arrows) around the Alcock’s canal. (B) A 1.3x1.5 cm-sized ganglion cyst (arrow) medial to the obturator internus
(1) muscle. (C) A full-thickness tear (arrowhead) of the proximal hamstring tendon at the ischial tuberosity (IT).
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pudendal nerve and lead to a significant improvement, such as
perineural steroid injection in PNE patients without ganglion cyst
[9]. Steroids might suppress ectopic nerve activity from damaged
peripheral nerve fibers and stabilize the nerve’s membrane [14].
This suggests that steroid injection should be considered as a
treatment option for patients with PNE in whom aspiration of
ganglion cysts to alleviate the pain has failed.

In conclusion, in patients with unilateral perineal and buttock
area pain, PNE should be considered as a possible cause of the
pain. We suggest steroid injections as a treatment option for PNE
associated with ganglion cysts, particularly when aspiration is un-
successful.
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Introduction

Diplopia is a rare complication of spine surgery. The abducens nerve is one of the cranial nerves
most commonly related to diplopia caused by traction injury. We report a case of a 71-year-old
woman who presented with diplopia developing from abducens nerve palsy after C1-C2 fixation
and fusion due to atlantoaxial subluxation with cord compression. As soon as we discovered the
symptoms, we suspected excessive traction by the instrument and subsequently performed reop-
eration. Subsequently, the patient's symptoms improved. In other reported cases we reviewed,
most were transient. However, we thought that our rapid response also helped the patient's fast
recovery in this case. The mechanisms by which postoperative diplopia develops vary and, thus,
remain unclear. We should pay attention to the fact that the condition is sometimes an indicator
of an underlying, life-threatening condition. Therefore, all patients with postoperative diplopia
should undergo thorough ophthalmological and neurological evaluations as well as careful ob-
servation by a multidisciplinary team.

Keywords: Abducens nerve; Cranial nerve diseases; Diplopia; Spinal fusion

ing spine surgery remains unknown [2]. The current report sum-

Perioperative ocular complications are rare yet important. The
American Society of Anesthesiologists (ASA) Closed Claims data-
base was initiated in 1984 to analyze anesthesia malpractice and
improve patient safety. Data from the ASA Closed Claims have
shown that intraoperative eye injuries account for 4% of medi-
co-legal claims, indicating that eye care is an important part of an-
esthesia-related care [ 1]. Diplopia can rarely present after spine
surgery. As a result, there have been a few investigations on this

condition, and the mechanism by which diplopia develops follow-

marizes the current literature and presents a case of postoperative
diplopia that developed following cervical spine surgery. We hope
that this report will lead to a better understanding of postoperative

diplopia and how best to manage patients with the condition.

Case

This study was approved by the Institutional Review Board (IRB)
of Gyeongsang National University Hospital (IRB No: 2018-09-
016). Written informed consent was obtained from the patient for
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This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (nhttp://creativecommons.org/licenses/oy-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

152

https://doi.org/10.12701/yujm.2020.00241



Yeungnam Univ J Med 2021;38(2):152-156

publication of this case report and accompanying images.

A 71-year-old woman (height, 149 cm; weight, 62 kg) was ad-
mitted in the outpatient department. The patient complained of
pain and tightness on the side of her neck and an accompanying
tingling sensation in both hands that had been ongoing for 3 years.
The patient had a 20-year history of hypertension and was taking
hypertensive drugs (olmesartan medoxomil, 20 mg; hydrochloro-
thiazide, 12.5 mg; and cilnidipine, 10 mg). She was diagnosed with
atlantoaxial subluxation with cord compression and was treated
with a C1-C2 fixation and fusion (Fig. 1A, 1B). The surgical time
was 170 minutes and the total anesthesia time was 265 minutes.
The patient had perioperative bleeding with an estimated blood
loss of 300 mL. As a result, the patient received 1 unit of packed red
blood cells intraoperatively, which led to hemodynamic stability.
Following surgery, the patient was transferred to a general ward for
recovery. One day after surgery, the woman complained of acute
horizontal diplopia. Ophthalmologic examination revealed limited
lateral gaze (-0.5) in the left eye and esotropia (2 prism diopters
[PDs]) in the left eye in primary gaze position with distant fixa-
tion, which increased to 5 PDs in left gaze position. Based on these
findings, the patient was suspected to have left abducens nerve pal-
sy. Her best corrected visual acuity was 20/25 (plano; Dcyl -2.00,
axis 90°) in the right eye and 20/20 (Dsph +1.25, Dcyl -2.25, axis
90°) in the left eye. Anterior segment findings and pupillary reflex
were normal in both eyes. No abnormal finding was observed in
the eyelid. Neurologic examination including brain magnetic reso-
nance imaging did not provide any specific finding except diplopia.
The surmised cause of diplopia was thought to be associated with

ADI=3 mm [ ADI=3 mm
BC=21 mm | BC=27.5 mm
AO=26 mm | A0O=26.5 mm

Powers ratio=0.80

Powers ratio=1.04 @

excessive 6th cranial nerve (CN) due to C1-C2 fixation and fu-
sion. In preoperative cervical spine plain radiography, Powers ratio
was 0.80 (Fig. 1A). After the C1-C2 fixation of fusion, Powers ra-
tio was increased to 1.04 (Fig. 1B). We judged this to be an exces-
sive rod distraction. Therefore, rod repositioning was performed to
reduce the interspinous distance. After reoperation, Powers ratio
decreased to 0.87 (Fig. 1C). However, there was no change in the
atlanto-dental interval during perioperative period (Fig. 1). Two
days after cervical spine surgery (1 day after nerve traction reduc-
tion), the patient reported an improvement in symptoms. Thir-
ty-five days after the initial surgery (34 days after nerve traction re-
duction), diplopia had resolved completely.

Discussion

Diplopia is a rare complication after spine surgery, but several cases
have been reported [2-9]. In non-spine surgery, diplopia has been
reported mainly in patients undergoing spinal anesthesia, and only
rarely in patients undergoing general anesthesia [ 10]. In the case
presented here, the patient did not complain of postoperative dip-
lopia immediately after spine surgery or during anesthetic recov-
ery. Other reports have described times of onset of diplopia vary-
ing from 1 day to several days after operation (Table 1) [2-9]. Asa
result of its delayed onset, postoperative diplopia is rarely diag-
nosed by the anesthesiologist. It is very difficult to explain the
mechanisms associated with delayed onset of diplopia after spine
surgery. We presume that the following factors may contribute to
delayed onset of diplopia. Intraoperative dural tear, spinal anesthe-

ADI=3 mm
BC=23 mm
A0=26.5 mm

Powers ratio=0.87

Fig. 1. Pre- and postoperative cervical spine lateral plain radiography. (A) Preoperative, (B) 1st postoperative, and (C) after 2nd
postoperative images. ADI, atlanto-dens interval; BC, distance from the basion to the anterior aspect of the posterior arch of C1; AO,
distance from the posterior aspect of the anterior arch of C1 to the opisthion; Powers ratio, BC/AQ. In cases of Powers ratio > 1 in plain
radiographs and ADI >3 mm, anterior atlanto-occipital dissociation should be suspected.
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Table 1. Reported cases of diplopia after spine surgery

. . Presumed  Palsy detection
Patient Age Surgical g ; Palsy
Year Author Surgery - Spine level causes of  (postoperative ~ Treatment e
sex (yr) position diplopia day) remission
1999 Barsoum et al. [9] Laminectomy Male 59 Prone  Lumbar Traction Unknown Conservative 6 Months
2003 Nakagawa etal.[6]  Spinal tumor Female 22 Prone  Cervical CSF leakage 3 Conservative 1 Year
resection
2009 Choetal.[3] Posterior fusion Male 61 Prone  Lumbo-sacral CSF leakage 2 Conservative 5 Weeks
2011  Abd-Elsayed et al. [2] Fusion Female 14 Prone  Lumbar Facial edema 1 Conservative  Few days
Fusion Female 34 Prone  Lumbar Facial edema 1 Conservative 5 Days
Fusion, discectomy Female 67 Supine Cervical Facial edema 1 Conservative  Few days
Fusion Female 18 Lateral Thoraco-lumbar Facial edema 1 Conservative 3 Days
2012  Thomas et al. [8] Discectomy Male 53 Prone  Lumbar CSF leakage 7 Dural repair 2 Weeks
2013 Jooetal. [4] Discectomy Male 48 Prone  Lumbo-sacral CSF leakage 3 Dural repair 1 Week
2013 Khurana et al. [5] Discectomy Male 48 Prone  Thoracic CSF leakage >21 Dural 3 Months
repair+chest
drain
Discectomy Male 46 Prone  Thoracic CSF leakage Unknown  Conservative 5 Months
2016 Sandon et al. [7] Discectomy Female 47 Prone  Thoracic CSF leakage 10 Dural 1 Month
repair+chest
drain
2020 This report Fusion Female 71 Prone  Cervical Traction 1 Conservative 35 Days

CSF, cerebrospinal fluid.

sia, and primary intracranial hypotension produce cerebrospinal
fluid (CSF) leakage, leading to traction of brain with stretching of
CNs, such as the abducens nerve, resulting in subsequent diplopia
[4-9,11]. Since most patients are usually in the lying position fol-
lowing the operation, the CSF leakage is relatively smaller com-
pared with that in the sitting position; hence, diplopia is relieved
[11]. However, when the patient sits or stands a few days after op-
eration, the diplopia worsens due to relatively more CSF leakage
compared with that in the lying position [4-8,11]. In addition,
during the immediate postoperative period, non-attention by the
surgeon, depending on the severity of diplopia, may also contrib-
ute to delayed onset of diplopia.

