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New Aspects of Rheumatoid Arthritis (RA) in the
Comprehensive Health Checkup System,
Ningen Dock

Junichi Kaburaki

Abstract

Rheumatoid arthritis (RA) is a chronic systemic inflammatory disease. Recently developed
drugs and guidelines have improved the working ability and prognosis of RA patients. Survival
in RA has been extended, and RA patients have increased opportunity to visit Preventive Health
Care Centers to undergo the Comprehensive Health Checkup System, or Ningen Dock. The health
problems experienced by patients with RA are characteristically similar to those of the general
population without RA. These include frailty, sarcopenia and locomotive syndrome. Basically, cy-
tokines which cause chronic inflammation play important roles in both arthritis and sarcopenia,
including tumor necrosis factor-a (TNF-a) and interleukin-2 (IL-2). In addition, recent studies
have recognized that RA is a risk factor for cardiovascular disease, as well as for bone fragility and
refracture. Clinical care of these patients therefore includes explanations of exercise and diet, as
recognized in the 2022 American College of Rheumatology (ACR) guidelines for exercise, reha-
bilitation, diet, and additional integrative interventions.

Keywords rheumatoid arthritis, chronic inflammation, frailty, sarcopenia

heumatoid arthritis (RA), a chronic systemic
Rinﬂammatory disease, which is fundamentally

characterized as an autoimmune phenomenon
involving polyarthritis and joint destruction' . Given
an estimated prevalence of between 0.6% and 1.0% in
Japan, there at least 800 thousand patients with RA*.
Recently, outcomes have been improved by early diag-
nosis and appropriate management, especially when
conducted in accordance with criteria for the classifi-
cation and management of RA°”". The IORRA study,
conducted by the Division of Rheumatology at Tokyo
Women’s Medical University School of Medicine, esti-
mated a standardized mortality ratio (SMR) for RA of
between 1.46 and 1.90". This value is similar to the
SMR in a general population without RA.

Therefore, as RA patients can now survive into older
age, they have the possibility of experiencing work dis-
ability before clinical remission, and to develop other
conditions such as frailty, sarcopenia and locomotive
syndrome. Recently, the American College of Rheu-
matology (ACR) proposed in its 2022 guideline for the
provision of exercise, rehabilitation, dietary support,
and additional integrative interventions for RA patients
to improve their physical activity, in addition to drug
therapy®. Clinicians should also consider these manage-

ment practices in Preventive Health Care Medicine for
patients with RA.

The classification and clinical features of RA have
been described elsewhere' . In this article, we review
new aspects of RA bought to light by advances this
decade.

Factors Influencing the Onset of RA

The pathophysiology of RA was reviewed in 2014".
More recent advances in the decade since then have
clarified additional factors which influence the onset of
RA’.

The onset of RA has recently been attributed to a
combination of genetic and environmental factors
(Table 1).

Table 1. Genetic Factors and Environmental Factors in the
Onset of Rheumatoid Arthritis

Genetic factors
HLA-DR gene, especially a shared epitope in HLA-DRB 1

More than 100 susceptibility genes in a genome-wide
association study (GWAS)

Environmental factors
Smoking
Periodontal disease
Intestinal flora

Preventive Health Care Center of Jiseikai Medical Group

Contact : Junichi Kaburaki, Preventive Health Care Center of Jiseikai Medical Group, 4-35-10, Tokiwadai, Itabashi-ku, Tokyo 174—
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First, the HLA-DR gene plays an important role
among genetic factors’. In particular, the 70" to 74"
amino acid sequence in the HLA-DRB1 region, called a
shared epitope, is a risk factor for RA onset. The shared
epitope promotes antigen presentation, leading to an
autoimmune phenomenon. A genome-wide associa-
tion study (GWAS) revealed at least 100 genes which
confer susceptibility to RA onset. Although these genes
vary among different races, FCRL3 (Fc receptor like
3), which controls the activity of PAD (peptidyl argi-
nine deaminase) for citrullination, is found in Japanese
patients with RA. This result can be associated with
the clinical significance of anti-citrullinated protein
antibodies (anti-CCP antibodies: ACPA) in these RA
patients'?.

Among environmental factors, smoking is a well-
known risk factor'. Smoking in people with the shared
epitope is associated with the dose-dependent fre-
quency of RA onset. Periodontal disease is also impor-
tant in the onset of RA. Porphyromonas gingivalis has
PAD activity, resulting in an increase in citrullinated
protein in the mouth and production of ACPA, leading
to arthritis’. Patients with unclassified arthritis or RA
undergoing the Comprehensive Health Checkup Sys-
tem, Ningen Dock should therefore be asked whether
they smoke, and if they have periodontal disease, and
the importance of non-smoking and regular consulta-
tion with a dentist should be explained. In addition,
recent advances have found that the intestinal flora also
play a role in the onset of RA: Prevotella corpi can acti-
vate the immune response of Th 17 cells, leading to the
autoimmune phenomenon of RA’.

Additional Problems in the Management of
RA Patients Arising in the Past Decade

In 2010, Smolen et al. advocated a concept for the
management of RA termed the “Treatment to target
(T2T)” recommendations’. These outlined the neces-
sity of treating RA patients in the early stage to prevent
articular destruction and subsequent deterioration in
quality of life (QOL) based on the idea that previous
increases in tenosynovitis and synovitis during RA pro-
gression are followed by an increase in osteitis’.

The “T2T” recommendations state that the primary
goal of RA management is to maximize long-term
health-related QOL through the control of symptoms,
prevention of structural damage, normalization of joint
function, and participation in social and work-related
activities’. Recent advances have achieved clinical
remission, and subsequently improved prognosis and
QOL in RA patients. We should keep in mind that RA
patients now have increased opportunity to visit Pre-
ventive Health Care Centers, to a degree similar to that
of the general population without RA.

The purpose of the T2T recommendations include
economic measures to reduce absenteeism (percentage
of work time missed due to RA activity) and presentee-
ism (percentage of impaired work time due to RA activ-
ity). Absenteeism and presenteeism are major problems
for RA patients who work. Among the many patients
with RA who experience work disability before clinical
remission, one-third are obliged to temporarily dis-
continue work or retire early'’"'*. Sakai et al. reported
that improvement in a visual analogue scale for pain,
namely the global assessment visual analogue scale
(pain-VAS), as well as in the Japanese version of the
Healthcare Assessment Questionnaire Disability Index
(J-HAQ), is strongly associated with improvements in
work productivity and activity impairment (WPAID)".

Furthermore, new drugs such as biologic disease
modifying anti-rheumatic drugs (lDMARDs) and tar-
geted synthetic disease modifying anti-rheumatic drugs
(tsDMARDs) have been developed for use in addi-
tion to methotrexate (MTX) and other conventional
synthetic disease-modifying anti-rheumatic drugs
(csDMARD:s). Guidelines have proposed appropriate
management for individual patients with RA, for exam-
ple the Japan College of Rheumatology (JCR) Guideline
20207. MTX is included among csDMARD:s, but is
considered to be an anchor drug in therapy for RA”™.
However, rheumatologists have commonly experienced
patients whose RA was difficult to treat in spite of the
use of MTX and csDMARD:s, a situation which sub-
sequently lead to the development of bDMARDs and
tsDMARDs (Table 2)""*. bDMARDs inhibit the action
of inflammatory cytokines such as TNF-a and IL-6, as
well as lymphocyte interaction, while tsDMARDs are
known to be Janus kinase (JAK)-inhibitors which block
an intracellular signal pathway.

The availability of these new drugs has allowed
patients with RA to improve their ability to work and
to survive longer than before, to a similar extent as the
general population without RA'. Nevertheless, these
improvements have in turn lead to the development
of new problems, which will require management in
the future. These problems include the management

Table 2. Approved Target Molecules of DMARDS in RA
Management

bDMARDs (Biologic disease-modifying anti-rheumatic drugs)
TNF-a (tumor necrosis factor-a)
TNF-aR (tumor necrosis factor- a receptor)
IL-6R (interleukin-6 receptor)
IL-1BR (interleukin-1 B receptor)
CD80/86 (T cell)
CD 20 (B cell)

tsDMARDs (Targeted synthetic disease-modifying anti-rheumatic
drugs)

JAK (Janus kinase)
DMARDs=disease-modifying anti-rheumatic drugs

2(2) Ningen Dock International Vol.11 No.1 2024
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of frailty, sarcopenia and locomotive syndrome, which
occur in RA patients to a similar extent to their occur-
rence in the general population without RA. Moreover,
atherosclerosis and bone fragility have now become
important clinical aspects of RA.

