
2021. 3
Vol.8 No.1

2
0
2
1
.3

 V
o
l.8

 N
o
.1

ISSN 2187-8072

NINGEN DOCK INTERNATIONAL
Official Journal of Japan Society of Ningen Dock

N
IN

G
E
N

 D
O

C
K
 IN

T
E
R
N

A
T
IO

N
A

L
 O

fficia
l Jo

urna
l o

f Ja
p

a
n S

o
cie

ty o
f N

ing
e

n D
o

ck



Editorial Board

Editor-in-Chief
Kazuhiko INOUE (Okayama)

Associate Editor
Toshimitsu NIWA (Aichi)

Editorial Board

Tomofumi ATARASHI (Hokkaido) Toshiki FUKUI (Kagawa) Tomoari KAMADA (Okayama)

Nobuyuki KOBAYASHI (Kanagawa) Junko KOMATSU (Tokyo) Masahiko MURATA (Akita)

Shigeki MUTO (Shizuoka) Takashi NAITO (Tsukuba) Hitoshi SASAMORI (Tokyo)

Masao SHIMIZU (Saitama) Akiko TODA (Tokyo)

Advisory Board

Takao AIZAWA (Nagano) Yasuji ARASE (Tokyo)

International Advisory Board

HH LIU (Taiwan) PK SUNG (Taiwan)

Published by Japan Society of Ningen Dock
 Hospital plaza Building 1F
 9-15 Sanbancho, Chiyoda-ku, Tokyo 102-0075, Japan
 TEL: +81-3-3265-0079
 FAX: +81-3-3265-0083
 E-mail: info@ningen-dock.jp
 URL : http://www.ningen-dock.jp/

Ningen Dock International is the o�cial English-language journal of Japan Society of Ningen Dock. 
Business matters should be addressed to Japan Society of Ningen Dock.

Ningen Dock International
Official Journal of Japan Society of Ningen Dock

Ningen Dock International Vol. 8  No. 1  March, 2021

Produced by
Letterpress Co., Ltd. (Tokyo O�ce)
MOT Building, 6F 3-22-4, Ueno, Taito-ku,
Tokyo 110-0005, Japan
TEL: +81-3-5817-8617
FAX: +81-3-5817-8618
E-mail: nd_sadoku@letterpress.co.jp

Printed by
Letterpress Co., Ltd.
809-5, Kamifukawa, Asakita-ku, 
Hiroshima 739-1752, Japan
TEL: +81-82-844-7500
FAX: +81-82-844-7800



CONTENTS
Vol. 8 No. 1

March, 2021

Ningen Dock International
O�cial Journal of Japan Society of Ningen Dock

Review Article

( 1 ) Anti-aging Medical Check-up and Evidence of Its Bene�ts

Yoshikazu Yonei, Masayuki Yagi, Manami Meno ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥ 3

Original Article

( 2 ) Roles of Nonalcoholic Fatty Liver Disease and Hyperuricemia in Lifestyle-related Diseases

Tomoko Shiga, Mimi Mukoyama, Akiko Seki, Kagari Murasaki ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥ 9

( 3 ) Gastric Mucosal Changes Evaluated by Double-contrast Upper Gastrointestinal Radiography after  
Helicobacter pylori Eradication

Rika Nakano, Akira Sato, Yumiko Oomori, Hitomi Suzuki, Kaori Kabata, Sho Matsubara ‥‥‥‥‥‥‥ 17

( 4 ) Which Combination is the Best among Glycated Hemoglobin, Fasting Plasma Glucose,  
and 2-h Post-challenge Glucose for the Diagnosis of Prediabetes Type and Diabetes Type?

Koji Kashima, Junichi Okada, Eijiro Yamada, Yasuyo Nakajima, Atsushi Ozawa, Kazuya Okada,  
Takuya Watanabe, Shuichi Okada, Masanobu Yamada ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥ 22

( 5 ) Prevalence and Treatment Rates of Atrial Fibrillation, Outcomes for Untreated Patients, and Auscultation  
Findings in Comprehensive Health Checkup System over a Nine-year Period

Takashi Wada ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥ 32

Case Report

( 6 ) Chronic Enteropathy Associated with SLCO2AI in a Patient with Anemia Detected on Incidental Screening

Yoshinori Torii, Yoshiaki Katano, Kazuo Inui, Takashi Kobayashi, Hironao Miyoshi, Yoshihiko Tachi,  
Chikao Hosokawa, Yuta Kurokawa ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥ 39

( 7 ) Submucosal Tumor-like-shaped Low-grade Well-di�erentiated Adenocarcinoma with Gastric Phenotype  
Arising in the Helicobacter pylori-negative Stomach at Medical Check-up: A Report of Three Cases

Hiroshi Sonoo, Ryo Kobayashi, Kazuhiro Tada, Tatsuichi An, Masao Kameyama, Yasuaki Nagami,  
Shigehiro Itani, Satoki Shichijo ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥ 44



( 8 ) A Case of Tapeworm Detected by a Fecal Occult Blood Test During Health Screening

Yoshinori Torii, Yoshiaki Katano, Takashi Kobayashi, Hironao Miyoshi, Yuta Kurokawa ‥‥‥‥‥‥‥‥ 54

( 9 ) A Case of Stage 0 Pancreatic Adenocarcinoma (High-grade PanIN) Incidentally Detected on  
Routine Screening Ultrasonography

Sachiko Tanaka, Mikako Miyamoto, Anri Sugimoto, Hiromi Nishiyama, Tomomi Nakagawa, Ayano Hara,  
Chika Yoshino, Rena Takakura, Hiroyuki Uehara ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥ 59

Noti�cations

Acknowledgments ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥ 64

�e Regulations of ISND ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥ 65

Instructions to Authors ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥ 70



Ningen Dock International　Vol.8  No.1  2021 3 (3)

Ningen Dock International  2021 ; 8 : 3–8

Anti-aging Medical Check-up and Evidence of Its Benefits
Yoshikazu Yonei, Masayuki Yagi, Manami Meno

Abstract
The Yurin Study has been conducted since 2008 to promote health-related training to about 

40 independent older adults, mainly through walking and conducting annual anti-aging medical 
check-up (AAMC). �e aim was to prevent aging and rejuvenate the body by evaluating its func-
tional age and identifying the parts that have aged the most.

Muscle age, vascular age, neural age, hormonal age, and bone age were evaluated as the func-
tional age in AAMC. Immune stress, oxidative stress, physical and mental stress, glycative stress, 
and lifestyle were assessed as risk factors of aging using scores. �e analysis outcomes from vari-
ous perspectives are presented in this paper.

�e participants (20) of AAMC̶conducted three times between 2012–2014̶showed a de-
crease in HbA1c and skin AGE �uorescence, which are glycative stress indicators. �e results of a 
medication compliance survey (39 participants) conducted in 2016 showed the use of medication 
for high blood pressure in 21 participants; dyslipidemia in 11; osteoporosis in 10; gastric acid se-
cretion inhibitors in 9; and non-steroidal anti-in�ammatory agents, antidiabetic drugs, and sleep-
inducing medication in 5 each. Many of those who were on medication had a younger functional 
age than their actual age. When the results of the 2015 analysis, wherein participants of the Yurin 
Study who led independent daily lives (43 participants) were compared with those requiring sup-
port and visiting a daycare facility (31 participants) and those requiring nursing care and residing 
in a health care facility for the elderly (19 participants), it was found that the participants of the 
Yurin Study maintained a younger neural age. An analysis of age-related transitions in plasma 
amyloid beta (Aβ) 40/42 ratio in 2019 revealed that the elevation in the ratio tended to be higher 
in the elderly than in the young, middle-aged, and older people.

We expect that the data collected from the AAMC will provide useful information for the pro-
motion of public health.

Keywords  walking, glycative stress, advanced glycation endproducts (AGEs), amyloid beta (A
β ) 40/42

Anti-Aging Medical Research Center/Glycative Stress Research Center, Graduate School of Life and Medical Sciences, Doshisha University
Contact : Yoshikazu Yonei, Anti-Aging Medical Research Center/Glycative Stress Research Center, Graduate School of Life and 
Medical Sciences, Doshisha University, 1–3, Tatara Miyakodani, Kyotanabe, Kyoto 610–0394, Japan. Tel : +81–774–65–6394 ; Fax : 
+81–774–65–6394 ; E-mail : yyonei@mail.doshisha.ac.jp

Review Article

Since 2008, our research group has been engaged 
with promotional activities related to health un-
der the name of “Ho-Juku” (changed to Kenpo-

Juku in 2014) for elderly people living independently 
(about 50 individuals) in the Yurin School District, 
Shimogyo Ward, Kyoto (Yurin Study)1–12 . Anti-aging 
medicine is a discipline that aims to promote health, 
improve the quality of life, and achieve longevity. In 
simple words, anti-aging medicine seeks to help people 
remain healthy and young, and maintain their well-
being. The intervention method of these activities 
is to encourage inculcating walking as an exercise13 . 
Walking is widely prescribed as an exercise to promote 
health and prevent various diseases because walking is 
a comparatively easy and safe exercise for the elderly. 

However, even if older adults are able to understand 
that walking is effective in improving their health, the 
problem is that they cannot continue walking as an 
exercise for a longer period of time. For example, if a 
grandchild presents a pedometer to his or her grand-
parents on Respect-for-the-Aged Day, the grandparents 
may strive to walk at first; however, after a few months, 
they would find it monotonous and put the pedometer 
away in the back of their closet. Taking these factors 
into account, we aimed to find an effective way to en-
courage the elderly to continue walking as an exercise 
for a longer period.

The first strategy was to create a printed handout 
based on the number of steps recorded in the pedom-
eter each month and inform each person how far they 
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have walked along the 53 stages of the Tokaido High-
way from Kyoto. Every month, students and graduate 
students of the research group visited the District Ex-
change Center and approved the method after meeting 
people. The second strategy was to conduct an annual 
anti-aging medical check-up (AAMC) to assess the 
health status. The examination is significant for check-
ing the outcome of walking as an exercise in the past 
year.

AAMC evaluates the body’s functional age in terms 
of muscle age, vascular age, neural age, hormonal age, 
and bone age (Fig. 1)14–16. The risk factors that acceler-
ate aging, immune stress, oxidative stress, physical and 
mental stress, glycative stress, along with lifestyle-relat-
ed risk factors are evaluated based on scores. The aim is 
to prevent aging and rejuvenate the body by assessing 
its functional age and finding the most aged parts. Anti-
aging can be defined as “prevention of aging in terms of 
functional age and rejuvenation.” We hypothesized that 
if the weak points of aging are identified by measuring 
the functional age of the body, and by preventing aging 
in terms of functional age and rejuvenating the body, 
then the difference between average life expectancy and 
healthy life expectancy will approach zero. The purpose 
of this cohort was to demonstrate the above hypothesis. 
Although the sample size is small, we hope to witness 
the spread of similar projects to other regions, bringing 
us closer to our goal. Some of the outcomes obtained 
thus far from these activities are reported in this paper.

Results of the anti-aging medical check-up
We examined the outcomes for 20 participants (12 

males, 8 females, 73.7 ± 4.6 years) of the Yurin Study 
who underwent AAMC thrice between 2012 and 
201410 . The average number of steps walked by the 
participants decreased gradually from 10,900 steps 
in 2012, 9,700 steps in 2013, to 9,300 steps in 2014. 
However, the number of steps remained higher than the 
average number of steps for people in their 70s (4,800 
steps for men and 3,800 steps for women) in the activ-
ity guidelines of the Ministry of Health, Labour, and 
Welfare.

The transition in the functional age of the body 
is shown in Fig. 2 . All five items corresponded to a 
younger age than the actual age. The results thus in-
dicated that the functional age of the body remained 
younger than the actual age. The muscle age was par-
ticularly good. This suggests that, although the actual 
age increases by one each year, aging is resisted, and the 
neural age progresses gradually.

Among the risk factors of aging, glycative stress was 
evaluated using skin AGE fluorescence (SAF)17,18 as an 
index. SAF is a non-invasive method to measure the fluo-
rescence intensity of AGEs accumulated in the skin. SAF 
was observed to improve steadily during this period (Fig. 
3). HbA1c also improved from 6.4 ± 1.2% in 2012 to 6.0 
± 0.7% in 2013 and further to 5.9 ± 0.6% in 2014.

In present times, glycative stress is known to have 
become the biggest risk factor. A reduction in glycative 

Fig. 1. Changes in Functional Age from 2012 to 2014
Chronological age at 2012: 73.7 ± 4.6 years, n=20 (mean ± SD), Yurin Study participants. Figure 
quoted from Reference 10.
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stress can therefore be considered a significant positive 
outcome of the activities carried out in the Yurin Study.

Oral medication and its impact
In general, with increasing age, an increased trend 

is observed with regard to comorbidities and medical 
institution visits, thus the number of drugs prescribed 
also increase accordingly. It is said that the average 
number of oral medications prescribed to older adults 
with ≥2 comorbidities including hypertension, diabetes, 
dyslipidemia, and dementia is 5.8. It has been pointed 
out that multi-drug treatment is not only associated 

with increased medical expenses but can also cause se-
rious side effects.

The participants in the Yurin Study were mainly in-
dividuals aged 65–85 years who lived independently. 
Almost all of them were suffering from diseases, visited 
medical institutions, and received prescriptions for 
treatment. A survey conducted in 2016 on the use of 
medications revealed that out of 39 cases (15 males, 24 
females, 77.6 ± 5.3 years), 34 were consuming medica-
tion routinely while the remaining 5 were not11. The 
medications in the order of frequency were medica-
tion for hypertension in 21 cases, dyslipidemia (high 

Fig. 2. Changes in Skin AGE Fluorescence (SAF) from 2012 to 2014
Results are expressed as the mean ± SEM. Chronological age at 2012: 73 .7 ± 4 .6 years, n=20 
(mean ± SD), Yurin Study participants. The same age average values were calculated from the 
database of the Anti-Aging Research Center, Doshisha University. Figure quoted from Reference 
10.

Fig. 3.  Difference between Functional Age and Age in the Different Elder Group 
Depending on the Grade Requiring Support or Nursing Care

ID, independent group, 68.9 ± 6.3 years (Yurin Study participants); RS, requiring support group, 
77.8 ± 7.2 years; RNC, requiring nursing care group, 83.7 ± 6.8 years (mean ± SD); Δ Age, assumed 
as “functional age－chronological age.” Figure quoted from Reference 15.



Ningen Dock International　Vol.8  No.1  20216 (6)

LDL cholesterol) in 11 cases, osteoporosis in 10 cases, 
gastric acid secretion inhibitors in 9 cases, and non-
steroidal anti-inflammatory agents, anti-diabetic drugs, 
and sleep-inducing medication in 5 cases each. If the 
association between drug compliance and functional 
age of the body is observed, most of the subjects are at a 
younger functional age than their actual age.

It can be inferred that proper medication at medi-
cal institutions helped to maintain balance in the aging 
pentagon. We believe that the efforts by the participants 
to maintain good lifestyle habits such as dietary guid-
ance and exercise, and not just consuming medication, 
contributed to the outcome.

The total number of participants who underwent 
AAMC thus far (including repeat examinees) have 
exceeded 2,600 individuals. The goal is to have a func-
tional age of approximately 80% of the actual age and 
a good balance of the pentagon. The person closest to 
the goal was a 70-year-old man. He was leading a nor-
mal life and became sick due to overwork 15 years ago. 
Since then, he has been under medical treatment for 
hypertension and dyslipidemia (hyper-LLDL-cholester-
olemia). This case is a typical example of the saying “one 
who experiences a chronic ailment takes better care of 
health and lives longer.” It is therefore safe to presume 
that routine medical care and anti-aging therapy are 
compatible.

Comparison of the elderly who are inde-
pendent, who are visiting preventive care 
facilities, and who are residing in health 
care facilities for the elderly

Fig. 4 shows the outcome15 of comparison of the 
bodily functions of 43 participants (17 males, 26 fe-
males; 68.9 ± 6.3 years) of the Yurin Study who lived 
independently1, 31 participants (18 males, 13 females; 
77.8 ± 7.2 years) who required support and visited a 
daycare facility5 , and 19 individuals (3 males, 16 fe-
males; 83.7 ± 6.8 years) who required nursing care and 
resided in a health care facility for the elderly19 . The 
breakdown of those requiring nursing care was as fol-
lows: I, 1 case; II, 7 cases; III, 7 cases; IV, 2 cases; and V, 
2 cases. Since there was a difference in the age of the 
examinees from different facilities, the difference from 
actual age̶value obtained by subtracting actual age 
from the functional age̶was compared for age adjust-
ment.

The highest correlation was found for neural age 
when the relationship between the need for nursing 
care and functional age was observed. The higher the 
nursing care level, the more pronounced the aging in 
regard to neural age. Neural age tended to be younger 
in those who lived independently, while it was older in 
those who needed support or nursing care. The decline 

in neurological function may cause activities of daily 
life (ADL) to decrease, which may lead to the need for 
support or nursing care.

It is also fortunate that the participants of the Yurin 
Study live in a convenient location, just a subway stop 
away from the Kyoto station. They do not need their 
own vehicles for everyday commute and can conve-
niently walk or use public transportation. They can en-
gage in recreational activities such as shopping, dining, 
going to the movies, or going for a walk whenever they 
want.

The elderly are always told, “sickness, as well as 
youth, start with the mind.” Some participants are de-
termined to “never become bedridden” and “never be-
come senile.” We want you to keep up your motivation.

Amyloid-β 40/42 ratio
Amyloid beta (Aβ) aggregation and deposition in 

the brain are involved in Alzheimer’s disease. The con-
centration of Aβ42 in the blood is high when there is 
little accumulation of Aβ in the brain. While when the 
accumulation of Aβ in the brain is high, Aβ42 levels 
flowing into the cerebrospinal fluid (CSF) decreases, 
resulting in a lower concentration of Aβ42 in the blood, 
and consequently an increase in the Aβ40/42 ratio. 
Amyloid positron emission tomography (amyloid PET) 
examinations have shown that the higher the plasma A
β40/42 ratio, the more advanced the degree of cerebral 
amyloidosis, and it has been proposed that plasma Aβ
40/42 may be an indicator of the risk of onset and pro-
gression of Alzheimer’s disease20–22.

Analysis of plasma Aβ40/42 was performed in 2019 
for 36 participants of the Yurin Study (16 males, 20 
females, 79.3 ± 6.44 years), and 21 faculty members of 
Doshisha University (18 males, 3 females, 49.3 ± 12.9 
years)23. As shown in Fig. 4 , when we observe the age-
related transition, Aβ40/42 tends to increase at a faster 
rate in the elderly than in the young, middle-aged, and 
older people. As mentioned earlier, interventions such 
as encouraging walking as an exercise reduced glyca-
tive stress10 in the Yurin Study participants, and their 
cognitive function was likely to be well preserved. Ex-
ercise, such as walking, has been reported to maintain 
cognitive function and delay the onset of dementia24–27. 
The age-related transition of Aβ40/42 is expected to be 
steeper in the general elderly population.

As a result of multiple regression analysis using the 
stepwise method, the dependent variable Y (plasma Aβ
40/42) was expressed by the following equation:

Faculty members: Y=－0.131×1 (lifestyle) +19.7
Yurin Study participants: Y=0.106×4 (neural age) + 

0.115×1 (lifestyle) +0.0372×2 (psychosomatic stress)－ 
0.0221×3 (bone age)－6.68

In middle-aged and older people, Aβ40/42 level was 
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lower in those who practiced good lifestyle-related hab-
its. Lifestyle scores were calculated based on the amount 
of alcohol consumed, number of cigarettes smoked, 
exercise habits, and sleep duration, and the higher the 
score, the better the lifestyle.

Aβ40/42 was higher in the elderly with higher neu-
rological age and psychosomatic stress scores. The psy-
chosomatic stress score was evaluated using the serum 
cortisol/DHEA-s ratio as an index. The higher the value 
of the ratio, the more the stress, and the lower the score. 
The psychosomatic stress score, lifestyle score, and bone 
age were opposite to what was expected. It is presumed 
that this indicates a large number of women with rela-
tively low Aβ40/42, low bone density, and minimal ex-
ercise habits. The psychosomatic stress score indicates 
that some stress associated with mental and physical 
activities is necessary to prevent dementia in the elderly.

Conclusion
The practical outcome and the results of the analysis 

of anti-aging medical check-ups were evaluated in this 
study. It is expected that by conducting such health 
check-ups widely and by collecting data, various infor-
mation will be obtained to promote public health. We 
hope that this report helps in exploring the direction 
for comprehensive medical examination for future per-
spective.
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Abstract
Objective: We aimed to elucidate the relationships among hyperuricemia, nonalcoholic fatty liver 
disease (NAFLD), and other lifestyle-related diseases.
Methods: We enrolled 420 subjects who had a complete medical check-up at Tokyo Women’s 
Medical University between June 2016 and December 2017. Risk factors related to NAFLD or hy-
peruricemia were analyzed by contingency tables using multivariate logistic regression. Statistical 
signi�cance was set at p<0.05.
Results: NAFLD was significantly related to homeostasis model assessment-insulin resistance 
(≥2.5) and hyperuricemia (>7 mg/dL). Central obesity and impaired fasting glucose, which are 
components of metabolic syndrome (MetS), were signi�cantly associated with NAFLD. MetS was 
also signi�cantly associated with NAFLD. �e following were identi�ed as risk factors for hyper-
uricemia: sex (male), dyslipidemia (increased low-density lipoprotein cholesterol), hyperinsu-
linemia, NAFLD, eGFR (<60 mL/min/1.73 m2), and alcohol overuse. Furthermore, central obe-
sity and dyslipidemia (decreased high-density lipoprotein cholesterol and/or high triglycerides) 
were signi�cantly associated with hyperuricemia.
Conclusions: Hyperuricemia and NAFLD are related to one another, to MetS, and to other life-
style-related diseases. �us, e�ective treatment of NAFLD and hyperuricemia is vital, which re-
quires both medication and lifestyle modi�cation approaches.
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Original Article

Nonalcoholic fatty liver disease (NAFLD) is no 
longer considered a primary liver disease, but 
rather a component of metabolic syndrome, 

insulin resistance, and other lifestyle-related diseases 
(e.g., diabetes, dyslipidemia, and hypertension)1– 3 . 
NAFLD is common among individuals undergoing 
medical check-up in Japan, with an estimated preva-
lence of 20%–30%, which is expected to increase with 
increasing obesity rates4–6 . According to a proposed 
pathogenetic mechanism for NAFLD̶the “two-hit” 
hypothesis̶fat accumulation in hepatocytes contrib-
utes to increased hepatic oxidative stress7 , which in 
turn may cause insulin resistance, thereby leading to 
further fat accumulation8,9 .

Hyperuricemia, whose prevalence is increasing 
worldwide10, is relevant to the discussions about meta-
bolic syndrome. Serum uric acid levels could rise be-

cause of increased uric acid synthesis, decreased uric 
acid excretion, or a combination of these mechanisms. 
Diminished uric acid excretion has been reported 
in patients with metabolic syndrome11 , which pos-
sibly reflects impaired renal excretion mediated by 
hyperinsulinemia-enhanced proximal tubular sodium 
reabsorption12,13 . Reduced uric acid excretion due to 
this enhanced sodium reabsorption occurs in condi-
tions such as obesity and hypertension14, which are the 
two most common diseases associated with metabolic 
syndrome15.