The mechanisms by which diplopia develops are diverse and
not well understood, but CN injury is a well-known and obvious
cause [2,9]. Extraocular muscles that control eye movement are in-
nervated by CNs, including the oculomotor nerve (CN3), trochle-
ar nerve (CN4), and abducens nerve (CN6) [12,13]. Diplopia oc-
curs due to a malfunction of the extraocular muscles and/or the
nervous system components that control them [12,13]. Of all the
CNs, CN6 is thin and has a long intracranial course [14,15]. It
emerges from the ventral aspect of the brainstem at the pontomed-
ullary junction and runs through Dorello’s canal between the dura
and skull (Fig. 2) [12,13]. After piercing the dura, the nerve turns
sharply forward at the tip of the petrous temporal bone to enter the
cavernous sinus (Fig. 2) [12,13]. In the cavernous sinus, CN6 runs
laterally to the internal carotid artery and medial to CN3, CN4,
and CNS (the trigeminal nerve) (Fig. 2) [12]. This sudden intra-
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cranial spatial alteration and compression of Dorello’s canal are the
main causes of CN6 injury [12,13]. Also, atherosclerosis and doli-
choectasia of vessels can compress the nerve [13]. After continu-
ing forward, CNG6 finally leaves the cavernous sinus and enters the
orbit through the superior orbital fissure (Fig. 2) [12,13]. At this
point, it is encircled by a common tendinous ring. CN6 then in-
nervates the lateral rectus muscle and produces eye abduction (Fig.
2) [12,13]. This long pathway makes CNG6 particularly vulnerable
to mechanical damage caused by bones and ligaments. Indeed, this
was observed in our case, in which diplopia occurred due to exces-
sive traction of the 6th CN. We identified the change in the atlan-
to-occipital area presented as an increase in Powers ratio after C1-
C2 fixation and fusion with the occurrence of diplopia. Diplopia
improved with normalization of the Powers ratio after the second
surgery. Based on these features, the changes in the atlanto-occipi-
tal area after C1-C2 fixation and fusion may be associated with
CNG6 traction injury as the cause of diplopia. Previously, CN paral-
ysis or damage was reported to occur due to the use of equipment
such as Gardner-Wells tongs, halo traction, or halo-pelvic traction
[9]. Other nerves, including the glossopharyngeal nerve (CN9),
the vagus nerve (CN10), and the hypoglossal nerve (CN1), are
most vulnerable to stretching injury because of their vertical or
oblique course through the cranium. However, the most common-
ly injured nerve is CN6, with most cases caused by trauma and
perioperative traction [2,13-16]. In addition, CSF leakage, CSF hy-
groma, face edema and traction, and wrong head position on the
head rest may cause diplopia following spine surgery [2-9,17]. Fur-
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Superior oblique muscle
Superior rectus muscle
Lateral rectus muscle

Levator palpebrae
superioris muscle

Common
tendinous ring

Superior orbital fissure

Inferior oblique muscle
Cavernous
sinus

Petrous

temporal bone

Internal carotid artery

F Dorello's canal CN3

CN6
CNG nucleus

Medulla

Pons

Clivus

Fig. 2. Anatomy and mechanism by which CN6 palsy develops. The CN6 has a very long intracranial course, making this nerve particularly
vulnerable to damage. Operative traction, hyperextension (thick arrows), and downward brain placement (thin arrow) can result in
stretch injuries where the abducens nerve enters Dorello's canal. CN3, oculomotor nerve; CN4, trochlear nerve; CN5, trigeminal nerve;

CN6 abducens nerve.

thermore, diplopia following spine surgery may indicate a
life-threatening situation, which can be associated with subdural
hematoma and transtentorial herniation [ 18]. Therefore, it is rec-
ommended to manage patients with diplopia following spine sur-
gery with immediate ophthalmology and neurology consultations.
If no pertinent issues are identified, occlusion therapy with patch-
ing or prism glasses is the first line of treatment. If there is no im-
provement after this non-surgical treatment, corrective eye surgery
or a botulinum toxin injection into the lateral rectus muscle can be
attempted [ 7]. However, these more invasive therapies are usually
not needed, and conservative treatment improves diplopia because
most patients spontaneously improve over time (Table 1) [2-
9,15].

In conclusion, diplopia is a rare complication of spine surgery
that can be caused by perioperative traction, CSF leakage, and fa-
cial edema and traction. Fortunately, these patients generally have a
good prognosis because other neurologic complications such as
perioperative visual loss generally do not occur, and most patients
tend to make a full recovery. However, diplopia does require im-
mediate ophthalmological examination, neurological evaluation,

https://doi.org/10.12701/yujm.2020.00241

and careful observation because it may be a sign of a life-threaten-
ing condition, including subdural hematoma.
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The diagnosis of a gluteal muscle tear or strain is based on clinical findings. However, for an ac-
curate diagnosis, imaging examinations are also needed. Herein, we describe the case of a patient
with a gluteus maximus muscle tear confirmed by ultrasonography (US) and magnetic resonance
imaging (MRI). A 58-year-old woman complained of dull pain in the left lateral gluteal region
that she had been experiencing for 8 days. In the axial US image, retraction of the left gluteus
maximus muscle was noted around its insertion site in the iliotibial band. On an MRI, a partial
tear in the left gluteus maximus was observed at its insertion site in the left iliotibial band. In ad-
dition, fluid infiltration due to edema and hemorrhage was observed. A partial left gluteal muscle
tear was diagnosed. The patient was treated with physical therapy at the involved region and oral
analgesics. She reported relief from the pain after 1 month of treatment. Based on this experi-
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ence, we recommend US or MRI for accurate diagnosis of muscle tear or strain.

Keywords: Magnetic resonance imaging; Pain; Skeletal muscle; Sprains and strains; Ultrasonog-

raphy

Introduction

A gluteal muscle tear or strain frequently occurs during sports ac-
tivities or while performing running or jumping activities. Its diag-
nosis is challenging and is often based on non-specific clinical
findings [1,2]. In the current report, we describe the case of a pa-
tient with a gluteus maximus muscle tear that was confirmed by
ultrasonography (US) and magnetic resonance imaging (MRI).

Case

This study was approved by the Institutional Review Board (IRB)
of the Yeungnam University Hospital (IRB No: 2020-06-066). All
authors declare that written informed consent was obtained from
the patient for publication of this case report and accompanying

images.

A 58-year-old woman visited the Department of Physical Medi-
cine and Rehabilitation in our hospital because of dull pain in the
left lateral gluteal region that she had been experiencing for 8 days.
The pain had started while she was hiking. The numeric rating
scale (NRS) score was 8 out of 10. Prior to this event, she had no
history of trauma, injury, or surgical operation on the gluteal or
pelvic area. On physical examination, the pain was observed to be
aggravated upon extension, abduction, and external rotation of
the left hip. Deep palpation revealed tenderness along the left lat-
eral gluteal region.

For the evaluation of the gluteal muscles with US (ACUSON
$2000; Siemens Korea, Seoul, Korea), a 12-MHz linear probe was
placed at the level of the lateral facet of the greater trochanter of
the left femur. The axial US image showed a retracted left gluteus
maximus muscle and an anechoic defect around its insertion site
in the iliotibial band (Fig. 1). On an MR], a partial tear in the left
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Fig. 1. Axial ultrasound image of the torn left gluteal muscles
(arrow). Gmax, gluteus maximus; Gmed, gluteus medius.

gluteus maximus was observed at its insertion site in the left ilio-
tibial band, suggesting grade 2 muscle strain (Fig. 2) [3]. At the
area adjacent to the site of the tear, fluid infiltration due to edema
and hemorrhage were also noted. No abnormal findings were ob-
served in the left gluteus medius, gluteus minimus, and iliotibial
band. Therefore, a partial left gluteal muscle tear was diagnosed.
The patient was treated with physical therapy at the involved re-
gion and oral analgesics. She reported relief from the pain (NRS
score, 2) after 1 month of treatment.

Discussion

This report describes a case in which a diagnosis of a gluteus max-
imus tear was confirmed with US and MRI. The gluteus maximus

is the largest muscle in the gluteal region and plays an important

Fig. 2. (A, B) Axial T2- and gadolinium-enhanced fat-suppressed T1-weighted magnetic resonance images (MRIs) at the level of the
lateral facet of the greater trochanter of the left femur. A partial tear of the left gluteus maximus muscle at its insertion site in the left
iliotibial band is observed (arrows). Fluid infiltration around the site of the tear (arrowhead), suggesting edema or hemorrhage, is also
observed. (C, D) Coronal T2- and fat-suppressed T2-weighted MRIs at the level of the lateral facet of the greater trochanter of the left
femur. There is a partial tear at the myotendinous junction of the left gluteus maximus and iliotibial band (arrows) with intramuscular
feathery fluid infiltration in the left gluteus maximus (arrowheads) suggesting grade 2 muscle strain.

158

https://doi.org/10.12701/yujm.2020.00500



Yeungnam Univ J Med 2021;38(2):157-159

role in maintaining balance during standing, walking, or running
by controlling the hip joint and thigh [4]. Dysfunction of this
muscle due to strain limits an individual’s daily activities. Clinical-
ly, a gluteal strain can be confused with several differential diagno-
ses, including hamstring strain, sciatic nerve lesion, gluteal tendi-
nopathy, bony fracture in the pelvis, lumbar radiculopathy, lumbar
facet pathology, and sacroiliac joint pathology. Therefore, a de-
tailed evaluation is necessary for an accurate diagnosis.

Although clinical examination forms the basis of diagnosis for
muscle strain, imaging evaluation is necessary to confirm the clin-
ical diagnosis [1,2]. US and MRI are useful tools for determining
the location and extent of the lesion and assessing possible com-
pression of the surrounding structures [ 1]. US has merits in that it
offers real-time images of soft tissues with great convenience. MRI
is better in detecting pathological changes in soft tissue and bone
and is useful for evaluating the pathology of deep muscles. The
combined use of these two diagnostic tools facilitates an accurate
diagnosis.

Based on the mechanism of injury, muscle injuries are classified
into extrinsic and intrinsic injuries [1]. In the case reported here-
in, the gluteus maximus tear was not caused by extrinsic injury,
and there were no contusions or penetration. Intrinsic injury is
caused by contraction or elongation of the muscle, usually result-
ing in destruction of muscle fibers at the myotendinous junction
[1]. In this patient, the gluteal muscle tear seemed to have oc-
curred by intrinsic injury at the myotendinous junction between
the gluteus maximus and the iliotibial band.