General Concepts of Frailty, Sarcopenia
and Locomotive Syndrome

Frailty is a condition of increased vulnerability due to
the failure of homeostatic coping under certain stresses.
It is associated with increases in various adverse events
such as falls, hospitalization and mortality'”'®. Frailty
is divided into three categories: physical frailty, mental

frailty and social frailty (Fig. 1). Various kinds of symp-
tom are found in each category. While frailty is a broad
concept which presents physical as well as mental and
social manifestations, the starting point is often physi-
cal frailty, which then proceeds to sarcopenia and loco-
motive syndrome through chronic inflammation, and
presents clinically with a range of disabling manifesta-
tions (Fig. 2).

The concept of sarcopenia was originally advocated
by Rosenberg in 1989" as an age-related decrease in
muscle mass. Recent reviews have characterized sarco-
penia as a steady reduction in skeletal muscle mass and
strength which is associated with poor physical perfor-

Reduced activity through
chronic inflammation

Activity EEee——)

robust,
no frailty

Mental frailty
Dementia,

frailty

Physical frailty =
activity of swallowing,
Malnutrition, Reduced

volume of muscle and muscle

Depression

weakness

¢=m) disability

Reduced

Social frailty =

No social activity,
Shut-in

Fig. 1. Classification of Frailty and Representative Symptoms
Frailty consists of physical frailty, mental frailty and social frailty.

[Physical frailty] chronic inflammation

———————F—

| Weight loss

Reduced activity

Loss of muscle mass

[Sarcopenia]

| Muscle weakness ||Slowmovement

| Imbalance

Difficulty of movement

[Locomotive syndrome] |

| [Disability]

\—{ Support for life |

Fig. 2. Association between Physical Frailty, Sarcopenia and Locomotive Syndrome
Frailty, especially physical frailty, proceeds to sarcopenia and locomotive syndrome through chronic

inflammation.
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mance, functional impairment and disability, which in
turn result in high mortality and significant medical
costs™.

Locomotive syndrome is a condition in which the
musculoskeletal system, including bones, joints, and
skeletal muscles, experiences a decrease in function®'.
This concept was proposed by the Japanese Ortho-
paedic Association in 2011. As a concept, locomotive
syndrome is considered to overlap with physical frailty
and is focused on musculoskeletal disorders, whereas
sarcopenia is a concept within frailty which focuses on
muscles. Locomotive syndrome is particularly appli-
cable to insurance for the long-term care of invalids in
Japan.

Given these relationships, sarcopenia should be
detected early, in the Comprehensive Health Checkup
System, Ningen Dock and treated with medicine, nutri-
tion and rehabilitation to prevent the progression of
frailty to locomotive syndrome. Chronic inflammation,
especially inflammation involving inflammatory cyto-
kines such as TNF-a and IL-6, plays an important role
in sarcopenia as well as in arthritis (Fig. 3)****%’.

Sarcopenia occurs by several pathways. In muscle
growth, growth hormone is first released from the
hypothalamus by stimulation such as exercise, and
induces insulin-like growth factor-1 (IGF-1) in the liver
and skeletal muscle. Then, IGF-1 activates the phospha-
tidylinositol 3-kinase (PI3-K)-Akt signaling pathway
via insulin receptor substrate-1 (IRS-1), PI3-K and Akt
through insulin-like growth factor-1 receptor (IGF-1R).
Finally, IGF-1 increases protein synthesis for the pre-

vention of sarcopenia.

In contrast, TNF-q, IL-6 and myostatin inhibit pro-
tein synthesis, and thereby promote muscle atrophy.
TNF-a activates nuclear factor kappa B (NF-kB) via
the TNF-a receptor (TNF-aR). IL-6 triggers the Janus
kinase (JAK)-signal transducer and activator of the
transcription (STAT-3) pathways via IL-6R, like gp130,
while chronic exposure to IL-6 exerts inhibitory effects
on IGF-1. In addition, myostatin inhibits the Akt path-
way through ActRII, while myostatin promotes IL-1f
(interleukin- 1) expression, especially in RA synovial
fibroblasts®*. These pathways inhibit protein synthesis
in myocytes, and thereby induce sarcopenia.

Epidemiology and Clinical Characteristics

Ozeki et al. reported that frailty is observed in 37.6%
of patients with RA but in only 15.7% of community
dwellers*. Multivariate models have shown that body
mass index (BMI) and social participation are indepen-
dently associated with frailty in RA patients. Accord-
ingly, maintaining an appropriate body weight and par-
ticipating in social activities are important in preventing
frailty in RA patients to the same degree that they are
in the general population without RA.

It has been reported that the prevalence of sarcope-
nia in patients with RA is relatively high, from 25%
to 44 %, versus approximately only 10% in the gen-
eral population without RA"**"*, When RA patients
develop sarcopenia, they experience imbalance, leading
to falls, bone fractures and reduced QOL. Risk factors
for sarcopenia in RA patients include severe functional

[Molecule] IGF-1 TNF-«a ‘ IL-6 ’ Myostatin
1 2 1 2 .
[Membrane [ |oF 1R TNF-aR IR ACtRI
receptor) ¢
\ L 4
IRS-1 NF-kB ‘ JAK1/2 STATS3 } Inhibits Akt
[Pathways]) PI3-K
Akt
. J

Protein synthesis

Protein Synthesis |

Fig. 3. Molecules and Intracellular Pathways Controlling Protein Synthesis and Breakdown in Muscle

Insulin-like growth factor 1 (IGF-1) activates the phosphatidylinositol 3-kinase (P13-K)-Akt signaling pathway, including insulin receptor
substrate-1 (IRS-1), PI3-K and Akt through insulin-like growth factor-1 receptor (IGF-1R). In this process, IGF-1 increases protein synthesis in

myocytes.

To the contrary, tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6) and myostatin have opposite effects. TNF-a activates nuclear factor kappa
B (NF-kB) through the TNF-a receptor (TNF-aR). IL-6 triggers Janus kinase (JAK)-signal transducer and activator of the transcription (STAT-
3) pathways through IL-6R, like gp 130, while chronic exposure to IL-6 exerts inhibitory effects on IGF- 1. In addition, myostatin inhibits the Akt
pathway through ActRII These pathways finally inhibit protein synthesis in myocytes.
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limitations arising due to articular destruction, high
C-reactive protein and positive reaction of serum rheu-
matoid factor, suggesting chronic inflammation as a
basic mechanism®'. In addition, several studies have
reported that RA patients with sarcopenia are clinically
distinguished by features such as higher Steinbrocker
Stage and Health Assessment Questionnaire (HAQ)
scores than those without sarcopenia®”****,

When patients with RA undergo the Comprehensive
Health Checkup System, Ningen Dock, it is neces-
sary that clinicians perform not only the usual physi-
cal examination and laboratory tests, but also provide
explanations of exercise and nutrition.

Medications for RA Patients with Sarcopenia

Drug therapy for sarcopenia, either with or without
RA, has not been established. Given that inflammatory
cytokines such as TNF-a and IL- 6 and the JAK pathway
have effects on muscle metabolism, bDMARDs such as
TNF-a or IL-6 inhibitors, and JAK inhibitors may have
the potential to treat sarcopenia in patients with RA.
However, there is little evidence that medical treatment
is able to influence muscle metabolism. Tournade et al.
reported that tocilizumab, an anti-IL-6 receptor mono-
clonal antibody, is associated with increasing muscle
mass in patients with RA**. However, treatment with
etanercept, a TNF-aR inhibitor, did not increase muscle
mass over 6 months, compared to MTX treatment™.
Thus, although bDMARDs and JAK-inhibitors may
theoretically improve muscle metabolism, we do not
have sufficient evidence to show that they improve not
only muscle mass but also muscle strength.