In patients with metabolic syndrome, NAFLD may 
represent a hepatic component of the disease, while 
hyperuricemia may be indicative of the disordered me-
tabolism. Thus, in this study, we aimed to evaluate the 
relationship among hyperuricemia, NAFLD, and other 
lifestyle-related diseases.
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Methods
Study design

This retrospective cohort study was performed in 
accordance with the principles of the Declaration of 
Helsinki and was approved by the Ethics Committee 
of Tokyo Women’s Medical University (approval date: 
November 1, 2018; approval number: 4967). The study 
cohort was from among those who visited the Depart-
ment of Complete Medical Check-up at Tokyo Wom-
en’s Medical University (Japan) between June 2016 and 
December 2017. Specifically, we included those who 
had a periodic check-up at the “human dry dock” (the 
Japanese health check-up system). Subjects with either 
hepatitis C or hepatitis B infections were excluded from 
our study.
Services delivered at the human dry dock

The periodic health check-up program at the human 
dry dock is comprehensive. It includes the following as-
sessments: physical characteristics (height, body weight, 
and waist circumference), complete blood count, blood 
biochemistry, urinalysis, electrocardiography, abdomi-
nal ultrasonography, upper gastrointestinal tract bari-
um meal or endoscopic examination, visual acuity test, 
tonometry, fundic examination (retinal photography), 
and hearing assessment. Details of the subjects’ medical 
histories and levels of alcohol consumption were ob-
tained by interview with a doctor.
Definition of insulin resistance

Insulin resistance was defined using the homeostasis 
model assessment-insulin resistance (HOMA-IR) score, 
which was calculated as follows: {[fasting glucose (mg/
dL)×fasting insulin (μU/mL)]/405}. A score of ≥2.5 
was the threshold for insulin resistance.
Definition of risk factors

We included the following eight potential risk fac-
tors: alcohol overuse (>20 g ethanol/day), hypertension 
(systolic blood pressure (SBP) ≥130 mmHg, diastolic 
blood pressure (DBP) ≥85 mmHg, and/or current drug 
treatment), elevated low-density lipoprotein cholesterol 
(LDL-C) (LDL-C ≥140 mg/dL and/or current drug 
treatment), hyperinsulinemia (serum insulin ≥13 μIU/
mL), metabolic syndrome (diagnosed using the 2005 
guidelines of the Evaluation Committee on Diagnostic 
Criteria for Metabolic Syndrome of Japan)16, hyperuri-
cemia (uric acid >7 mg/dL and/or current drug treat-
ment), impaired renal function (estimated glomerular 
filtration rate [eGFR] <60 mL/min/1.73 m2 ), and 
NAFLD (fatty liver in the absence of either hepatitis C 
or hepatitis B infection and without alcohol consump-
tion >20 g ethanol/day). Moreover, metabolic syndrome 
diagnosis required the presence of central obesity and at 
least two of the following: hypertension, prior treatment 
for hypertension and dyslipidemia, prior treatment for 
dyslipidemia and impaired fasting glucose (IFG), or 

prior treatment for diabetes mellitus. Central obesity 
was defined as a waist circumference ≥85 cm for men 
and ≥90 cm for women; hypertension, as SBP ≥130 
mmHg; dyslipidemia, as serum triglycerides ≥150 mg/
dL and/or high-density lipoprotein cholesterol (HDL-C) 
<40 mg/dL; and IFG, as glucose levels ≥110 mg/dL).
Definition of fatty liver

Fatty liver was confirmed by abdominal ultrasonog-
raphy with findings of either high hepato-renal echo 
contrast, liver brightness, or deep attenuation. In this 
study, computerized tomography (CT) was not per-
formed. In a previous study, ultrasonography enabled 
the diagnosis of fatty liver with high accuracy, using a 
total area of hepatic steatosis exceeding 20%17. CT and 
magnetic resonance imaging (MRI) only allow identi-
fication of moderate or severe fat accumulation, with 
the total area displaying hepatic steatosis exceeding ap-
proximately >30%18. Ultrasound is better than CT and 
MRI for simple diagnosis of hepatic steatosis19. Accord-
ingly, we diagnosed fatty liver using ultrasonography in 
this study.
Statistical analysis

Statistical analysis was performed using IBM SPSS 
version 26.0 (IBM Corp., Armonk, NY). Continuous 
variables were expressed as means (standard deviation) 
per group. Statistical difference was determined by two-
sided Student’s t-tests (for equal variance) or Welch’s t-
test (for unequal variance). Non-normally distributed 
variables were compared by the Mann–Whitney U test. 
Variables reported as proportions were compared using 
the chi-square test. The relationships between risk fac-
tors and NAFLD or hyperuricemia were examined by 
multivariate logistic regression analysis, reporting odds 
ratios (ORs). A p value <0.05 was considered statisti-
cally significant. Moreover, variables that were included 
into the models were based on the existing knowledge 
of risk factors for NAFLD or hyperuricemia and im-
paired renal function. The variables considered in the 
models were age, sex, metabolic syndrome, HOMA-IR, 
and impaired renal function for NAFLD. For hyper-
uricemia, the variables considered in the models were 
age, sex, metabolic syndrome, dyslipidemia, hyperinsu-
linemia, alcohol overuse, and impaired renal function.

Results
Study population

We included 420 subjects. Of these, 294 were males 
aged 64 .8 (standard deviation 12 .0) years and 126 
were females aged 64 . 2 (standard deviation 11. 4 ) 
years. NAFLD and hyperuricemia were detected in 100 
(23.8%) and 192 (45.7%) subjects, respectively. Over-
all, 25.5% of males and 19.8% of females had NAFLD, 
while 59.5% of males and 13.5% of females had hyper-
uricemia.
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Fig. 1 shows the age- and sex-specific rates of 
NAFLD. The prevalence in females tended to increase 
gradually with age, whereas the difference in age-
specific rates was not remarkable in males. Fig. 2 shows 
the age- and sex-specific proportions of hyperuricemia. 
The prevalence in females tended to rise gradually with 
age after 50 years old, whereas the difference in age-
specific proportion was not remarkable in males. In the 
study of Ozaki et al.20 , serum uric acid level increased 
after menopause in females.
Clinical characteristics and risk factors for NAFLD

Table 1 shows the clinical characteristics of 100 
subjects with NAFLD (NAFLD group) and 320 with-
out NAFLD (non-NAFLD group). Notably, SBP, DBP, 
triglyceride, uric acid, fasting plasma glucose, HbA1c, 
fasting plasma insulin, HOMA-IR, and waist circumfer-
ence were significantly higher whereas HDL-C was sig-
nificantly lower in the NAFLD group than in the non-
NAFLD group. To identify the risk factors that were 
significantly associated with NAFLD, we performed 

a contingency table analysis between the NAFLD and 
non-NAFLD groups using multivariate logistic regres-
sion analysis. The analysis showed that HOMA-IR ≥2.5 
(OR=2.779, p=0.001), hyperuricemia (OR=2.025, 
p= 0 . 013 ), and metabolic syndrome (OR= 1 . 949 , 
p=0.015) are statistically significant risk factors for 
NAFLD (Table 2).

We further investigated which risk factors, including 
components of metabolic syndrome (i.e., central obesity 
and hypertension, central obesity and dyslipidemia, 
and central obesity and IFG), were significantly related 
to NAFLD. We performed a contingency table analysis 
between the NAFLD and non-NAFLD groups using 
multivariate logistic regression analysis. We found that, 
in addition to hyperuricemia (OR=2.145, p=0.007), 
central obesity and IFG (OR=2.039, p=0.017) are sta-
tistically significant risk factors for NAFLD (Table 3).
Clinical characteristics and risk factors for hyperuri-
cemia

Table 4 shows the clinical characteristics of 192 
subjects with hyperuricemia (hyperuricemia group) 
and 228 subjects without hyperuricemia (non-hyper-
uricemia group). Male sex, SBP, DBP, triglyceride, fast-
ing plasma glucose, HbA1c, fasting plasma insulin, 
HOMA-IR, NAFLD, and waist circumference were sig-
nificantly higher whereas HDL-C and eGFR were sig-
nificantly lower in the hyperuricemia group than in the 
non-hyperuricemia group. To determine the risk factors 
that were significantly associated with hyperuricemia, 
we performed a contingency table analysis between the 
hyperuricemia and non-hyperuricemia groups using 
multivariate logistic regression. The analysis revealed 
that male sex (OR=7.375, p<0.0001), dyslipidemia 
(high LDL-C)(OR= 1 . 714 , p= 0 . 030 ), hyperinsu-
linemia (OR=3.552, p=0.038), NAFLD (OR=3.640, 
p<0.0001), eGFR <60 mL/min/1.73 m2 (OR=4.454, 
p<0.0001), and alcohol overuse (OR=2.614, p=0.001) 
are statistically significant risk factors for hyperurice-
mia (Table 5).

We further investigated the risk factors that were 
significantly related to hyperuricemia, including com-
ponents of metabolic syndrome (i.e., central obesity and 
hypertension, central obesity and dyslipidemia (low 
HDL-C and/or high triglycerides), and central obesity 
and IFG). We performed a contingency table analysis 
between the hyperuricemia and non-hyperuricemia 
groups using multivariate logistic regression. Male 
sex (OR= 6 .724 , p< 0 . 0001), NAFLD (OR= 3. 632 , 
p<0.0001), eGFR <60 mL/min/1.73 m2 (OR=4.677, 
p<0.0001), alcohol overuse (OR=2.435, p=0.002), 
and the presence of central obesity and dyslipidemia 
(low HDL-C and/or high triglycerides)(OR=1.825, 
p=0.045) were statistically significant risk factors for 
hyperuricemia (Table 6).

Fig. 1.  Age- and Sex-Speci�c Proportions of NAFLD
NAFLD: nonalcoholic fatty liver disease.
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Discussion
In this study, we investigated the relationship be-

tween NAFLD and hyperuricemia with regard to 
metabolic syndrome. Previous studies reported that 
insulin resistance results in abnormal glucose metabo-
lism in both NAFLD21 and liver cirrhosis22. Supporting 
these reports, our study confirmed that components 

of metabolic syndrome (central obesity and IFG) are 
statistically significant risk factors for NAFLD (Table 
3). Furthermore, HOMA-IR level ≥2.5, which is used 
to indicate insulin resistance, was also a statistically 
significant risk factor for NAFLD. Insulin resistance in 
the liver inhibits the glycolytic pathway, activates the 
pentose phosphate cycle, and thus accelerates purine 

Table 1.  Clinical Data of Subjects with or without NAFLD

Characteristics
Subjects with NAFLD Subjects without NAFLD

p value
Mean (Standard deviation) [Number]

Age  64.2 (12.2) [100]  64.7 (11.7) [320] 0.718
Sex, male/female [75/25] [219/101] 0.197
Systoric blood pressure (mmHg) 129.6 (17.1) [100] 123.0 (17.5) [320] 0.001
Diastolic blood pressure (mmHg)  78.5 (10.9) [100]  75.4 (11.7) [320] 0.017
Total cholesterol (mg/dL) 199.4 (31.1)[100] 203.5 (35.6) [320] 0.310
LDL cholesterol (mg/dL) 120.6(26.6) [100] 116.9 (29.3) [320] 0.253
HDL cholesterol (mg/dL)  55.2 (12.7) [100]  66.2 (18.6) [320] <0.0001
Triglyceride (mg/dL) 130.5 (67.8) [100] 111.6 (71.8) [320] 0.021
Uric acid (mg/dL)   6 .1 ( 1 .3) [100]   5 .6 ( 1 .3) [320] 0.001
FPG (mg/dL) 108.7 (16.7) [100] 104.7 (16.8) [320] 0.037
HbA1c (%)   6 .2 ( 0 .7) [100]   5 .9 ( 0 .5) [320] <0.0001
Fasting plasma insulin ( μ IU/mL)   7 .7 ( 4 .6) [100]   5 .0 ( 3 .4) [320] <0.0001
HOMA-IR   2 .1 ( 1 .4) [100]   1 .3 ( 1 .0) [320] <0.0001
eGFR  67.6 (14.2) [100]  68.2 (14.6) [320] 0.748
Waist circumference (cm)  92.2 ( 8 .4) [100]  84.9 ( 9 .3) [320] <0.0001
Results are shown as mean (standard deviation). NAFLD: nonalcoholic fatty liver disease, LDL: low-density 
lipoprotein, HDL: high-density lipoprotein, FPG: fasting plasma glucose, HbA1c: hemoglobin A1c, HOMA-IR: 
homeostasis model assessment-insulin resistance, eGFR: estimated glomerular �ltration rate.

Table 2.  Multivariate Logistic Regression Analysis of Risk Factors for NAFLD

Characteristics Subjects with NAFLD  
(n=100)

Subjects without NAFLD  
(n=320) Adjusted OR 95% CI p value

Number (%)
Aging (over 60 years old) 67 (67.0) 210 (65.6) 1.121 0.662–1.900 0.670
Male 75 (75.0) 219(68.4) 0.738 0.401–1.361 0.331
Female 25 (25.0) 101 (31.6)
HOMA-IR ≥ 2.5 29 (29.0)  31 ( 9 .7) 2.779 1.513–5.102 0.001
HU 60 (60.0) 132 (41.3) 2.025 1.163–3.524 0.013
eGFR<60 26 (26.0)  90 (28.1) 0.614 0.343–1.099 0.101
MetS 46 (46.0)  81 (25.3) 1.949 1.140–3.331 0.015
NAFLD: nonalcoholic fatty liver disease, OR: odds ratio, CI: con�dence interval, HOMA-IR: homeostasis model assessment-
insulin resistance, HU: hyperuricemia, eGFR: estimated glomerular �ltration rate, MetS: metabolic syndrome.

Table 3.  Further Multivariate Logistic Regression Analysis of Risk Factors for NAFLD

Characteristics Subjects with NAFLD  
(n=100)

Subjects without NAFLD  
(n=320) Adjusted OR 95% CI p value

Number (%)
Aging (over 60 years old) 67 (67.0) 210 (65.6) 1.067 0.630–1.808 0.809
Male 75 (75.0) 219 (68.4) 0.704 0.380–1.303 0.264
Female 25 (25.0) 101 (31.6)
HU 60 (60.0) 132 (41.3) 2.145 1.235–3.724 0.007
eGFR<60 26 (26.0)  90 (28.1) 0.628 0.352–1.121 0.116
Central obesity and hypertension 52 (52.0) 103 (32.2) 1.562 0.849–2.875 0.152
Central obesity and  
　dyslipidemia (low HDL-C and/or high TG) 48 (48.0)  95 (29.7) 1.249 0.686–2.275 0.467

Central obesity and IFG 34 (34.0)  49 (15.3) 2.039 1.139–3.650 0.017
NAFLD: nonalcoholic fatty liver disease, OR: odds ratio, CI: con�dence interval, HU: hyperuricemia, eGFR: estimated glomerular �ltration rate, 
HDL-C: high-density lipoprotein cholesterol, TG: triglyceride, IFG: impaired fasting glucose.



Ningen Dock International　Vol.8  No.1  2021 13 (13)

Shiga, et al. : Roles of NAFLD and HU in Lifestyle-related Diseases

synthesis and uric acid production via the liver23,24 . No-
tably, insulin resistance in patients with metabolic syn-
drome induces compensatory hyperinsulinemia, which, 
in chronic cases, induces sodium reabsorption from 
the proximal convoluted tubules of the kidneys thereby 

promoting uric acid reabsorption.
Moreover, we found that central obesity and dyslipid-

emia (low HDL-C and/or high triglycerides), which are 
components of metabolic syndrome, and high LDL-C 
are statistically significant risk factors for hyperurice-

Table 4.  Clinical Data of Subjects with or without Hyperuricemia

Characteristics
Subjects with HU Subjects without HU

p value
Mean (Standard deviation) [Number]

Age  64.5 (11.6) [192]  64.7 (12.0) [228] 0.909
Sex, male/female [175/17] [119/109] <0.0001
Systoric blood pressure (mmHg) 127.2 (15.8) [192] 122.3 (18.7) [228] 0.004
Diastolic blood pressure (mmHg)  78.3 (11.9) [192]  74.2 (11.1) [228] <0.0001
Total cholesterol (mg/dL) 201.0 (37.1) [192] 203.8 (32.4) [228] 0.418
LDL cholesterol (mg/dL) 118.8 (31.1) [192] 116.9 (26.5) [228] 0.485
HDL cholesterol (mg/dL)  58.5 (14.5) [192]  68.0 (19.4) [228] <0.0001
Triglyceride (mg/dL) 135.3 (81.6) [192]  99.9 (56.4) [228] <0.0001
FPG (mg/dL) 108.1 (17.0) [192] 103.7 (16.4) [228] 0.007
HbA1c (%)   6 .0 ( 0 .6) [192]   5 .9 ( 0 .5) [228] 0.008
fasting plasma insulin ( μ IU/mL)   6 .7 ( 4 .5) [192]   4 .8 ( 3 .0) [228] <0.0001
HOMA-IR   1 .8 ( 1 .3) [192]   1 .3 ( 0 .9) [228] <0.0001
eGFR  63.7 (14.9) [192]  71.6 (13.1) [228] <0.0001
NAFLD (%) 31.3 [60/192] 17.5 [40/228] 0.001
Waist circumference (cm)  89.7( 8 .4) [192]  84.0 ( 9 .8) [228] <0.0001
Results are shown as mean (standard deviation). HU: hyperuricemia, LDL: low-density lipoprotein, HDL: high-
density lipoprotein, FPG: fasting plasma glucose, HbA 1 c: hemoglobin A 1 c, HOMA-IR: homeostasis model 
assessment-insulin resistance, eGFR: estimated glomerular �ltration rate, NAFLD: nonalcoholic fatty liver disease.

Table 5.  Multivariate Logistic Regression Analysis of Risk Factors for Hyperuricemia

Characteristics Subjects with HU  
(n=192)

Subjects without HU  
(n=228) Adjusted OR 95% CI p value

Number (%)
Aging (over 60 years old) 125 (65.1) 152 (66.7) 0.660 0.395–1.103 0.113
Male 175 (91.1) 119 (52.2) 7.375 3.948–13.776 <0.0001
Female  17 ( 8 .9) 109 (47.8)
Dyslipidemia (high LDL cholesterol) 121 (63.0) 109 (47.8) 1.714 1.053–2.787 0.030
Hyperinsulinemia  18 ( 9 .4)   5 ( 2 .2) 3.552 1.073–11.757 0.038
eGFR<60  76 (39.6)  40 (17.5) 4.454 2.504–7.924 <0.0001
MetS  83 (43.2)  44 (19.3) 1.195 0.692–2.061 0.523
NAFLD  60 (31.3)  40 (17.5) 3.640 1.915–6.920 <0.0001
Alcohol overuse  85 (44.3)  71 (31.1) 2.614 1.463–4.670 0.001
HU: hyperuricemia, OR: odds ratio, CI: con�dence interval, LDL: low-density lipoprotein, eGFR: estimated glomerular �ltration rate, 
MetS: metabolic syndrome, NAFLD: nonalcoholic fatty liver disease.

Table 6.  Further Multivariate Logistic Regression Analysis of Risk Factors for Hyperuricemia

Characteristics Subjects with HU  
(n=192)

Subjects without HU  
(n=228) Adjusted OR 95% CI p value

Number (%)
Aging (over 60 years old) 125 (65.1) 152 (66.7) 0.651 0.390–1.085 0.100
Male 175 （91.1） 119 （52.2） 6.724 3.618–12.497 <0.0001
Female  17 ( 8 .9) 109 (47.8)
eGFR<60  76 (39.6)  40 (17.5) 4.677 2.624–8.335 <0.0001
Central obesity and hypertension  96 (50.1)  59 (25.9) 1.021 0.554–1.880 0.947
Central obesity and  
　dyslipidemia (low HDL-C and/or high TG)  93 (48.4)  50 (21.9) 1.825 1.014–3.284 0.045

Central obesity and IFG  51 (26.6)  32 (14.0) 1.091 0.592–2.011 0.781
NAFLD  60 (31.3)  40 (17.5) 3.632 1.914–6.891 <0.0001
Alcohol overuse  85 (44.3)  71 (31.1) 2.435 1.369–4.332 0.002
HU: hyperuricemia, OR: odds ratio, CI: con�dence interval, eGFR: estimated glomerular �ltration rate, HDL-C: high-density lipoprotein 
cholesterol, TG: triglyceride, IFG: impaired fasting glucose, NAFLD: nonalcoholic fatty liver disease.
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mia (Table 5 and 6). Subjects with visceral obesity have 
been reported to show increased uric acid production 
and serum uric acid levels25,26 . Visceral fat accumula-
tion increases serum uric acid levels through the fol-
lowing mechanism: in subjects with visceral obesity, 
excessive free fatty acids in the portal vein stimulate the 
overproduction of very low-density lipoprotein, which 
in turn leads to hypertriglyceridemia. Hypertriglyceri-
demia activates the pentose phosphate cycle through 
the nicotinamide adenine dinucleotide phosphate path-
way and consequently increases the production of uric 
acid20, 27 .

Hyperuricemia is a mediator of proinflammatory 
endocrine imbalance in the adipose tissue and thus is a 
potential underlying factor for dyslipidemia, inflamma-
tion, and subsequent atherogenesis28. A previous study 
showed a significant positive relationship between se-
rum uric acid levels and triglyceride, total cholesterol, 
and LDL-C levels, with an inverse relationship with 
HDL-C29 . Concurrent dyslipidemia and hyperurice-
mia have also been reported30–32. Furthermore, we also 
found that hyperuricemia has a statistically significant 
relationship with hyperinsulinemia (Table 5), which is 
consistent with the finding of Tanabe et al.33 . Hyper-
uricemia and insulin resistance mutually amplify each 
other, and both are assumed to promote arteriosclerosis.

In this study, we emphasize the need for early pre-
vention of hyperuricemia, dyslipidemia, central obesity 
(visceral obesity), and hyperinsulinemia with both 
medication and lifestyle modification (healthy diet, ex-
ercise, and restricted drinking) to reduce the incidence 
of associated arteriosclerotic diseases.

Renal dysfunction was another risk factor associated 
with hyperuricemia (Table 5 and 6), which is an inter-
esting finding given the recent evidence that uric acid is 
a risk factor for renal dysfunction34. Notably, both hy-
peruricemia and gout have renal dysfunction and renal 
stone development as complications. Some studies have 
shown that uric acid-lowering therapies in patients with 
both hyperuricemia and renal dysfunction could im-
prove renal function35–38.

Furthermore, we showed that the prevalence of hy-
peruricemia among females tended to increase gradu-
ally after the age of 50 years (Fig. 2). Urate resorptive 
transporters are important for uric acid reabsorption 
and urate transporter 1 is suppressed by estrogen. Thus, 
increased serum urate levels in postmenopausal females 
in our study possibly reflected the change in renal urate 
elimination associated with loss of female hormones39.

In addition, we also showed that the NAFLD preva-
lence among females tended to rise gradually with age, 
whereas the rate of NAFLD in men remained almost 
unchanged. These results suggest an influence of female 
hormones on fatty liver development. Estrogen sup-

presses visceral fat accumulation and increases subcuta-
neous fat accumulation40. Hence, a decrease in estrogen 
activity may promote visceral fat accumulation, thereby 
resulting in fatty liver development41.

Based on our results, hyperuricemia was a significant 
risk factor for NAFLD (Table 2 and 3), which is con-
sistent with the available clinical evidence suggesting 
that hyperuricemia is significantly related to NAFLD. 
Lombardi et al.42 reported that serum uric acid levels 
mainly contribute to NAFLD pathogenesis through 
insulin resistance43, production of radical oxygen spe-
cies44 , and activation of the Nod-like receptor pyrin 
domain-containing protein 3 inflammasome45–47 . Hy-
peruricemia may cause insulin resistance by reducing 
endothelial nitric oxide bioavailability43. Additionally, 
uric acid may be produced by fructose metabolism and 
may induce hepatic steatosis in the liver through mi-
tochondrial oxidative stress48–51. Uric acid is a strong 
environmental oxidant in metabolic syndrome, and 
hyperuricemia could stimulate nicotinamide adenine 
dinucleotide phosphate oxidase and directly contribute 
to NAFLD pathogenesis52 . Generally, serum uric acid 
could regulate lipid production and facilitate the onset 
of metabolic disorders and NAFLD through multifac-
eted pathways53.

Our data further indicated that NAFLD is an inde-
pendent risk factor for hyperuricemia. However, the 
specific NAFLD pathogenesis inducing high serum uric 
acid levels remains to be clearly established. Neverthe-
less, inflammatory cells may infiltrate hepatic and fatty 
tissues, and subsequently nucleic acids may be released 
from hepatocytes undergoing apoptosis, which in turn 
produces an environment that is conducive to hyper-
uricemia development54.

Hyperuricemia and NAFLD are related to one an-
other and either of the two is related to metabolic 
syndrome, insulin resistance, dyslipidemia, renal dys-
function, and various lifestyle factors. On this basis, it 
is plausible that we should aim to treat these conditions 
with both medication and lifestyle advice.

Conclusion
In conclusion, hyperuricemia and NAFLD are re-

lated and both are associated with metabolic syndrome 
and other lifestyle-related diseases. Thus, an effective 
treatment of NAFLD and hyperuricemia requires both 
medical therapy and lifestyle changes.
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Gastric Mucosal Changes Evaluated by Double-contrast  
Upper Gastrointestinal Radiography after  

Helicobacter pylori Eradication
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Abstract
Objective: Double-contrast upper gastrointestinal radiography (UGI-XR) has been used for 
screening gastric cancer worldwide. However, gastric mucosal change a�er eradication of Helico-
bacter pylori (H. pylori) on UGI-XR is poorly understood. We investigated gastric mucosal chang-
es a�er H. pylori eradication on UGI-XR.
Methods: �e width of gastric folds and the state of mucosal surface before and a�er H. pylori 
eradication were evaluated in 104 subjects by UGI-XR. Gastric mucosal surface (GMS) �ndings 
were classi�ed into four types according to the degree of abnormality in the mucosal pattern: A, 
normal; B, enlarged and mildly irregular-shaped gastric area; C, obviously enlarged with consider-
able irregular gastric area; and D, irregular rugged mucosal surface.
Results: During a 16.1-months follow-up period, the enlarged folds improved in 62/91 subjects 
(68%), and the width of the gastric folds decreased from 6.4 mm (mean) to 3.7 mm (p<0.0001). 
Gastritis change of GMS changed in all types; however, the improvement to type A with normal-
ization of fold width was lower in type C (2.6%, p=0.047) and type D (0%, p=0.029) than in 
type B (16.1%).
Conclusion: H. pylori-induced chronic gastritis changed a�er H. pylori eradication in 70% of the 
subjects who underwent UGI-XR, and UGI-XR is useful for evaluating gastric mucosal change 
a�er H. pylori eradication. In subjects with type C and type D GMS, the rate of change to a normal 
mucosa on UGI-XR was low, which suggested earlier H. pylori eradication, prior to developing 
type C and type D mucosal patterns.