So far, US or MRI findings of gluteus maximus muscle tears
have rarely been reported in the literature. Therefore, this report
would be helpful for clinicians in diagnosing gluteus maximus

muscle tears.
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Oculocutaneous albinism (OCA) is a group of rare genetically heterogeneous disorders, character-
ized by hypopigmentation of the eyes, skin, and hair, which result in ocular abnormalities and a
risk of developing skin cancer. Currently, there is no ophthalmologic procedure or drug that pre-
vents the clinical features of OCA. Here, we report a new type of OCA in two, unrelated Korean
families with the same OCA2 mutation. Affected individuals in this study are different from those
of previous reports in two aspects: an inheritance pattern and clinical presentation. All reported
patients with OCA have shown an autosomal recessive inheritance pattern, while our patients
showed an autosomal dominant inheritance pattern. Small amounts of pigment can be acquired
with age in OCA, but there is no substantial variation from adolescence to adulthood in this re-
gard. A case where the patient attained normal pigmentation levels has never been reported.
However, our patients displayed completely normal pigmentation in their late twenties. Whole
exome sequencing and in-silico analysis revealed a novel mutation, OCA2 ¢.2338G > A p.(G780S)
(NM_000275) with a high likelihood of pathogenicity. Sanger sequencing of p.G780S identified
the same mutation in the affected individuals, which was not found in the family members with
normal phenotype. We hypothesize that 0CA2 G780S not only acts as a pathogenic variant of
OCA but also induces pigmentation by enhancing the melanogenesis gene expression of other
modifier genes, such as SLC45A2 and TPC2. These findings may provide further understanding of
melanin biosynthesis and new treatment methods for OCA.

Keywords: Mutation; Oculocutaneous albinism; Whole exome sequencing

Introduction

Oculocutaneous albinism (OCA) is a group of rare genetically het-
erogeneous disorders. OCA is an autosomal recessive disorder as-
sociated with mutations in genes which control the biosynthesis of
the melanin pigment [ 1]. The pigmentary system is dependent on
the production of melanin, the light-absorbing biopolymer found

within ocular, epidermal, and follicular melanocytes [2]. OCA is
characterized by hypopigmentation of the eyes, skin and hair,
which results in ocular abnormalities and a risk of developing skin
cancer. All patients with OCA are accompanied by ocular abnor-
malities, such as nystagmus, reduced visual acuity, photophobia,
strabismus, foveal hypoplasia, hypopigmentation of the iris, and

color vision impairment [3]. Currently, there is no ophthalmologic
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procedure or drug that prevents the clinical features of OCA. The
clinical spectrum of OCA varies, ranging from mild hypomelano-
sis to complete lack of melanin production, which is mainly associ-
ated with tyrosine metabolism [4].

To-date, seven types of OCA (OCAL1-7) have been identified,
depending on a different genetic defect. OCA2, which is the most
common type of albinism worldwide [5], is caused by pathogenic
variants of OCA2 gene [6]. The OCA2 locus maps to chromo-
some 15q and is the human homolog of the mouse pink-eyed dilu-
tion gene encoding the P protein [7-9]. The mutation types caus-
ing OCA2 are variable, including missense/nonsense single nucle-
otide variations (SNVs), splicing variations, small indels, and large
indels. So far, 184 relevant mutations have been reported in Hu-
man Gene Mutation Database (HGMD, professional 2019.4).
The most common OCA2 mutation is a 2.7-kb deletion on exon 7,
which is found in many affected individuals of sub-Saharan African
descent [10]. Other OCA2 mutations, including missense/non-
sense SNVs and small deletions, are more common in other popu-
lations (https: //ghr.nlm.nih.gov/gene/ OCA2).

Prevalence of OCA2 is approximately 1:38,000 to 1:40,000 in
most populations throughout the world. The exception to this is
the African population, in which the prevalence is estimated at
1:1,500 to 1:3,900 [ 10,11]. Here we report a new type of OCA in

two unrelated Korean families with the same OCA2 mutation.

I-1

Case

Participants were sourced from two, unrelated Korean families
comprising four generations. This study was approved by the Insti-
tutional Review Board of the Kyungpook National University
Hospital (IRB No: KNUH 2016-06-011). Written informed con-
sents were obtained from the patient’s parents for publication of
this case report and accompanying images.

A 4-year-old Korean male patient came to seek medical attention
for genetic diagnosis of albinism. The patient had ivory skin, medi-
um blond hair, and light brown eyes (Fig. 1A). The father of the pa-
tient was also diagnosed with OCA when he was young (Fig. 1B).
On ophthalmologic examination, best-corrected visual acuity
(BCVA) was 20/50 for both eyes. He presented with esotropia
and reduced stereoscopic vision. The iris was hypopigmented, but
iris translucency was not evident on slit lamp examination. Fundus
examination showed hypopigmented fundi (Fig. 1C). The patient
was born with pale white skin and blond hair, both of which had
acquired increased pigmentation with age. The color of his eyes,
skin and hair gradually became darker and attained normal pig-
mentation in his late twenties. At the time of the visit, the father
showed normal black hair and tan skin (Fig. 1A). The albinism
showed an autosomal dominant inheritance pattern through the
history of the family: the father, one of his aunts, grandfather, and
great-grand mother (Fig 1D).

11-2
(Affected father)

_Q

-2

-3 I1-4
V-2

(Affected son)

Fig. 1. (A) General appearance of the affected son and the affected father of the first family at the time of visit. (B) The father of the
patient also had oculocutaneous albinism when he was young. (C) Hypopigmented fundi of the affected son. (D) The pedigree shows
autosomal dominant inheritance. (E) Chromatograms of family members showing the same OCA2 mutation in the affected individuals.
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Fig. 2. (A) General appearance of the affected daughter at the time of visit. (B) General appearance of the affected daughter and her
unaffected sister. (C) The affected daughter had pale white skin and blond hair when she was just born. (D) Hypopigmented fundi of the
affected daughter. (E) The pedigree shows autosomal dominant inheritance. (F) Chromatograms of family members showing the same

OCA2 mutation in the affected individuals.

A 6-year-old Korean female patient was referred for evaluation of
hypopigmentation. She had ivory skin, dark blond hair, and light
brown eyes (Fig. 2A). Her younger sister had normal pigmentation
(Fig. 2B). She had pale white skin and blond hair when she was
born (Fig. 2C). On ophthalmologic examination, BCVA was
20/25 for both eyes and fundus examination showed hypopig-
mented fundi (Fig. 2D). A gradual increase in pigmentation was
observed in the color of her eyes, skin and hair compared to the
time of her birth. Similar to the father of the male patient described
earlier, her father had OCA when he was young, the characteristics
of which became darker and attained normal pigmentation in his
late twenties. The albinism showed an autosomal dominant inheri-
tance pattern through the father, grandmother, great-granduncle,
and great-grandmother (Fig. 2E). The affected individuals had
similar characteristics which displayed progressive darkening and
completely normal pigmentation by their late twenties.

‘Whole exome sequencing and in-silico analysis revealed a novel
mutation, OCA2 ¢.2338G > A p.(G780S) (NM._000275). In-silico
analysis was performed using bioinformatics software programs
such as SIFT (http:/ /siftjcvi.org/ ), polyPhen-2 (http: // genetics.
bwh.harvard.edu/pph2/ ), and phastCons score. Prediction results
were deleterious (0.00) in SIFT and damaging (1.00) in poly-
Phen-2, indicating that the amino-acid substitutions have a high
probability of pathogenicity. G780S was extremely conserved in
multiple species with phastCons scores of 1.0, and has never been
reported in the HGMD, HGMD Professional database, dbSNP, or
the 1000 Genomes database with a minor allele frequency of 0.
Sanger sequencing of p.G780S validated the same mutation in the

162

affected individuals which was not identified in the family mem-
bers with normal phenotype (Fig. 1E, 2F).

Discussion

OCA2 encodes a pigment cell-specific, 12-transmembrane do-
main protein with homology to ion permeases. G780S is located in
one of the extracellular topological domains of OCA2. Several
studies demonstrated the function of OCA2 as a positive regulator
of pH neutralization and melanogenesis promotion [12,13]. TYR
is the key enzyme for melanogenesis which is solely dependent on
neutral pH. Ion transport proteins such as OCA2, SLC45A2, and
TPC2 function together to promote TYR function in a so called
“combinational function of ion transport proteins” for the mainte-
nance of pH [14]. OCA2 induces large outward Cl- conductance
which is essential for maintaining neutral pH for melanosomes
[14]. SLC45A2 and TPC2 act as modifier genes of OCA2. Modifi-
er genes are defined as genes that affect the phenotypic properties
of other genes. Genetic modifiers can affect penetrance, domi-
nance, expressivity, and pleiotropy. The P protein is not composed
of dimers and seems unlikely to have a dominant-negative effect. It
might represent a gain-of-function due to other historical genetic
factors of melanogenesis in these families.

Known pathogenic mutations of OCA2 include V4431, P743L,
and A481T. Patients with compound heterozygous mutations of
V4431 and P743L had severe OCA2 phenotypes [15]. OCA2
A481T has previously been reported to result in partial function of
the P protein [15-17]. Melanin production gradually increased in

https://doi.org/10.12701/yujm.2020.00339
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patients with OCA2 A481T during childhood, but no case had
been reported where a patient attained normal pigmentation. The
patients with OCA2 A481T had a compound heterozygous patho-
genic OCA2 mutation in the other allele, and heterozygous carriers
of OCA2 A481T did not show hypopigmentation [ 18]. Most car-
riers are normally asymptomatic as pathologic mutation in one
copy of the OCA2 gene does not result in OCA. However, some
individuals have been reported to have mild phenotypes, such as a
small degree of iris transillumination, or hair and skin hypopig-
mentation in a heterozygous state [18]. In another study, carriers
0f N476D of OCA2 presented with a mild hypopigmentation phe-
notype, which was particularly obvious at a young age [19].

Affected individuals in this study are different from those previ-
ously reported in two aspects: an inheritance pattern and clinical pre-
sentation. All reported patients with OCA to-date have shown an au-
tosomal recessive inheritance pattern, while our patients showed an
autosomal dominant inheritance pattern. There has never been a re-
ported case of a patient who attained normal pigmentation, while
our patients displayed completely normal pigmentation in their late
twenties. Individuals with OCA2 mutation can acquire small
amounts of pigment with age, but this does not vary substantially
from adolescence to adulthood [20].