Therefore, while adequate treatment control of
inflammation in RA is a prerequisite, additional adjunc-
tive management, such as exercise and nutrition, are
required to improve sarcopenia in RA patients to bring
them to a similar incidence to that in the general popu-
lation without RA. Moreover, steroid therapy should be
avoided, as these drugs can cause steroid myopathy.

It is against this background that the ACR’s 2022
guideline calls for exercise, rehabilitation, diet and addi-
tional integrative interventions for RA, in conjunction
with drugs such as DMARDs".

Exercise Therapy

The 2022 ACR guideline reflects the ACR’s strong
recommendation for consistent engagement in exer-
cise, as regular exercise results in improved physical
function in RA patients®. The ACR also conditionally
recommends consistent engagement in aerobic exer-
cise and aquatic exercise, and consistent engagement in
resistance exercise, especially very low to low intensity
resistance exercise, to improve physical function. Baillet
et al. reported that resistance training significantly

improves isokinetic muscle strength, isometric muscle
strength and grip strength, and also improves inflam-
matory state as assessed by erythrocyte sedimentation
rate®®. Moreover, it has also been reported that resis-
tance training or a combination of aerobic exercise
and resistance training effectively improves muscle
strength and physical activity in patients with RA, even
in patients with RA diagnosed with locomotive syn-
drome® "'

Diet Therapy

Appropriate nutritional management is required to
increase muscle strength and mass, even in patients
with RA. The 2022 ACR guideline states that the ACR
conditionally recommends adherence to a Mediter-
ranean-style diet over no formally defined diet, and
conditionally recommends against adherence to any
formally defined diet other than a Mediterranean-style
diet®. The Mediterranean-style diet consists of veg-
etables, fruits, whole grains, nuts, seeds, and olive oil in
conjunction with moderate amounts of low-fat dairy
and fish, and limits the intake of added sugars, sodium,
highly processed foods, refined carbohydrates and satu-
rated fats.

The relationship between low protein intake and loss
of muscle strength and mass has been reported in the
general population>*’. Based on this knowledge, it has
been reported that average protein intake should be
at least 1-1.5 g/kg/day, and increased up to an upper
limit of 2 g/kg/day during severe disease activity due to
inflammation***.

Among other nutrients, Vitamin D has attracted
attention as a potential target for muscle as well as bone
metabolism in RA patients. Vitamin D is reportedly
effective in inducing improvements in muscle strength
and mass**"’.

On the other hand, obesity is a risk factor for the
worsening of RA disease activity*®. Obesity is associated
with higher disease activity, impairment in physical
function and poorer treatment response, in addition to
poor long-term health outcomes. Obesity may also be
associated with atherosclerosis, as discussed in the next
section.

Other Problems Recently Found in RA
Patients

Two other problems have been recently highlighted
in patients with RA, apart from side effects of DMARD
therapy such as infection. These are atherosclerosis and
bone fragility.

It is well-known that cardiovascular risk is substan-
tially increased in patients with RA*~*". In a meta-anal-
ysis, both cardiovascular morbidity and mortality were
1.5-fold higher in RA patients than in the general pop-

Ningen Dock International Vol.11 No.1 2024 5(5)
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Bone mineralization and normal collage cross-linking decrease, while advanced glycation end products (AGEs) and
homocysteine cross-linking, indicating poor bone quality, increase with aging.

ulation. Peter et al. reported that the 3-year incidence
of cardiovascular disease was 9.0% in patients with RA
and 4.3% in the general population, corresponding to
an incidence rate of 3.30 per 100 patient-years [95%
confidence interval (95%CI) 2.08-4.25)] and 1.51 per
100 person-years (95%CI 1.18-1.84), respectively™.
Moreover, compared with the nondiabetic population,
nondiabetic patients with RA and those with type 2
diabetes mellitus (DM) had comparable age- and the
sex-adjusted hazard ratios of 2.16 (95%CI 1.28-3.63
p=0.004) and 2.04 (95%CI 1.12-3.67 p=0.029), respec-
tively. From that study, it is evident that the risk of car-
diovascular disease in patients with RA is significantly
elevated when compared with the general population,
and comparable with the magnitude of risk in patients
with type 2 DM. These observational studies hypothe-
sized a common basis —namely systemic inflammation
by cytokines— for both arthritis and atherosclerosis.

Moreover, a recent study by Yuan et al. demonstrated
a genetic liability to RA in relation to both coronary
artery disease and stroke™.

Therefore, when aged patients with RA visit the Pre-
ventive Health Care Centers, close attention should be
paid to the possibility of atherosclerosis, as it is in the
general population without RA.

The second newly identified problem is bone fragility,
which causes locomotive syndrome as well as frailty'.
RA is a well-known cause of secondary osteoporosis™.
Recent studies showed that bone fragility resulting in
bone fracture is associated with both bone mineraliza-
tion and bone quality, such as normal collagen cross-
links™*”. Bone fragility and fracture can be caused
by a reduction in normal collagen cross-links with an
increase in levels of advanced glycation end products
(AGEs) or homocysteine cross-links. Chronological
change in bone strength is shown in Fig. 4. Although
bone mineralization and normal collagen cross-linking,
as measures of bone quality, decrease with aging, AGEs

or homocysteine cross-links increase as a constituent
percentage. It has been reported that patients with a
history of multiple fractures and women aged 75 years
are at increased risk of refracture®®”. Recently, Ishizu
et al. demonstrated that a cohort of RA patients with
an average age of 75.4 years who had experienced
bone fragility and fracture were at increased risk (OR:
2.714 95%CI: 1.015-7.255 p=0.040) of refracture,
compared to the general population without RA®. This
result was independent of the use of steroid therapy in
these RA patients.

These findings highlight the need for close attention
to atherosclerosis and bone fragility, which is associated
with both bone mineralization and bone quality, in the
Comprehensive Health Checkup System, Ningen Dock.

Conclusion

Prognosis in RA has been improved by recently
developed drugs such as bDMARDs and tsDMARDs,
in addition to MTX and other csDMARDs. Accord-
ingly, we face new problems in RA patients, such as
in their ability to work. Moreover, as patients with RA
survive longer than before, maintenance of a good QOL
requires clinicians to take a similar degree of care for
frailty, sarcopenia and locomotive syndrome, as well as
for atherosclerosis and bone fragility, in these patients
as they do in the general population without RA.
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Pathological Urinary Sediment Findings at
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Abstract

Objective: Urinary sediment is examined in Ningen Dock. We sought to evaluate the costs and
diagnostic value associated with abnormal urinary sediment findings, in addition to estimated glo-
merular filtration rate (eGFR), urinary protein, and occult blood measurement, in Ningen Dock
after 4 years.

Methods: In the patients who underwent Ningen Dock in 2015, urinalysis was performed using
a fully-automated urinalysis system at the central laboratory of each hospital. Urine sediment was
microscopically examined by laboratory technicians. Granular casts, epithelial casts, and tubular
epithelium were defined as pathological findings. Seventy-six patients who showed these findings
in 2015 and were re-examined in 2019. The eGFR, urinary protein, and occult blood were statisti-
cally analyzed.

Results: Pathological urinary sediment findings detected in 2015 spontaneously disappeared after
4 years in 91 % of the patients. No significant change was observed in eGFR, urinary protein or oc-
cult blood in the patients who continued to have pathological findings after 4 years. At least ¥157
was spent per sample in supplies and personnel.

Conclusions: Almost the pathological urine sediment was disappeared after four years. The ben-
efit of urine sediment examinations was small for the cost. The eGFR, urine protein and occult

blood test are sufficient in the kidney function examinations in Ningen Dock.

Keywords urine sediment test, Ningen Dock, natural course, cost

urinary sediment examination is performed
Aroutinely in Ningen Dock'. Assessment criteria
are set for each item’. Detailed examination is
required if at least one tubular epithelial cell, epithelial
cast, granular cast, fatty cast, red blood cell cast, and/or
white blood cell cast is detected per high-power field.
In this study, the value of urine sediment examina-
tion in Ningen Dock was evaluated from the natural
course of pathological urine sediment examination
tindings that require detailed examination after 4 years.
Since the Guidelines for the Diagnosis of Hematuria®
mention that there is the possibility of renal paren-
chymal disease if microscopic hematuria persists for
>3 years, we assessed the follow-up examination per-
formed after 4 years. While most of the items examined
in Ningen Dock can be measured automatically, urine
sediment is examined microscopically by laboratory
technicians. In the basic examination items in Ningen

Dock, the urinary sediment test can be omitted if urine
protein and occult test are negative. In the urinalysis
laboratory, time may be saved if performing a urine
sedimentation test does not need to be done. Thus, we
examined the cost and benefit of urine sediment exami-
nation, through the natural course of patients after four
years with pathological sediment findings.