Keywords  Helicobacter pylori, double-contrast upper gastrointestinal radiography, atrophic 
gastritis, enlarged gastric folds
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Original Article

Helicobacter pylori (H. pylori) induced atro-
phic gastritis that leads to gastric cancer, and 
eradication of H. pylori can reduce the risk 

of gastric cancer development1–3 . From these results, 
H. pylori eradication treatment has been covered by 
health insurance in Japan since 2001. Gastric cancer is 
the third cause of cancer death in Japan, with reports 
of high prevalence of H. pylori infection4 and increas-
ing number of subjects receiving H. pylori eradication 
treatment. Although the risk of cancer development 
is reduced after eradication of H. pylori, the risk still 
remains, and cancer screening is required even after 
eradication. Double-contrast upper gastrointestinal 
radiography (UGI-XR) has been used as a standard 

gastric cancer screening method, and is officially rec-
ommended as a cancer screening method in Japan 
because of its usefulness in reducing the risk of gastric 
cancer mortality5. In addition it is useful for detecting 
H. pylori induced chronic gastritis (H. pylori gastritis), 
which is one of the major risk factors for gastric can-
cer development6,7 . However, few studies have been 
carried out regarding the change of gastric mucosa on 
UGI-XR after H. pylori eradication, and it is still not 
fully understood. We therefore conducted a retrospec-
tive study to investigate the gastric mucosal changes on 
UGI-XR after H. pylori eradication.
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Methods
Subjects

We included 104 health check-up subjects (mean age 
54.1 years, at the time of H. pylori eradication), who 
had UGI-XR before and after a successful H. pylori 
eradication therapy, which was performed between 
September 2013 and March 2017 (Table 1). None of 
the subjects had a history of gastric cancer or gastrec-
tomy and none had used gastric acid suppressants. 
The diagnosis of the H. pylori infection was based on a 
H. pylori antibody titer ≥ 10 U/mL measured using an 
enzyme immunoassay kit (E-plate Eiken H. pylori anti-
body II; Eiken Chemical, Tokyo, Japan).
Evaluation of UGI-XR

Radiological findings of the sufficiently extended 
gastric body, or antrum, in the dorsal position on dou-
ble contrast examination of UGI-XR were assessed by 
a gastrointestinal radiologist (SM). Gastric fold with a 
width of 4.5 mm or more was defined as enlarged ac-
cording to Nakajima et al.8 and the change of the gastric 

mucosal surface (GMS) was classified according to the 
degree of abnormality in the mucosal pattern based on 
the reports of Yamamichi et al.9 . They were classified 
into four types (type A: defined as having no abnormal 
mucosal pattern, a gastric area that was not visualized 
or was recognized as small and round-shaped with a 
homogenous pattern (Fig. 1a); type B: defined as hav-
ing a slightly enlarged and slightly irregular gastric 
area (Fig. 1b); type C: defined as having an obviously 
enlarged gastric area with considerable irregularity (Fig. 
1c); type D: defined as an absent gastric area or irregu-
larly enlarged area showing cobblestone-like appear-
ance (Fig. 1d).
Statistical analyses

The statistical analyses were performed with R2.8.1 
software using Spearman’s rank correlation coefficient, 
Student’s t-test, Kruskal–Wallis test, and Chi-squared 
test.

Results
After H. pylori eradication, improvement of fold 

width and gastric mucosal surface were observed in 
many subjects. Typical cases are shown in Fig. 2 .
Gastric folds

Before H. pylori eradication, 91 subjects showed fold 
enlargement and 5 subjects showed fold disappear-
ance (Table 2). After eradication, a decrease in the fold 
width of the enlarged folds was already seen in cases 
even 4 months after eradication. There was no gender 
difference in the decrease of fold width after eradica-
tion. Decrease of fold width (reduction by 1 mm or 
more) was seen in 62 (68%) of 91 subjects with en-
larged folds. Both male and female subjects improved 
to achieve a normal fold width range (<4.5 mm), 19 of 
38 (50%) and 30 of 53 (57%), respectively. The mean 
fold width decreased from 7.4 mm to 4.0 mm in males, 
from 5.7 mm to 3.6 mm in females, and from 6.4 mm 
to 3.7 mm in all subjects, (p<0.0001).
Gastric mucosal surface (GMS)

Before eradication, gastritis change of GMS (type B, 
C, and D) was observed in 96 subjects (Table 3). After 
eradication, a total of 65 subjects (67.7%) changed into 
other types of GMS. The change of type was seen in 
types (B, C, and D), and there was no gender difference 
in the rate of change. However, the rate of change to 
achieve a type A mucosal pattern differed by the type, 
and was the highest in type B (type B, 35.5%; C, 10.8%; 
D, 0%, p=0.0006) (Table 4). And the improvement 
rate to normalization of the fold width with change to 
type A GMS classification was lower in type C (1/38: 
2.6%, p=0.047) and type D (0/27: 0%, p=0.029) than 
in type B (5/31: 16.1%) (Fig. 3).

d

ba

c

Fig. 1.   Typical Images of the Gastric Mucosal Surface of 
Chronic Helicobacter pylori Gastritis by Double-
contrast Upper Gastrointestinal Radiography

a. Type A: No abnormal mucosal pattern with a small, round shape, 
and homogenous gastric area. b. Type B: �e gastric area is obscurely 
visualized in an irregular shape with a mixture of micro nodule 
and barium fleck. c. Type C: The gastric area is obviously enlarged 
showing multiple small granular prominences. d. Type D: �e gastric 
surface is irregularly rugged with a cobblestone-like appearance.

Table 1.  Baseline Characteristics of Subjects
Subjects of the study

n 104
male/female 41/63
age mean; range (years) 54.1; 34–69
fold width; normal/enlarged/disappeared 8/91/5
fold width; mean, range (mm) 6.4, 2 .2–7.6
type of the change in gastric mucosal surface; A/B/C/D 8/31/38/27
observation period mean; range (months) 16.1; 4–47
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Fold

B to A

C to A

After Before After Before
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17 months17 months

52 y. male 70 y. female

39 y. male

1

3 4

5 62

Fig. 2.  The Enlarged and Meandering Gastric Fold Reduction
Gastric fold reduced in width from 12.6 mm to 2.4 mm a�er H. pylori eradication (1, 2). Irregular shaped gastric area with micro nodule and 
barium �eck changed to a �ne granular homogenous pattern (type B to A: 3, 4). Enlarged gastric area showing small granular prominence became 
obscure (type C to A: 5, 6).

Table 2.   Gastric Fold Width Before and After Eradication of Helicobacter 
pylori

male female
n 41 63

age (mean) 54.4 53.9
before H. pylori eradication
　mean 7.4 mm 5.7 mm
　normal/enlarged/disappeared 2/38/1 6/53/4
after H. pylori eradication
　mean 4.0 mm 3.6 mm
　normal/enlarged/disappeared 21/19/1 36/23/4
　improvement to normal from enlarged (%) 19 (50.0) 30 (56.6)
H. pylori: Helicobacter pylori

Table 3.   Type of the Change in Gastric Mucosal Surface and Normal Fold Width 
Before and After Eradication of Helicobacter pylori

Type of the change in GMS
A B C D

before H. pylori eradication
n (total: 104) 8 31 38 27
male/female (n) 4/4 16/15 13/25 8/19
age (years) 54.3 55 53.6 53.7
observation period (months) 13.3 13.8 16.9 18.4
normal fold width (n) 1 5 3 2

after H. pylori eradication
n (total: 104) 24 54 23 3
male/female (n) 9/15 24/30 8/15 0/3
previous type, A/B/C/D 7/13/4/0 1/15/24/14 0/3/9/11 0/0/0/3
normal fold width (n) 20 25 17 0

A�er H. pylori eradication, GMS changed to other types in many subjects.
H. pylori: Helicobacter pylori. GMS: gastric mucosal surface
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Discussion
Endoscopic and histological studies have reported 

that the mucosal change of atrophic gastritis improved 
after H. pylori eradication10–12 . Studies on UGI-XR 
have also suggested the possibility of improvement of 
H. pylori gastritis after H. pylori eradication, in a cross-
sectional study13 and a few longitudinal studies with 
a limited number of subjects14,15 . We investigated the 
mucosal change of H. pylori gastritis after H. pylori 
eradication in 104 subjects and obtained the follow-
ing findings: (1) After H. pylori eradication, change to 
the mucosal findings of H. pylori gastritis occurred in 
nearly 70% of the subjects who had UGI-XR, and UGI-
XR is useful for the evaluation of gastric mucosal changes 
after H. pylori eradication. (2) Both enlarged gastric folds 
and gastritis change of GMS improved to normal on 
UGI-XR in some subjects, but the improvement rate was 
low in subjects with type C and type D mucosal patterns.

Enlarged gastric fold is one of the major character-
istics of H. pylori gastritis. Concerning the change of 
enlarged folds on UGI-XR after H. pylori eradication, 
Okuda et al.14 reported that the fold width decreased 
in all seven subjects examined, and Yamasaki et al.15 
reported the improvement of the fold form in 12 of 
14 subjects. In our study, nearly 70% of 96 subjects 

Table 4.   Change to Type A from Each of the Types After Helicobacter 
pylori Eradication

Type of gastric mucosal surface
A B C D

before H. pylori eradication (n) 8 31 38 27
type A after H. pylori eradication (n) 7 11 4 0
　rate of change (%) － 35.5† 10.5† 0†

change to type A with normal fold width (n) 6 5 1 0
†p=0.0006. H. pylori: Helicobacter pylori

with enlarged folds showed decrease of fold width at 
16.1 months after eradication, which was consistent 
with prior studies, and also showed that early decrease 
of fold width within 1 year after H. pylori eradication 
was frequent (36 subjects, mean: after 8 .9 months). 
Enlarged folds are considered to be associated with the 
risk of developing gastric cancer7,16 , and Nishibayashi 
et al.17 reported that enlarged folds are associated with 
increased oxidative DNA damage and an increased risk 
of gastric cancer with a stepwise increasing risk at fold 
width ≥5 mm, and extremely high risk at width ≥7 mm. 
In this study, 40 of 104 subjects had enlarged folds with 
width ≥7 mm before H. pylori eradication, and 18 of 
them improved to normal width (<4.5 mm) (data are 
not shown) after eradication. However, it is unknown 
whether the improvement of enlarged folds by H. pylori 
eradication is associated with decreased gastric cancer 
risk, and further studies are required to find out the 
significance of normalization of the fold width. As to 
the change of GMS after H. pylori eradication, Okuda et 
al.14 reported reduction in the size of the gastric area in 
4 of 6 subjects, and Yamasaki et al.15 reported improve-
ment to a normal pattern of GMS in 2 of 15 subjects 
after eradication. Furthermore, Yamamichi et al.13 re-
ported lower prevalence of atrophic gastritis on UGI-
XR among subjects with H. pylori eradication than 
chronically H. pylori-infected subjects. Consistent to 
these reports, the change of gastric mucosal pattern was 
observed in 66 of 96 subjects after H. pylori eradication 
in the current study (Table 3), which indicated that 
UGI-XR is useful for the evaluation of the change of 
GMS after H. pylori eradication.

In a 16 .1 months followed-up period, our study 
demonstrated that the rate of change to normal gastric 
mucosal surface after H. pylori eradication was low 
among subjects with type C and type D mucosal pat-
tern. Although the observation period might relate with 
the result, it corresponds to the suggestion by Shiotani 
et al.18 that the reversibility of the changes by H. pylori 
associated with atrophic gastritis depended upon the 
severity of the changes prior to H. pylori eradication. 
Furthermore, it is reported that patients with preexist-
ing severe gastric atrophy are at an increased risk for 
gastric cancer development after H. pylori eradica-
tion19–21. Although further studies are needed, the low 
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Fig. 3.   Rate of Change in Gastric Mucosal Surface to Type A 
with Normal Fold Width Among Type B, C, and D

The rate was lower in type C (2 .6%, p=0.047) and type D (0%, 
p=0.029) than in type B (16.1%).
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improvement rate of H. pylori gastritis in type C and 
type D mucosal patterns might possibly correlate to the 
risk of cancer development, and suggests the necessity 
of eradication of H. pylori prior to type C and type D 
mucosal pattern for the prevention of gastric cancer de-
velopment.

Conclusion
H. pylori gastritis can be changed after H. pylori 

eradication in 70% of the subjects who had UGI-XR, 
and UGI-XR is useful for evaluating the change of gas-
tric mucosal findings after H. pylori eradication as well 
as for screening cancer. In subjects with type C and 
D mucosal patterns, the improvement rate to normal 
mucosa seen on UGI-XR was low, which suggests the 
requirement of eradication prior to developing marked 
H. pylori gastritis.
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Which Combination is the Best among Glycated Hemoglobin,  
Fasting Plasma Glucose, and 2-h Post-challenge Glucose for  

the Diagnosis of Prediabetes Type and Diabetes Type?
Koji Kashima1 , Junichi Okada2 , Eijiro Yamada2 , Yasuyo Nakajima2 , Atsushi Ozawa2 ,  

Kazuya Okada3 , Takuya Watanabe4 , Shuichi Okada2 , Masanobu Yamada2

Abstract
Background: We aimed to evaluate the reliability of di�erent combinations of glycated hemoglo-
bin (HbA1c), fasting plasma glucose (FPG), and 2-h post-challenge glucose level (2-h PG) a�er 
a 75-g oral glucose tolerance test (75g OGTT) for diagnosing “prediabetes type,” “diabetes type,” 
and “normal type.”
Methods: All participants underwent a 75g OGTT and HbA1c measurements. Definitions of 
“normal type,” “prediabetes type,” and “diabetes type” for FPG were <110 mg/dL, 110≤ FPG <126 
mg/dL, and 126 mg/dL ≤ FPG, respectively; those for 2-h PG were <140 mg/dL, 140 mg/dL ≤
2-h PG <200 mg/dL, and 200 mg/dL ≤, respectively, while those for HbA1c were ≤6.2%, 6.2< 
HbA1c ≤6.5%, and 6.5%<, respectively. �e prevalence of “prediabetes type,” “diabetes type,” and  
“normal type” was estimated using seven different combinations, namely, “HbA1c+FPG or 
HbA1c+2-h PG,” “HbA1c+2-h PG,” “HbA1c+FPG,” “HbA1c alone,” “FPG+2-h PG,” “2-h PG 
alone,” and “FPG alone.”
Results: �e diagnosis of “prediabetes type” required, at minimum, FPG and 2-h PG values, and 
the inclusion of HbA1c helped minimize day-to-day variation and false positives in FPG and 2-h 
PG values. In contrast, the diagnosis of the “diabetes type” could be made using “a combination 
of HbA1c+2-h PG” instead of “HbA1c+FPG or HbA1c+2-h PG,” while the combination of 
“HbA1c+FPG or HbA1c+2-h PG’’ appeared reliable for diagnosing “normal type.”
Conclusion: “A combination of HbA1c+FPG or HbA1c+2-h PG” is recommended for the diag-
nosis of “prediabetes type,” “diabetes type,” and “normal type.”

Keywords  diabetes mellitus, fasting plasma glucose, 75-g oral glucose tolerance test, glycated 
hemoglobin

1 Kiryu Kosei General Hospital ; 2 Department of Medicine and Molecular Science, Gunma University Graduate School of Medicine ;  
3 Omagari Kousei Medical Center ; 4 Department of Endocrinology and Metabolism, Saku Central Hospital Advanced Care Center
Contact : Shuichi Okada, Department of Medicine and Molecular Science, Gunma University Graduate School of Medicine, 3–39–15 
Showa-machi, Maebashi, Gunma 371–8511, Japan. Tel : +81–27–220–8501 ; Fax : +81–27–220–8136 ; E-mail : okadash@gunma-u.
ac.jp

Original Article

Fasting plasma glucose (FPG), along with 2 -h 
post-challenge glucose level ( 2 -h PG) after a 
75-g oral glucose tolerance test (75g OGTT), has 

been used as a criterion for diagnosing diabetes. While 
these methods are sensitive, they have poor reproduc-
ibility because of day-to-day variations. Glycated he-
moglobin (HbA1c), initially discovered by Rahbar et 
al. in 19691, has been recommended as an index for 
the diagnosis, treatment, and monitoring of diabetes 
to minimize the effects of day-to-day variation in FPG 
and 2-h PG values. In 2009, the International Expert 
Committee with members appointed by the American 
Diabetes Association, the European Association for 
the Study of Diabetes, and the International Diabetes 

Federation recommended the use of an HbA1c cutoff 
limit of >6.5% to diagnose diabetes2 , and this has also 
been endorsed by the American Diabetes Association3.

Prediabetes has recently attracted clinicians’ atten-
tion because early intervention can potentially prevent 
new onset of not only diabetes3 but also atherosclero-
sis4. However, using a combination of FPG and HbA1c 
to diagnose prediabetes (i.e., impaired fasting glucose; 
IFG, impaired glucose tolerance; IGT, and IFG+IGT; 
combined glucose intolerance) or diabetes, it is possible 
to overlook certain types of prediabetes and diabetes, 
wherein FPG is not elevated but 2-h PG is elevated due 
to peripheral insulin resistance. Similarly, with the use 
of 2-h PG and HbA1c for diagnosing prediabetes or 
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diabetes, certain types of prediabetes and diabetes can 
be missed to undergo detection, for example, in cases 
where 2-h PG is not elevated but FPG is elevated due to 
hepatic insulin resistance.

Ningen Dock usually involves the measurement of 
HbA1c, FPG, and 2-h PG on the same day; it does not 
aid in the diagnosis of clinical prediabetes and diabetes 
but can aid in the diagnosis of “prediabetes type” and 
“diabetes type” as well as “normal type.” Nevertheless, 
Ningen Dock is clinically meaningful because it can 
identify high-risk subjects and prescribe interventions 
to prevent new onset of diabetes and/or recognize sub-
jects with overt diabetes who have not yet visited a hos-
pital and remind them to do so at the earliest.

Therefore, in this study, we investigated whether 
combinations of three measurements, namely, HbA1c, 
FPG, and 2-h PG, can be used simultaneously for an 
accurate diagnosis of “prediabetes type,” “diabetes 
type,” or “normal type.” In addition to the aforemen-
tioned points, the relative contribution and strength 
of the association between 2-h PG and HbA1c is only 
moderate and is much weaker than that between FPG 
and HbA1c5. To explore optimal use of these three 
measures, we aimed to identify the most suitable com-
bination for the diagnosis of “prediabetes type,” “dia-
betes type,” and “normal type” from the possible com-
binations, namely, “HbA1c+FPG or HbA1c+2-h PG,” 
“HbA1c+2-h PG,” “HbA1c+FPG,” “HbA1c alone,” 
“FPG+2-h PG,” “2-h PG alone,” and “FPG alone.” Fur-
thermore, as HbA1c is known to be affected by age6, 
we analyzed the effect of age on these results.

Methods
The study protocol was reviewed and approved by 

the Kiryu Kosei General Hospital review board and 
conformed to the guidelines of the Declaration of 
Helsinki, 1964. Written informed consent was obtained 
from all participants.

This clinical study included 3 , 681 subjects who 
underwent Ningen Dock at Kiryu Kosei General Hos-
pital during 2016–2018. If a subject was repeatedly 
examined at Ningen Dock, then the most recent data 
were used for analysis. Subjects who had already been 
diagnosed with diabetes mellitus or who were taking 
diabetes medications were excluded from this study. 
Study subjects stayed in our hospital on day 1 and were 
requested to remain in a fasted state overnight (for 12 
h). Blood samples were drawn at 8:00 the next morning 
and 2 h after oral administration of 75-g glucose as 75g 
OGTT on day 2. Venous blood samples were collected 
into tubes containing EDTA and fluoride; plasma was 
then separated from the cells within <1 h after sample 
collection, and plasma glucose concentration was de-
termined by the hexokinase method using the Synchro 

CX 4/CX5 glucose analyzer (Beckman Instruments, 
Fullerton, CA). Both intra- and inter-assay coefficients 
of variation were <2%, i.e., at <7 mmol/L. HbA1c was 
assessed using the HPLC method (Bio-Rad DIAMAT, 
Ivry-sur-Seine, France) in blood samples collected in 
EDTA-containing tubes. The normal range in this clini-
cal study was set as 4.5% to 6.2%.

Thus, all participants underwent the 75g OGTT 
and HbA1c measurement, and cut-offs for FPG, 2-h 
PG, and HbA1c were determined based on guidelines 
provided by the Japan Diabetes Society. For FPG, <110 
mg/dL was defined as “normal type,” 110≤ FPG <126 
mg/dL as “prediabetes type,” and 126 mg/dL ≤ FPG as 
“diabetes type.” For 2-h PG, <140 mg/dL was defined 
as “normal type,” 140 mg/dL ≤2-h PG <200 mg/dL as  
“prediabetes type,” and 200 mg/dL ≤ as “diabetes type.” < 
HbA1c ≤6.2% as “normal type,” 6.2< HbA1c ≤6.5%  
as “prediabetes type,” and 6.5% < as “diabetes type.” 
The respective prevalence of “prediabetes type,” “dia-
betes type,” and “normal type” was estimated based 
on different combinations of three measures, namely, 
“HbA1c+FPG or HbA1c+2-h PG,” “HbA1c+2-h PG,” 
“HbA1c+FPG,” “HbA1c alone,” “FPG+2-h PG,” “2-h 
PG alone,” and “FPG alone.”

Subjects were thus divided into three groups, namely, 
“normal type,” “prediabetes type,” and “diabetes type,” 
and further sub-divided into different age groups (40s, 
50s, 60s, 70s, and 80s) to analyze the effect of age on 
the results. The number of subjects in each diagnos-
tic group was determined using “the combination of 
HbA1c+FPG or HbA1c+2-h PG.” This number was 
defined as 100% because all measured factors (HbA1c, 
FPG, and 2-h PG) were involved in this combination 
and was considered the most reliable combination. We 
then estimated the efficiency and reliability of these 
different combinations for diagnosis by comparing the 
results obtained with each combination to those of the 
combination of “HbA1c+FPG or HbA1c+2-h PG” us-
ing statistical analysis. For this analysis, each group was 
not divided into various age groups (no subgroups).

Mean values between groups were compared using 
one-way analysis of variance with post-hoc Tukey–
Kramer comparisons to determine significant differ-
ences between mean values at p<0.05. The InStat 2.00 
program was used for statistical analyses.

Results
The demographic characteristics of the 3,681 subjects 

in our cohort are as follows: male/female ratio of 2.3/1, 
age of 55 .2±10 .7 years (mean±standard deviation), 
body length (BL) of 165±8.9 cm, body weight (BW) 
62 .3±11.8 kg, body-mass index (BMI) of 22 .8±3.2 
 (kg/m2 ), systolic blood pressure (SBP) of 120.1±15 
mmHg, diastolic blood pressure (DBP) of 74 .4±9.6 
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Table 1. Subjects’ Background Characteristics
Sex (M/F) age BL BW BMI SBP DBP SCr UA HDL-C LDL-C TG FPG 2-h PG HbA1c

Mean 2.31 55.2 165 62.3 22.8 120.1 74.4 0.78 5.6 64.3 128.9 208.8 92.9 107.3 5.55
SD 10.7 8.9 11.8  3.2 15  9.6 0.26 1.3 16.8 29  31.4  7.6  18.8 0.25
Summary demographic data of clinical study participants.
M, male; F, female; age (years); BL, body length (cm); BMI, body-mass index (kg/m2 ); SBP, systolic blood pressure (mmHg); DBP, diastolic blood pressure 
(mmHg); SCr, serum creatinine (mg/dL); UA, uric acid (mg/dL); HDL-C, high-density lipoprotein cholesterol (mg/dL); LDL-C, low-density lipoprotein 
cholesterol (mg/dL); TG, triglyceride (mg/dL); FPG, fasting plasma glucose (mg/dL); 2-h PG, 2-h post-challenge glucose level during 75g OGTT (mg/dL); 
HbA1c, glycated hemoglobin (%)

Table 2. Subjects’ Background Characteristics by Age
Sex (M/F) age BL BW BMI SBP DBP SCr UA HDL-C LDL-C TG FPG 2-h PG HbA1c

40s
Mean 2.76 45.1 168.6 67.2 23.6 119 74.2 0.79 5.8 62.5 126.7 125.3  97.6 109.2 5.9
SD  2.8   8 .3 12.8  3.6  14.2 10 0.34 1.4 17.1  29.6  88.9  18.3  22.1 0.3

50s
Mean 0.29 55.3 166.9 65.5 23.4 122.6 77.1 0.77 5.8 62.5 126.1 124 102.1 109.3 5.9
SD  2.8   7 .9 11.8  3.3  14.9 10 0.18 1.3 17.9  30.5  74.5  21.5  15.1 0.3

60s
Mean 2.9 63.5 164.4 62.2 22.9 124.2 76.7 0.77 5.6 62.5 119 116.5 103.1 129.1 5.76
SD  2.8   7 .9 10  2.8  14.2  9 0.19 1.2 16.4  28.5  76.7  22.6  37.2 0.59

70s
Mean 0.68 73.7 158.6 58.4 23 126.3 75.4 0.75 5.4 63.4 118.1 108.9 101.4 143.4 5.86
SD  2.9   9 .1 10.6  2.8  14.2  8.8 0.2 1.2 15.4  25.4  59  20.4  38.6 0.51

80s
Mean 1.4 82.9 155.2 54 22.3 124.6 70.8 0.84 5.9 64.2 109.9 100 102.3 130.1 5.89
SD  2.5 8 8.32   2 .47  15 10.1 0.22 1.17 16.1  23  74.2  21.1 47 0.52

Summary of demographic characteristics by sub-group (age).
M, male; F, female; age (years); BL, body length (cm); BMI, body-mass index (kg/m2 ); SBP, systolic blood pressure (mmHg); DBP, diastolic blood pressure 
(mmHg): SCr, serum creatinine (mg/dL); UA, uric acid (mg/dL); HDL-C, high-density lipoprotein cholesterol (mg/dL); LDL-C, low-density lipoprotein 
cholesterol (mg/dL); TG, triglyceride (mg/dL); FPG, fasting plasma glucose (mg/dL); 2-h PG, 2-h post-challenge glucose level during 75g OGTT (mg/dL); 
HbA1c, glycated hemoglobin (%)

Table 3. Diagnosis of “pre-diabetes type”
Prediabetes type

Year HbA1c+FPG or  
HbA1c+2-h PG HbA1c+2-h PG HbA1c+FPG HbA1c alone FPG+2-h PG 2-h PG alone FPG alone

40s
2016 100  86 14  0 100  85 14
2017 100  80 40  0 100  80 40
2018 100 100 50  0 100 100 50

50s
2016 100  77 54  0 115  85 62
2017 100  50 64  7 107  50 78
2018 100  79 63  5 105  84 73