In summary, we report a novel OCA2 gene mutation found in two
OCA families. We hypothesize that OCA2 G780S not only acts as a
pathogenic variant of OCA, but also induces pigmentation by en-
hancing melanogenesis gene expression of other modifier genes,
such as SLC45SA2 and TPC2. These findings may provide further
understanding of melanin biosynthesis and new treatments of OCA.
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We report the case of a 16-month-old patient with chronic immune thrombocytopenia (ITP) pa-
tient who experienced delayed treatment-free response (TFR) after romiplostim treatment. He re-

ceived intravenous immunoglobulin every month to maintain a platelet count above 20,000/uL
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Introduction

Immune thrombocytopenia (ITP) is the most common cause of
thrombocytopenia in children [1]. Chronic ITP lasts for over 12
months after the initial diagnosis. Most patients with chronic ITP
cannot achieve remission with conventional treatments (intrave-
nous immunoglobulin [IVIG], corticosteroid, and anti-D immu-
noglobulin) or experience relapse after remission [2]. Thrombo-
poietin receptor agonists (TPO-RAs) such as romiplostim and el-
trombopag are promising agents against chronic ITP in children
and adults [3]. Romiplostim stimulates TPO receptors to increase
platelet production in chronic ITP. Romiplostim is approved for
use in adults and children [3]. Some patients experience a treat-
ment-free response (TFR) after treatment with TPO-RA [4].
Here we report the case of a delayed TFR after romiplostim treat-

for 2 years. Thereafter, he received rituximab and cyclosporine as second-line therapy, with no
response, followed by romiplostim. After 4 weeks of treatment, the platelet count was main-
tained above 50,000/uL. Following 7 months of treatment, he discontinued romiplostim, and the
platelet count decreased. His platelet counts remained above 50,000/uL, without any bleeding
symptoms, 2 years after romiplostim discontinuation. This is the first report of TFR after romi-
plostim treatment in pediatric chronic ITP.

Keywords: Child; Immune thrombocytopenia; Idiopathic thrombocytopenic purpura; Romiplos-

ment in a pediatric patient with chronic ITP.

Case

This study was approved by the Institutional Review Board (IRB)
of the Yeungnam University Medical Center (IRB No: 2019-12-
024). Written informed consent was obtained from the parent/
guardian for publication of this case report and accompanying im-
ages.

A 16-month-old boy presented with petechiae, bruises, and ec-
chymoses of the trunk and extremities. He was diagnosed with
acute ITP and was treated with IVIG. He relapsed within a month
and was tested for a secondary cause of ITP. The tests were per-
formed to differentiate between viral infections and autoimmune

diseases, which can cause secondary ITP. The laboratory findings

Copyright © 2021 Yeungnam University College of Medicine
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were as follows: white blood cell count, 17,980/uL (58% neutro-
phils); hemoglobin level, 14 g/dL; and platelet count, 3.000/pL.
Kidney and liver function test results were unremarkable. Other
laboratory findings were as follows: C-reactive protein level, 0.563
mg/dL (range, < 0.5 mg/dL); erythrocyte sedimentation rate, 22
mm/hour (range, 0-20 mm/hour); C3 level, 159.4 mg/dL
(range, 90-180 mg/dL); C4 level, 28.2 mg/dL (range, 10-40
mg/dL); CHSO0 level, 40.8 U/mL (range, 23-46 U/mL); antinu-
clear antibody, negative; anti-Smith antibody, negative; antiplate-
let antibody, negative; and venereal disease research laboratory
test, non-reactive. In addition, the bone marrow showed increased
numbers of megakaryocytes and non-platelet budding mi-
cro-megakaryocytes as well as increased cellularity. Therefore, he
was diagnosed with primary ITP.

He was treated with IVIG (1 g/kg/day for 2 days) every 4 to 6
weeks for 2 years to maintain the platelet count above 20,000/ pL.
His platelet count showed a pattern of a temporary increase to
over 100,000/ pL after IVIG administration and then decreased to
less than 10,000/ L after 2 to 3 weeks. Steroids such as dexameth-
asone and prednisolone had no effect on the platelet count, which
was continuously less than 10,000/pL. Systemic bruising, pete-
chiae, and mucocutaneous bleeding occurred repeatedly when
the platelet levels dropped below 20,000/pL. Two years after di-
agnosis, he was treated with rituximab (375 mg/ m’/ day for 4
weeks) and cyclosporine as second-line therapy, but he showed
no response. The patient was treated with romiplostim (initial
dose, 1 pg/kg/week) at 49 months (ie., 33 months after diagno-

sis); the romiplostim dose was later increased to 10 pg/kg/week.
Romiplostim was purchased through the Korea Orphan & Essen-
tial Drug Center (KOEDC) (Seoul, Korea). After 4 weeks of
treatment, his platelet counts increased (Fig. 1). During the 7
months of romiplostim treatment, he showed no bleeding symp-
toms and required no additional IVIG or steroid treatment. No
adverse effects of romiplostim such as headache, skeletal pain, ab-
dominal pain, or thromboembolism were observed. After 7 months
of romiplostim therapy, he discontinued romiplostim due to the
economic burden, and his platelet count decreased again while he
continued IVIG treatment. However, the frequency of annualized
IVIG treatment gradually decreased after romiplostim treatment
(Fig. 2).

Two years after romiplostim discontinuation, his platelet count
remained above 50,000/uL, and he achieved TER for over 36
months with no treatment. In addition, no bleeding symptoms

were observed.

Discussion

ITP is an autoimmune-mediated acquired bleeding disorder char-
acterized by isolated thrombocytopenia, which is defined as a pe-
ripheral blood platelet count below 100 x 10%/ uL, with no obvi-
ous initiating and/or underlying cause. ITP affects patients of all
ages, genders, and races; age-specific incidence is the greatest in
children and the elderly [S].

The mechanism underlying platelet count reduction in ITP
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Fig. 1. Changes in the platelet count during romiplostim treatment. IVIG, intravenous immunoglobulin.
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was previously considered to be due to increased platelet de-
struction by autoantibodies. However, it has recently been
found that platelet count reduction in ITP occurs via more com-
plicated mechanisms related to impaired platelet production
and T cell-mediated effects [6,7]. ITP usually presents with
bleeding, fatigue, thrombosis, and symptoms associated with
disorders causing secondary ITP, such as systemic lupus, hepati-
tis C, infection, and lymphoid malignancy. Primary ITP is diag-
nosed by exclusion.

TPO is a 94-kDa protein primarily synthesized in the liver and
secreted into circulation; it has no storage form. TPO and TPO
mimetics reverse the apoptotic effects of antiplatelet/megakaryo-
cyte antibodies (or local T cell inhibition) on late megakaryocyte
progenitors, but not on the late megakaryocytes themselves be-
cause it takes S to 7 days before the platelet count increases in re-
sponse to a TPO-RA [8].

The efficacy of romiplostim in 125 adult patients with ITP, in-
cluding 63 splenectomized and 62 non-splenectomized patients,
was assessed in a double-blind randomized controlled trial. The
overall platelet response rate was 88% in non-splenectomized pa-
tients and 79% in splenectomized patients treated with romiplos-
tim. In addition, 87% of patients who received romiplostim re-
duced or discontinued concurrent therapy. Thus, the study shows
that stimulation of platelet production by romiplostim may pro-
vide a new therapeutic option for patients with ITP [8].

In a phase 3, randomized, double-blind, and placebo-controlled
study of 62 children under 18 years treated for ITP, romiplostim
increased platelet counts and improved health-related quality of
life in children with primary ITP [4,9]. In a study of long-term
treatment with romiplostim in children with chronic ITP, romi-
plostim increased and maintained platelet counts without signifi-
cant toxicity for > 6 months [10]. TFR was maintained in 23% of
children for > 6 months with no medication, including romiplos-

https://doi.org/10.12701/yujm.2020.00493

tim. In that study, the factors predictive of spontaneous TFR in
children with ITP included a higher platelet count at diagnosis
(>60,000/pL), younger age, recent onset ( <2 weeks) of bleed-
ing symptoms, decreased bleeding in the first 6 months, and high-
grade bleeding at diagnosis. In a multicenter Spanish adult study,
receiving romiplostim as the first TPO-RA was positively associ-
ated with the likelihood of achieving TFR, while switching the
TPO-RA negatively predicted TFR [11].

Our patient was diagnosed at a very young age and showed a
good response to romiplostim; therefore, romiplostim was not
switched to any other TPO-RA. Although his platelet levels de-
creased after romiplostim discontinuation, a delayed TFR was ob-
served.

Although eltrombopag, another oral TPO, may be a better op-
tion when considering patient comfort, it was not recommended
for use in children in Korea at the time. Romiplostim was supplied
by the KOEDC; therefore, we used romiplostim first.

In conclusion, romiplostim is a potential treatment option for
chronic ITP in children when considering the long-term compli-
cations of splenectomy, such as infection and thromboembolism
after splenectomy. The possibility of TFR is high with romiplos-
tim; therefore, romiplostim should be considered when choosing
an alternative therapy in children with chronic ITP. Further stud-
ies with long-term follow-up are required to determine the effica-
cy of romiplostim and TPO-RA-associated TFR.
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Mucoepidermoid carcinoma (MEC) is the most common malignant neoplasm of the salivary
gland, but primary thyroid MEC has rarely been reported and usually has a good prognosis. Here-
in, | report a case of thyroidal MEC with a poor prognosis in an 82-year-old woman with an an-
terior neck mass. Ultrasonography and computed tomography revealed a thyroid mass. The pa-
tient initially underwent fine-needle aspiration, was diagnosed with malignancy, and underwent
a right lobectomy. On gross examination, a 4.0x 3.6 x 2.6 cm-sized ill-defined, unencapsulated,
and infiltrative tan to whitish mass with necrosis was identified. Microscopically, epidermoid tu-
mor cell nests or solid sheets were identified. Mucous cells that were positive for periodic acid-
Schiff and mucicarmine stains were also identified within epidermoid cell nests. Frequent mitosis
and necrosis were observed. Immunohistochemical staining for p40 and p63 was positive, and
that for thyroid transcription factor-1 and paired box gene 8 was focally positive. According to
the Armed Forces Institute of Pathology grading system for salivary gland MEC, the current case
was classified as high-grade MEC. After surgery, the patient suffered from dyspnea due to a rem-
nant neck mass that compressed and obstructed the trachea; therefore, the patient refused fur-
ther treatment. Thyroidal MECs are considered low-grade with a favorable prognosis, but there
are several reported cases of thyroidal MEC with poor prognosis. The current case is a rare pre-
sentation of high-grade thyroidal MEC with a poor prognosis.