Methods

We selected 78 cases with abnormal urine sedimenta-
tion tests in 2015 and underwent Ningen Dock again
in 2019 (Table 1). In Ningen Dock, blood tests and
urine tests are performed by the central laboratory of
the affiliated hospital. Renal tests include the estimated
glomerular filtration rate (¢GFR: mL/min/1.73 m?)
calculated from the serum creatinine level (HMMPS
method), correcting for age and sex. Proteinuria and oc-
cult hematuria are assessed for with a fully-automated
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Table 1. The Profile of Patients with Granular Casts, Epithelial Casts, And/or Tubular Epithelial Cells Which Were
Severe Urinary Sediment Findings

All subjects in 2015 Granular casts Epithelial casts Tubular epithelial cells
n=9210 n=24 n=50 n=4
Sex (male) 67.5% 70.8% 68.0% 50.0%
Age (y) 52.1+£10.7 50.2+9.3 53.7+£10.4 44.0£1.8
BMI (kg/m?) 23.0+3.4 22.7+4.4 23.8+4.8 22.9+2.1
Smoking 18.8% 33.3% 18.0% 25.0%
Ethanol intake 70.7% 66.7% 68.0% 50.0%
eGFR (mL/min/1.73m?) 72.3+£13.0 67.2+14.1 66.7+13.0 65.5+12.6
SBP (mmHg) 118.3£15.4 122.2+16.4 123.0+£20.0 121.3+£30.6
DBP (mmHg) 74.7£11.3 80.8+15.3 77.3£15.1 79.0£30.6
FPG (mg/dL) 100.9£17.2 102.0£19.1 104.5+£22.1 91.5+£5.8
HbA 1¢ (%) 5.68+0.58 5.60+£0.52 5.81+0.75 5.38+0.17
Serum uric acid (mg/dL) 5.72+0.58 5.79£1.12 6.27+1.39 6.08+1.47
Urine protein (—) 57.9% 0.0% 10.0% 25.0%
Urine protein (+) 31.6% 62.5% 52.0% 25.0%
Urine protein (+) 9.4% 37.5% 32.0% 50.0%
Urine protein (2+) 0.9% 0.0% 4.0% 0.0%
Urine protein (3+and over) 0.1% 0.0% 2.0% 0.0%
Mean urine protein score 0.54+0.71 1.38+£0.50 1.36+£0.80 1.25
(p<0.001) (p<0.001)
Urine occult (—) 76.7% 58.3% 62.0% 100.0%
Urine occult (+) 11.4% 20.8% 16.0% 0.0%
Urine occult (1+) 8.1% 12.5% 10.0% 0.0%
Urine occult (2+) 2.7% 8.3% 10.0% 0.0%
Urine occult (3+and over) 1.1% 0.0% 2.0% 0.0%
Mean urine occult score 0.40+0.83 0.71£1.00 0.74+1.12 0
(p=0.072) (p=0.004)

BMI: body mass index

SBP: systolic blood pressure, DBP: diastolic blood pressure
FPG: fasting plasma glucose

eGFR: estimated glomerular filtration rate

urinalysis system (AUTION MAX AX-4060, ARKRAY,
Inc., Kyoto, Japan).

Urinary sediment was examined on microscopy by
laboratory technicians. If there were multiple findings,
the finding with the highest score was adopted accord-
ing to the grading system of the Japan Society of Nin-
gen Dock. Findings of proteinuria and occult blood of
(=), (#), (14), (24), and (3+) were scored as 0, 1, 2, 3,
and 4, respectively, and were statistically analyzed with
the variance method.

The information concerning the personnel expense
for laboratory technicians was obtained from the table
of Wages by Occupational Categories in the Basic
Survey on Wage Structure by the Ministry of Health,
Labour and Welfare*. The mean hourly wage of part-
time laboratory technicians was ¥1,842-2,266 in
2013-2015. In this study it was assumed to be ¥2,000
per hour.

The data are expressed as mean+SD. Statical analysis
was used Wilcoxon signe rank test (SPSS software ver-
sion 28, Japan IBM Corp, Tokyo, Japan). p<0.05 was
considered statistically significant.

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
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of Medicine (approval no., 17-015). The results of this
study have not been previously published.

Results

Table 1 shows the profile of Ningen Dock in 2015
and patients with granular casts, epithelial casts, and
tubular epithelial cells, which were the pathological uri-
nary sediment findings. No red blood cell casts, white
blood cell casts, waxy casts, or fatty casts were observed.
The 4-year courses of the pathological urinary sedi-
ment findings are shown in Table 2.

Granular casts were observed in 24 patients but dis-
appeared in 19 (79%) after 4 years. Of the remaining
5,1 (4%) continued to show granular casts, 2 (8%)
showed epithelial casts, and 2 showed hyaline casts.
eGFR was 67.2-67.8 and showed no significant differ-
ence. The urinary protein score improved significantly
from 1.38 to 0.79 (p=0.004). The urinary occult blood
score remained unchanged at 0.71. Epithelial casts
were observed in 50 but were normalized in 37 (74 %).
Of the remaining 13, 9 showed hyaline casts, 1 (2%)
showed granular casts, and 3 (6%) showed epithelial
casts. eGFR was 66.7-67.7 and showed no significant
difference. The urinary protein score improved signifi-
cantly from 1.36 to 0.7 (p<0.001). The urinary occult

Ningen Dock International Vol.11 No.1 2024
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Table 2. The Natural Course of the Pathological Urinary Sediment Findings after 4 Years

Granular casts

Epithelial casts Tubular epithelial cells

2015 2019 2015 2019 2015 2019
Normal n=19(79%) n=37(74%) n=4(100%)
Granular casts n=24 n=1(4%) n=1(2%)
Epithelial casts n=2(8%) n=50 n=3(6%)
Renal tubular epithelium n=4
Hyaline casts n=2(8%) n=9(18%)
Mean eGFR 67.2+13.8 67.8+11.8  66.7+12.8 67.7+14.4  65.5+10.9 65.5+9.9
(ns) (ns)
Urine protein (—): score 0 n=0 n=9 n=5 n=22 n=1 n=3
Urine protein (+): score 1 n=15 n=11 n=26 n=21 n=1
Urine protein (1+): score 2 n=9 n=4 n=16 n=7 n=2 n=1
Urine protein (2+): score 3 n=2
Urine protein (3+ and over): score 4 n=1
Mean protein score 1.38£0.50 0.79%0.71 1.36+£0.80 0.70%+0.70 1.25 0.5
(p=0.004) (p<0.001)
Urine occult (—): score 0 n=14 n=15 n=31 n=37 n=4 n=3
Urine occult (+): score 1 n=>5 n=3 n=8 n=6
Urine occult (1+): score 2 n=3 n=4 n=>5 n=3 n=1
Urine occult (2+): score 3 n=2 n=2 n=>5 n=3
Urine occult (3+ and over): score 4 n=1 n=1
Mean occult score 0.71+£1.00 0.71£1.02 0.74+1.12 0.50%0.98 0 0.5
(ns) (p=0.038)
eGFR: estimated glomerular filtration rate
Table 3. Cases Showing Granular Casts and Epithelial Casts in Both 2015 and 2019
age . . . . . . . urine urine urine urine
in BMlin — BMlin  SBPin  SBPin  DBPin  DBPin FPGin protein protein occult occult eGFRin 2015 eGFRin 2019
case sex 2015 2019 2015 2019 2015 2019 2015 . 2 . 2
2015 (ka/m?) (ka/m2) (mmHa) (mmHa) (mmHg) (mmHg) (ma/dL) score score score score (mL/min/1.73 m?) (mL/min/1.73 m?)
) 9 9 9 9 9 9 tmICt) 5015 2019 2015 2019
1 43 female 228  27.1 117 113 65 59 94 1 0 0 0 70 73
2 44 male 23.3 243 137 113 92 75 102 1 1 1 0 75 75
3 49 male 19.3  20.8 105 143 82 102 86 1 1 0 0 58 72
4 54 female 15.4  16.9 110 91 62 55 106 1 1 2 2 20 61
5 57 male 25.4 23.1 100 119 64 86 97 3 1 0 0 52 62
6 62 male 21 21.5 101 94 70 67 99 2 2 2 3 53 50
7 66 male 26.7 26.3 131 105 86 68 133 2 2 1 2 52 52
mean 53.6 22.0 229 1144 1111 744 731 1024 1.6 1.1 0.9 1.0 64.3 63.6