60s
2016 100  85 40  0 100  85 75
2017 100  92 50 12 104  92 54
2018 100  84 48 20 112  88 56

70s
2016 100  89 32 21  95  84 26
2017 100 100 28  7 100 107 28
2018 100 100 25 25 100   0  0

80s
2016 100 100  0  0 100  80  0
2017 100  80 20 20 100 100 20
2018 100 100 25 25 100 100  0
Mean 100 86.8 36.86666667 9.466666667 102.5333333 81.33333333 38.4

SD 13.41214801 18.42307042 10.04892792 5.26262654 26.07315715 27.9943872
Diagnosis of “prediabetes type” was made based on seven combinations, as follows: “HbA1c+FPG or HbA1c+2-h PG,” “HbA1c+2-h PG,” “HbA1c+FPG,” 
“HbA1c alone,” “FPG+2-h PG,” “2-h PG alone,” and “FPG alone.” �e number of “prediabetes type” patients estimated using the combination of “HbA1c+FPG 
or HbA1c+2-h PG” was de�ned as 100. �e relative proportion represents the ratio of the actual measured number of subjects with the number derived when 
the combination of “HbA1c+FPG or HbA1c+2-h PG” for each year. �us, values below 100 indicate the presence of false negatives, while values over 100 imply 
the inclusion of false positives. Each value was analyzed according to age.
FPG, fasting plasma glucose (mg/dL); 2-h PG, 2-h post-challenge glucose level during 75g OGTT (mg/dL); HbA1c, glycated hemoglobin (%); HbA1c+FPG or 
HbA1c+2-h PG, the combination of HbA1c+FPG or HbA1c+2-h PG; HbA1c+2-h PG, the combination of HbA1c+2-h PG; HbA1c+FPG, the combination 
of HbA1c+FPG; FPG+2-h PG, the combination of FPG+2-h PG.
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mmHg, serum creatinine (SCr) of 0.78±0.26 mg/dL, 
uric acid (UA) of 5.6±1.3 mg/dL, high-density lipo-
protein cholesterol (HDL-C) of 64.3±16.8 mg/dL, low-
density lipoprotein cholesterol (LDL-C) of 128.9±29 

mg/dL, triglyceride (TG) of 208.8±31.4 mg/dL, FPG of 
92.9±7.6 mg/dL, 2-h PG (2-h post-challenge glucose 
level during 75g OGTT) of 107.3±18.8 mg/dL, and 
HbA1c of 5.55±0.25%. The results of demographic 

Fig. 1. Diagnosis of “prediabetes”
Seven di�erent combinations were used: “HbA1c+FPG or HbA1c+2-h PG,” “HbA1c+2-h PG,” “HbA1c+FPG,” “HbA1c alone,” “FPG+2-h 
PG,” “2-h PG alone,” and “FPG alone.” �ey were statistically compared using “the combination of HbA1c+FPG or HbA1c+2-h PG” as the 
standard. �e results of the statistical analysis are presented in the le� column.
FPG, fasting plasma glucose (mg/dL); 2-h PG, 2-h post-challenge glucose level during 75g OGTT (mg/dL); HbA1c, glycated hemoglobin (%); 
HbA1c+FPG or HbA1c+2-h PG, the combination of HbA1c+FPG or HbA1c+2-h PG; HbA1c+2-h PG, the combination of HbA1c+2-h PG; 
HbA1c+FPG, the combination of HbA1c+FPG; FPG+2-h PG, the combination of FPG+2-h PG. *represents p<0.001.
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p<0.001

HbA1c alone
p<0.001
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FPG alone
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F=65.963

Table 4. Diagnosis of “diabetes type”
Diabetes type

Year HbA1c+FPG or  
HbA1c+2-h PG HbA1c+2-h PG HbA1c+FPG HbA1c alone FPG+2-h PG 2-h PG alone FPG alone

40s
2016 100 100   0   0   0   0   0
2017 100 100 100 100 100 100 100
2018 100 100 100 100 100 100 100

50s
2016 100 100  50  50  50  50   0
2017 100 100 100 100 100 100 100
2018 100 100 100 100 100 100 100

60s
2016 100  40  20  20  40  20  20
2017 100  83  50  16   8  66  33
2018 100 87.5  75  50  75 62.5  25

70s
2016 100 100  50  50 100  50  50
2017 100 100  60  40 100  80  40
2018 100 100 100  50 100 100 100

80s
2016 100 100 100 100 100 100 100
2017 100 100 100 100 100 100 100
2018 100 100 100 100 100 100 100
Mean 100 94.03333333 73.66666667 65.06666667 78.2 75.23333333 64.53333333

SD 15.83674149 33.51261312 36.59716356 35.91696774 32.90835037 41.18402372
Diagnosis of “diabetes type” was made based on seven di�erent combinations, as follows: “HbA1c+FPG or HbA1c+2-h PG,” “the combination of HbA1c+2-h 
PG,” “the combination of HbA1c and FPG,” “HbA1c alone,” “the combination of FPG+2-h PG,” “2-h PG alone,” and “FPG alone.” �e number of patients 
diagnosed by the combination of “HbA1c+FPG or HbA1c+2-h PG” was 100. �e relative proportion represents the ratio of the actual measured number and 
the number derived using “the combination of HbA1c+FPG or HbA1c+2-h PG” for each year. �us, values below 100 indicate the presence of false negatives, 
while values over 100 imply the inclusion of false positives. Each value is represented by age.
FPG, fasting plasma glucose (mg/dL); 2-h PG, 2-h post-challenge glucose level during 75g OGTT (mg/dL); HbA1c, glycated hemoglobin (%); HbA1c+FPG or 
HbA1c+2-h PG, the combination of HbA1c+FPG or HbA1c+2-h PG; HbA1c+2-h PG, the combination of HbA1c+2-h PG; HbA1c+FPG, the combination 
of HbA1c+FPG; FPG+2-h PG, the combination of FPG+2-h PG.
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characteristics are summarized in Table 1.
Of the 3,681 subjects, 624, 1,410, 1,177, 374, and 

96 were in their 40s, 50s, 60s, 70s, and 80s, respective-
ly, and these data are summarized in Table 2 . Among 

the parameters tested, only hemoglobin (Hb) showed a 
tendency to reduce with an increase in age (14.7+1.7 
g/dL in 40s to 13.5+1.2 g/dL in 80s), and all other pa-
rameters were comparable.
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F=3.3954

Fig. 2. Diagnosis of “diabetes type”
Seven di�erent combinations were used, as follows: “the combination of HbA1c+FPG or HbA1c+2-h PG,” “HbA1c+2-h PG,” “HbA1c+FPG,” 
“HbA1c alone,” “the combination of FPG+2-h PG,” “2-h PG alone,” and “FPG alone.” �ey were statistically compared using “the combination 
of HbA1c+FPG or HbA1c+2-h PG” as the standard. �e results of the statistical analysis are shown in the le� column.
FPG, fasting plasma glucose (mg/dL); 2-h PG, 2-h post-challenge glucose level during 75g OGTT (mg/dL); HbA1c, glycated hemoglobin (%); 
HbA1c+FPG or HbA1c+2-h PG, the combination of HbA1c+FPG or HbA1c+2-h PG; HbA1c+2-h PG, the combination of HbA1c+2-h PG; 
HbA1c+FPG, the combination of HbA1c+FPG; FPG+2-h PG, the combination of FPG+2-h PG. *represents p<0.05.
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Fig. 3. Diagnosis of “normal type”
Seven di�erent combinations were used, as follows: “HbA1c+FPG or HbA1c+2-h PG,” “HbA1c+2-h PG,” “HbA1c+FPG,” “HbA1c alone,” 
“FPG+2-h PG,” “2-h PG alone,” and “FPG alone.” �ey were statistically compared by using “the combination of HbA1c+FPG or HbA1c+2-h 
PG” as standard. �e results of the statistical analysis are shown in the le� column.
FPG, fasting plasma glucose (mg/dL); 2-h PG, 2-h post-challenge glucose level during 75g OGTT (mg/dL); HbA1c, glycated hemoglobin (%); 
HbA1c+FPG or HbA1c+2-h PG, the combination of HbA1c+FPG or HbA1c+2-h PG; HbA1c+2-h PG, the combination of HbA1c+2-h PG; 
HbA1c+FPG, the combination of HbA1c+FPG; FPG+2-h PG, the combination of FPG+2-h PG.
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For diagnosing “prediabetes type,” combinations of 
“HbA1c+2-h PG,” “FPG+2-h PG,” and “2-h PG alone” 
were found to be almost as reliable as “HbA1c+FPG or 
HbA1c+2-h PG” (Table 3 and Fig. 1), and the differ-
ences in mean and SD values were not significantly dif-
ferent (Table 3 and Fig. 1). However, the combination 
of “HbA1c+FPG,” “HbA1c alone,” or “FPG alone” was 
not reliable in diagnosing the “prediabetes type” as the 
measured values were significantly smaller than those 
for “HbA1c+FPG or HbA1c+2-h PG” (Table 3 and 
Fig. 1).

For diagnosing “diabetes type,” combinations of 
“HbA 1 c+ 2 -h PG” or “HbA 1 c+FPG” or “FPG+ 2 -
h PG” or “2-h PG alone” were almost as reliable as 
“HbA1c+FPG or HbA1c+2-h PG” (Table 4 and Fig. 
2), while combinations of “HbA1c alone,” or “FPG 
alone” were not suitable as the measured values were 
significantly smaller than those for “HbA1c+FPG or 
HbA1c+2-h PG” (Table 4 and Fig. 2).

As shown in Fig. 3 , excessive variation in the mea-
sured values for “normal type” precluded statistical 
comparison, suggesting that none of the six combina-
tions are reliable (F=1.4694). Therefore, the “normal 
type” can only be reliably diagnosed using the combina-
tion of “HbA1c+FPG or HbA1c+2-h PG.”

The effect of age on these results is shown in Tables 
6 and 7 and Fig. 4, 5 , and 6 . We found similar patterns 
in the results among the various age groups with regard 
to diagnosing “prediabetes type,” “diabetes type,” and 

“normal type.”

Discussion
Prediabetes is defined as levels of FPG, 2-h PG, or 

HbA1c greater than their consensus-derived normal 
ranges but below diagnostic thresholds for diabetes, and 
emphasis has been placed on intervening in those with 
prediabetes because early intervention can potentially 
prevent new onset of not only diabetes3 but also ath-
erosclerosis4. While prediabetes is a risk factor for type 
2 diabetes mellitus (T2DM), given its high prevalence, 
affecting 35% of US adults3, interventions for everyone 
with prediabetes may not be cost-effective7. Further-
more, longitudinal observational studies have shown 
that ~40% of those who progressed to T2DM over a 
five-year period had normal glucose tolerance (NGT) 
at baseline, suggesting that “prediabetes” status may not 
adequately identify a portion of individuals at risk for 
diabetes8 and that reliance on these established “predia-
betes type” and “normal type” criteria may only detect 
such patients at a time point that is “later-than-optimal” 
for lifestyle intervention, that is, earlier intervention 
would have been more effective.

Therefore, we tried to identify a reliable set of indi-
ces to accurately distinguish among “prediabetes type,” 
“diabetes type,” and “normal type” populations using 
seven different combinations of HbA1c, FPG, and 
2-h PG, namely, “HbA1c+FPG or HbA1c+2-h PG,” 
“HbA1c+2-h PG,” “HbA1c+FPG,” “HbA1c alone,” 

Table 5. Diagnosis of “normal type”
Normal type

Year HbA1c+FPG or  
HbA1c+2-h PG HbA1c+2-h PG HbA1c+FPG HbA1c alone FPG+2-h PG 2-h PG alone FPG alone

40s
2016 100  95  66  62   0  95  62
2017 100 103 109 114 100 103 109
2018 100 100 106 111 100 100 106

50s
2016 100  95  88  76  50  95  88
2017 100 112 105 122 100 115 108
2018 100 107 109 130 101 108 113

60s
2016 100  92  70  53 100  92  72
2017 100 107  24 228 100 100 130
2018 100 108 126 141  95  91 129

70s
2016 100  89  31  15  95  79  21
2017 100 100 157 176 100  80 162
2018 100 113 160 186 100 113 160

80s
2016 100 100  60  60 100 100  60
2017 100 100 120 180 100 100 180
2018 100 100 125 175 100 100 200
Mean 100 101.4 97.06666667 121.9333333 89.4 98.06666667 113.3333333

SD 7.018343313 40.51537039 58.19560885 26.91418461 9.821518326 47.24498798
Diagnosis of “normal type” was made based on seven combinations, as follows: “HbA1c+FPG or HbA1c+2-h PG,” “HbA1c+2-h PG,” “HbA1c+FPG,” “HbA1c 
alone,” “the combination of FPG+2-h PG,” “2-h PG alone,” and “FPG alone” were tested. �e number of patients diagnosed by the combination of “HbA1c+FPG 
or HbA1c+2-h PG” was 100. �e relative proportion represents the ratio of the actual measured number and the number derived using “the combination of 
HbA1c+ FPG or HbA1c+2-h PG” for each year. �us, values below 100 indicate the presence of false negatives, while values over 100 imply the inclusion of 
false positives. Each value is represented by age.
FPG, fasting plasma glucose (mg/dL); 2-h PG, 2-h post-challenge glucose level during 75g OGTT (mg/dL); HbA1c, glycated hemoglobin (%); HbA1c+FPG or 
HbA1c+2-h PG, the combination of HbA1c+FPG or HbA1c+2-h PG; HbA1c+2-h PG, the combination of HbA1c+2-h PG; HbA1c+FPG, the combination 
of HbA1c+FPG; FPG+2-h PG, the combination of FPG+2-h PG.
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Table 7. Prevalence of “prediabetes type,” “diabetes type,” and “normal type”
40s 50s 60s 70s 80s

Diabetes type
Based on HbA1c+FPG  
or HbA1c+2-h PG 100 100 100 100 100

Based on HbA1c+2-h PG 98.4 79.5 98.3 97.1 100
Based on HbA1c+FPG 88.5 73.2 75.6 76.5 94.1
Based on HbA1c alone 78.7 51.2 72.4 65.7 94.1
Based on FPG+2-h PG  59 63.4 63.7  52 11.2
Based on 2-h PG alone  59 49.3 60.5 62.7 33.5
Based on FPG alone 26.2 22.4 28.4 26.5  5.3

40s 50s 60s 70s 80s
Prediabetes type

Based on HbA1c+FPG  
or HbA1c+2-h PG 100 100 100 100 100

Based on HbA1c+2-h PG 79.4  71.5 88.4  95.8 81.5
Based on HbA1c+FPG 64.4  62.5 35.9  48.2  37
Based on HbA1c alone 25.1  20.7 27.6  31.5 14.9
Based on FPG+2-h PG 95.7 105.6 99.1 102.5 126
Based on 2-h PG alone 70.5  66.4 80.1  91.3 100
Based on FPG alone 48.2  48.3 41.9  27.9 44.5

40s 50s 60s 70s 80s
Normal type

Based on HbA1c+FPG  
or HbA1c+2-h PG 100 100 100 100 100

Based on HbA1c+2-h PG 103.8 113.3 105.7 103.3 109.8
Based on HbA1c+FPG 106.8 117.4 133.7 138.3 135.4
Based on HbA1c alone 114.2 135.8 138.1 151.2 147.1
Based on FPG+2-h PG 102.3 102.4 105.9 107.4 117.7
Based on 2-h PG alone 106.8 118.9 115.3 112.7 123.5
Based on FPG alone 112 129 138 161 162.9

�e prevalence of “prediabetes type,” “diabetes type,” and “normal type” is summarized for various 
age groups in this table. The results are summarized based on seven combinations: “HbA1c+FPG 
or HbA1c+2-h PG,” “HbA1c+2-h PG,” “HbA1c+FPG,” “HbA1c alone,” “FPG+2-h PG,” “2-h PG 
alone,” and “FPG alone.” �e prevalence was determined as described in the Methods section.
FPG, fasting plasma glucose (mg/dL); 2-h PG, 2-h post-challenge glucose level during 75g OGTT (mg/
dL); HbA1c, glycated hemoglobin (%)
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Fig. 4. Prevalence of “prediabetes type”
�e prevalence of “prediabetes type” is represented by a bar graph. �e prevalence was shown for various age groups.
FPG, fasting plasma glucose (mg/dL); 2-h PG, 2-h post-challenge glucose level during 75g OGTT (mg/dL); HbA1c, 
glycated hemoglobin (%)
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“FPG+2-h PG,” “2-h PG alone,” and “FPG alone.” The 
combination of “HbA1c+FPG or HbA1c+2-h PG” is 
the most reliable criterion because it includes HbA1c, 
which helps minimize the effects of day-to-day varia-
tion in FPG and 2-h PG values. Therefore, we used this 
to determine the prevalence of “prediabetes type” and 
“diabetes type” and “normal type” and designated this 
as 100%. Next, the incidence of diabetes type “predia-
betes type” and “diabetes type” and “normal type,” cal-
culated using the other combinations, was represented 
as the ratio relative to “HbA1c+FPG or HbA1c+2-h 
PG.” Ratios below 100 implied the presence of false 
negatives, while those above 100 indicated the inclusion 
of false positives.

Our results show that, for diagnosing “prediabetes 
type,” the combinations of “HbA1c+2-h PG” when fit 
to prediabetes cut-offs, “FPG+2-h PG,” and “2-h PG 
alone” were statistically reliable compared to the com-
bination of “HbA1c+FPG or HbA1c+2-h PG.” The 
other combinations evaluated, namely, “HbA1c+FPG,” 
“HbA1c alone,” and “FPG alone” were not reliable, 
even though they are currently being used for the di-
agnosis of clinical diabetes2,3 . Although the combina-
tion “FPG+2-h PG” appeared reliable for diagnosing 
“prediabetes type,” its results are subject to day-to-day 
variation because it does not include HbA1c. In ad-
dition, as shown in Table 3 , “FPG+2-h PG” contains 
false positives especially in 50s to 70s. Therefore, while 

0

5 0

1 0 0

1 5 0

2 0 0

0

5 0

1 0 0

1 5 0

2 0 0

40s 60s 70s 80s50s

HbA1c alone

HbA1c & FPG or 
HbA1c & 2-h PG

HbA1c & 2-h PG

FPG & 2-h PG

2-h PG alone

FPG alone

HbA1c & FPG

Pr
ev

al
en

ce
 o

f “
di

ab
et

es
 ty

pe
” 

(A
.U

.)

Fig. 5. Prevalence of “diabetes type”
�e prevalence of “diabetes type” is represented by a bar graph. �e prevalence was shown for various age groups.
FPG, fasting plasma glucose (mg/dL); 2-h PG, 2-h post-challenge glucose level during 75g OGTT (mg/dL); HbA1c, 
glycated hemoglobin (%)
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Fig. 6. Prevalence of “normal type”
�e prevalence of “normal type” is represented by a bar graph. �e prevalence was shown for various age groups.
FPG, fasting plasma glucose (mg/dL); 2-h PG, 2-h post-challenge glucose level during 75g OGTT (mg/dL); HbA1c, 
glycated hemoglobin (%)
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measurement of “FPG+2-h PG” seem to be recom-
mended for the diagnosis of “prediabetes type,” adding 
HbA1c values to this combination will minimize the 
effects of day-to-day variation and false positives, im-
plying that an accurate diagnosis of “prediabetes type” 
requires not only the measurement of HbA1c but also 
of 75g OGTT. Unfortunately, our results did not sup-
port screening by FPG alone, although previous studies 
have described the usefulness of FPG in this context4.

Next, for diagnosing the “diabetes type,” we found 
that the combinations of “HbA1c and 2-h PG” when 
both were fit to diabetes criteria, “HbA1c+FPG,” and 
“FPG+2-h PG” and “2-h PG alone” were statistically 
comparable to the combination of “HbA1c+FPG or 
HbA1c+2-h PG” in terms of reliability. The other com-
binations, such as “HbA1c alone” and “FPG alone,” 
were not reliable despite their current use in the diagno-
sis of clinical diabetes2,3 . However, careful examination 
of the data revealed a large standard deviation in all six 
combinations tested, suggesting great variability. Thus, 
diagnosis of “diabetes type” would require HbA1c, 
FPG, and 2-h PG values.

For diagnosing “normal type,” none of the combi-
nations were suitable compared to “HbA1c+FPG or 
HbA1c+2-h PG.” Thus, for the diagnosis of “normal 
type,” it is better to measure all three parameters, that 
is, HbA1c, FPG, and 2-h PG.

Taken together, we show that an accurate diagnosis of 
“prediabetes type,” “diabetes type,” and “normal type,” 
requires the measurement of HbA1c, along with the 
75g OGTT to evaluate FPG and 2-h PG. Importantly, 
this inference concurs with that of other recent reports, 
which state that this combination possesses the advan-
tages of sensitivity and reproducibility9 and that FPG, 
2-h PG, and HbA1c cannot be used individually as 
stand-alone tests for diagnosing “prediabetes,” “diabetes 
type,” or “normal type9.”

Notwithstanding the aforementioned information, 
this clinical study has a few limitations that warrant dis-
cussion. First, as our sample size was small (n=3,681), 
the generalizability of our results is restricted, and there-
fore, these should be verified in a larger cohort. Second, 
this study has a selection bias with respect to ethnicity, 
age, sex, weight, and other similar factors, and studies 
that include a wider range of demographics are needed.

Conclusion
For accurate diagnosis of “prediabetes” and “diabe-

tes type” and “normal type,” a combination of HbA1c 
measurement and 75g OGTT appear adequate.
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Prevalence and Treatment Rates of Atrial Fibrillation,  
Outcomes for Untreated Patients, and Auscultation  

Findings in Comprehensive Health Checkup  
System over a Nine-year Period

Takashi Wada

Abstract
Objective: To clarify the status and recent changes in long-term trends of atrial �brillation, par-
ticipants who underwent a comprehensive health checkup system (Ningen Dock) were surveyed 
and analyzed.
Methods: Among the participants who underwent Ningen Dock at the Jikei University Hospital 
during the 9 years from 2010 to 2018, those aged of 30 and over years were selected. �ere were 
57,936 men and 28,094 women subjects in total. Atrial �brillation was diagnosed by electrocar-
diogram. �e annual rate of change was calculated. Changes in atrial �brillation prevalence, treat-
ment rates among patients, and attitudes of untreated patients a�er their �rst Ningen Dock visit 
were also investigated as well as auscultation �ndings.
Results: Overall rates that were already undergoing treatment for atrial �brillation when they un-
derwent a Ningen Dock were 84.1% for men and 75.0% for women. Of the 82 patients who had 
not received treatment for atrial �brillation, 52 patients underwent a Ningen Dock checkup the 
following year. Of those 52 individuals, 34.6% had regained sinus rhythm either spontaneously 
or as a result of treatment. �e atrial �brillation treatment rate was 50.0% and the non-treatment 
rate was only 15.4%. In 22.2% of patients diagnosed with atrial �brillation by electrocardiogram, 
no abnormalities were found on auscultation.
Conclusions: Ningen Dock system receiving an explanation of results on the same day e�ect these 
high treatment rate, compared with other health checkup.

Keywords atrial �brillation, long-term transitional change, auscultation, Ningen Dock
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Original Article

Atrial fibrillation (AF) is associated with the risk 
of cardiovascular events, including cerebral 
stroke, myocardial infarction, heart failure, and 

death. Between 10% and 20% of AF patients are hos-
pitalized for some reason each year1. Most AF patients 
suffer a deterioration in quality of life due to palpita-
tion symptoms or comorbid heart disease. Measures to 
combat AF are thus important in preventive medical 
settings.

The prevalence of AF increases with age. As average 
lifespan is increasing, the older population itself is in-
creasing, which naturally means that the number of AF 
patients is also rising. However, although some studies 
have reported an increased prevalence of AF2, national 
surveys of cardiovascular disease conducted in 1980, 
1990 and 20003 found that prevalence in the middle-
aged population is decreasing in men, and no consistent 

trend is evident among women. Kodani et al.4 found no 
consistent trend in 2008 and 2015 prevalences for both 
men and women who appear generally healthy. Using 
health data from the same field as the present study, 
Saito et al.5 also reported no significant difference in 
prevalence between FY2013 and FY2017. Neither of 
those reports were from continuous investigations. 
The primary objective in this study was therefore to 
ascertain changes in the prevalence of AF among over a 
9-year period among patients undergoing comprehen-
sive health checkup system (Ningen Dock).

The investigations to be carried out in all compre-
hensive health checkup system (Ningen Dock) are 
specified as basic investigations by the Japan Society of 
Health Evaluation and Promotion, the Japan Society of 
Ningen Dock, and the Japan Hospital Association, and 
include electrocardiography (ECG)6. In Ningen Dock 
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covered in this study, results are explained to the par-
ticipants either during the examination itself or on the 
same day. Patients who require in-depth investigations 
or treatment, including those with AF, are referred to 
a specialist. The system thus ensures that rapid action 
can be taken for patients with an urgent medical need, 
such as requiring in-depth investigations or treatment. 
This method imposes a major burden on institution, 
but Ningen Docks are meaningless unless they iden-
tify patients with conditions requiring treatment and 
encourage them to seek medical attention. Our second 
objective in this study was therefore to investigate the 
treatment rate of patients with AF identified in Ningen 
Dock and the outcomes for untreated patients.

AF does not necessarily cause symptoms. One study 
found that 1,971 of 3,749 AF patients (52.6%) were 
asymptomatic7 , and cases need to be identified via 
methods such as health checkups. Moreover, the guide-
lines published by the Japanese Circulation Society and 
the Japanese Heart Rhythm Society8 describe regular 
pulse-taking and ECG for older individuals ≥65 years 
old as recommendation class I and evidence level A. As 
atrial arrhythmia is considered absolute arrhythmia, 
its characteristic irregular heartbeat can be detected on 
taking the pulse. In some cases, however, the interpulse 
interval may be almost constant. In Ningen Dock, aus-
cultation corresponds to pulse-taking. Our third objec-

tive was therefore to ascertain how many cases of AF 
are identified by auscultation in Ningen Dock.