Keywords: Carcinoma; Mucoepidermoid carcinoma; Prognosis; Thyroid gland

Introduction

Mucoepidermoid carcinomas (MECs) are malignant neoplasms
that mostly arise in the salivary gland [1], and also in the digestive
tract, respiratory tract, pancreas, and breast [2] In rare cases,
MEC:s arise in the thyroid gland. MECs are classified as low-, inter-
mediate-, or high-grade according to their histologic features 3],
with most cases being classified as low-grade. However, only 49
MEC cases in the thyroid have been reported in the English litera-
ture, with nine cases having a poor prognosis [4].

Herein, I present the case of a high-grade MEC in the thyroid of

an 82-year-old woman with a poor prognosis.

Case

This study was approved by the Institutional Review Board of
Keimyung University Dongsan Hospital (IRB No: DSMC 2021-
01-041), and the need for informed consent was waived.

An 82-year-old woman visited our hospital because of a right an-
terior neck mass that persisted for a month. She had undergone a
left lobectomy of the thyroid gland approximately 30 years ago at
an outside hospital because of unknown causes. On ultrasonogra-
phy, a 4.5 cm hypoechoic mass was identified in the right thyroid
gland. On computed tomography, the mass showed as a hy-
podense lesion with peripheral enhancement (Fig. 1).

Copyright © 2021 Yeungnam University College of Medicine
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Fig. 1. Radiological findings. (A) A 4.5 cm-sized hypoechoic mass (arrow) on ultrasonography and (B) a hypoechoic mass (arrow) with

peripheral enhancement on computed tomography.

Fig. 2. Cytological findings. (A) Polygonal-shaped atypical cell clusters with high nuclear-cytoplasmic ratio and prominent nucleoli
are seen (Papanicolaou stain, x400). (B) Scattered single cells with intracytoplasmic vacuole (arrow) are identified (Papanicolaou stain,

x400).

The patient initially underwent fine-needle aspiration of the
right thyroid mass. The smear showed atypical cell clusters and
scattered single cells with a dirty inflammatory background. The
atypical cells were polygonal-shaped. The nuclear-cytoplasmic ra-
tio was high, and prominent nucleoli were observed. Some scat-
tered single cells with intracytoplasmic vacuoles were identified as
signet ring cells (Fig. 2). These cytologic features strongly implied
malignancy.

Two weeks later, the patient underwent right lobectomy with se-
lective neck dissection for right level IV lymph nodes. In the surgi-
cal field, the right thyroid mass was adhered to the surrounding tis-
sue and invaded the trachea; hence, the mass could not be com-
pletely removed.

On gross examination, a 4.0 X 3.6 x 2.6 cm-sized ill-defined, un-
encapsulated, and infiltrative tan to whitish mass was identified.
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Fig. 3. Gross findings. A 4.0x3.6x2.6 cm-sized ill-defined
infiltrative tan to whitish mass with necrosis is present.
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Necrosis was also observed in the mass (Fig. 3). The remaining
thyroid gland parenchyma was unremarkable. All of the right thy-
roid mass was made into formalin-fixed, paraffin-embedded
blocks.

Microscopically, the right thyroid mass was composed of large
irregular nests or solid sheets of tumor cells surrounded by fibrotic
stroma with necrosis. The tumor cell populations consisted pre-
dominantly of polygonal epidermoid cells with abundant ampho-
philic cytoplasm and large nuclei having prominent nucleoli. Kera-
tin pearls were also identified in epidermoid cell nests. Mitoses
were frequently observed as up to 25 per 10 high-power fields
(HPFs). Individually vacuolated cells were present within epider-

moid cell nests. Special stains, periodic acid-Schiff and mucicar-

mine, demonstrated mucin globules in vacuolated cells (Fig. 4).
There was no evidence of well-differentiated thyroid carcinomas,
such as papillary thyroid carcinoma, follicular thyroid carcinoma,
or medullary thyroid carcinoma. In addition, there were no ana-
plastic features on any of the slides.

Immunohistochemical staining for p40, p63, thyroid transcrip-
tion factor-1 (TTF-1), and paired box gene 8 (PAX8) was per-
formed. The epidermoid cells were positive for p40 and p63 and
were focally positive for TTF-1 and PAX8 (Fig. 5). These histolog-
ic findings and immunohistochemical staining results were consis-
tent with the diagnosis of thyroidal MEC. Metastatic carcinoma

with perinodal extension was also revealed in one out of seven

right level IV Iymph nodes.

Fig. 4. Histological findings. (A) Large irregular nests or solid sheets of tumor cells surrounded by fibrotic stroma with necrosis are
identified (hematoxylin and eosin [H&E] stain, x100). (B) The epidermoid cells have prominent nucleoli and keratin pearl formation (H&E
stain, x200). (C) Mitoses are frequently identified (H&E stain, x400). (D) Vacuolated cells are located within epidermoid cells (H&E stain,
x400). (E) Mucicarmine stain highlights intracytoplasmic mucin droplets (mucicarmine stain, x400).
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Fig. 5. Immunohistochemical results. The epidermoid cells are diffusely positive for (A) p63 and focally positive for (B) thyroid
transcription factor-1 and (C) paired box gene 8 (immunohistochemical stain, x400).
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Radiation therapy for residual tumors was planned as a further
treatment for the patient. However, 1 month after surgery, the pa-
tient visited our emergency room for dyspnea due to a cystic right
neck mass that compressed and obstructed the trachea. The pa-
tient refused further adjuvant therapy and was transferred to an

outside hospital.

Discussion

MEC is a malignant epithelial neoplasm composed of epidermoid,
mucous, intermediate, columnar, and clear cells that often demon-
strate prominent cystic growth [5]. MECs are most commonly en-
countered as malignant neoplasms of salivary glands [6]. MECs
also arise in the bronchus, breast, esophagus, and pancreas [ 7], and
are thought to originate from intermediate cells that differentiate
into epidermoid, mucous, and clear cells [5]. On immunohisto-
chemical staining, epidermoid cells are positive for p63, p40, and
cytokeratin 5/6. Therefore, these are useful markers for MECs [ 8].

MEC:s in salivary glands are graded as low-, intermediate-, and
high-grade based on morphological and cytological features.
Prominent cystic components are the hallmark of low-grade MEC,
and mucous cells are more frequently identified in low-grade
MECs than in intermediate- and high-grade MECs [5]. In the
Armed Forces Institute of Pathology (AFIP) grading system, high-
grade features include a low proportion (less than 20%) of intra-
cystic components, neural invasion, necrosis, mitotic ﬁgures, and
anaplasia. A quantitative AFIP grading system was used based on
the scores for each of the five histopathological features. Tumors
with a score of 0 to 4 were considered low-grade, a score of S or 6
was intermediate-grade, and a score of 7 to 14 was considered
high-grade [3]. The prognosis of high-grade MECs is very poor
compared to that of intermediate- and low-grade MECs. The over-
all survival and disease-free survival of high-grade MEC:s are ap-
proximately 50%, compared to approximately 90% of intermedi-
ate- and low-grade MECs [9].

In the thyroid, MECs are rare malignant neoplasms, accounting
for 0.5% of thyroid malignancies, with approximately 49 cases re-
ported in the English literature [4]. Patients are aged 10 to 91 years
and predominantly female [ 1]. The origin of MECs in the thyroid
gland is unclear; however, thyroid follicular epithelium [10] or sol-
id cell nests [ 11] are regarded as suspicious candidates. Some au-
thors have proposed that MECs can arise from metaplastic dedif-
ferentiation of papillary thyroid carcinoma, follicular thyroid carci-
noma, or oncocytic carcinoma [7]. The microscopic findings of
MEC in the thyroid gland are similar to those in the salivary gland.
Intermingled epidermoid and mucous cells are arranged in cords,
nests, or solid sheets in the fibrotic stroma. Epidermoid cells have
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intercellular bridges and undergo keratinization. The mucous cells
have abundant foamy to clear or vacuolated cytoplasm and exhibit
a peripherally displaced nucleus. The foamy to clear cytoplasm is
positive for periodic acid-Schiff and mucicarmine stains [ 12]. Mi-
tosis and necrosis are rare. Unlike the salivary gland, a grading sys-
tem for thyroidal MEC has not yet been established. MECs in the
thyroid are generally considered low-grade malignancies and have
a favorable prognosis. However, poor prognostic cases of MECs
have also been reported [4].

In the current case, the tumor had large irregular nests or solid
sheets of tumor cells surrounded by fibrotic stroma. The tumor
was composed of epidermoid cells with prominent nucleoli, kera-
tin pearls, and vacuolated mucous cells. Necrosis and frequent mi-
toses were also identified. Based on the AFIP grading system [3],
the score of the current case was eight (Table 1) and was therefore
classified as high-grade. The patient’s hospital course matched the
tumor grade. As previously described, MECs in the thyroid may be
associated with well-differentiated thyroid tumors [7]; however, in
the current case, there was no evidence of a well-differentiated thy-
roid tumor on any of the slides.