(ns) (ns) (ns)

(ns)

5
e
5
e

BMI: body mass index

SBP: systolic blood pressure, DBP: diastolic blood pressure
FPG: fasting plasma glucose

eGFR: estimated glomerular filtration rate

blood score improved significantly from 0.74 to 0.5
(p=0.038). Urinary tubular epithelium was normal in
all 4. Mean eGFR was 66.5 and remained unchanged.
Urinary protein changed from 1.25 to 0.5, and urinary
occult blood changed from 0 to 0.5, but statistical anal-
ysis was not performed, because there were only 4 cas-
es. Seven patients (9.2%) who continued to have both
granular and epithelial casts after 4 years were evaluated
(Table 3). There was no difference of eGFR, urine pro-
tein and occult in 2015 and 2019 in those subjects. Case
4 showed a striking decrease in eGFR. Serum creatinine
changed from 0.54 mg/dL to 0.75 mg/dL after 4 years;
muscle mass from 31.2 kg to 32.3 kg by impedance
method; systolic blood pressure decreased from 110
mmHg to 91 mmHg, and diastolic blood pressure de-

Ningen Dock International Vol.11 No.1 2024

creased from 62 mmHg to 55 mmHg. Hemoglobin was
from 14.6g/dL to 13.8g/dL; serum uric acid was from
4.7 mg/dL to 4.1 mg/dL, serum albumin was from 4.0
g/dL to 4.1 mg/dL. These data are all within the normal
range. Ultrasound findings were only simple renal cysts
and renal calcifications in 2015, and simple renal cysts
in 2019. The cause of decreased eGFR was unknown.
Concerning the cost of examination, the supplies ex-
pense per examination is assumed to be ¥30. As for the
capital cost, if a microscope worth ¥1,000,000 is used
for 5 years, its cost per year is ¥200,000 by fixed install-
ment depreciation. If it is assumed to be used for the
examination of 30 samples per day on 250 days a year,
the capital cost of the microscope per sample was cal-
culated at ¥27. Since the examination takes 3 minutes
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per sample, and since the hourly wage is assumed to be
¥2,000 as mentioned above, the personnel expense per
sample was calculated at ¥100. The total cost of urine
sediment examination per sample was calculated at
¥157 as the sum of the supplies expense of ¥30, capital
cost for the microscope of ¥27, and personnel expense
of ¥100.

Discussion

If pathological urinary sediment findings are ob-
served in Ningen Dock, a detailed examination is indi-
cated. However, there are few patients in whom eGFR is
low, or the urinary protein or urinary occult blood level
is extremely high. There is also no drug that can correct
urinary sediment findings themselves. Therefore, we
examined and analyzed the natural course of pathologi-
cal urinary sediment findings after 4 years. As a result,
pathological urinary sediment findings persisted in only
7 of the 78 patients, and no patient showed impairment
of renal function such as a decrease in eGFR and exac-
erbation of the urinary protein or urinary occult blood
level. Ultrasonography showed no pathological findings
in the subjects with the pathological urine sediments.
The pathological urinary sediment in the subjects with-
out kidney dysfunction may appear temporary and dis-
appear without medical intervention.

This study focused on granular casts, epithelial casts,
and tubular epithelial cells. Particularly, the granular
components are reported to be closely related to chron-
ic kidney disease’. Ishibashi et al.® compared urinary
sediment findings using three models of a urinary solid
component analyzer with those by visual examina-
tion and reported that the results of examination with
all 3 analyzers showed generally high concordance
rates with the results of visual examination, but that
the results concerning casts were unsatisfactory, and
that microscopy by laboratory technician was neces-
sary. According to Harada ef al.’, they adopted a fully-
automatic urinary solid component analyzer, but visual
re-examination was needed when the sample contained
a high level of solid components or when the results of
automated analysis differed from the results of qualita-
tive examination. Hishiki et al.® reported correlations
between the results obtained with an automatic urinary
sediment analyzer and those by microscopy. The sen-
sitivity and specificity were 69.0% and 95.1%, respec-
tively, for red blood cells, 60.9% and 99.4% for white
blood cells, 34.1% and 99.6% for squamous epithelial
cells, and 52.6% and 77.4% for hyaline casts. Regard-
ing the reasons for the discrepancies with the results
of microscopy, they suggested the difficulty of distin-
guishing components with similar shapes and the lack
of recognition of special shapes. As observed above,
automatic urinary sediment analyzers have limitations,
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and microscopy by laboratory technicians is necessary
for casts of special importance. On the other hand,
Ichimura et al.” examined the concordance rate among
technicians concerning each sediment component and
reported that components with a poor concordance rate
of <60% varied among technicians, which means that
the diagnosis is limited concerning components that
require comprehensive evaluation, including the patient
history. Morita et al.' analyzed qualitative urinary pro-
tein test results and cast-positive rate by visual exami-
nation and reported that the concordance rate was 8.5%
in the urinary protein (—) group, but 80.0-93.5% in
the (+)-(2+) groups, and 100% in the (3+) group. Also,
concerning red blood cell casts, which is a pathological
finding but was excluded from analysis in this study,
occult blood was positive in 89% of the 85 samples by
qualitative urinalysis''. From these reports, tests of uri-
nary protein and urinary occult blood are considered to
be generally sufficient as Ningen Dock items of urine
examination.

The cost of microscopy was calculated to be at least
¥157 per sample. This does not include the costs of
electricity and the facility. It also does not include the
cost for training to improve or maintain skills. There-
fore, this figure is considered to be the minimum cost of
examination. On the other hand, the medical treatment
fee for microscopic examination of urinary sediment
is 27 points. Although the balance is not in the red, the
benefit of examining urinary sediment in Ningen Dock
is considered small from the viewpoint of the efficient
use of personnel.

Limitations of this study include that there were not
many patients who had pathological urinary sediment
findings because of the rarity of patients with chronic
kidney disease among Ningen Dock examinees. And
only those who could be followed up after 4 years were
evaluated. Thus the clarification of the reality is insuffi-
cient. The references were limited to reports from Japan
due to the lack of Western literature concerning this
subject.

This study does not deny the significance of urinary
sediment examination itself. However, the results sug-
gest that the medical significance of urinary sediment
examination is limited in the stage of screening in the
healthy subjects. Dependence on an automatic urine
sediment analyzer in Ningen Dock for explanation of
the results on the day of examination causes a decline
in the diagnostic accuracy, eventually requiring micros-
copy by clinical laboratory technicians. The diagnosis
of the most important casts relies on the image reading
ability of laboratory technicians. The items of Ningen
Dock examinations related to the kidney and urinary
tract are the serum creatinine level and eGFR calcu-
lated from it, urinary protein, urinary occult blood, and
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abdominal ultrasonography. It is considered more im-
portant to prevent kidney and urinary tract diseases by
sufficiently utilizing the results of these examinations.