Methods
Individuals ≥30 years old were identified from those 

who underwent Ningen Dock at Health-Care Center, 
Jikei University Hospital (Tokyo, Japan), during the 
9-year period between April 2010 and March 2019. 
Paticipants in their 20s were excluded because only a 
very small proportion (approximately 1%) of those who 
underwent these checkups were in this age group. AF 
at this age is extremely rare, and when it occurs, is the 
fixed type due to congenital disease. Cumulative totals 
of those who consented to take part in this study were 
57 ,936 men and 28 ,094 women. Participants were 
classified by sex and age in 5-year increments. Subject 
profiles are shown in Table 1A (men) and Table 1B 
(women).

Before each person underwent the Ningen Dock, 
questionnaires were administered and a medical inter-
view was conducted based on the answers. Individuals 
currently receiving treatment for any disease, includ-
ing AF, were identified at this point. The patients un-
dergoing treatment for AF were extracted. ECG was 
performed using a PEG-1320 system (Nihon Kohden, 
Tokyo, Japan) in FY2010 and FY2011, and with an 
ECG-2250 (Nihon Kohden) from FY2012. Both types 

Table 1A. Pro�le of Men Subjects in the Present Study
2010 2011 2012 2013 2014 2015 2016 2017 2018 Total

30–34  229  206  159  159  147  108  120  132  118  1378
35–39  842  730  657  595  541  474  453  485  426  5203
40–44 1193 1266 1208 1153  949  843  803  610  536  8561
45–49 1068 1133 1321 1303 1252 1281 1202 1227 1010 10797
50–54  901  914 1056  936  895  945  959 1039 1031  8676
55–59  883  938  997  960  949  942  959  938  901  8467
60–64  851  880  862  836  769  771  793  821  820  7403
65–69  391  351  413  471  477  492  507  490  475  4067
70–74  192  181  216  228  221  245  240  242  300  2065
75–79   77   96  111  106  105   94  106  100  112   907
80 and over   25   36   36   44   49   52   49   59   62   412
Total 6652 6731 7036 6791 6354 6247 6191 6143 5791 57936

Table 1B. Pro�le of Women Subjects in the Present Study
2010 2011 2012 2013 2014 2015 2016 2017 2018 Total

30–34  220  215  161  168  162  121  137  169  135  1488
35–39  535  456  402  386  345  312  303  273  247  3259
40–44  591  610  565  523  455  469  451  435  357  4456
45–49  510  559  571  574  580  533  634  633  547  5141
50–54  370  405  471  476  506  533  530  549  546  4386
55–59  364  370  355  326  348  347  410  422  460  3402
60–64  327  295  318  315  297  297  292  299  298  2738
65–69  146  142  179  164  192  207  241  211  207  1689
70–74   68   97   89   89  102  105  105  116  130   901
75–79   43   42   53   38   46   44   48   43   53   410
80 and over   18   24   23   27   28   23   25   28   28   224
Total 3192 3215 3187 3086 3061 2991 3176 3178 3008 28094
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of device possess an automated ECG analysis function. 
All test results, including ECGs, were double-checked 
by two doctors. With the exception of complete atrio-
ventricular block and a few other conditions, the au-
tomated analysis from Nihon Kohden systems does 
not provide 100% diagnostic accuracy for AF, and is 
reported to provide 97.73% sensitivity, 99.98% speci-
ficity, and 99.6% positive agreement9.

In Ningen Dock, abnormal findings such as AF are 
explained either during the examination, or in a full 
explanation of the results on the same day for requested 
individuals. The explanations were encouraged for the 
individuals with AF to seek medical attention. In indi-
viduals who are unable to attend their explanation of 
the results, every effort was made to understand abnor-
mal findings easily found in Report of Results sending 
after Ningen Dock. This Report of Results is composed 
that findings, its guidance and assessment are setting 
in each organ. For example, the guidance section states 
that “AF is irregular heartbeat that can lead to blood 
clots and stroke. Thus, AF requires medical treatment.” 
However, in this study, we were unable to identify the 
proportions of participants who attended an explana-
tion of their results on the same day.

To investigate changes over time and identify wide-
ranging trends, the changes over the 9-year period were 
analyzed by linear approximation using Excel 2019 for 
windows software (Microsoft Co. WA, USA). Changes 
by sex and age group during the monitoring period 

were expressed in the form y=ax +b.
When patients diagnosed with AF during a Ningen 

Dock underwent, outcome during the intervening pe-
riod was investigated in Ningen Dock in the following 
year. For those who underwent a checkup in FY2018, 
the final year of the study, the outcome was investigated 
by investigating whether the patient had undergone an-
other Ningen Dock in FY2019.

The examination involved a full physical examina-
tion, including chest auscultation. All examiners in-
cluding me, are seven to nine medical doctors in each 
year, who have been graduates for more than 10 years. 
In the investigated period, the examiners were not same 
in each year. Auscultation findings were classed as “No 
abnormality on auscultation” for those patients who 
were not diagnosed with arrhythmia. These data were 
all registered in a computer and anonymized before 
analysis.

This study was conducted in compliance with the 
Declaration of Helsinki and was approved by the In-
stitutional Review Board of the Jikei University School 
of Medicine (approval no. 17–015). The results of this 
study have not been reported previously. Informed con-
sent was obtained from each patient.

Results
The rates of patients diagnosed with AF are shown 

in Table 2A (men) and Table 2B (women). The preva-
lence of AF increased with age in both men and women. 

Table 2A. Prevalence (%) of Atrial Fibrillation in Men
age \ year 2010 2011 2012 2013 2014 2015 2016 2017 2018 average approximation curve formula R2 value

30–34 0.44  0.00 0.00  0.00  0.00  0.00  0.00  0.76 0.00 0.13 y=0.0088x+0.089 R2 =0.0076
35–39 0.12  0.27 0.15  0.17  0.18  0.21  0.22  0.00 0.00 0.15 y=－0.019x+0.24 R2 =0.2906
40–44 0.17  0.08 0.00  0.09  0.00  0.12  0.25  0.33 0.19 0.14 y=0.023x+0.022 R2 =0.3171
45–49 0.66  0.26 0.23  0.23  0.32  0.08  0.00  0.00 0.10 0.21 y=－0.060x+0.51 R2 =0.6602
50–54 0.22  0.11 0.19  0.32  0.11  1.16  0.52  0.00 0.19 0.31 y=0.018x+0.23 R2 =0.0193
55–59 1.02  1.17 1.40  0.73  0.95  0.64  0.94  0.96 0.44 0.92 y=－0.066x+1.25 R2 =0.4006
60–64 2.00  1.48 1.16  1.79  1.69  1.04  0.76  1.58 0.98 1.39 y=－0.0890x+1.83 R2 =0.3344
65–69 2.56  3.13 3.63  2.34  2.10  1.42  2.17  1.84 2.95 2.46 y=－0.10x+3.00 R2 =0.1682
70–74 5.21  2.21 3.24  1.75  2.71  2.45  3.33  3.31 2.33 2.95 y=－0.12x+3.56 R2 =0.1103
75–79 9.09 10.42 7.21  6.60  3.81  4.26  4.72  2.00 4.46 5.84 y=－0.85x+10.1 R2 =0.7435
80 and over 4.00  8.33 8.33 13.64 12.24 11.54 10.20 11.86 8.06 9.80 y=0.47x+7.43 R2 =0.1959

Table 2B. Prevalence (%) of Atrial Fibrillation in Women
age \ year 2010 2011 2012 2013 2014 2015 2016 2017 2018 average

30–34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
35–39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
40–44 0.00 0.00 0.18 0.19 0.00 0.00 0.22 0.00 0.00 0.07
45–49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.16 0.18 0.04
50–54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
55–59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
60–64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
65–69 0.00 0.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08
70–74 0.00 0.00 0.00 0.00 0.00 0.00 0.95 0.86 0.00 0.20
75–79 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.77 0.42
80 and over 0.00 0.00 0.00 3.70 0.00 0.00 0.00 0.00 0.00 0.41
�e approximate curve equation cannot be calculated as females number was small.
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However, because few women ≥75 years old underwent 
checkups, prevalence for this group was considered 
inaccurate. Mean proportions over the 9-year period 

increased from 0.13% for men aged 30–34 years and 
0.15% for those aged 35–39 years to 2.95% for men 
aged 70–74 years, 5.84% for those aged 75–79 years, 

Table3–1. Ratio of Patients Receiving Treatment for AF to Patients with AF in Men
age \ year 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total

30–34 1/1 (100%) 0/0 0/0 0/0 0/0 0/0 (0%) 0/0 0/1 (0%) 0/0 1/2 (50%)
35–39 1/1 (100%) 2/2 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 0/1 (0%) 0/1 (0%) 0/0 0/0 6/8 (75%)
40–44 2/2 (100%) 0/1 (0%) 0/0 0/1 (0%) 0/0 0/1 (0%) 1/2 (50%) 1/2 (50%) 1/1 (100%) 5/10 (50%)
45–49 3/7 (43%) 3/3 (100%) 2/3 (67%) 2/3 (67%) 2/4 (50%) 0/1 (0%) 0/0 0/0 1/1 (100%) 13/22 (59%)
50–54 1/2 (50%) 1/1 (100%) 2/2 (100%) 1/3 (33%) 1/1 (100%) 7/11 (64%) 3/5 (60%) 0/0 0/2 (0%) 16/27 (59%)
55–59 8/9 (89%) 10/11 (91%) 11/14 (79%) 4/7 (57%) 5/9 (56%) 4/6 (67%) 5/9 (56%) 6/9 (67%) 3/4 (75%) 56/78 (72%)
60–64 15/17 (88%) 10/13 (77%) 10/10 (100%) 14/15 (93%) 13/13 (100%) 8/8 (100%) 6/6 (100%) 12/13 (92%) 7/8 (88%) 95/103 (92%)
65–69 9/10 (90%) 9/11 (82%) 14/15 (93%) 10/11 (91%) 7/10 (70%) 7/7 (100%) 7/11 (64%) 8/9 (89%) 12/14 (86%) 83/98 (85%)
70–74 8/10 (80%) 3/4 (75%) 6/7 (86%) 3/4 (75%) 6/6 (100%) 6/6 (100%) 8/8 (100%) 7/8 (88%) 6/7 (86%) 53/60 (88%)
75–79 7/7 (100%) 10/10 (100%) 8/8 (100%) 7/7 (100%) 4/4 (100%) 4/4 (100%) 5/5 (100%) 2/2 (100%) 5/5 (100%) 52/52 (100%)
80 and over 1/1 (100%) 3/3 (100%) 3/3 (100%) 6/6 (100%) 6/6 (100%) 6/6 (100%) 5/5 (100%) 7/7 (100%) 5/5 (100%) 42/42 (100%)
Total 56/67 (84%) 51/59 (86%) 57/63 (90%) 48/58 (83%) 45/54 (83%) 42/51 (82%) 40/52 (77%) 43/51 (84%) 40/47 (85%) 422/502 (84.1%)

AF: atrial �brillation

Table4–1. Ratio of Patients Receiving Treatment for AF to Patients with AF in Women
age \ year 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total

30–34 0 0 0 0 0 0 0 0 0 0/0 (0%)
35–39 0 0 0 0 0 0 0 0 0 0/0 (0%)
40–44 0 0 1/1 (100%) 1/1 (100%) 0 0 0/1 (0%) 0 0 2/3 (67%)
45–49 0 0 0 0 0 0 0 1/1 (100%) 1/1 (100%) 2/2 (100%)
50–54 0 0 0 0 0 0 0 0 0 0/0 (0%)
55–59 0 0 0 0 0 0 0 0 0 0/0 (0%)
60–64 0 0 0 0 0 0 0 0 0 0/0 (0%)
65–69 0 1/1 (100%) 0 0 0 0 0 0 0 1/1 (100%)
70–74 0 0 0 0 0 0 1/1 (100%) 1/1 (100%) 0 2/2 (100%)
75–79 0 0 0 0 0 0 0 0 1/2 (50%) 1/2 (50%)
80 and over 0 0 0 1/1 (100%) 0 0 0 0 0 1/1 (100%)

0 1/1 (100%) 1/1 (100%) 2/2 (100%) 0 0 1/2 (50%) 2/2 (100%) 2/3 (67%) 9/12 (75.0%)

AF: atrial �brillation

Table 3–2. For Men Cases of Untreated AF, Outcome the Following Year is Present
age \ year 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total

30–34 N=1 N=1
35–39 UT=1 n=1 (ABL) n=1, UT=1
40–44 N=1 NT=1 UT=1 N=1 n=1 (ABL) n=1, N=3, 

UT=1
45–49 n=2, N=2 n=1 n=1 n=1 (ABL), 

N=1
N=1 n=5, N=4

50–54 NT=1 n=1, NT=1 n=1 (ABL), 
N=1, UT=2

N=1, UT=1 N=1, UT=1 n=2, N=3, 
NT=2, UT=4

55–59 N=1 NT=1 N=1, NT=1, 
UT=1

N=1, UT=2 n=1 (ABL), 
UT=3

n=2 (ABL) N=3, UT=1 UT=3 UT=1 n=3, N=6, 
NT=2, UT=11

60–64 NT=2 N=3 UT=1 N=1 n=1 (ABL) n=1, N=4, 
NT=2, UT=1

65–69 N=1 n=1, N=1 n=1 UT=1 N=1, UT=4 N=1, UT=3 UT=1 N=1, UT=1 n=3, N=5, 
UT=10

70–74 N=1, NT=1 n=1 NT=1 N=1 UT=1 N=1 n=1, N=3, 
NT=2, UT=1

75–79
80 and over
Total n=2, N=5, 

NT=4
n=2, N=5, 
NT=1

n=2, N=1, 
NT=2, UT=1

n=2, N=2, 
NT=2, UT=4

n=2, N=2, 
UT=7

n=3, N=2, 
UT=4

n=1, N=6, 
UT=5

n=1, N=2, 
UT=5

n=1, N=3, 
UT=3

n=17, N=30, 
NT=8, UT=25

n+UT/(Total－N) 33% 67% 50% 75% 100% 100% 100% 100% 100% 84%

AF: atrial �brillation, ABL: ablation catheter
n: sinus rhythm in the next year (all cases received ABL from FY2014 on)
From FY2014 on, the cause whether regained sinus rhythm either spontaneously or as a result of treatment was clear.
N: without Ningen Dock in the next year, NT: no treatment for AF in the next year, UT: AF under treatment in the next year

Table 4–2. For Women Cases of Untreated AF, Outcome the Following Year is Present
age \ year 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total

40–44 UT=1 UT=1
75–79 n=1 (ABL) n=1
Total UT=1 n=1 (ABL) n=1, UT=1
n+UT/(Total－N) 100% 100% 100%

AF: atrial �brillation, n: sinus rhythm in the next year as result of ablation catheter (ABL)
From FY2014 on, the cause whether regained sinus rhythm either spontaneously or as a result of treatment was clear.
UT: AF under treatment in the next year
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and 9.80% for those aged ≥80 years. The approxima-
tion curve formulae expressing changes over the 9-year 
period are shown in the right-hand columns of Table 
2A. This analysis was not performed for women, be-
cause in many age groups the prevalence was 0%. From 
the signs of the linear approximation curves, decreases 
were observed in many age groups for men. But these 
results were not statistically significant in many age 
groups, and the overall trend remained unclear.

Table 3–1 and Table 4–1 show the rates of patients 
diagnosed with AF who were already undergoing treat-
ment in a medical institution at that point. Age groups 
that included patients who were not undergoing treat-
ment are indicated in gray. The proportion of patients 
who were already undergoing treatment for AF when 
they underwent a Ningen Dock increased with age. 
For those aged <60 years, rates were 66.0% for men 
and 80 . 0 % for women. For those aged ≥ 60 years, 
these rates increased to 91.5% for men and 83.3% for 
women. Overall rates were 84.1% for men and 75.0% 
for women. Table 3–2 and Table 4–2 show the out-
comes of untreated patients in the following year. Of 
the 82 patients who had not received treatment for AF 
(80 men, 2 women), 52 (50 men, 2 women; 63.4%) 
underwent a Ningen Dock the following year. Of those 
52 individuals, 34.6% had regained sinus rhythm either 
spontaneously or as a result of treatment. From FY2014 
on remained records, all cases (n=9) who regained si-
nus rhythm, received ablation catheter (ABL) within 
one year, regardless of age. On the contrary, the cause 
regained sinus rhythm was unclear until FY2013. The 
AF treatment rate was 50.0% and the non-treatment 
rate was 15.4%. In particular, from 2014 on, all patients 
underwent treatment for AF. Only 1 individual report-
ed previous AF when their medical history was elicited 
in a questionnaire during the Ningen Dock, and this 
patient had not received treatment for AF either during 
the 3 years prior to the Ningen Dock or after undergo-
ing this checkup.

Table 5 shows the rates of patients with AF who were 
diagnosed as not exhibiting arrhythmia on the basis of 
auscultation by a doctor. They accounted for 22.2% of 
AF patients.

Discussion
The significance of this study is threefold. First, I in-

vestigated changes in the prevalence and treatment of 
AF across a wide range of age groups throughout a con-

tinuous 9-year period. Second, I ascertained outcomes 
of individual patients following diagnosis with AF dur-
ing a Ningen Dock checkup. Third, this represents the 
first investigation of the status of auscultation findings 
in patients with AF. With respect to the first finding, 
our results showed that AF is more common in men 
than in women, and prevalence increases with age. No 
clear increase or decrease in AF was evident over the 
9-year study period. The treatment rate was 84.1% for 
men and 75.0% for women, and was particularly high 
for ≥ 60 years (91.5% for men, 83.3% for women). 
With respect to the second point, I investigated untreat-
ed AF patients who underwent the next Ningen Dock 
at the same hospital the following year. Those who had 
regained sinus rhythm, either spontaneously or as a re-
sult of treatment, and those who were undergoing treat-
ment together accounted for 84.6% of these patients.

With respect to the third point, 22.2% of AF patients 
were diagnosed as not exhibiting arrhythmia on auscul-
tation.

As reported by previous studies2 –5 , I found that 
the prevalence of AF increased with age. A study that 
looked only at health checkups5 found that in FY2017, 
the rates among individuals 70–79 years old were 
4.88% in men and 1.32% in women. That study in-
volved 175,462 individuals, a far larger sample size 
than our own. The prevalence among men in our study 
was similar to that of the report focusing on health 
checkups. However, our study included fewer women, 
meaning that their data were less reliable and I was un-
able to perform comparisons. I analyzed changes in 
prevalence over the 9-year period in men. Prevalence 
tended to decline, but this decline was not significant. 
This result was similar to other reports that no consis-
tent trend is apparent3,4 .

The proportion of individuals already undergoing 
treatment for AF at their first Ningen Dock visit was 
84.1% among men and 75.0% among women. This 
treatment rate increased with age and was particularly 
high for those ≥ 60 years old, at 91.5% for men and 
83.3% for women. One possible reason for this high 
rate above 60 years old may be that people in this age 
group have more time to undergo medical checkups 
after retirement or attend medical institutions more fre-
quently with advancing age, and start treatment when 
AF has been discovered on some such occasion. A study 
of rates of AF treatment surveyed during health check-
ups5 found a rate of 55.7% among those <60 years old, 

Table 5. Rates Regular HB on Auscultation in Cases with AF on Electrocardiogram
2010 2011 2012 2013 2014 2015 2016 2017 2018 average

AF cases 67 60 64 61 54 51 54 53 50 514
HB regular 17 12 11 14 10 12 12 13 13 114
HB regular rate 25.4% 20.0% 17.2% 23.0% 18.5% 23.5% 22.2% 24.5% 26.0% 22.2%
AF: atrial �brillation, HB: heart beat
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68.8% for those in their 60s, 66.6% for those in their 
70s, and 63.9% for those ≥80 years old. That study an-
alyzed a combination of specific health checkups, occu-
pational health checkups, and Ningen Dock, but almost 
all those ≥70 years old will necessarily have attended a 
Ningen dock. The treatment rate in the present study 
was far higher than that of this previous study.

For untreated AF patients, I investigated outcomes 
on attendance at the next Ningen Dock checkup in the 
same hospital the following year. However, I did not 
follow up individuals who did not undergo Ningen 
Dock in our hospital after the checkup at which AF 
was discovered. Of the 52 patients with untreated AF, 
18 (34.6%) regained sinus rhythm. From FY2014 on 
remains records, all these cases (n=9) received ABL 
within one year, regardless of age. Another 26 (50.0%) 
suffered persistent AF but were receiving treatment 
such as anticoagulant therapy, for a total of 84.6%. The 
other 8 individuals (15.3%) were not undergoing treat-
ment.

This may be attributable to the placement of greater 
emphasis on the significance of treatment for AF from 
that time. Health checkup centers of guaranteed quality, 
such as those that ensure that a high proportion of pa-
tients receive an explanation of results on the same day, 
may apply to be tested for certification by Japan Society 
of Ningen Dock. Our hospital is one such certified facil-
ity. The Report of Results has been designed as a single 
document including both a section providing the test 
findings, those guidance and assessment for each organ 
or disease. Abnormal findings are not described merely 
as “Abnormality on ECG,” but also include an explana-
tion of the condition, with the aim of both providing an 
understanding of the illness and motivating the patient 
to seek medical attention. I believe that these effects 
have led to our treatment rate being much higher than 
those of other institutions, as described above.

Another study investigated outcomes for individuals 
diagnosed with AF in municipal health checkups who 
were simply given a results slip, although as it was per-
formed some years before our study, the medical envi-
ronments were not the same10. Of 107 individuals with 
AF, 64.4% were already undergoing treatment, 21.4% 
had been examined at a medical institution but were 
not receiving treatment for AF, and 14 .0% had not 
sought medical advice. Of the 15 members of the latter 
group, 11 (73.3%) underwent another health checkup 
the following year. Six of those 11 had started treatment 
for AF but 5 (45.4%) had still not sought medical at-
tention. This proportion was 2.9 (=45.4/15.4) times 
higher than that in our study, illustrating the limitations 
of health checkups in which subjects are merely pro-
vided a results slip.

A comparative investigation of treatment outcomes 

from AF catheter ablation among patients diagnosed 
with AF during a health checkup compared with those 
diagnosed under other circumstances found that those 
diagnosed in health checkups displayed poorer treat-
ment outcomes11. According to their comment, this was 
because abnormalities often do not show up on health 
checkup ECGs when AF is still in the paroxysmal stage, 
but are only identified after the disease has progressed 
to persistent or long-standing persistent AF. In this 
study, other than a single exception, untreated AF was 
identified at the first Ningen Dock checkup attended 
by the patient. This meant that in almost all cases, only 
a short time had passed from the onset of AF to the 
Ningen Dock. This may have been the reason that most 
individuals were able to regain sinus rhythm. Aware-
ness of the gravity of AF is low12 , and although the 
symptom is not considered to be at the level requiring a 
same-day emergency report13, the method of handling 
after discovery in a Ningen Dock will affect treatment 
outcomes.

Of the AF patients identified by ECG, 22.2% were 
diagnosed as not exhibiting arrhythmia by auscultation 
on the same day. Even with the exclusion of patients 
with complete atrioventricular heart block, who are 
extremely rare, at least some patients with AF show in-
terpulse intervals that are almost constant. Because no 
previous study has addressed auscultation findings of 
AF, I was unable to assess whether this figure is high or 
low. Rather than describing this rate as diagnostic error, 
it must be borne in mind as a limitation. Auscultation 
is thus fully necessary for specific health checkups, oc-
cupational health checkups, and others in which ECG is 
not routinely performed.

This study had a number of limitations. Although 
Ningen Dock were involved, the study included patients 
attending hospital for heart disease, including AF, who 
would not be among the “healthy” population undergo-
ing regular Ningen Docks, and this may have affected 
the prevalence. After Ningen Dock, some subjects who 
received an explanation of their checkup results de-
pending on their wish on the day. In cases of untreated 
diseases found, including AF, they were referred to 
hospital. But the records on whether patients received 
this explanation or not, were not left. Thus, it was un-
clear that this factor affects the following outcome. 
In addition, patients referred to hospital exhibit bet-
ter outcomes, such as regaining sinus rhythm, and the 
prevalence of AF in our data may not reflect the true 
situation. I also only investigated the outcomes of the 
63.4% of patients who underwent a Ningen Dock for 2 
years in succession, and the outcomes of the remaining 
patients are unknown.

Despite these limitations, however, I was able to 
clarify the overall picture for individual outcomes in 
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patients with untreated AF, and as very few studies 
have described auscultation findings in Ningen Dock  
checkups14,15 , none of which have addressed arrhyth-
mia, this study is significant.