The differential diagnosis of high-grade MEC includes poorly
differentiated thyroid carcinoma (PDTC), anaplastic thyroid carci-
noma (ATC), sclerosing MEC with eosinophilia (SMECE), and
squamous cell carcinoma (SCC). PDTC is a rare follicular cell-de-
rived thyroid tumor with limited evidence of thyroid follicular dif-
ferentiation. Histologically, PDTC is a solid, trabecular, and insular
growth pattern with convoluted nuclei, increased mitotic activity
(three or more mitoses per 10 HPFs), and coagulative tumor ne-
crosis. No mucous cells are observed in PDTC. Immunohisto-
chemically, PDTC is positive for TTF-1 and PAX8 but negative for
p63 and p40 [13]. ATC is a highly aggressive thyroid malignancy
that is composed of undifferentiated thyroid follicular cells. Histo-

Table 1. The point score and grade of present case according to Armed
Forces Institute of Pathology (AFIP) grading system for mucoepidermoid
carcinoma

AFIP grading system Current case
Histologic parameter (point value)
Intracystic component < 20% (2) Yes
Neural invasion present (2) No
Necrosis present (3) Yes
Mitosis, 4 or more per 10 high-power fields (3) Yes
Anaplasia present (4) No
Total point score 8
Tumor grade (point score)
Low (0-4)
Intermediate (5-6)
High (7-14) Yes
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logically, ATC is composed of sarcomatoid spindle cells and giant
cells that are morphologically indistinguishable from sarcomas.
Immunohistochemically, ATC is positive for PAX8 but negative
for TTF-1, p63, and p40 [ 14]. SMECE is a rare thyroid tumor de-
rived from the metaplastic squamous epithelium or solid cell nests.
The histologic findings of SMECE include squamous and mu-
cus-secreting cells within a fibrohyaline stroma and eosinophilic
infiltrates in the background of Hashimoto thyroiditis [ 15]. SCC
of the thyroid gland is an extremely rare thyroid tumor composed
entirely of tumor cells with squamous differentiation without mu-
cous cells [16].

Initially, fine-needle aspiration cytology revealed polygo-
nal-shaped malignant squamoid cells. The differential diagnosis of
the current case included MEC, ATC, diffuse sclerosing variant of
papillary thyroid carcinoma (DSVPTC), and carcinoma showing
thymus-like differentiation (CASTLE). In ATC, the smear shows
markedly anaplastic, spindle, or squamoid cells with marked nucle-
ar pleomorphism. In DSVPTC, the smear shows cohesive epitheli-
al cell clusters composed of squamoid cells with classic papillary
thyroid carcinoma features [17]. In CASTLE, a single epithelial
cell with three-dimensional fragments of cohesive epithelioid cells
with squamoid and basaloid features is observed [ 18]. In the cur-
rent case, vacuolated cells were observed. Also, classic papillary
thyroid carcinoma features were not identified.

Thyroidal MEC is a rare malignant neoplasm, with only 49 re-
ported cases to date [4]. Commonly, this rare malignant tumor is
considered low-grade, but several cases with poor outcomes have
also been reported [ 1,4]. Herein, a very rare case of primary thy-
roid high-grade MEC with a poor prognosis has been described.
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« The secondary version informs readers, peers, and documenting
agencies that the paper has been published in whole or in part
elsewhere—for example, with a note that might read, "This ar-
ticle is based on a study first reported in the (journal title, with
full reference)”—and the secondary version cites the primary
reference.

« The title of the secondary publication should indicate that itis a
secondary publication (complete or abridged republication or
translation) of a primary publication. Of note, the United States
National Library of Medicine (NLM) does not consider trans-
lations as "republications” and does not cite or index them when
the original article was published in a journal that is indexed in
MEDLINE.

Registration of the clinical trial research

Clinical trial defined as “any research project that prospectively as-
signs human subjects to intervention and comparison groups to
study the cause-and-effect relationship between a medical inter-
vention and a health outcome” should be registered to the prima-
ry registry to be prior publication. YUJM accepts the registration
in any of the primary registries that participate in the WHO Inter-
national Clinical Trials Portal (http://www.who.int/ictrp/en/),
NIH ClinicalTrials.gov (http://www.clinicaltrials.gov), ISRCTN
Resister (www.ISRCTN.org), or the Clinical Research Informa-
tion Service (CRIS), Korea CDC (https://cris.nih.go.kr/cris/in-
dexjsp). The clinical trial registration number shall be published
at the end of the abstract.

Data sharing statement

YUJM accepts the ICMJE Recommendations for data sharing
statement policy (http: //icmje.org/icmje-recommendations.
pdf). All manuscripts reporting clinical trial results should submit
a data sharing statement following the ICMJE guidelines from 1
July 2018. Authors may refer to the editorial, “Data Sharing state-
ments for Clinical Trials: A Requirement of the International
Committee of Medical Journal Editors,” in JKMS Vol. 32, No. 7:
1051-1053 (http://crossmark.crossref.org/dialog/2?doi = 10.3346/
jkms.2017.32.7.1051&domain = pdf&date _stamp =2017-06-05).
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Process to manage the research and publication misconduct
When the Journal faces suspected cases of research and publica-
tion misconduct such as a redundant (duplicate) publication, pla-
giarism, fabricated data, changes in authorship, undisclosed con-
flicts of interest, an ethical problem discovered with the submitted
manuscript, a reviewer who has appropriated an author’s idea or
data, complaints against editors, and other issues, the resolving
process will follow the flowchart provided by the Committee on
Publication Ethics (http://publicationethics.org/resources/flow-
charts). The Editorial Board of YUJM will discuss the suspected
cases and reach a decision. YUJM will not hesitate to publish erra-
ta, corrigenda, clarifications, retractions, and apologies when
needed.

For the policies on research and publication ethics not stated in
the Instructions, Guidelines on Good Publication (http://publi-
cationethics.org) or Good Publication Practice Guidelines for
Medical Journals (http://kamje.or.kr) can be applied.

Categories of publications

YUJM publishes editorials, review articles, original articles, case
reports, and communications. Editorials are invited perspectives
on an area of medical science, dealing with very active fields of re-
search, current medical interests, fresh insights and debates. Re-
view articles provide a concise review of a subject of importance
to medical researchers written by an invited expert in medical sci-
ence. Original articles are papers reporting the results of basic and
clinical investigations that are sufficiently well documented to be
acceptable to critical readers. Case reports deal with clinical cases
of medical interest or innovation. Communications are interesting

and instructive information for readers.

Manuscript submission

The main document with manuscript text and tables should be
prepared with a Microsoft Word program. Authors should submit
manuscripts via the online submission system (https: //submit.
e-yujm.org/ ). Please log in first as a member of the system and fol-
low the directions. Manuscripts should be submitted by the corre-
sponding author, who should indicate the address and phone
number for correspondence in the title page of the manuscript. If
available, a fax number and e-mail address would be helpful. The
revised manuscript should be submitted through the same web
system under the same identification numbers. Items pertaining to
manuscripts submitted for publication, as well as letters or other
forms of communication regarding the editorial management of
YUJM, all correspondences and business communications should
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be sent to:
Joon Hyuk Choi, M.D., Ph.D,, Editor-in-Chief
Yeungnam University Journal of Medicine
Yeungnam University College of Medicine
170 Hyeonchung-ro, Nam-gu, Daegu 42415, Korea
Tel: +82-53-640-6832, Fax: +82-53-651-0394
E-mail: yujm@yu.ackr
Homepage: https://www.e-yujm.org

Peer review process

YUJM reviews all manuscripts received. A manuscript is previewed
for its format and academic relevancy, and then rejected or sent to
the 2 (or more) relevant investigators available for review of the con-
tents. The editor selects peer referees by recommendation of the
editorial board members or from the board's specialist database.
The identities of the reviewers and authors will not be revealed
(double blinded review). All the radiologic images and pathologic
(microscopic) images are reviewed by radiologist or pathologist for
appropriateness. A manuscript containing statistical analysis will be
reviewed by a statistical editor.

Upon completion of the review, authors will receive notifica-
tion of the Editor's decision by e-mail with comments offered by
the reviewers. Revised manuscripts must be submitted within 3
months of the date on the decision letter.

Acceptance of manuscripts is based on many factors, including
the importance, originality, and priority of the research. Accep-
tance of the manuscript is decided based on the critiques and rec-
ommended decision of the referees. A referee may recommend
“accept”, “minor revision’, “major revision’, or “reject.” If there is a
marked discrepancy in the decisions between two referees or be-
tween the opinions of the author and referee(s), the editor may
send the manuscript to another referee for additional comments
and a recommended decision. The reviewed manuscripts are re-
turned back to the corresponding author with comments and rec-
ommended revisions. Names and decisions of the referees are
masked. A final editor's decision on acceptance or rejection for
publication is forwarded to the corresponding author from the
editorial office.

The usual reasons for rejection are topics that are too specific
and target audience that is too limited, insufficient originality, seri-
ous scientific flaws, poor quality of illustrations, or absence of a
message that might be important to readers. Rarity of a disease
condition is itself not an acceptable justification for a case report.
The peer review process takes usually 2—4 weeks after the manu-
script submission.

Revisions are usually requested to take account of criticisms and

comments made by referees. The revised manuscript should be re-
submitted via the web system. Failure to resubmit the revised manu-
script within 2 months without any notice from the corresponding
author is regarded as a withdrawal. The corresponding author must
indicate clearly what alterations have been made in response to the
referee’'s comments point by point. Acceptable reasons should be
given for noncompliance with any recommendation of the referees.

If the author disagrees with the editorial board’s decision, he or
she can apply for an objection through individual contact (e-mail,
etc.).

Copyrights and creative commons attribution license

The manuscript, when published, will become the property of the
journal. All published papers become the permanent property of
the Yeungnam University College of Medicine and must not be
published elsewhere without written permission. Copyrights of
all published materials are owned by the Yeungnam University
College of Medicine. They also follow the Creative Commons At-
tribution Non-Commercial License (https: //creativecommons.

org/licenses/by-nc/4.0/ ).
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Manuscript preparation

Review article

Review articles are usually solicited by the Editor-in-Chief. How-
ever, unsolicited Reviews will be also considered. Authors should
contact the Editor-in-Chief in advance to determine the appropri-
ateness of their review articles for publication. All Review articles
will undergo peer review. An abstract is required whereas Materi-
als and methods section and a Results section are not required (no
more than 250 words). The length of review articles is limited to
5,000-8,000 words with a maximum of 100 references. Also, there

should be no more than 3 authors.