Conclusions

Pathological urinary sediment findings detected in
Ningen Dock (granular casts, epithelial casts, tubular
epithelium) disappeared in the natural course after 4
years in 91% of the patients. Even in those who contin-
ued to have these findings after 4 years, no significant
change was observed in eGFR, urinary protein, or uri-
nary occult blood. Therefore, the significance of exam-
ining urinary sediment in Ningen Dock by spending
money on the personnel and equipment is considered
to be low compared to measurement of eGFR, urinary
protein, and urinary occult blood.
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Association Between Arterial Stiffness
and Bone Mineral Density in the
Japanese General Population

Yoshiko Mizuno'?, Koki Nakanishi', Kohei Uemura®, Hidehiro Kaneko',
Masao Daimon', Nobutake Yamamichi®*, Issei Komuro'

Abstract

Objective: Cardiovascular disease and osteoporosis are major public health problems that share
common pathophysiological mechanisms besides aging. This study aimed to investigate the pos-
sible association between bone mineral density (BMD) and arterial stiffness measured by cardio-
ankle vascular index (CAVI) in the Japanese general population without overt cardiac disease.
Methods: The study population was 1,242 consecutive participants who underwent cardiovas-
cular health check-ups at the University of Tokyo Hospital. After excluding participants with
coronary artery disease, peripheral arterial disease, atrial fibrillation/atrial flutter, decreased left
ventricular systolic function, and pacemaker implantation, 1,169 men and women were analyzed.
The calcaneus BMD was assessed by quantitative ultrasound methods. Cardiovascular functions
were evaluated with CAVT, left ventricular global longitudinal strain (LVGLS), peak early diastolic
transmitral velocity (E)/peak early diastolic mitral annular velocity(e’) (E/¢), and carotid intima-
media thickness (IMT) measurements.

Results: In univariate analysis, BMD was associated with CAVI, E/e’ and IMT along with other
cardiovascular risk factors except for diabetes (r= —0.162, p<0.001, r=—0.203, p<0.001,
r=—0.113, p<0.001, respectively), whereas no association was identified between BMD and
LVGLS. In multivariate analysis, after adjustment for pertinent confounding variables, only CAVI
remained associated with low BMD (estimated coefficient=0.0050, p=0.004), but the direction
of association was opposite and smaller in size compared to univariate analysis.

Conclusions: This study is the first to examine the relationship between BMD and multiple car-
diovascular measurements in the Japanese general population without overt cardiovascular disease
and has demonstrated the partial relationship of osteoporotic state and enhanced arterial stiffness,
as evaluated by CAVI.

Keywords cardiovascular disease, bone mineral density (BMD), arterial stiffness

ardiovascular disease and osteoporosis are ma-
‘ jor public health problems that are known to

share common pathophysiological mechanisms
besides aging. Over the last decades, we are facing ag-
ing society. Although a global increase in life expec-
tancy is a huge achievement driven by improvements
in public health and health care, many societies across
the world are not prepared for this problem. Especially
in elderly people, so-called multimorbidity, the coexis-
tence of multiple chronic diseases, is a problematic is-
sue that needs to be solved'. For example, prevalence of
multimorbidity ranges from 55-98% worldwide. For

this reason, acting on aging biology itself rather than
modifying a single disease-specific process is highly
recommended.

Osteoporosis and cardiovascular disease are fre-
quently seen comorbidities, therefore preventive strat-
egy and early detection are important. In clinical set-
tings, there have been large-scale clinical trials showing
links between osteoporosis and cardiovascular disease.
In terms of heart failure, the EPIC-Norfolk Prospec-
tive study from the United Kingdom and the Cardio-
vascular Health study conducted in the United States
have shown that a history of osteoporosis and low bone
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mineral density (BMD) was an independent predictor
for future occurrence of heart failure**. And the EPIC-
Norfolk Prospective study, the same study from UK,
has shown the correlation between osteoporosis and
future stroke risk*.

Similarly, several studies have investigated the cor-
relations between osteoporosis and artery diseases,
namely atherosclerosis and arteriosclerosis. First, in
animal models, both osteoprotegerin-deficient mice
and apoprotein E-deficient mice have a greater ability
to develop early vascular calcification, osteoporosis,
and increased risk of cardiovascular disease (CVD)".
Second, in humans, two studies have shown the links
between bone mineral density and atherosclerosis mea-
sured by carotid intima-media thickness (IMT)*’. On
the other hand, the correlation between BMD and arte-
rial stiffness, usually measured by pulse wave velocity
(PWYV) or cardio-ankle vascular index (CAVI), is under
controversial debate, and only one study from China
showed the correlation between CAVI and BMD in the
general population®. In the current study, we explored
the relationship between BMD and multiple cardiovas-
cular parameters to investigate a possible association
between the osteoporotic state and arterial stiffness in
the Japanese population.

Methods
Study population

The study population was derived from 1,242 con-
secutive subjects who participated in extensive cardio-
vascular health check-ups from August 2014 to May
2018 at the University of Tokyo Hospital. Among a
total of 1,242 participants who underwent laboratory
testing, lifestyle questionnaires, ultrasonographic exam-
ination and BMD measurement, patients with a history
of coronary artery disease, peripheral arterial disease,
atrial fibrillation or atrial flutter, decreased LV systolic
function (LV ejection function <50%), valvular disease,
or pacemaker implantation were excluded. Informed
consent was obtained from all study participants. The
study was approved by the ethics committee of the Uni-
versity of Tokyo.
Risk factor assessment and definition

Cardiovascular risk factors were ascertained through
direct examination and interviews conducted by health-
care professionals. Hypertension was defined as systolic
BP (SBP) =140 mmHg or diastolic BP (DBP) =90 mmHg,
or the use of antihypertensive medication. Diabetes
mellitus was defined by a fasting blood glucose 2126
mg/dL or the current use of insulin or oral hypoglyce-
mic agents. Hyperlipidemia was defined as total serum
cholesterol >240 mg/dL or the use of lipid-lowering
medications. Body mass index (BMI) was calculated
as weight (kg) divided by height squared (m?). Venous
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blood samples were collected under fasting condi-
tions on the same day as cardiovascular examinations.
The glomerular filtration rate (GFR) was estimated in
the equation: eGFR=194 xage "** X creatinine "'+
(x0.739 if female). Predictive indices for insulin resis-
tance, Triglyceride-glucose (TyG) index and TG/HDL-
C, were calculated as follows: TyG index=In [Fasting
triglyceride (mg/dL) X Fasting glucose (mg/dL)]/2, and
TG/HDL-C=Fasting triglyceride/HDL cholesterol, re-
spectively.

Quantitative ultrasound assessment of calcaneus

Although dual-energy X ray absorptiometry (DXA)
is reccommended for BMD evaluation by numerous
guidelines and World Health Organization (WHO)
criteria, quantitative ultrasound (QUS) has been devel-
oped and proven to be an alternative method to DXA
for assessing osteoporotic status”'’. In this study, the
SOS (speed of sound, m/s) of the calcaneus bone was
measured using an ultrasound bone densitometer (CM-
300, Furuno Electric Co. Ltd., Nishinomiya, Japan). The
T-score was calculated from the manufacturer-specific
SOS reference population database. %YAM (young adult
mean) represents % value relative to the standard SOS
of the young age. Subjects were screened for presence of
low BMD and classified into osteopenia and osteoporo-
sis based on WHO criteria.

Measurement of CAVI

CAVI was measured using an automatic vascular
screening system (Vasera VS-1500, Fukuda Denshi,
Tokyo, Japan) with the patients in the supine position
after 5 minutes of rest. The electrocardiogram, phono-
cardiogram, and SBP and DBP of the brachial and ankle
arteries were simultaneously recorded. The formula to
determine CAVI was as follows:

CAVI=a[(2p/ AP) xIn (SBP/DBP) PWV*]+b, where
AP=SBP —DBP, p=blood density, PWV=pulse wave
velocity, and a and b are scale conversion constants to
match aortic PWV. The mean of the right and left CAVI
values was used for analysis.

Measurement of carotid IMT

Carotid IMT measurement was performed with
patients in the supine position using high resolution
B-mode ultrasonography with linear-array 7.5 MHz
transducer (Aplio 300, Toshiba Medical Systems,
Tokyo, Japan). The maximal IMT in both right and left
common carotid artery was recorded according to the
current guideline'', and the mean was used for analysis
as max IMT.