Conclusions
I analyzed trends in AF among individuals under-

going Ningen Dock checkups over a 9-year period, 
from the perspective of preventive medicine. A total 
of 84.6% of patients with AF that was untreated at the 
time of the Ningen Dock either regained sinus rhythm 
or started AF treatment within 1 year of the checkup, 
representing an extremely high figure. From 2014, all 
untreated patients started treatment within 1 year. Rec-
ommending seeking medical attention in a face-to-face 
interview to explain the results of a Ningen Dock, and 
reporting results in an easily understandable format, 
may make a major contribution to the improvement of 
AF and better prognosis.
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Chronic Enteropathy Associated with SLCO2AI in a Patient  
with Anemia Detected on Incidental Screening
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Abstract
A 74-year-old woman with a history of non-steroidal anti-in�ammatory drug (NSAID) use for 

knee osteoarthritis was diagnosed with anemia during a Japanese comprehensive health check-
up. Anemia was detected for 3 consecutive years but was le� untreated as she was asymptomatic. 
She was referred to our hospital for workup of chronic anemia and pedal edema. A gastric ulcer 
and multiple intestinal ulcers were identi�ed on upper gastrointestinal and capsule endoscopies. 
She was initially diagnosed with NSAID-induced gastric and intestinal ulcers and we discontinued 
NSAID therapy. �is resulted in an improvement in the gastric ulcer but not the small intestinal 
ulcers. On further questioning, she reported a family history of consanguineous marriage. The 
patient underwent further investigations including genetic testing and a transanal double-balloon 
enteroscopy and was �nally diagnosed with chronic enteropathy associated with SLCO2AI (CEAS). 
In this study, we report a case of CEAS diagnosed in a patient with anemia detected incidentally 
during routine screening which was di�erentiated from drug-induced small intestinal mucosal in-
jury a�er additional investigations.

Keywords  chronic enteropathy associated with SLCO2AI (CEAS), non-steroidal anti-in�am-
matory drugs (NSAIDs), capsule endoscopy, balloon enteroscopy
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Case Report

Chronic nonspecific multiple ulcers of the small 
intestine (CNSU) were first described by Okabe 
et al.1 and Shimazaki et al.2 and are character-

ized by chronic and intractable nonspecific ulceration 
of the small intestine. Following the recent identifica-
tion of the causative gene SLCO2A1 , chronic enteropa-
thy associated with SLCO2AI (CEAS) was suggested as 
a more appropriate nomenclature. The increasing use of 
double-balloon enteroscopy and capsule endoscopy in 
routine clinical practice has led to improved awareness 
of the endoscopic features of diseases of the small intes-
tine, including CEAS. Herein, we report a case of CEAS 
in a patient with a history of non-steroidal anti-inflam-
matory drug (NSAID) use that was initially diagnosed 
with drug-induced small intestinal mucosal injury.

Case Report
A 74-year-old woman visited our hospital for work-

up of asymptomatic anemia (Hemoglobin [Hb], ap-
proximately 10 g/dL) that was detected by opportunis-
tic screening but left untreated for 3 years. The patient 
had a history of knee osteoarthritis for which she was 

taking diclofenac (three 25 mg-tablets/day), without 
gastric protection, for approximately 3 years prior. She 
was born to consanguineous parents (first cousins). 
There was no personal or family history of enteropathy. 
General examination revealed conjunctival pallor and 
bilateral pedal pitting edema, with no abnormalities on 
abdominal and musculoskeletal examination.
Investigation Findings

Blood test results showed normocytic normochromic 
anemia, undernutrition, and mild elevation of inflam-
matory markers (Table 1 ). A single ulcer (stage A2) 
in the antral zone of the lesser curvature was seen on 
upper gastrointestinal endoscopy (Fig. 1a, b), with no 
evidence of atrophic changes or no signs of gastritis in 
the gastric mucosa surrounding the ulcer. Tests for He-
licobacter pylori were negative. There was no evidence 
of pathology in the colon, rectum, or anus identified on 
lower gastrointestinal endoscopy. Capsule endoscopy 
identified more than 40 ulcers in the ileum. Ulcers were 
deeply penetrating, and some were annular (Fig. 2a, b).
Treatment

The patient was initially diagnosed with NSAID-
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induced gastric and small intestinal ulceration. She 
was started on a proton pump inhibitor and NSAID 
treatment was discontinued; however, chronic anemia 
persisted. Repeat upper gastrointestinal endoscopy 
and capsule endoscopy performed 6 months after the 
initial examination showed a stage H1 gastric ulcer, 
suggesting healing (Fig. 3). However, as no changes 

were observed in the small intestinal ulcers (Fig. 4a, b), 
transanal double-balloon enteroscopy was performed 
for further evaluation. No lesions were detected in the 
terminal aspect of the ileum, colon, rectum, and anus; 
however, multiple geographic ulcers, some of which 
were longitudinal or diagonal, were found in the ileum 
(Fig. 5a, b). A repeat enteroscopy performed 6 months 

Table 1.  Blood Test Results at the Initial Hospital Visit
Full blood count Biochemical tests
　WBC 7000 /µL 　D.Bil/T.Bil 0 .1/0.2 mg/dL
　RBC 298×104 /µL 　T.P. 6.5 g/dL
　Hb 8.6 g/dL 　Alb 3.1 g/dL
　Ht 28.9 % 　AST 23 IU/L
　MCV 97 � 　ALT 19 IU/L
　MCHC 39.8 Pg 　LDH 235 IU/L
　Plt 43.5×104 /µL 　ALP 233 IU/L

　γ -GTP 15 IU/L
Immunological test 　Amy 80 IU/L
　CRP 0.41 mg/dL 　BUN 10 mg/dL

　Cr 0.7 mg/dL
　Na/K/Cl 141/4.5/106 mEq/dL
　Fe 148 μ g/dL
　UIBC 307 μ g/dL
　Ferritin 9.8 ng/dL
　TBINF- γ (-)
TBINF-γ: QuantiFERON-Plus TB IFNγ

a b

Fig. 1.   Upper Gastrointestinal Endoscopy Findings at the Initial Visit Showing a Stage 
A2 Ulcer in the Antral Zone

(a): Low magni�cation. (b): High magni�cation.

a b

Fig. 2.   Capsule Endoscopy Findings Showing Multiple Ulcers Detected Mainly in 
the Ileum (a). Annular Strictures Can Be Observed in Some Parts (b)
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were negative.
Based on the above, and given the history of parental 

consanguinity, the initial diagnosis of drug-induced 
small intestinal ulceration was revised and the patient 
was diagnosed with CEAS. At the time of writing, the 
patient has been under follow-up for 3 years and 8 
months. During this period, she has had two hospital 
admissions for intestinal obstruction which were treat-
ed conservatively. As there was no history of abdominal 
surgery to cause adhesions or strictures, the intestinal 
obstruction was attributed to ileal strictures associ-
ated with CEAS. Bilateral pedal edema, seen at the first 
hospital visit, resolved after withdrawal of the causative 
drug. The patient is currently undergoing outpatient 
treatment for symptomatic anemia.

Discussion
CNSU is a chronic intractable disease characterized 

by nonspecific ulceration of the small intestine that is 
often intractable and recurrent3–5. Clinical characteris-
tics include chronic anemia and hypoproteinemia due 
to occult hemorrhage, and multiple nonspecific ulcers, 

Fig. 3.   Upper Gastrointestinal Endoscopy Findings 6 Months 
After Withdrawal of Medication Showing a Stage H1 
Gastric Ulcer, Suggesting Healing

Fig. 4.   Capsule Endoscopy Findings 6 Months After Withdrawal of Medication Show No Changes 
at Lesion Sites. The Number of Lesions (Approximately 40) Is Also Unchanged

a b

a b

Fig. 5.  Transanal Double-balloon Enteroscopy Findings
Multiple geographic ulcers with clear borders are observed in the ileum (a), some of which are annular 
ulcers (b).

later detected greater changes in the lumen shape with 
cavitating ulcers and worsening of the annular stric-
tures (Fig. 6a, b). Histopathology of a biopsy specimen 
taken during balloon enteroscopy indicated nonspecific 
inflammation only (Fig. 7). The results of polymerase 
chain reaction and stool culture test for tubercle bacilli 
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mainly in the ileum, which are unresponsive to treat-
ment6. Systemic inflammation is rare.

Although the precise etiology of this disease has not 
been fully elucidated, the recent discovery of the SL-
CO2AI gene that encodes a prostaglandin transporter 
led to a change in nomenclature to CEAS. The average 
age at diagnosis ranges from adolescence to middle 
age, but one pediatric case has been reported7. CEAS 
diagnosed in elderly individuals, as in our case, is rare8. 
To the best of our knowledge, this is the first report 
of CEAS diagnosed based on the results of a Japanese 
comprehensive health check-up.

The main endoscopic findings in our patient were 
multiple ulcers with various morphologies (e.g., diago-
nal, geographic, latitudinal, and annular) accompanied 
by a deformity in the lumen in a spiral pattern. Small 
bowel contrast radiography can identify ulcers, stric-
tures, and deformation of the intestinal tract. CEAS 
most commonly affects the lower ileum, excluding the 
terminal ileum. Severe narrowing of the tract occurs 
with treatment, but the ulcers themselves are intractable 
and strictures sometimes accompany open ulcers6. In 
our case, the borders between the ulcers and the normal 
mucosa were clear. There is no clear pattern in ulcer dis-
tribution, and ulcers develop irrespective of the sites of 

mesenteric attachment. Such mucosal lesions can occur 
in the stomach, duodenum, and large intestine9. Histo-
pathological features include ulcers penetrating into the 
submucosa, with mild infiltration of lymphocytes and 
plasma cells. The patient in this study also presented 
with multiple ulcers in the ileum. Because the patient 
declined to undergo small bowel contrast radiography, 
a less invasive capsule endoscopy was performed and 
the patient is currently under regular follow-up. As she 
continues to be at risk of developing of strictures with 
ulcer healing, small bowel contrast radiography may be 
required in the future.

CEAS is an autosomal recessive disorder caused by 
mutations in SLCO2A1, with an estimated prevalence of 
150 and 200 patients in Japan10,11. There is usually a pos-
itive family history and parental consanguinity, as with 
the current case. Interestingly, our patient was also found 
to harbor SLCO2A1 mutations. Causative genes can be 
identified by using exome sequencing of genomic speci-
mens, however our patient did not consent to a detailed 
family history and to undergo further genetic tests.

CEAS is usually diagnosed in patients with chronic 
anemia and hypoproteinemia that have a positive occult 
blood test further supported by characteristic imaging 
results and genetic tests. The differential diagnoses of 
CEAS include ischemic enteritis, intestinal tuberculo-
sis, Crohn’s disease, simple ulcers, intestinal Behcet’s 
disease, and NSAID-induced small intestinal mucosal 
injury. The patient in this case did not have skin lesions 
or lesions at sites other than the intestinal tract to sug-
gest Crohn’s disease and Behcet’s disease. Alternative 
diagnoses were also not supported by two biopsies, 
intestinal culture, or PCR tests. NSAID-induced ul-
ceration of the small intestine was initially suspected 
because of the history of long-term NSAID use, but this 
was reconsidered after there was no improvement after 
stopping NSAID therapy. The patient’s clinical course, 
genetic test results, endoscopic findings, and family his-
tory collectively led to the diagnosis of CEAS. However, 

a b

Fig. 6.   Transanal Double-balloon Enteroscopy Findings 6 Months After Withdrawal of 
Medication

Ulcers are cavitating (a), with worsening of annular strictures (b).

Fig. 7.   Histopathology Findings of a Biopsy Specimen Showing 
Non-speci�c In�ammation
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reaching this diagnosis was complicated due to the old 
age at onset and the use of NSAIDs.

CEAS is usually treated using central venous hyper-
alimentation and symptomatic treatment. Balloon dila-
tion is an effective treatment for strictures. Mesalazine, 
steroids, immunosuppressive agents, and sulfa drugs, 
commonly used in the treatment of other inflammatory 
diseases, are usually ineffective8,9,11 . Careful consider-
ation is given to surgical resection because of the risk 
of rapid recurrence of ulceration in the remnant small 
intestine.

CEAS usually has a favorable prognosis, but cases of 
CEAS complicated by hematologic diseases12 or pachy-
dermoperiostosis13 have been reported. However, these 
were absent in our patient. Nevertheless, given the 
contribution of abnormal expression and/or function 
of prostaglandins in CEAS etiology, patients should un-
dergo comprehensive workup to confirm the diagnosis 
and rule out systemic manifestations.

This case also highlights the importance of ad-
equately investigating incidental findings identified 
during a Japanese comprehensive health check-up. The 
patient described in this case underwent a comprehen-
sive check-up every year, and anemia was detected for 
3 consecutive years; however, she was not referred for 
further investigations. Medical professionals should be 
aware that incidental results may be identified during a 
Japanese comprehensive health check-up and refer pa-
tients for further investigations where appropriate.

Conclusion
CEAS is a rare autosomal recessive enteropathy with 

few reported cases worldwide. As a result, the no-
menclature and clinical characteristics of this disease 
are still being elucidated. We reported a case of CEAS 
diagnosed in a patient with anemia detected during a 
Japanese comprehensive health check-up, which was 
difficult to distinguish from small intestinal mucosal in-
jury induced by NSAIDs. This study demonstrates that 
CEAS should be suspected in cases of intractable ulcers 
of the small intestine, and highlights the need for more 
research including case reports to further elucidate the 
pathophysiology of this disease.
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Submucosal Tumor-like-shaped Low-grade Well-differentiated  
Adenocarcinoma with Gastric Phenotype Arising in the  

Helicobacter pylori-negative Stomach at Medical  
Check-up: A Report of Three Cases
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Abstract
We describe three cases of submucosal tumor (SMT)-like-shaped low-grade well-di�erentiated 

adenocarcinoma with gastric phenotype (LG-WDA-G) arising in the Helicobacter pylori-negative 
stomach that were revealed during esophagogastroduodenoscopy (EGD) screening. In Case 1, a 
whitish 7-mm-diameter SMT-like lesion in the fornix of a 42-year-old man was revealed. Dilated-
branched vessels and pigmentation were also observed on the surface of the lesion. Biopsy speci-
mens displayed a mild structural variant but no evidence of malignancy. Endoscopic submucosal 
dissection was performed as a diagnostic treatment. In Case 2, EGD revealed a gentle protrusion 
7-mm in size in the fornix of a 49-year-old man. Dilated-branched vessels and prolongation of 
the intervening part between the crypts were observed at the surface of the lesion. Biopsy revealed 
adenocarcinoma. Histologically, in both cases, each tumor was located in the deep mucosal layer 
covered with the non-neoplastic foveolar epithelium formed by irregularly shaped glands com-
posed of slightly atypical glandular cells resembling fundic glands cells. Immunostaining results 
revealed MUC6 and pepsinogen-I expression. �ese results con�rmed the diagnosis of LG-WDA-
G; speci�cally, gastric adenocarcinoma of the fundic gland type. In Case 3, a 10-mm SMT-like 
elevated lesion with central erosion was observed on the greater curvature of the middle gastric 
body in a 66-year-old man. Biopsy specimens showed atypical glands but inde�nite for neoplasia. 
Endoscopic ultrasonography �ndings showed an isoechoic tumor with several cystic legions in the 
submucosal layer. According to immunohistochemistry, LG-WDA-G with MUC6, pepsinogen-I, 
and MUC5AC-positive tumor cells were invading the submucosal layer signi�cantly along het-
erotopic gastric glands. Additional surgery revealed no lymph node metastasis.

Keywords  low-grade well-differentiated adenocarcinoma with gastric phenotype, gastric 
adenocarcinoma of fundic gland type, submucosal heterotopic gastric glands, sub-
mucosal-tumor-like-shaped tumor
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Although Helicobacter pylori (H. pylori)-negative 
gastric cancers are rare, it is expected that the 
frequency of H. pylori-negative gastric cancers 

will increase because the incidence of H. pylori infec-
tion is declining due to either improvement in water 
supply and sewerage systems or the increasing number 
of eradications in Japan. This report describes three 
cases of H. pylori-negative gastric cancers with a sub-
mucosal tumor (SMT)-like appearance, diagnosed as 
low-grade well-differentiated adenocarcinoma with 

Case Report

gastric phenotype (LG-WDA-G) at medical check-up.

Case Report (Three Cases)
Case 1

A 42-year-old man, who had no history of eradica-
tion therapy, underwent screening for esophagogas-
troduodenoscopy (EGD). The background mucosa 
revealed no endoscopic findings of atrophic gastritis, 
while serum test results were negative for staining with 
H. pylori antibody. The examination revealed a flat 
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elevated, 7-mm-diameter, smooth, whitish, SMT-like 
lesion in the fornix (Fig. 1a). Proliferation of dilated 
vessels and pigmentation were also observed at the sur-
face of the lesion using a conventional endoscopy. A bi-
opsy was performed. The tumor was soft when grasped 
with forceps (Fig. 1b). Biopsy specimens showed mild 
structural variants but no evidence of malignancy; 
therefore, diagnostic treatment was carried out. Un-
der the adequately informed consent, an endoscopic 

submucosal dissection (ESD) was performed. Micro-
scopically, a 7-mm-diameter tumor was composed of 
irregularly-branched neoplastic glands covered with 
non-neoplastic foveolar epithelium (Fig. 2a). The tu-
mor cells exhibited mildly enlarged atypical nuclei with 
occasional cells showing oxyntic cytoplasm mimick-
ing fundic glands cells, which invaded approximately 
0.32-mm into the submucosal layer while there was no 
lymph-vascular invasion (Fig. 2b and c). Histological 

Fig. 1. Endoscopic Findings (Case 1)
(a)  Endoscopic examination revealed a �at elevated, 7-mm-diameter, smooth, whitish, and SMT-like lesion in 

the fornix. Branched dilated vessels and pigmentation were also observed at the surface of the lesion.
(b) �e tumor was so�, when grasped with forceps.

a b

Fig. 2.  Histopathologic Features of the ESD Specimen (H&E Staining)
(a)  Low magni�cation showing a 7-mm-diameter tumor located in the deep mucosal layer covered with the 

non-neoplastic foveolar epithelium invading into the submucosal layer approximately 0 .32 mm and no 
lymph-vascular invasion.

(b)  Low magni�cation image showing irregularity branched neoplastic glands.
(c)  High magni�cation image. �e tumor cells exhibited mildly enlarged atypical nuclei with occasional cells 

showing oxyntic cytoplasm mimicking fundic glands cells.

a

b c
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examination confirmed the diagnosis of low-grade well-
differentiated adenocarcinoma. Immunohistochemistry 
demonstrated that the neoplastic glands were diffusely 
reactive for MUC6 and pepsinogen-I and non-reactive 
for MUC5AC (Fig. 3a, b, and c), confirming a gastric 
phenotype. These results confirmed the diagnosis of 
LG-WDA-G; specifically, gastric adenocarcinoma of the 
fundic gland type (GA-FG).

Case 2
A 49-year-old man, who had no history of eradica-

tion therapy and was tested negative for serum H-pylori 
antibody, underwent EGD screening. The examina-
tion revealed a gentle protrusion, measuring 7-mm in 
diameter at the greater curvature of the fornix with no 
atrophic change in the mucosa (Fig. 4a). Although this 
lesion was observed on X-ray 10 years earlier (Fig. 5), 
its shape and size had not significantly changed during 

Fig. 3.   Immunohistochemistry Demonstrated that the Neoplastic Glands Were Diffusely 
Reactive for MUC6 (a) and Pepsinogen-I (b), Negative for MUC5AC (c), Partially Positive 
for Synaptophysin (d), and Negative for Chromogranin A (e)

a b

c

d

e
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the ten years. The annual X-ray or endoscopic findings 
had been associated with fundic gland polyp. Endos-
copy with narrow band imaging (NBI) revealed no clear 
demarcation line (DL), and proliferation of dilated ves-
sels or prolongations of the intervening part between 
the crypts on the surface of the lesion (Fig. 4b). Biopsy 
specimens revealed adenocarcinoma, and therefore an 
ESD was performed. Histologically, a 2-mm-diameter 
tumor was located in the deep mucosal layer covered 
with the non-neoplastic foveolar epithelium, formed by 
irregularly shaped glands composed of slightly atypi-
cal glandular cells resembling fundic glands cells (Fig. 
6a and b). These cells invaded the submucosa to ap-
proximately 0.3-mm while no lymph-vascular invasion 

was detected. Histological examination confirmed the 
diagnosis of low-grade well-differentiated adenocarci-
noma. Immunohistochemistry demonstrated that the 
neoplastic glands were diffusely reactive for MUC6 
and pepsinogen-I (Fig. 7a and b) and nonreactive for 
MUC2 and MUC5AC (Fig. 7c and d), confirming a 
gastric phenotype. These results confirmed the diagno-
sis of LG-WDA-G, specifically, GA-FG.
Case 3

A 66-year-old man, who had no history of eradica-
tion therapy and tested negative for serum H-pylori 
antibody, underwent EGD screening. The background 
mucosa revealed no endoscopic findings of atrophic 
gastritis. A 10-mm SMT-like elevated lesion with cen-

Fig. 4. Endoscopic Findings (Case 2)
(a)  Endoscopic findings revealed a gentle protrusion, measuring 7-mm in diameter at the greater 

curvature of the fornix.
(b)  Endoscopy with narrow band imaging (NBI) revealed no clear demarcation line (DL), and dilated-

branched vessels and prolongations of intervening part between the crypts on the surface of the 
lesion.

(c)  Endoscopic �ndings a�er biopsy revealed indistinct DL, dilatation of crypt opening, and dilatation 
of intervening part between the crypts.

a b c

Fig. 5.   X-ray Findings Are a Clear Circumference but Partially 
Unclear Border, Indicating the Tumor Has a Gentle Border 
Partly Like SMT
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a b

Fig. 6.  ESD Specimen: The Flat Elevated Lesion Measured 7×7-mm
(a)  Histologic slide under low magni�cation with H&E staining showing 2-mm-diameter tumor was located in the deep 

mucosal layer covered with the non-neoplastic foveolar epithelium invading into the submucosal layer approximately 0.3 
mm.

(b)  High magnification image shows irregularity branched neoplastic glands. The tumor cells exhibited mildly enlarged 
atypical nuclei with occasional cells showing oxyntic cytoplasm mimicking fundic glands cells.

a b c

d e

Fig. 7.   Immunohistochemistry Demonstrated That the Neoplastic Glands Were Di�usely Reactive for MUC6 (a) and 
Pepsinogen-I (b), Nonreactive for MUC2 (c) and MUC5AC (d), and Low Labeling Index of Ki-67 (e)
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tral erosion surrounding a reddish mucosa was ob-
served on the greater curvature of the middle gastric 
body (Fig. 8a). Endoscopy with NBI revealed no clear 
DL, and prolongations of the intervening part between 
the crypts were also observed at the surface of the le-
sion (Fig. 8b). Biopsy specimens showed atypical glands 
and indefinite neoplasia. Endoscopic ultrasonography 
(EUS) findings showed an isoechoic tumor with sev-
eral cystic legions in the submucosal layer (Fig. 9). The 
preoperative diagnosis was early gastric cancer with 
submucosal heterotopic gastric glands (SHGG). Under 
the adequately informed consent, ESD was performed. 

Histologically, an 11-mm-diameter tumor was located 
in the lamina propria mucosae covered with the non-
neoplastic foveolar epithelium, formed by irregularly 
shaped glands with mild nuclear atypia resembling 
fundic glands cells (Fig. 10a and b) This tumor was 
partially invading the submucosal layer to 1.9-mm, 
spreading along several cystic lesions. Immunostain-
ing results were positive for MUC6, pepsinogen-I, and 
MUC5AC (Fig. 11a, b, and c). These results confirmed 
the diagnosis of LG-WDA-G with SHGG. Additionally, 
distal gastrectomy was performed, revealing no residual 
carcinoma and no lymph node metastasis.

a b

Fig. 8.  Endoscopic Findings (Case 3)
(a)  Endoscopic �ndings show a 10-mm SMT like elevated lesion with central erosion surrounding 

reddish mucosa on the greater curvature of the middle gastric body.
(b)  Endoscopy with NBI findings shows no clear DL, and prolongations of intervening part 

between the crypts on the surface of the lesion.

Fig. 9.   Endoscopic Ultrasonography (EUS) Findings Show 
Isoechoic Tumor with Several Small Echo Free Spaces 
in the Third Layer
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Discussion
It had been thought that differentiated adenocarcino-

mas originating from the intestinal metaplasia involving 
H. pylori infection had an intestinal phenotype, whereas 
undifferentiated adenocarcinomas originating from the 
gastric mucosa without the process of intestinal meta-

Fig. 10.  ESD Specimen
(a)  Histologic slide with H&E staining under low magni�cation showing that 11-mm-diameter tumor was located in the lamina propria 

mucosae covered with the non-neoplastic foveolar epithelium. �is tumor was partially invading into the submucosal layer to 1,900 μ m, 
spreading along several cystic lesions. (red bar: the tumor in situ, yellow bar: sm invasion)

(b)  High magni�cation image shows the tumor formed by irregularly shaped glands with mild nuclear atypia resembling fundic glands cells.

a

b

plasia had a gastric phenotype1. However, progress in 
immunohistochemical examination has revealed that 
some differentiated adenocarcinoma had a gastric phe-
notype2.

In the three cases presented in this study, the back-
ground mucosa revealed no endoscopic findings of 

Fig. 11.  Immunostaining Results Were Positive for MUC6 (a), Pepsinogen-I (b), and MUC5AC (c)

a b

c
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atrophic gastritis, while serum test results were nega-
tive for H. pylori antibody; thus, the stomach was con-
sidered to be uninfected by H. pylori. Moreover, these 
three cases presented a subepithelial or SMT-like ap-
pearance and immunohistochemical findings revealed 
LG-WDA-G. Immunohistochemical analysis using 
the following biomarkers is important for diagnosis of 
gastric phenotype: MUC6 for mucous neck-cells; MU-
C5AC for foveolar cells and pepsinogen-I for chief cells. 
Mucin phenotypes are assessed based on the expression 
of gastric-type markers such as MUC5AC and MUC6, 
and intestinal-type markers such as MUC2 and CD103.