Original article

Original articles should begin with the title page followed by an
abstract; a list of key words; an Introduction, Materials and meth-
ods, Results, Discussion, References (no more than 30), and ta-
bles and/or illustrations.



1) Title page

The tile page should contain the following information: (1) ti-
tle (less than 150 characters, including spaces); (2) author list
(first name, middle name, and last name); (3) name of the in-
stitutions at which the work was performed; (4) acknowledge-
ment of research support; (S) name, address, telephone, fax
number, and e-mail address of the corresponding author; (6)
running title (less than S0 characters, including spaces).

2) Abstract

Abstract must be organized and formatted according to the fol-
lowing headings: Background, Methods, Results, and Conclu-
sion. The abstract length is typically no more than 250 words.

3) Keywords
List 3-6 keywords from the list provided in Index Medicus un-
der "Medical Subject Heading (MeSH)."

4) Text

The text of manuscripts must have the following sections: In-
troduction, Materials and methods, Results, and Discussion.
The body of the manuscript should be written as concisely as
possible. All pages of the manuscript should be numbered.
Introduction

This should provide a context or background for the study and
states the specific purpose or research objective of or hypothe-
sis tested by the study. This may include mention of papers
most closely related to the article, and of the problem.

Materials and methods

Explanation of the experimental methods should be concise
but sufficient to allow other workers to reproduce the results.
This provides the technical information, apparatus (the manu-
facturer's name and brief address) and procedures. Give refer-
ences and brief descriptions for the methods that have been
published. Describe statistical methods with enough detail to
enable a reader with access to the original data to verify the re-
ported results. Define statistical terms, abbreviations, and most
symbols.

Ensure correct use of the terms sex (when reporting biologi-
cal factors) and gender (identity, psychosocial or cultural fac-
tors), and, unless inappropriate, report the sex or gender of
study participants, the sex of animals or cells, and describe the
methods used to determine sex or gender. If the study was
done involving an exclusive population, for example in only
one sex, authors should justify why, except in obvious cases
(e.g, prostate cancer). Authors should define how they deter-
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mined race or ethnicity and justify their relevance.

Results
This should include a concise textual description of the data

presented in tables and figures.

Discussion

This section includes the new and important aspects of the
study and the conclusions. The data should be interpreted
concisely. Speculation is permitted, but it must be supported
by the data presented by the authors.

References

References should be numbered consecutively in the order in
which they are first mentioned in the text, with numbers in
square brackets before any closing punctuation. They should
be listed on a separate document under the heading "Referenc-
es," and double-spaced. Reference format should conform to
that set forth in "Uniform Requirements for Manuscripts Sub-
mitted to Biomedical Journals. Sth ed." (JAMA 1997;277:927-
34). Titles of journals should be abbreviated according to the
Index Medicus style.

Reference style:

Journal articles

List all authors when six or less; when seven or more, list the
first sixand add et al.

Vega KJ, Pina I. Heart transplantation is associated with an in-
creased risk for pancreatobiliary disease. Ann Intern Med
1996;124:980-3.

Verbalis JG. Renal physiology of nocturia. Neurourol Urodyn
2014;33(Suppl 1):56-9.

Book

Ringsven MK, Bond D. Gerontology and leadership skills for
nurses. 2nd ed. Albany (NY): Delmar Publishers; 1996.
Luzikov VN. Mitochondrial biogenesis and breakdown. Galkin
AV, translator; Roodyn DB, editor. New York: Consultants Bu-
reau; 1985. p. 362

Book chapter

Phillips SJ, Whisnant JP. Hypertension and stroke. In: Laragh
JH, Brenner BM, editors. Hypertension: pathophysiology, di-
agnosis, and management. 2nd ed. New York: Raven Press;
1995. p. 465-78.
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‘Web resources
Polgreen PM, Diekema DJ, Vandeberg J, Wiblin RT, Chen YY,
David §, et al. Risk factors for groin wound infection after fem-
oral artery catheterization: a case-control study. Infect Control
Hosp Epidemiol [Internet]. 2006 [cited 2007 Jan 5];27:34-7.
http://www.journals.uchicago.edu/ICHE/journal/issues/
v27n1/2004069/2004069.web.pdf
Testa J. The Thomson Reuters journal selection process [In-
ternet]. Philadelphia: Thomson Reuters; 2012 [cited 2013 Sep
30]. http://wokinfo.com/essays/journal-selection-process

5) Tables
Tables should fit within a single page. The Table's legend may
include any pertinent notes and must include definitions of all
abbreviations and acronyms that have been used in the Table.
For footnotes, the following symbols should be used in this se-
quence: a),b), ¢), d), e), ), g), h), etc. Authors are obligated to
indicate the significance of their observations by appropriate

statistical analysis.

6) lustrations

Figures must be cited consecutively using Arabic numerals. Au-
thors must submit illustrations as electronic files. Acceptable fig-
ure file formats are JPEG, TIFF, and PPT/PPTX. Each figure
needs to be prepared in a resolution higher than 300 dpi with
good contrast and sharpness. The file size of each submitted fig-
ure should not exceed 10 MB per figure. If the patient's photo-
graph is presented in a paper, it should be manipulated to make it
difficult to recognize. Patients introduced in the manuscripts
should be informed and aware that their photographs, video-
tapes, and other images (imaging records) will be released by the
authors, and the authors should attach the Authorization and
Release Form available at the YUJM website (https://www.e-yu-
jm.org/authors/ethics.php) including each patient’ signature. If
the patient is a minor, a written consent of the guardian must be
submitted.

7) Legends for tables and illustrations
Typed legends that use double-spacing should start on a sepa-
rate page with Arabic numerals corresponding to the Tables or
Ilustrations. When symbols, arrows, numbers, or letters are
used to identify parts of the Tables or Illustrations, they should
be individually identified and explained clearly in the legend.

8) Abbreviations
Authors should limit the use of abbreviations to an absolute
minimum. Abbreviations are not to be used in titles. Abstracts

vi

may contain abbreviations for terms mentioned many times in
the abstract section, but each term must be identified the first

time it is mentioned.

9) Unit of measurement
Measurements of length, height, weight, and volume should be
reported in metric units (meter, kilogram, or liter) or their dec-
imal multiples. Temperature should be in degrees Celsius. Au-
thors must consult the information for authors for the particu-
lar journal and should report laboratory information in both
the local and International System of Units (SI).

Case report

Case reports should consist of an Abstract, Keywords, Introduction,
Case, Discussion, and References (no more than 20). Case reports
should have fewer than nine authors. The abstract should be con-

cisely written (no more than 250 words).

Communications
Although communication articles are not limited in the format,
they should contain a self-standing abstract and references. The

abstract should be concisely written and not exceed 250 words.

Permission

If any portion of a manuscript has been previously published, the
original source must be acknowledged, and the written permis-
sion from the copyright holder to reproduce the material must be
submitted. It is the responsibility of the author to request permis-
sion from the publisher for any material that is being reproduced.
This requirement applies to text, illustrations, and tables.

Article processing charges

Manuscripts that have accepted will be charged 200,000 won. The

surcharge for color figures is none.

Author change

If the addition or deletion of authors or changes in the order of
authorship is required, the correspondent author must complete
the authorship change form and submit it to the editorial board
with the signature of all existing authors and new authors. When
there is a request for change by the author, the editorial committee
convenes an ethics committee and judges whether it is appropri-
ate. If a new author should be added or an author should be delet-
ed after the submission, it is the responsibility of the correspond-
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ing author to ensure that all of the authors concerned are aware of
and agree to the change in authorship. The YUJM has no respon-
sibility for such changes.

vii
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Research and publication ethics

Research ethics

All of the manuscripts should be prepared based on strict observa-
tion of research and publication ethics guidelines recommended
by the Council of Science Editors (http://www.councilscienceedi-
tors.org), International Committee of Medical Journal Editors
(ICMJE, http://www.icmje.org), World Association of Medical
Editors (WAME, http://www:wame.org), and the Korean Associ-
ation of Medical Journal Editors (KAMJE, https://www.kamje.
orkr/en/main_en). All studies involving human subjects or hu-
man data must be reviewed and approved by a responsible Institu-
tional Review Board (IRB). Please refer to the principles embodied
in the Declaration of Helsinki (https://www.wma.net/poli-
cies-post/wma-declaration-of-helsinki-ethical-principles-for-med-
ical-research-involving-human-subjects/ ) for all investigations in-
volving human materials. Animal experiments also should be re-
viewed by an appropriate committee (IACUC) for the care and
use of animals. Also studies with pathogens requiring a high degree
of biosafety should pass review of a relevant committee (IBC). The
approval should be described in the Methods section. For studies
of humans including case reports, state whether informed consents
were obtained from the study participants. The editor of YUM
may request submission of copies of informed consents from hu-
man subjects in clinical studies or IRB approval documents. The
YUJM will follow the guidelines by the Committee on Publication
Ethics (COPE, http://publicationethics.org) for settlement of any
misconduct.

Conflicts of interest

The corresponding author of an article is asked to inform the Edi-
tor of the authors' potential conflicts of interest possibly influenc-
ing the research or interpretation of data. A potential conflicts of
interest should be disclosed in the cover letter even when the au-
thors are confident that their judgments have not been influenced
in preparing the manuscript. Such conflicts may include financial
support or private connections to pharmaceutical companies, po-
litical pressure from interest groups, or academic problems. Dis-
closure form shall be same with ICMJE Uniform Disclosure Form
for Potential Conflicts of Interest (http://www.icmje.org/coi_dis-
closure.pdf). The Editor will decide whether the information on
the conflicts should be included in the published paper. In partic-
ular, all sources of funding for a study should be explicitly stated.

viii

Enactment May 22,2012

The YUJM asks referees to let its editor know of any conflicts of

interest before reviewing a particular manuscript.

Authorship

Each author is expected to have made substantial contribution to
the conception or design of the work; or the acquisition, analysis,
or interpretation of data; or the creation of new software used in
the work; or have drafted the work or substantively revised it;
AND to have approved the submitted version (and any substan-
tially modified version that involves the author’s contribution to
the study); AND to have agreed both to be personally account-
able for the author’s own contributions and to ensure that ques-
tions related to the accuracy or integrity of any part of the work,
even ones in which the author was not personally involved, are
appropriately investigated, resolved, and the resolution docu-
mented in the literature.