Echocardiographic assessment or echocardiographic
examination

Two-dimensional echocardiographic examina-
tion was performed utilizing a commercially available
system (Aplio 300, Toshiba Medical Systems, Tokyo,
Japan) by registered cardiac sonographers blinded to
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the participants’ clinical information according to a
standardized protocol. The dimensions of the cardiac
chambers and left ventricular ejection function (LVEF)
were measured in the standard manner'”. LV diastolic
function assessment was performed based on the cur-
rent guidelines'*. Transmitral diastolic flow was obtained
from an apical four-chamber view. Pulsed-wave Doppler
examination of mitral inflow was performed to measure
early (E) peak velocity, and peak early diastolic mitral an-
nular velocity (¢) was also measured from tissue Doppler
imaging in the lateral and the septal mitral annulus. The
mean value of E/e’ was used for analysis, and impaired
diastolic function was defined as mean E/e’>14.

Speckle-tracking analysis was performed offline us-
ing vendor-independent commercially available soft-
ware (2D Cardiac Performance Analysis; Tomtec Im-
aging System, Germany). LV global longitudinal strain
(LVGLS) was calculated by averaging the negative peak
of longitudinal strain from 18 ventricular segments in
all 3 apical views, including the 4-chamber, 2-chamber
and long-axis views, according to the current guide-
lines"*. As for the definition of strain, negative strain de-
notes shortening for LV which indicates that a smaller
value (a larger absolute value) shows better LV contrac-
tion.
Statistical analysis

Data are expressed as mean+SD for continuous
variables and as number (percentage) for categorical
variables. Statistical significance was set at p<0.05. The
differences in baseline characteristics between men and
women were determined by Student’s ¢-tests for con-
tinuous variables and ¥’ tests for categorical variables.
Linear regression analysis was performed to evaluate as-
sociations between BMD and each dependent variable,
and Pearson’s correlation coefficients were calculated.
Multivariate regression analysis was used to determine
the effects of BMD on cardiovascular measurements
before and after incorporating potential confounding
factors. All statistical analyses were performed with
JMP 15 statistical software (SAS Institute, Cary, NC,
USA).

Results
Flow chart of participant enrollment and exclusion

A population flow chart is summarized in Fig. 1. We
enrolled 1,242 participants who underwent extensive
cardiovascular health check-ups in our institute from
2014 to 2018.

After exclusion of cardiovascular diseases, such as
coronary artery disease (n=29), peripheral arterial dis-
ease (n=1), atrial fibrillation or atrial flutter (n=14),
decreased LV systolic function (n=6), pacemaker im-
plantation (n=1), and missing clinical data (n=22), the
tinal study group comprised 1,169 participants without
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1,242 participants underwent extensive cardiovascular health
check-ups from August 2014 to May 2018

[ History of CAD (n=29) Je——

—>| History of PAD (n=1) |

———| LVEF <50% (n=6)

| AF or atrial flutter (n=14) |<—

| Pacemaker implantation (n=1) |'—

| 1,191 participants without overt cardiovascular disease |

]

| Incomplete clinical measurements (n=22) |

| 1,169 participants in final sample |

Fig. 1. Flow Chart of Participant Enrollment and Exclusion

Abbreviations: CAD indicates coronary artery disease; PAD,
peripheral arterial disease; AF, arterial fibrillation; and LVEEF, left
ventricular ejection fraction.

overt cardiovascular disease. None of the participants
had a history of valvular disease.
Baseline characteristics of men and women

Table 1 shows the baseline characteristics of the
participants stratified by sex. The prevalence of hyper-
tension, diabetes, and smoking habit was significantly
higher in men, whereas the prevalence of hyperlipid-
emia and osteoporosis was higher in women. Similarly,
the gender differences were recognized in most of the
demographics and laboratory data except for estimated
glomerular filtration rate (eGFR) and thyroid stimulat-
ing hormone (TSH). Men had higher blood pressure,
and women had higher levels of brain natriuretic pep-
tide (BNP), HDL cholesterol, and lipoprotein (a). Re-
garding cardiovascular measurements, CAVI and max
IMT were higher in men, while LVGLS and mean E/e¢’
were lower in men. Regarding BMD, %YAM was higher
in male subjects in accordance with the lower preva-
lence of osteoporosis in men.
Linear regression analysis for BMD

Table 2 shows linear regression analysis between
BMD and the clinical variables from baseline charac-
teristics. BMI (r=+0.129, p<0.001), eGFR (r=+0.069,
p=0.018), TyG index (r=+0.030, p<0.001), albumin
(r=+0.164, p<0.001), uric acid (r=+0.120, p<0.001)
were positively correlated with BMD, whereas age (r=
—0.349, p<0.001), systolic blood pressure (r=—0.060,
p=0.004), HDL cholesterol (r=—-0.099, p<0.001),
BNP (r=-0.170, p<0.001), lipoprotein (a) (r=
—0.066, p<0.001) were negatively correlated with
BMD. Among cardiovascular parameters, mean CAVI,
mean E/e” and max IMT showed negative correlation
with BMD (r=—0.162, p<0.001, r=—0.203, p<0.001,
r=—0.113, p<0.001, respectively), nonetheless LVGLS
demonstrated no correlation with BMD.
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Table 1. Baseline Characteristics of Men and Women

: Arterial Stiffness and Bone Mineral Density

(o) (no518) pvalue
Age, years 61.4+£11.6 63.4+£11.6 0.001*
Body mass index (BMI), kg/m? 24.5+3.3 22.3%+3.5 <0.001"
Systolic blood pressure, mmHg 121.6+14.7 117.7+15.9 <0.001"
Diastolic blood pressure, mmHg 76 6+10.9 73.43+£10.3 <0.001"
Current smoking, n (%) 0(13.8) 25(4.8) <0.001"
Alcohol intake, n (%) 426(65 4) 187(36.1) 0.062
Hypertension, n (%) 251(38.6) 155(29.9) 0.002"
Hyperlipidemia, n (%) 208 (32.0) 221(42.7) <0.001"
Diabetes mellitus, n (%) 7(14.9) 22(4.3) <0.001*
Osteoporosis, n (%) 5(0.77) 61(11.78) <0.001*
Creatinine, g/dL 0.91+0.49 0.66+0.17 <0.001"
eGFR, mL/min/1.73 m? 71.2+15.9 72.7+15.5 0.097
Fasting plasma glucose, % 103.8+22.1 94.6+15.0 <0.001"
Hemoglobin A1c, % 5.91+0.68 5.76x0.51 <0.001"
LDL-cholesterol, mg/dL 123.9£30.6 126.4+30.3 0.162
HDL-cholesterol, mg/dL 58.9+15.5 74.0+19.0 <0.001*
Triglyceride (TG), mg/dL 127.8+94.2 91.4+55.2 <0.001*
non HDL-cholesterol, mg/dL 141.8+33.2 139.3+32.4 0.211
TG/HDL-C 2.53+2.49 1.43+£1.36 <0.001*
TyG index 4.65+0.31 4.47+0.26 <0.001"
Lipoprotein (a), mg/dL 11.3+10.9 14.3+12.8 <0.001"
Albumin, g/dL 4.3+£0.3 4.2+0.2 <0.001"
Uric acid, mg/dL 6.2+1.2 4.9+1.1 <0.001*
Thyroid stimulating hormone (TSH), plU/mL 2.3+1.9 2.3%£1.6 0.879
Serum iron, pg/mL 113.5+35.5 99.6+30.4 <0.001"
Brain natriuretic peptide (BNP), pg/mL 19.9+21.3 27.5+29.1 <0.001*
%YAM 82.9+14.8 77.6+13.7 <0.001"
mean CAVI 8.16+1.18 7.90x1.02 <0.001"
LVGLS, % —20.60£2.39 —22.09+£2.90 <0.001"
LVEF, % 68.33+£6.57 69.95+6.45 <0.001*
mean e’, cm/s 8.16+2.14 8.21+2.44 0.662
mean E/e’ 8.56+2.36 9.67+3.14 <0.001"
max IMT, mm 1.08+0.34 0.98+0.25 <0.001"

Values represent mean + SD or number of participants and prevalence rate (%) in parentheses.

Abbreviations: eGFR indices estimated glomerular filtration rate; LDL-cholesterol, low-density lipoprotein-
cholesterol; HDL-cholesterol, high-density lipoprotein-cholesterol; TyG, triglyceride-glucose; CAVI, cardio-ankle
vascular index; LVGLS, left ventricular global longitudinal strain; LVEF, left ventricular ejection fraction; ¢/, early
diastolic mitral annular velocity; E, early diastolic transmitral flow velocity; and max IMT, maximal intima-media

thickness.