Both cases 1 and 2 were diagnosed as GA-FG, com-
posed of cells resembling the fundic gland cells, and 
positive for pepsinogen-I and MUC64, categorized as 
purely a gastric phenotype. In contrast, in case 3, not 
only MUC6 and pepsinogen-I, but also MUC5AC were 
diffusely expressed in the tumor. GA-FG with foveolar 
differentiation was previously reported as gastric ad-
enocarcinoma of the fundic gland mucosa type (GA-
FGM), which was thought to be a variant of GA-FG5.

GA-FG is a subtype of LG-WDA-G with fundic 
glands cells differentiation, which was proposed as a 
novel disease concept in 20104. GA-FG is thought to 
originate from the fundic gland region without chronic 
gastritis or intestinal metaplasia6 . The Japanese Clas-
sification of Gastric Carcinoma (JCGC) was revised in 
2017 and GA-FG was newly added as a special type7. 
The cells in these tumors show chief, parietal, or mu-
cous neck-cell differentiation and typically mixed at 
various proportions8. GA-FG accounts for just 1.6% of 
all gastric adenocarcinomas9.

Macroscopically, about three-quarters of GA-FG are 
recognized by an elevated shape, especially an SMT-
like shape9. These tumors are usually located in the up-
per third of the stomach and arise from the deep layer 
of the gastric mucosa6 . Ueyama et al.9 reported that 
the most common features of GA-FG on conventional 
endoscopy were: 1) SMT shape, 2) whitish color, 3) 
dilated vessels with branching structure and 4) back-
ground mucosa without atrophic change. Miyazawa 
et al.10 suggested that a possible reason for the macro-
scopic similarity of GA-FG to SMT is that GA-FG origi-
nates from the deep layer of the gastric mucosa. Fujii 
et al. 11 suggested that the faded appearance was caused 
by atrophy in the foveolar epithelium above cancer tu-
bules. Vasodilation and branched vessels on the tumor 
surface are other characteristics of GA-FG, attributed 
to the displacement of surface vessels by tumor tissue 
followed by congestion9,10. In case 1, the tumor was of 
a whitish color appearance and had dilated vessels with 
branching structure and pigmentation on the surface. 
Some GA-FGs may be accompanied by a pigmenta-
tion localized within the lesion. This pigmentation may 

be a characteristic feature of GA-FG, and focusing on 
such pigmentation may enable early detection of the 
tumor12 . An SMT-like elevated shaped GA-FG with 
whitish or yellowish color should be distinguished from 
a neuroendocrine tumor. It is reported that neuroendo-
crine tumors have a solid appearance, whereas GA-FG 
has a soft appearance9. In case 1, the tumor turned out 
to be soft when grasped with forceps, this soft appear-
ance can be useful as a discriminating feature between 
the two types of lesions. Histological features of GA-FG 
resemble those of neuroendocrine tumor: both tumors 
comprise small round tumor cells and originate from 
the deep mucosal layer6. Although it is a little bit diffi-
cult to distinguish between the two tumors using a con-
ventional hematoxylin and eosin (H&E) staining, im-
munohistochemical examination is useful for it6. These 
two types of lesions can be easily distinguished using 
immunohistochemical staining with chromogranin A 
and synaptophysin, which are expressed in the neu-
roendocrine tumor, but it should be noted that these 
markers may also be positive in GA-FG4,13 . In case 1, 
immunostaining results were positive for pepsinogen-
I and MUC6, partially positive for synaptophysin, and 
negative for chromogranin A (Fig. 3d and e).

In case 2, although this lesion was detected 10 years 
ago, radiographic or endoscopic findings pointed at 
fundic gland polyp (FGP). Because FGP resembles nor-
mal fundic gland cells and has mild atypia, GA-FG can 
be misdiagnosed as FGP4,14 , especially in X-ray diag-
nosis. In case 2, X-ray findings were similar to those of 
FGP, which usually appear clear in the entire circumfer-
ence of the tumor boundary. However, in case 2, a clear 
circumference with a partially unclear border were ob-
served, indicating the tumor had a gentle border partly 
like the SMT.

Endoscopy with NBI can be useful for the differential 
diagnosis of GA-FG and FGP, and clarifying the ab-
sence of DL or presence of vasodilation and branched 
vessels at the tumor surface9–11. In case 2, the endos-
copy with NBI revealed an absence of DL and dilatation 
of the intervening part between the crypts. These fea-
tures were presented due to the location of the tumor 
origin and congestion by the pressure originating from 
the tumor15 . Although magnifying endoscopy with 
NBI (ME-NBI) is also useful for detecting GA-FG from 
the surface findings, including indistinct DL, dilata-
tion of crypt opening, dilatation of intervening part 
between the crypts and microvessels without distinct 
irregularity15 , evaluation with ME-NBI may be used 
to assist, but not to make an accurate diagnosis of GA-
FG11. The reason being that since the GA-FG tumor is 
not exposed on the surface, specific features of the early 
gastric adenocarcinoma such as, the presence of the DL, 
irregular microsurface and microvascular patterns may 
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not be found10. A biopsy may be needed for a definite 
diagnosis to be done using the immunohistochemically 
staining. It is crucial to obtain an adequate amount of 
tissue because the tumorous tissue of GA-FG is usually 
located in the deep mucosal layer6.

Case 3 was diagnosed as LG-WDA-G with SHGG. 
Endoscopic findings revealed an SMT-like elevated le-
sion with central erosion surrounding reddish mucosa, 
which were a trigger to find the lesion. Endoscopy with 
NBI findings, including no clear DL and prolongations 
of the intervening part between the crypts, were also 
useful to detect this lesion. SHGG can present as elevat-
ed lesions covered with normal mucosa such as SMT 
in EGD16. In the case of gastric cancer originated from 
SHGG it is difficult to diagnose this lesion, because 
cancer exists at submucosa, and cancer components 
are not exposed on the surface17 . In case 3, as biopsy 
specimens did not reveal malignancy, EUS findings led 
to a diagnosis of a gastric cancer with SHGG. EUS is 
considered a useful modality for both detecting SHGG 
and judging the depth of lesion invasion, because it 
can reveal hypoechoic scattered cystic lesions and 
isoechoic mass in the submucosal layer16 . SHGG is a 
rare entity characterized by the ectopic proliferation of 
gastric glandular elements in the lamina propria. SHGG 
is thought to arise from gastric glands existing con-
genitally in the submucosa, or from aberration of the 
epithelium into the submucosa as a result of repeated 
erosion and regeneration of the mucosa17,18 . Although 
SHGG is considered a benign disease, close follow-up 
by endoscopy is recommended because a few cases of 
gastric carcinogenesis associated with SHGG have been 
reported in 3.0–20.1% of gastric cancer cases18–20.

Submucosal invasion, which is one of the distinctive 
pathological findings of GA-FG, was identified in more 
than half of the resected lesions despite their small 
size21 . In other words, because GA-FG is generated 
from the deep mucosal layer, it easily invades into the 
submucosal layer. Although no specific treatment strat-
egy has been established, GA-FG is considered to be an 
indication of endoscopic resection because of its small 
tumor size and benign biological behavior6, including 
no overexpression of p53 protein or a low labeling in-
dex of Ki-674,9,10,14 . In case 2, no morphologic changes 
were observed over the 10 years; the tumor remained 
within the submucosal layer with no lymph-vascular 
invasion and low labeling index of Ki-67 (Fig. 7e). Our 
observation in this case suggests that GA-FG may have 
had a low-grade malignancy.

On the other hand, in case 3 , the tumor was in-
vading into the submucosal layer significantly along 
SHGG, and expressed MUC5AC diffusely. Ueyama et 
al.4 speculated that MUC5AC is only expressed in ad-
vanced GA-FG lesions with a large diameter and heavy 

submucosal invasion, suggesting that cell differentia-
tion changes from the fundic gland type to the foveolar 
type during disease progression. Recently, a case of 
GA-FG, which had a transformation into aggressive 
cancer with MUC5AC expression and LN metastasis, 
was reported22 . Therefore, even though most GA-FG 
tumors grow slowly, careful follow-up alone cannot be 
recommended. Case 3 might be the GA-FGM, which is 
thought to be a variant of GA-FG, although its charac-
ter is unknown. Further investigation is needed.

In conclusion, it is necessary for endoscopists to pay 
careful attention to the existence of these types of gas-
tric adenocarcinomas with SMT-like appearance during 
routine examinations.
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A Case of Tapeworm Detected by a Fecal Occult Blood Test  
During Health Screening

Yoshinori Torii, Yoshiaki Katano, Takashi Kobayashi, Hironao Miyoshi, Yuta Kurokawa

Abstract
A 44-year-old woman had a positive fecal occult blood test during health screening. A meta-

meric, threadlike cestode extending from the ileocecal valve to the ascending colon was detected 
via colonoscopy, leading to a diagnosis of tapeworm infestation. Capsule endoscopy (CE) con-
�rmed a cestode extending from the ileum to the ileocecal region. A single dose of praziquantel 
(120 mg) was administered. Follow-up CE and stool testing for parasitic ova con�rmed no recur-
rence. �is case is valuable because part of the cestode could be observed in the small bowel a�er a 
positive fecal occult blood test and during colonoscopy.

Keywords tapeworm, fecal occult blood test, health screening, capsule endoscopy (CE)
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Case Report

Reports of tapeworms identified using capsule 
endoscopy (CE) have increased in recent years. 
Most cases are detected as a result of detailed 

investigation of feces for nematodes and cestodes ex-
creted. This report documents a case of a tapeworm 
detected by a fecal occult blood test conducted during 
health screening in which CE was useful for determin-
ing the therapeutic approach.

Case Report
A 44-year-old woman had a positive fecal occult 

blood test during health screening. Her general prac-
titioner performed a colonoscopy (CS) in June 2018. 
Findings revealed a solitary, metameric, white, thread-
like cestode extending from the ileocecal valve to the 
ascending colon (Fig. 1). No other abnormalities were 
detected in the colon or anal canal. She was diagnosed 
with tapeworm infestation based on endoscopy find-
ings and was referred to our hospital for detailed inves-
tigation and treatment in July of the same year. Medical, 
family, and lifestyle histories were all unremarkable. 
There was also no history of domestic or international 
travel.

Physical examination results were unremarkable and 
blood test findings showed no evidence of anemia or 
malnutrition. Eosinophil counts and immunoglobulin E 
levels were not elevated, and the levels of inflammatory 
response markers were in the normal range. Fecal tests 
were positive for cestode ova (Table 1).

CE was then performed for further investigation. 

The results showed a 10-cm-long, intact threadlike ces-
tode from the deeper layers of the ileum. The cestode 
was observed from 02:13:46 to 02:32:35 (Fig. 2, 3). 
This was consistent with the CS findings observed by 
the previous doctor, in which the cestode was seen ex-
tending into the ascending colon; therefore, the patient 
was diagnosed with taeniasis. CE was used to perform 
examination up to the transverse colon, after which the 
examination was concluded. No notable findings were 
observed other than the small intestinal cestode.

The patient was administered a single dose of pra-
ziquantel 120 mg (25 mg/kg/dose) as an anthelmintic 
treatment. This was chosen based on the fact that the 
detected cestode was relatively short, extended from the 
deeper layers of the ileum to the ascending colon, and 
because the patient requested noninvasive treatment. 
CE performed after anthelmintic treatment and at 3 
and 6 months later confirmed successful eradication of 
the tapeworm and its ova.

Discussion
Cestodes are intestinal parasitic worms that infest the 

human upper small bowel through intermediate hosts, 
such as salmon and trout. They are known to grow to 
lengths of up to 10 m in the human small bowel. Infec-
tion occurs as a result of ingestion of the parasite’s eggs 
by eating sashimi made from improperly frozen fish1. 
While we could obtain an accurate medical history 
from the patient, we were unable to identify the route 
or time of infection.
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The use of CE has increased in recent years, and we 
have begun to see reports of taeniasis from Japan and 
overseas due to infestation of the small bowel. There 
have been scattered reports from Japan that have classi-
fied the infecting cestodes into species such as Diphyl-
lobothrium latum, D. nihonkaiense, and Taenia asiatica, 
based on DNA sequence analysis2–8 . The diagnosis 
cannot be made macroscopically, so it is made based on 
polymerase chain reaction (PCR) test results.

The cestode was not excreted before or after treat-
ment in the present case, so it was not possible to 
identify the species. A single dose of oral praziquantel 
was administered as treatment, which we suspected 
destroyed the cestode and explained why it was not 
excreted. Most cases of tapeworm infestation are di-
agnosed when the cestode is excreted, and when this 
occurs, PCR test should be proactively performed to 
identify the species.

CE allows observation of cestodes that have infested 
the small bowel in its live form. They are white and 
threadlike in appearance with microscopic segmenta-
tion and may also be observed floating freely in the 
small bowel9–12. CE also facilitates identification of the 
site of parasitic infestation. In this case, the findings 
showed that the cestode extended from the terminal il-
eum to the ascending colon.

Our search of the Japanese medical abstracts database 
Igaku Chuo Zasshi using the keywords “capsule endos-
copy” and “cestode” for publications between 2009 and 

Fig. 1. Findings during Colonoscopy Performed by the Patient’s General Practitioner
A solitary, metameric, white, threadlike cestode is seen extending from the ileocecal valve to the ascending colon.

Table 1.  Blood Test and Fecal Test Findings on Arrival at the 
Hospital

Peripheral blood tests
WBC 6100/µL
　Neutrophils  1%
　Eosinophils  3%
　Monocytes  4%
　Segmented leucocytes 63%
　Lymphocytes 29%
RBC 420×104 /µL
Hb 12.4 g/dL
Ht 35.6%
Plt 10.0×104 /µL
Blood biochemistry
T-Bil 0.5 mg/dL
Alb 4.4 g/dL
AST  17 IU/L
ALT  12 IU/L
LDH 157 IU/L
ALP 214 IU/L
γ -GTP  13 IU/L
AMY  56 IU/L
T-Chol 204 mg/dL
TG  62 mg/dL
BUN  11 mg/dL
Cre 0.6 mg/dL
CRP 0.04 mg/dL
IgE 56.0 IU/L
Stool tests
Cestode ova Positive
Direct cestode observation Positive
WBC, white blood cell count; RBC, red blood cells; Hb, hemoglobin; 
Ht, hematocrit; Plt, platelets; T-Bil, total bilirubin; Alb, albumin; AST, 
aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate 
dehydrogenase; ALP, alkaline phosphatase; γ-GTP, γ-glutamyl transpeptidase; 
AMY, amylase; T-Chol, total cholesterol; TG, triglyceride; BUN, blood urea 
nitrogen; Cre, creatinine; CRP, C-reactive protein; IgE, immunoglobulin E
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Fig. 2. Capsule Endoscopy Findings (1)
A 10-cm long, threadlike cestode continuous to exist in the ileum.

Fig. 3. Capsule Endoscopy Findings (2)
A solitary cestode seen extending up to the ascending colon.
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2019 revealed 23 cases in which cestodes in the small 
bowel were observed during CE. Among these cases, 
the indication for CE was excretion of worms in feces 
in 22 cases4.

Our patient was diagnosed as a result of a fecal occult 
blood test during health screening. To our knowledge, 
there have been no cases of diagnosis based on this 
test result in Japan, and we found only one such report 
overseas13. The fecal occult blood test performed in our 
patient was a colorectal cancer screening test, which 
is used worldwide. CS is recommended when the test 
result is positive. According to reports, approximately 
38 ,000 non-therapeutic, exploratory colonoscopies 
are performed annually in Japan14, although there are 
virtually no reports of incidental observation of tape-
worm during testing. We examined the results of our 
literature search to determine whether tapeworms had 
been observed in the small bowel and found a total of 3 
cases from Japan, including the present case. One case 
involved incidental observation of cestode infestation in 
the small bowel during CS performed as screening after 
colorectal cancer surgery, and the other involved ob-
servation of worms during CS performed for the inves-
tigation of diarrhea and abdominal pain15. Moreover, 
according to reports from both Japan and overseas16,17 , 
it is extremely rare for cestodes to be observed in their 
natural state during CS, as observed in our case. It is 
pertinent to always consider the possibility of encoun-
tering rare disorders during routine examinations in 
health check-ups and endoscopic examinations because 
these also need to be treated.

Taeniasis is treated with oral praziquantel or dia-
trizoate meglumine and diatrizoate sodium solution 
(Gastrografin®). A probe is inserted into the duodenum 
transnasally and secured in place after crossing the 
ligament of Treitz. Irrigation is then performed using 
Gastrografin® to eject the cestodes from the small bowel 
into the anus, from where the cestode can be excreted 
in feces. Examination under fluoroscopic guidance may 
also indirectly reveal the entire cestode. It is also pos-
sible to administer anthelmintic treatment if the scolex 
is observed when the cestode is excreted in feces. His-
torically, this was the first-line anthelmintic treatment 
for taeniasis in Japan for many years. However, using 
Gastrografin® in this manner involves high levels of X-
ray exposure and is invasive; moreover, it can be diffi-
cult to detect small cestodes18. On the other hand, oral 
administration of praziquantel is easy, but the cestodes 
are destroyed by pharmacological effects. Thus, a dis-
advantage of this treatment is the inability to confirm 
the presence of the scolex after excretion19 . Among 
the cases of cestodes observed during CE in Japan, ap-
proximately half of the patients received anthelmintic 
Gastrografin® treatment4. The primary mode of anthel-

mintic treatment overseas is praziquantel20.
In Japan, neither of the aforementioned treatment 

methods are covered by national health insurance. In 
our case, the cestode observed during CE was relatively 
small and the patient requested noninvasive treatment; 
therefore, we initially attempted treatment with a single 
dose of praziquantel. Performing CE in advance aided 
in deciding the treatment plan. CE is also useful for 
follow-up observation after anthelmintic treatment.

A major complication of CE is retention of the cap-
sule within the body for a period of 2 weeks or longer. 
A previous study found that retention occurred in 1.5% 
of cases of gastrointestinal hemorrhage of unknown 
origin 21 . However, in Japan and overseas, there have 
been no reports of capsule retention in cases where CE 
was used to examine patients with intestinal parasites, 
including tapeworms. Capsule retention is extremely 
rare in patients with no history of intestinal obstruction 
or abdominal surgery and in those who are not tak-
ing nonsteroidal anti-inflammatory drugs or low-dose 
aspirin. We believe that CE should be proactively per-
formed when parasitic infestation is suspected. If there 
is a prior suspicion of gastrointestinal stenosis, then a 
patency capsule should be used to evaluate the patency 
of the gastrointestinal tract.

CE is useful for diagnosing tapeworm infestation and 
determining a treatment plan. This report documents 
the first case of tapeworm infestation diagnosed based 
on a positive fecal occult blood test conducted during 
health screening in Japan.
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Case Report

Pancreatic cancer is the third leading cause of 
cancer-related death in the United States1 and 
fourth in Japan2 . Most pancreatic adenocarci-

nomas are diagnosed at an advanced stage, and thus 
the 5-year survival rate is less than 10%1,2 . However, 
an analysis of data from the National Cancer Insti-
tute USA (NCI) database (2010–2017) by Chin et al. 
showed that among patients diagnosed at stage 0 (car-
cinoma in situ), the cancer-specific 5-year survival rate 
was as high as 84%3. Therefore, early detection is vital 
to improve disease prognosis. However, stage 0 cases 
account for only 1.4% (264 of 15,625) of all pancre-
atic cancer cases in the NCI database3. In Japan, only 
0 .7% (51/6,942) of pancreatic cancer patients have 
stage 0 disease4.

No sensitive tumor marker for pancreatic cancer has 
been identified, and ultrasonography (US) is currently 
one of the safest and most convenient imaging modali-
ties used for early detection. However, only few stage 0 
pancreatic cancer cases are detected on screening US. 
We report the case of a patient with stage 0 pancreatic 
adenocarcinoma (high-grade PanIN), detected via 

A Case of Stage 0 Pancreatic Adenocarcinoma  
(High-grade PanIN) Incidentally Detected on  

Routine Screening Ultrasonography
Sachiko Tanaka1 , Mikako Miyamoto1 , Anri Sugimoto1 , Hiromi Nishiyama1 , Tomomi Nakagawa1 ,  

Ayano Hara1 , Chika Yoshino1 , Rena Takakura2 , Hiroyuki Uehara3

Abstract
Most cases of pancreatic cancer are diagnosed during the advanced stage, resulting in a low 

long-term survival rate. �us, early detection is important to achieve a favorable prognosis. We 
present herein a case of stage 0 (in situ) pancreatic adenocarcinoma incidentally detected on 
routine screening ultrasonography during a health check-up. Slight dilatation of the main pan-
creatic duct was detected from the body to the tail of the pancreas of an otherwise healthy male 
patient. Since this �nding is a possible sign of pancreatic cancer, the sonographer traced the duct 
downstream with a magni�ed image. No pancreatic duct obstruction or nodules were detected. 
However, the internal line of the main pancreatic duct (MPD) was irregular, and a debris-like faint 
hypoechoic region was observed within the MPD at the head of the pancreas. Intraductal prolifer-
ation of cancer was suspected, and the diagnosis of stage 0 pancreatic adenocarcinoma (high-grade 
PanIN) was con�rmed with pancreatic juice cytology. �e patient underwent surgical resection 
and is currently alive without recurrence 6 years a�er the surgery.

Keywords  stage 0 pancreatic cancer, main pancreatic duct dilatation, screening ultrasonography,  
irregular internal line of the pancreatic duct

screening US during a health check-up.

Case Report
A 70-year-old man visited our clinic for a health 

check-up on March 2014 . He neither smoked nor 
drank alcohol; was not obese; and had no remarkable 
symptoms or medical history for malignant diseases, 
diabetes mellitus, and abdominal diseases. Abdominal 
US was routinely performed by a sonographer using 
LOGIQ-E9 with 2–5 MHz and 6–9 MHz wide-band 
convex probes (GE Healthcare Japan, Tokyo, Japan). No 
abnormal findings were detected in the biliary system 
and spleen. On hepato-renal echo contrast, small calci-
fication in the right kidney and cysts in the left kidney 
were detected. The main pancreatic duct (MPD) was 
slightly dilated, measuring 4 mm in diameter from the 
body to the tail of the pancreas (Fig. 1A). Since MPD 
dilatation is a possible sign of pancreatic cancer5,6 , the 
sonographer magnified the image and traced along the 
MPD downstream. MPD obstruction or nodules in 
the pancreas parenchyma were not detected. The so-
nographer believed that, the dilatation of MPD in this 
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case was a high risk factor for pancreatic cancer5,7 but 
not the suspicious sign of pancreatic cancer. A medi-
cal doctor specializing in ultrasonography verified the 
recorded images and noticed the irregular internal line 
of the MPD and debris-like faint hypoechoic region 
within the MPD at the head of the pancreas (Fig. 1B). 
Intraductal proliferation of cancer was suspected.

The patient was introduced to a hospital under the 
suspicion of early pancreatic cancer in April. Serum 
tests, including blood chemistry and tumor markers, 
were unremarkable. His fasting blood sugar was 106 
mg/dL (reference range: 60–110 mg/dL); pancreatic 
amylase, 39 IU/L (reference range: 14.0–41.0 IU/L); 
elastase 1, 102 ng/dL (reference range: 28–254 ng/
dL); CA19-9, 18 U/mL (reference range: <37 U/mL); 

and CEA, 2.0 ng/mL (reference range: <5.0 ng/mL). 
Contrast enhanced multi-phasic multi-detector x-ray 
computed tomography (CECT) showed unremarkable 
findings in the pancreas including MPD dilatation. 
Magnetic resonance cholangiopancreatogram (MRCP) 
conducted in May showed partial narrowing of the 
MPD at the head of the pancreas. However, it was 
judged to be within the normal limit (Fig. 2).

In June, pancreatic juice cytology through endoscopic 
retrograde pancreatogram (ERP-PJC) was performed. 
ERP showed a 6-mm long stricture of MPD at the head 
of the pancreas (Fig. 3A). The pancreatic juice was not 
viscous. This was cytologically diagnosed as adenocar-
cinoma (Fig. 3B). Pancreaticoduodenectomy was per-
formed without adjuvant chemotherapy or radiation. 

Fig. 1. Ultrasonographic Longitudinal Images of the Pancreas
A: �e main pancreatic duct (arrows) was slightly dilated (up to 4 mm) from the body to the tail of the pancreas.
B:  On the harmonic image mode, the internal line of the main pancreatic duct (MPD) was irregular, and a debris-like 

hypoechoic region (arrowheads) was observed within the MPD at the head of the pancreas.
SMA: superior mesenteric artery, SPV: splenic vein, SMV: superior mesenteric vein
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Fig. 2. Magnetic Resonance Cholangiopancreatogram
Partial narrowing of the main pancreatic duct (arrowheads) was observed at the head of the pancreas.

MRCP

Fig. 3. Endoscopic Retrograde Pancreatogram
A: On endoscopic retrograde pancreatogram, a 6-mm-long stricture (arrowheads) of the main pancreatic duct was 
observed at the head of the pancreas.
B: Adenocarcinoma was de�ned using pancreatic juice cytology (Papanicolaou stain, ×400).

ERCP

3A 3B

Fig. 4. Cut Surface of the Resected Pancreas
On the cut surface of the resected pancreas, a slightly dilated main pancreatic duct was 
demonstrated (arrows). No focal lesion is detected macroscopically.

anterior

posterior
duodenum
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Cut surface (Fig. 4) and microscopic view (Fig. 5A, B) 
of the surgically resected specimen are shown. Mac-
roscopically, no focal lesion was detected. Microscopi-
cally, atypical proliferation measuring 6 mm along the 
main pancreatic duct without infiltration was noted. 
The pathologic diagnosis was a high-grade pancreatic 
intraepithelial neoplasia (PanIN 3), consistent with 
carcinoma in situ of pTS1 (6 mm), masked type (pTis), 
pCH (－), pDU (－), pS(－), pRP (－), PV(－), A(－), 
pPL (－), pOO (－), N0, M0, pPCM (－), pBCM (－), 
pDPM (－), ly0, v0, ne0, and mpd (+). Six years after 
surgical treatment, the patient is alive without symp-
toms and recurrences.