Those who do not meet the above criteria should be acknowl-
edged as contributors instead of authors. The corresponding au-
thor is responsible for completing this information at submission,
and it is expected that all authors will have reviewed, discussed,
and agreed to their individual contribution ahead of this time.

When a large, multicenter group has conducted the work, the
group should identify the individuals who accept direct responsi-
bility for the manuscript. When submitting a manuscript au-
thored by a group, the corresponding author should clearly indi-
cate the preferred citation and identify all individual authors as
well as the group name. Journals generally list other members of
the group in the Acknowledgements. Acquisition of funding, col-
lection of data, or general supervision of the research group alone

does not constitute authorship.

Contributor Roles Taxonomy (CRediT)
« Conceptualization

« Data curation

« Formal analysis

« Funding acquisition

« Investigation

« Methodology

« Project administration

« Resources

« Software

« Supervision



« Validation

« Visualization

« Writing - original draft

« Writing - review & editing

Redundant publication and plagiarism

Redundant publication is defined as “reporting (publishing or at-
tempting to publish) substantially the same work more than once,
without attribution of the original source(s).” Characteristics of
reports that are substantially similar include the following: (a) “at
least one of the authors must be common to all reports (if there
are no common authors, it is more likely plagiarism than redun-
dant publication),” (b) “the subjects or study populations are the
same or overlapped,” (c) “the methodology is typically identical
or nearly so,” and (d) “the results and their interpretation generally
vary little, if at all”

When submitting a manuscript, authors should include a letter
informing the editor of any potential overlap with other already
published material or material being evaluated for publication and
should also state how the manuscript submitted to YUJM differs
substantially from other materials. If all or part of your patient
population was previously reported, this should be mentioned in
the Methods, with citation of the appropriate reference(s).

The duplication will be checked through crosscheck (https:/ /
app.ithenticate.com) or eTBLAST (https://helioblast.heliotext.
com) before submission. If duplicate publication related to the pa-
pers of this journal is detected, the manuscripts may be rejected,
the authors will be announced in the journal, and their institutes
will be informed. There will also be penalties for the authors.

Secondary publication

It is possible to republish manuscripts if the manuscripts satisty the

condition of secondary publication of the Uniform Requirements

for Manuscripts Submitted to Biomedical Journals by International

Committee of Medical Journal Editors (ICMJE), available from

http://wwwi.icmje.org. These are:

« The authors have received approval from the editors of both
journals (the editor concerned with the secondary publication
must have access to the primary version).

« The priority for the primary publication is respected by a publi-
cation interval negotiated by editors of both journals and the
authors.

« The paper for secondary publication is intended for a different
group of readers; an abbreviated version could be sufficient.

« The secondary version faithfully reflects the data and interpreta-
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tions of the primary version.

« The secondary version informs readers, peers, and documenting
agencies that the paper has been published in whole or in part
elsewhere—for example, with a note that might read, "This ar-
ticle is based on a study first reported in the (journal title, with
full reference)"—and the secondary version cites the primary
reference.

« The title of the secondary publication should indicate that it is a
secondary publication (complete or abridged republication or
translation) of a primary publication. Of note, the United States
National Library of Medicine (NLM) does not consider trans-
lations as "republications” and does not cite or index them when
the original article was published in a journal that is indexed in
MEDLINE.

Registration of the clinical trial research

Clinical trial defined as “any research project that prospectively as-
signs human subjects to intervention and comparison groups to
study the cause-and-effect relationship between a medical inter-
vention and a health outcome” should be registered to the prima-
ry registry to be prior publication. YUJM accepts the registration
in any of the primary registries that participate in the WHO Inter-
national Clinical Trials Portal (http: //www.who.int/ictrp/en/ ),
NIH ClinicalTrials.gov (http:/ /wwwclinicaltrials.gov) , ISRCTN
Resister (www.ISRCTN.org), or the Clinical Research Informa-
tion Service (CRIS), Korea CDC (https://cris.nih.go.kr/cris/in-
dexjsp). The clinical trial registration number shall be published
at the end of the abstract.

Data sharing statement

YUJM accepts the ICMJE Recommendations for data sharing
statement policy (http://icmje.org/icmje-recommendations.
pdf). All manuscripts reporting clinical trial results should submit
a data sharing statement following the ICMJE guidelines from 1
July 2018. Authors may refer to the editorial, “Data Sharing state-
ments for Clinical Trials: A Requirement of the International
Committee of Medical Journal Editors,” in JKMS Vol. 32, No.
7:1051-1053 (http://crossmark.crossref.org/dialog/?-
doi=10.3346/jkms.2017.32.7.1051&domain = pdf&date
stamp =2017-06-05).

Process to manage the research and publication
misconduct

When the Journal faces suspected cases of research and publication
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misconduct such as a redundant (duplicate) publication, plagiarism,
fabricated data, changes in authorship, undisclosed conflicts of in-
terest, an ethical problem discovered with the submitted manu-
script, a reviewer who has appropriated an author’ idea or data,
complaints against editors, and other issues, the resolving process
will follow the flowchart provided by the Committee on Publica-
tion Ethics (http: //publicationethics.org/resources/ flowcharts).

The Editorial Board of YUJM will discuss the suspected cases and
reach a decision. YUJM will not hesitate to publish errata, corrigen-
da, clarifications, retractions, and apologies when needed.

For the policies on research and publication ethics not stated in
the Instructions, Guidelines on Good Publication (http:/ /publica-
tionethics.org) or Good Publication Practice Guidelines for Medi-
cal Journals (http: // kamje.or.kr) can be applied.
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Affiliation:

Author’s name (please print):

Manuscript title:

All authors pledges that we follow the basic standards of research and publication ethics in the submission process to Yeungnam Univer-

sity Journal of Medicine

Check Yes if

Research subject, research object and size, setting of controls, and the methods of data collection are suitable for the
research ethics.

[ ] Yes

[ INo

Check Yes if
Authors should ensure that their submitted manuscripts are not against publication ethics such as fabrication,
falsification or plagiarism.

[] Yes

[INo

Check Yes if
In clinical research involving human, informed consent from patient should be conducted and written in the method
section of the manuscript.

[] Yes

[ INo

Check Yes if
All clinical research involving human and animal subjects to be approved by the author’s Institutional Review Board
(IRB) or equivalent committees.

[]Yes

[INo

Check Yes if
This study is conducted in compliance with the Declaration of Helsinki and this comment is written in the method
section of the manuscript.

[ ] Yes

[ INo

Check Yes if
All Authors must disclose all relationships that could be viewed as potential conflicts of interest. This relationship
also includes any potential conflicts of interest with all material, products, and companies in the manuscript.

[]Yes

[ INo

Check Yes if
Authors should confirm that the submitted work is not under consideration or accepted for publications elsewhere,
and would not be submitted in any other journals after acceptance.

[] Yes

[INo

Check Yes if
Duplicate publication, which includes ‘imalas publication) ‘plagiarism), and ‘salami publication) is strictly not
conducted.

[] Yes

[ INo

If the rationale provided by the authors remains unsatisfactory in the judgment of the editors, the manuscript will be rejected or retracted.

The authors will not be allowed to subsequently submit their research to Yeungnam University Journal of Medicine. The authors should

keep the above mentioned disadvantages in mind.

Date:

Corresponding author’s name:
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The author(s) submit manuscript with the following title

In consideration of editors and publisher’s effort in reviewing and editing our/my Article, the undersigned authors hereby transfer, con-
vey, and assign all copyrights in the Article to the Editorial Board of the Yeungnam University Journal of Medicine (YUJM). The copyright
transfer covers the right to print, publish, distribute and sell throughout the world the said contribution and parts thereof, including all re-
visions or versions and future editions, in all forms and media.

The authors certify that I have participated in the intellectual content, the analysis of data, and the writing of the Article, to take public
responsibility for it The authors reviewed the final version of the Article, believe it represents valid work and approve it for publication The
authors certify that none of the material in the manuscript has been published previously, is included in another manuscript The authors
also certify that the Article has not been accepted for publication elsewhere, nor have they assigned any right or interest in the Article to
any third party. The authors will obtain and include with the manuscript written permission from any respective copyright owners for the
use of any text, figures, and tables that have been previously published. The authors agree that it is their responsibility to pay fees charged

for permissions.

Author’s name Signature

Copyright © Yeungnam University College of Medicine
This is an Open Access journal distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/ /
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authorization and release form

I am informed and aware of photographs, videotapes and other images (imaging records) taken by Dr. or
his designee(s) of myself or any parts of my body regarding surgical procedures carried out by Dr. .Tunder-
stand and consent that such imaging records may and will be used by Dr. as reference in diagnosing and treat-

ing other patients in the future. I further consent to the release and transfer of copyright ownership by Dr. to Yeungnam University
Journal of Medicine of such imaging records.

Iunderstand that by consenting on release of my imaging records, these may and will be used in upcoming issue or issues of the
journal, as well as on the journal website, or any other print or electronic media for the purpose of informing medical professionals
or other readers about surgical methods. I understand that when these imaging records are included in any articles, medical infor-
mation regarding sex, age, operative date and treatment results may and will be included together. But I, nor any member of my
family, will be identied by name in any publication, and any information that may aid in identifying me or my family will not be ex-
posed. (In case of facial photographs, the photo is cropped to only necessary parts in order to make individual identication impos-
sible.) I understand that whether I consent on this form or not, it bears no consequences whatsoever on any future actions, and
that there will be no eect on the medical treatment I receive from Dr. or any subordinates.

I grant this consent as a voluntary contribution in the interest of public education, and certify that I have read the above Con-
sent, Authorization and Release form and fully understand its terms. I understand that, if I do not revoke this authorization, it will
expire ten years from the date written below.

I hereby transfer in above-mentioned terms, the copyright of my imaging records to

Dr.
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Name: Signature:
Hospital: Department:
Designated Doctor: Signature:
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