Discussion
Based on the Revised and Enlarged 7th Edition of 

the General Rules for the Study of Pancreatic Cancer8, 
non-invasive mucinous cystadenocarcinoma (MCC), 
non-invasive intraductal papillary mucinous carcinoma 
(IPMC), and high-grade pancreatic intraepithelial 
neoplasia (high-grade PanIN) correspond to stage 0 
pancreatic adenocarcinoma (carcinoma in situ of the 
pancreas). Most MCCs and IPMCs can be easily de-
tected on imaging because of their characteristic mac-

roscopic features, such as cysts with mural nodules and 
remarkable dilatation of the MPD. However, high-grade 
PanIN is difficult to detect using imaging modalities. 
The characteristic US image of a small pancreatic duc-
tal adenocarcinoma is defined as a hypoechoic region 
with irregular margins6. However, stage 0 carcinomas, 
having no parenchymal invasion, may not present as a 
hypoechoic region. Nevertheless, focal pancreatitis or 
focal fibrosis adjacent to stage 0 or stage IA pancreatic 
adenocarcinoma has been reported to show a small 
hypoechoic region neighboring to the cancer lesion9–12. 
In these cases, the hypoechoic region caused by focal 
pancreatitis or fibrosis may serve as a clue for the early 
diagnosis of cancer. However, it does not correspond to 
the cancer lesion itself.

MPD dilatation is a possible sign of pancreatic can-
cer5,6 . Minami et al.12 reported that in 13/17 (76%) 
cases of in situ pancreatic cancer, the detection of the 
MPD dilatation initiated a detailed examination. When 
MPD dilatation is detected on US, it should be traced 
along the duct downstream to determine the obstruc-
tion. In the present case, no obstruction or localized 
stenosis was detected downstream the MPD. However, 
an irregular internal line of the MPD and a debris-like 

MPD

Branch duct

5A

5B

MPD

HE, x40

HE, x200

Fig. 5. Microscopic Feature
Microscopic examination showed a 6-mm-long atypical proliferation along the main pancreatic duct (MPD); no in�ltration was 
observed. �e pathological diagnosis was a high-grade pancreatic intraepithelial neoplasia (PanIN 3), consistent with carcinoma-in-
situ of pTS1 (6 mm), masked type (pTis) (hematoxylin and eosin (HE) stain, A: ×40, B: ×200).
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faint hypoechoic region were noted upon detailed ob-
servation of focused magnified recorded images. This 
finding, which indicated the possibility of intraductal 
proliferation of cancer, led to the diagnosis of stage 0 
pancreatic cancer.

Seki et al.13 reported that irregularity, non-continuous 
narrowing, granular defects, and the dilatation of the 
MPD in the ERP are highly suggestive findings of pan-
creatic carcinoma in situ. Mizutani et al.9 reported a 
case with an irregularity of the MPD wall caused by the 
proliferation of Panin 3, detected on endoscopic ultra-
sound (EUS). Hanada et al.14 reported that the EUS and 
MRP are useful in detecting local irregular stenosis of 
the pancreatic duct for the diagnosis of in situ pancre-
atic cancer.

In our case, the irregular internal line and debris-
like faint hypoechoic region of the MPD caused by the 
proliferation of PanIN 3 were first detected via screen-
ing US during the health check-up of the patient, who 
had no risk factors. Despite the negative CECT results 
and the unclear MRCP findings, ERP-PJC was still 
performed and the results were highly consistent with 
those findings of US. A multicenter study in Japan by 
Kanno et al.4 showed that 15.5% (31/200) of early-
stage (stage 0 or stage I) pancreatic ductal adenocar-
cinomas were detected via US performed at medical 
check-ups.

In conclusion, screening US performed at health 
check-ups may enable the early diagnosis of pancreatic 
cancer before the development of symptoms. To avoid 
overlooking small but suggestive findings, careful scan-
ning with sufficient operation time, cautious observa-
tion of recorded images, and highly-equipped machines 
are necessary.
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The Regulations 
of the International Society of Ningen Dock

 Article 1
Name
�e name of the association shall be the International Society of Ningen Dock.

Article 2
O�ce
�e Society has its principal o�ce in Japan Society of Ningen Dock.

Article 3
Aims
The Society, an organization of Japan Society of Ningen Dock for international operations, aims to 
contribute to global health promotion by enhancing the development of ningen dock as a medical check-
up system.

Article 4
Tasks
�e Society conducts the following tasks to achieve the aims described in the preceding section.
1. Holds congress (World Congress on Ningen Dock), board meetings, lectures, and committee meetings
2. Publishes journals and news magazines
3. Communicates and cooperates with related academic societies both in Japan and overseas
4. Promotes research activities in ningen dock and related �elds
5. Does whatever is necessary to achieve the aims of the Society

Article 5
Membership
1. �e Society consists of the following members
  1) Regular member
  A regular member shall be a member of the International Society of Ningen Dock who agrees to the 

aims of the Society, and has expert knowledge, techniques, or experience in the areas associated with 
the Society.

  2) Supporting member
  A supporting member shall be a person, a corporation, or a group that agrees to the aims of the 

Society, and supports its programs.
  3) Honorary member
  An honorary member shall be recommended, from those who have signi�cantly contributed to the 

areas associated with the Society, by the executive board.
2. Those who want to apply for regular or supporting membership of the Society shall submit the 

prescribed application form with the membership fee.
3. �e board meeting will process applications mentioned in the preceding section, and promptly notify 

the applicants of its decision.
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Article 6
O�cials
1. �e Society shall appoint the following honorary advisors and o�cials.

Honorary advisor: Number not decided
Congress president: 1
President: 1
Vice president: 3 (from Japan : 2 , overseas: 1)
Board members: up to 25 (from Japan : 15 or less, overseas : 10 or less)
Auditor: 2

Article 7
Honorary advisor
1. An honorary advisor shall be appointed by the president from those who have contributed to the 

development of the Society for a long period, and approved by the executive board.
2. Honorary advisors shall be eligible to attend the board meeting, and to express opinions; honorary 

advisors will not have voting rights.

Article 8
Congress president
1. �e congress president shall be recommended by the executive board and appointed by the president.
2. �e congress president shall represent the Society and host the World Congress on Ningen Dock as a 

scienti�c meeting.

Article 9
President
1. �e president shall be selected by and from among board members and delegated by the president of 

Japan Society of Ningen Dock.
2. �e president shall preside the Society.

Article 10
Vice president
1. �e vice president shall be appointed, from among board members, by the president.
2. �e vice president shall assist the president. In the case of accident, one of the vice presidents will be 

appointed by the president and will temporarily take over the duties.

Article 11
Board members
1. Board members from Japan shall be selected among candidates from regular members at Japan Society 

of Ningen Dock.
2. Overseas board members shall be selected at the recommendation of the executive board.
3. Board members execute duties for the Society under the orders from the president.
4. Board members, together with the president and the vice president, comprise the executive board.
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Article 12
Board meeting
1. The president will call a board meeting on an as-needed basis, and serves as the chairman of the 

meeting.
2. �e board meeting will pass resolutions on important matters of the Society.
3. The board meeting shall have the right to start proceedings if the majority of all the board members 

(including a letter of proxy) attend the meeting.
4. �e board meeting shall pass resolutions with the majority votes of attendances.

Article 13
Auditor
Auditors shall audit accounts of the Society, and report to the board meeting.

Article 14
Commissioner
For the aims of successful programs of the Society, the president will set up committees and divisions 
through the resolutions of the executive board, and delegate the commissioners to regular members or 
other members of the Society.

Article 15
Accounting
1. �e �scal year for the Society starts on April 1 every year and ends on March 31 the following year.
2. Expenses required for the Society shall be covered by the following revenues.
  1) Membership fees
  2) Grants
  3) Donations
  4) Others

Article 16
Modi�cation of rules
�e rules of the Society can be amended by the resolution of the executive board.

Article 17
Miscellaneous provisions
Detailed regulations necessary for the enforcement of the rules of the Society are de�ned elsewhere by the 
president with the approval of the executive board.

Article 18
Additional clause
�e Regulations of the International Society of Ningen Dock will come into e�ect on September 15, 
2006.
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Detailed Regulations
 of the International Society of Ningen Dock

Detailed regulations of the International Society of Ningen Dock are de�ned as follows:

(Detailed regulations on members)
Article 1
1.  Members shall pay the following annual membership fee; honorary members will be exempt from 

membership fee.
   1) Regular member : 2 ,000 yen
   2) Supporting member : from one unit (unit: 20,000 yen)
2. Annual membership fee paid shall not be refunded for any reason.
3. Members with foreign citizenship shall pay a 3-year membership fee of 50 dollars.

Article 2
Members will be given priority in the following events :
1) Participation in scienti�c meetings hosted by the Society;
2) Contributions of articles to and receipt of the journal of the Society.

Article 3
Members shall lose their memberships in the event of the following:
1) Withdrawal from membership;
2) Adjudication of incompetence or quasi-incompetence;
3) Death or adjudication of disappearance, or dissolution of the group in the case of a member of a 

supporting group;
4) Delinquency in payment of membership fee for over three year.

Article 4
�ose intending to withdraw from the Society must submit the notice of withdrawal in the prescribed form 
to be approved by the executive board.

Article 5
The Society can expel a member to whom either of the following would apply, with a resolution of the 
executive board:
1) �ose who violate their duty as members of the Society;
2) �ose who damage the honor of members of the Society or act against the aims of the Society.

Article 6
�ose who satisfy Sections 1 and 2 of Article 5 of the Regulations of the International Society of Ningen 
Dock will be accepted as members of the Society.

(Detailed regulations on o�cials)
Article 7
1. �e president will be selected from the board members of Japan Society of Ningen Dock.
2. In principle, the majority of board members from Japan will be selected from among the board members 

of Japan Society of Ningen Dock.
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3. Overseas board members will essentially be selected from Asia, Paci�c Rim, North America, or Europe.

Article 8
1. �e term of the congress president will be from the end of the congress of which he/she is in charge to 

the next congress.
2. �e term of board members will be six years (two terms of three years).

(Detailed regulations on congress and board meeting)
Article 9
Congress and board meeting will be held as follows :
1)  �e title of the congress will be World Congress on Ningen Dock.
2) In principle, the congress and the board meeting will be held once every three years; with the resolution 

of the executive board, however, the congress and the board meeting will be held as needed.
3)  �e congress and the board meeting will be held at the same time.
4)  �e name of the congress president and the location of the next congress will be announced.

Article 10
1.  �ose who want to take part in the congress shall pay the participation fee, which is de�ned separately.
2.  Participation fee for the congress will be de�ned accordingly by the congress president.
3. Only regular members shall be allowed to present the results of their studies, except those who have 

been approved by the congress president.

(Enforcement of the detailed regulations)
Article 11
1. �e detailed regulations will come into e�ect on September 15, 2006.
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Ningen Dock International is the official journal of Japan Society of Ningen Dock, in which original 
articles, case reports, review articles, and clinical experience or practice report in both Japanese and 
English are published. Ningen Dock accepts only manuscripts that are original work in the �eld of ningen 
dock and related areas not previously published or being considered for publication elsewhere, except as 
abstracts. �e manuscripts published in Ningen Dock will appear on the website of our society.

If the manuscript concerns a clinical study, it must be in accordance with the Declaration of Helsinki 
of 1964 (subsequent revisions included). �erefore, for a manuscript whose content is epidemiological or 
clinical research, the approval of the facility ’s Institutional Review Board (IRB) or the Ethics Committee 
of Japanese Society of Ningen Dock must have been obtained for the study described. Also, in the text, it 
should be indicated that informed consent has been obtained from subjects. Additionally, for case reports, 
it should be stated that adequate care has been taken to ensure the privacy of the subject concerned.

Online submission system
Ningen Dock International uses an online submission system called ScholoarOne Manuscripts.
Please access http://mc.manuscriptcentral.com/ningendock
�is site is only in Japanese at this time.

Preparation of manuscript
All manuscripts must be written in English with MS-Word, Excel, PowerPoint and/or a common graphic 
format. Authors who are not fluent in English must seek the assistance of a colleague who is a native 
English speaker and is familiar with the �eld of the manuscript.

�e title, abstract, text, acknowledgments, references, tables, and �gure legends should begin on separate 
sheets, with pages numbered, and be typed double-spaced using the 12-point font size in MS-Word.
Files for submission should be prepared in English in a Microso� Word or other �le format that may be 
uploaded to the online system. 

Available formats for �les to be uploaded: doc (docx), xls (xlsx) ppt (pptx), jpg, ti�, gif, ai, eps, psd File 
names must consist of alphanumeric characters and an extension.

Example �le names: Manuscript.doc, Fig1.jpg, Table1.xls, etc.
Please indicate the version of Microso� O�ce used in a cover letter accompanying the uploaded �les.
All measurements should be expressed in SI units. Less common abbreviations should be spelled out at 

�rst usage and the abbreviated form used therea�er.

Title page
Titles should be concise and informative. Include the full names of authors, names and addresses of 
a�liations, and name and address of a corresponding author to whom proofs are to be sent, including a fax 
number, telephone number and e-mail address.

INSTRUCTIONS TO AUTHORS
Ningen Dock International

O�cial Journal of Japan Society of Ningen Dock
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Abstract
The abstract should not exceed 250 words, and should be arranged under the following subheadings: 
Objective, Methods, Results, Conclusions, and have up to 4 keywords.

Types of articles
Original articles: An original article should not exceed 4,000 words, and should be arranged as follows: 
Abstract, Objective, Methods, Results, Discussion, (Limitations), (Conclusions), (Acknowledgments), and 
References.
Case reports: A case report should not exceed 3,000 words, and be arranged as follows: Abstract (which 
should be a brief summary of the content without headings), Introduction, Case report, Discussion, and 
References.
Review articles: Review articles should not exceed 5,000 words. Review articles are usually by invitation. 
However, articles submitted without an invitation may also be considered by the Editorial Board.
Clinical experience or Practice report: Clinical experience or Practice report should not exceed 4,000 
words.

References
References should be numbered consecutively in order of appearance in the text and cited in the text 
using superscript numbers. For example, according to the study by Sasamori 1 . For journals, the names 
and initials of the �rst three authors, followed by “et al.” if there are other coauthors, the complete title, 
abbreviated journal name according to Index Medicus, volume, beginning and end pages, and year should 
be included. For books, the names and initials of the �rst three authors, followed by “et al.” if there are 
other coauthors, the complete title, book name, edition number, beginning and end pages, name and city 
of publisher, and year should be included. Examples of references are given below.
Journal: Ishizaka N, Ishizaka Y, Nagai R, et al.: Association between white cell count and carotid 
arteriosclerosis in Japanese smokers. Atherosclerosis 2004; 175: 95-100.
Book: Kaplan NM: Measurement of blood pressure. In: Kaplan NM(ed), Kaplan's Clinical Hypertension. 
7th ed., Lippincott William & Wilkins, Philadelphia, 2002, 25-55.

Tables
Tables should be cited in the text, and numbered sequentially with Arabic numerals. Each table should be 
given a number and a brief informative title, and should appear on a separate page. Explain in footnotes all 
abbreviations used.

Figures
Figures should be cited in the text, and numbered sequentially with Arabic numerals. A brief descriptive 
legend should be provided for each �gure. Legends are part of the text, and should be appended to it on a 
separate page. Color �gures can be reproduces if necessary, but the authors will be expected to contribute 
towards the cost of publication.

Con�ict of Interest (COI) 
All authors are required to disclose any conflict of interest (COI) on the form designated by the Japan 
Society of Ningen Dock. 

If no author has any COI, this should be indicated in the manuscript. 
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Page proofs
�e corresponding author will receive PDF proofs, the author should correct only typesetting errors. A�er 
correcting, page proofs must be returned promptly.

Reprints
�irty reprints of each paper are free, and additional reprints are available at charge in lots of 10, but for 
a minimum order of 50 . Reprints should be ordered on submission of the manuscript as follows: For 
example, “I order 100 reprints: 30 (free) + 70.”

The Editorial Board considers only manuscripts prepared according to the Instructions to Authors, 
and makes decisions regarding the acceptance of manuscripts as well as the order of printing them. All 
published manuscripts become the permanent property of Japan Society of Ningen Dock, and may not be 
published elsewhere without written permission from the Society.
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Categories of manuscript:
　□ 　Original article (not more than 4,000 words)

　□ 　Case report (not more than 3,000 words)

　□　 Review article (not more than 5,000 words)

　□　 Clinical experience or Practice report (not more than 4,000 words)

Typing:
　□　 Manuscript on A4 paper with wide margins
　□ 　Type double space using 12-point

Title page:
　□ 　Title of paper
　□　 Full names of authors and a�liations without title of MD, PhD, etc
　□ 　Full name and address of a corresponding author including fax number,  
　　telephone number and e-mail address.

　□ 　Running title not more than 50 characters.

Abstract:
　□　 Not more than 250 words.
　□ 　Arranged in the order of Objective, Methods, Results, and Conclusions.
　□　 Up to four key words.

Text of paper:
　□　 Manuscript is arranged in the order of Objective, Methods, Results,  
　　　 Discussion, (Limitations), (Conclusions), (Acknowledgments), and References.
　□　 Measurements are expressed in SI units.
　□　 Abbreviations are spelled out at �rst usage.

References:
　□ 　References are numbered consecutively in order of appearance in the text and
　　cited in the text using superscript numbers.

　□　 Format is consistent with examples in Instructions for Authors.

Check list for submission of papers to Ningen Dock International
O�cial Journal of Japan Society of Ningen Dock
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Tables:
□　Each table is given a number and a brief informative title, and appears on separate page.
□　All abbreviations used are explained in footnotes.

Figures:
□　Figure legends are appended to the text on a separate page.
□　�e top of the �gure, the �rst author's name, and the �gure number are indicated lightly 

  in so� pencil on the back of the four �gures.

Submission:
□　Check list, agreement, cover letter, manuscript (title page, abstract, text, acknowledgments, 

  and references), �gure legends, tables, �gures and/or photos prepared in due form.
□　One set of the original manuscript and three sets of the copies (with original photos, if any) 

  are submitted.
□　All pages are numbered.

Date:

Name (print)  Signature
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O�cial Journal of Japan Society of Ningen Dock's Agreement

1. �e authors undersigned hereby a�rm that the manuscript entitled :

is original and does not infringe any copyright, and that it has not been published in whole or 
in part and is not being submitted or considered for publication in whole or in part elsewhere 
except in the form of an abstract.

2.  Assignment of Copyright. �e authors hereby transfer, assign or otherwise convey all copy-
right ownership to Japan Society of Ningen Dock in the event this work is published by Japan 
Society of Ningen Dock in any format.

3. Signature of all authors : 

Name (print) Signature Date 
( A                           )

Name (print) Signature Date 
( A                           )

Name (print) Signature Date 
( A                           )

Name (print) Signature Date 
( A                           )

Name (print) Signature Date 
( A                           )

Name (print) Signature Date 
( A                           )

Name (print) Signature Date 
( A                           )

Name (print) Signature Date 
( A                           )
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Abbreviations
1 1,5-AG 1,5-anhydroglucitol 61 hCG human chorionic gonadotropin
2 17-OHCS 17 α -hydroxycorticosteroid 62 HCV hepatitis C virus
3 95% CI 95% con�dence interval 63 HDL-C high-density lipoprotein cholesterol
4 α -GI α -glucosidase inhibitor 64 HLA histocompatibility ［leucocyte］ antigen
5 β 2 -MG β 2 -microglobulin 65 HPLC high-performance liquid chromatography
6 γ -GTP γ -glutamyl transpeptidase 66 Ht hematocrit
7 A/G ratio albumin-globulin ratio 67 ICD International Classi�cation of Disease
8 ABI ankle-brachial index 68 ICU intensive care unit
9 ACTH adrenocorticotropic hormone 69 IFG impaired fasting glucose

10 ADL activities of daily living 70 IGT impaired glucose tolerance
11 AFP α -fetoprotein 71 IMT intima-media thickness
12 ALP alkaline phosphatase 72 LAP leucine aminopeptidase
13 ALT alanine aminotransferase 73 LDH lactate dehydrogenase
14 Apo (a) apolipoprotein (a) 74 LDL-C low-density lipoprotein cholesterol
15 APTT activated partial thromboplastin time 75 Lp(a) lipoprotein (a)
16 AST aspartate aminotransferase 76 LPL lipoprotein lipase
17 BMI body-mass index 77 MCH mean corpuscular hemoglobin
18 CA125 carbohydrate antigen 125 78 MCHC mean corpuscular hemoglobin concentration
19 CA19-9 carbohydrate antigen 19-9 79 MCV mean corpuscular volume
20 cAMP cyclic adenosine 3 ’, 5 ’ -monophosphate 80 METs meatbolic equivalent
21 CAPD continuous ambulatory peritoneal dialysis 81 MetS metabolic syndrome
22 CBC complete blood cell count 82 MMG mammography
23 Ccr creatinine clearance 83 MRA magnetic resonance angiography
24 cDNA complementary deoxyribonucleic acid 84 MRI magnetic resonance imaging
25 CEA carcinoembryonic antigen 85 mRNA messenger RNA
26 cGMP cyclic guanosine 3 ’, 5 ’ -monophosphate 86 MRSA methicillin-resistant Staphylococcus aureus
27 ChE cholinesterase 87 MSW medical social worker
28 CKD chronic kidney disease 88 NMR nuclear magnetic resonance
29 COI con�ict of interest 89 PET positron emission tomography
30 COPD chronic obstructive pulmonary disease 90 PSA prostate-speci�c antigen
31 CK creatinine kinase 91 PTH parathyroid hormone
32 CRP c-reactive protein 92 PWV pulse wave velocity
33 CT computed tomography 93 QOL quality of life
34 CVA cerebrovascular accident 94 RBC red blood cell
35 D-Bil direct bilirubin 95 RF rheumatoid factor
36 DBP diastolic blood pressure 96 RI radioactive isotope
37 DNA deoxyribonucleic acid 97 RIA radioimmunoassay
38 DRG diagnosis-related group 98 RNA ribonucleic acid
39 dsDNA double stranded deoxyribonucleic acid 99 SBP systolic blood pressure
40 EBM evidence-based medicine 100 SD standard deviation
41 ECG electrocardiogram 101 SEM standard error of the mean
42 eGFR estimated glomerular �ltration rate 102 STD sexually transmitted disease
43 EIA enzyme immunoassay 103 T-Bil total bilirubin
44 ELISA enzyme-linked immunosorbent assay 104 T3 triiodothyronine
45 EPO erythropoietin 105 T4 thyroxine
46 ESR erythrocyte sedimentation rate 106 TC total cholesterol
47 FBG fasting blood glucose 107 TG triglyceride
48 FDA Food and Drug Administration 108 TIA transient (cerebral) ischemic attack
49 FEV forced expiratory volume 109 TIBC total iron binding capacity
50 FEV1 forced expiratory volume in one second 110 tPA tissue plasminogen activator
51 FEV1％ forced expiratory volume ％ in one second 111 TPHA Treponema pallidum hemagglutination assay
52 FPG fasting plasma glucose 112 TSH thyroid stimulating hormone
53 FSH follicle stimulating hormone 113 TTT thymol turbidity test
54 FT3 free triiodothyronine 114 UCG ultrasonic echocardiography
55 FT4 free thyroxine 115 UIBC unsaturated iron binding capacity
56 FVC forced vital capacity 116 UN urea nitrogen
57 GFR glomerular �ltration rate 117 VLDL very-low-density lipoprotein
58 GH growth hormone 118 WBC white blood cell
59 Hb hemoglobin 119 WHO World Health Organization
60 HbA1c hemoglobin A1c 120 ZTT zinc sulfate (turbidity) test
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Notice about photocopying

In order to photocopy any work from this publication, you or your organization must ob-
tain permission from the following organization which has been delegated for copyright 
clearance by the copyright owner of this publication.

Except in the USA
Japan Academic Association for Copyright Clearance, Inc. (JAACC)

6-41 Akasaka 9-chome, Minato-ku, Tokyo 107-0052 Japan
Phone : +81-3-3475-5618  Fax: +81-3-3475-5619
E-mail: info@jaacc.jp

In the USA
Copyright Clearance Center, Inc.
222 Rosewood Drive, 
Denvers, MA 01923, U SA
Phone: +1-978-750-8400  Fax: +1-978-646-8600

 Takao Aizawa

 President

 Japan Society of Ningen Dock
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FAX: +81-3-3265-0083

The International Society of Ningen Dock (ISND)
ISND Membership Application Form

Please type or print legibly and complete all information requested and FAX to the International
Society of Ningen Dock (FAX: +81-3-3265-0083)

1. Name and principal professional mailing address

Last (Family) Name   First Name   Middle Initial   Degree

A�liation

Address
Street City State Country Postal Code

Telephone Number Facsimile

E-mail Address

2. Specialty (Circle one)

Doctors (internal medicine, primary care, surgery, gynecology, ophthalmology, pediatrics, radiology, or-
thopedics, pharmacology, epidemiology, other:                 )

Nurse, Public Health Nurse, Dietician, Clinical Technologist, 

Clinical Radiological Technologist, Pharmacist, Other:

3. Annual Dues

       □Regular Member

              Annual dues in Japanese yen ………………………………………………………………………2,000

       □Supporting Member

              Annual dues in Japanese yen …………………………………………………………………… 20,000

       □Regular Member -International

              3-year dues in US$ ……………………………………………………………………………………50.00

�e International Society of Ningen Dock, c/o Japan Society of Ningen Dock
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