Correlation between osteoporotic state and cardio-
vascular parameters

Fig. 2 shows the correlations between the cardiovas-
cular parameters and BMD in a categorized manner,
namely normal (n=524), osteopenia (n=383), and os-
teoporosis (n=262). Variables other than LVGLS had
significant correlations with osteoporotic state (CAVI,
p<0.001; mean E/¢’, p<0.001; max IMT, p<0.001).
Correlation between BMD and cardiovascular pa-
rameters in multivariate analysis

In Table 3, multivariate analysis of BMD for cardio-
vascular parameters was performed with the variables
that showed significant correlations with BMD in the
linear regression analysis shown in Table 2. After ad-
justing for age and sex (Model 1), BMI, diabetes, hyper-
lipidemia, hypertension, current smoking, and alcohol
intake (Model 2), albumin, eGFR, HDL-cholesterol,
uric acid, serum iron, and BNP (Model 3), lipoprotein

Ningen Dock International Vol.11 No.1 2024

(a) and TyG index (Model 4), the correlation between
BMD and CAVI remained statistically significant
(Model 1, estimated coefficient=+0.0037, p=0.041;
Model 2, estimated coefficient=+0.0046, p=0.009;
Model 3, estimated coefficient=+0.0046, p=0.009;
Model 4, estimated coefficient=+0.0050, p=0.004);
however the association between BMD and the remain-
ing cardiovascular parameters (LVGLS, mean E/e’, max
IMT) fell short of statistical significance.
Correlation between BMD and cardiovascular pa-
rameters in multivariate analysis stratified by sex

As gender difference was not negligible in this study
population, we stratified subjects into two groups by
sex. In sub-analyses stratified by sex (Table 4, 5), the
correlation between BMD and CAVI was attenuated
but still statistically significant in all adjusted mod-
els in men (Model 1, estimated coefficient=+0.0056,
p=0.015; Model 2, estimated coefficient=+0.0055,
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Table 2. Linear Regression Analysis for BMD

r p value
—0.349 <0.001"
+0.129 <0.001*

Age, years
Body mass index (BMI), kg/m?

Systolic blood pressure, mmHg —0.060 0.004"
Diastolic blood pressure, mmHg +0.040 0.170
Creatinine, g/dL +0.033 0.266
eGFR, mL/min/1.73 m? +0.069 0.018%
Fasting plasma glucose, % —0.017 0.555
Hemoglobin A1c, % —0.051 0.082
LDL-cholesterol, mg/dL —0.009 0.747
HDL-cholesterol, mg/dL —0.099 <0.001"
Triglyceride (TG), mg/dL +0.048 0.103
non HDL-cholesterol, mg/dL +0.006 0.830
TG/HDL-Cholesterol +0.047 0.110
TyG index +0.030 <0.001%
Albumin, g/dL +0.164 <0.001"

+0.120 <0.001"
Thyroid stimulating hormone (TSH), plu/mL  —0.032  0.278

Serum iron, pg/mL +0.066 0.024"
Brain natriuretic peptide (BNP), pg/mL —0.170 <0.001"
Lipoprotein (a) , mg/dL —0.066 <0.001"

Uric Acid, mg/dL

mean CAVI —0.162 <0.001*
LVGLS, % —0.035 0.231
LVEF, % —0.033 0.256
mean e’, cm/s +0.207 <0.001*
mean E/e’ —0.203 <0.001"

max IMT, mm —0.113 <0.001*

r=Pearson’s correlation coefficient

Abbreviations: eGFR indices estimated glomerular filtration rate; LDL-
cholesterol, low-density lipoprotein-cholesterol; HDL-cholesterol, high-
density lipoprotein-cholesterol; TyG, triglyceride-glucose; CAVI, cardio-
ankle vascular index; LVGLS, left ventricular global longitudinal strain;
LVEE, left ventricular ejection fraction; €', early diastolic mitral annular
velocity; E, early diastolic transmitral flow velocity; and max IMT, maximal
intima-media thickness.

CAVI
p <0.001* p < 0.001*
_ns p <0.001* r=0.155

7.903 03 8021 8.349

aim |

normal

osteopenia osteoporosis

mean E/e’
15 p < 0.001* p < 0.001*
_p=0.045 , P<0.001, p < 0.001* r=0.202
T 10,031
10 8.579 9.018

mean E/e’
[3,]

i

normal osteopenia osteoporosis

p=0.016; Model 3, estimated coefficient=+0.0059,
p=0.011), while as for women, the correlation between
BMD and CAVI virtually all vanished. Regarding the
other parameters (LVGLS, mean E/e’, max IMT), no
correlation with BMD was observed in all models
(Models 1-3), which was consistent with the results
shown in Table 3.

Discussion

In this study, we explored the relationship between
BMD and cardiovascular variables including CAVI,
LVGLS, E/¢/, and IMT in the population without overt
cardiac disease. Each of the parameters are of impor-
tance in terms of arterial aging (arteriosclerosis for
CAVI and atherosclerosis for IMT), or preclinically
impaired cardiac function (systolic function for LVGLS
and diastolic function for E/e’) respectively. In univari-
ate analysis, BMD was associated with CAVI, E/e’, and
IMT along with other cardiovascular risk factors except
for diabetes, whereas no association was identified be-
tween BMD and LVGLS. In multivariate analysis, after
adjustment for pertinent confounding variables, only
CAVI remained associated with low BMD, but unex-
pectedly the direction of association was opposite and
smaller in size compared to univariate analysis. This
can be explained that the observed association between
BMD and CAVT in univariate analysis was due to con-
founding through the association between age and
BMD or CAVI, but still does not completely deny the
clinical significance of the correlation between CAVI

LVGLS

normal osteopenia osteoporosis

0
p<0.172
r=0.055
-
310
<
n
E')I -20
> 21.282 21,408  -21.000
30 n.s. I‘I.S.
n.s
max IMT
p <0.001* p <0.001*
_ ns. . p=0.005" r=0.119
1012 1027 1 105

max IMT (mm)
o
o -

aili

normal osteopenia osteoporosis

Fig. 2. Correlation Between Osteoporotic State and Cardiovascular Parameters
normal (n=524), osteopenia (n=383), osteoporosis (1=262)
Abbreviations: CAVI indices cardio-ankle vascular index; LVGLS, left ventricular global longitudinal strain; ¢, early
diastolic mitral annular velocity; E, early diastolic transmitral flow velocity; and max IMT, maximal intima-media

thickness.
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Table 3. Correlation Between BMD and Cardiovascular Parameters in Multivariate

Analysis

parameters Model B Lower 95%Cl Upper 95%Cl p value
Model 1 0.0037 0.0002 0.0072 0.041"*
cAVI Model 2 0.0046 0.0012 0.0080 0.009"
Model 3 0.0046 0.0012 0.0080 0.009*
Model 4 0.0050 0.0016 0.0084 0.004"

Model 1 —0.0049 —0.0159 0.0061 0.382

LVGLS Model 2 —0.0067 —0.0175 0.0041 0.225

Model 3 —0.0073 —0.0180 0.0035 0.185

Model 4 —0.0067 —0.0175 0.0041 0.221

Model 1 —0.0033 —0.0136 0.0070 0.529

mean E/e’ Model 2 —0.0045 —0.0146 0.0056 0.379

Model 3 —0.0035 —0.0135 0.0065 0.493

Model 4 —0.0036 —0.0136 0.0065 0.487

Model 1 0.0004 —0.0008 0.0015 0.499

Model 2 0.0003 —0.0008 0.0015 0.593

max IMT
Model 3 0.0004 —0.0007 0.0016 0.463
Model 4 0.0004 —0.0007 0.0015 0.502

Model 1: adjusted for age and sex

Model 2: adjusted for Model 1 plus BMI, diabetes, hyperlipidemia, hypertension, current smoking and

alcohol intake

Model 3: adjusted for Model 2 plus albumin, eGFR, HDL-cholesterol, uric acid, serum iron and BNP

Model 4: adjusted for Model 3 plus lipoprotein (a) and TyG index

Abbreviations: B indicates regression coefficient; 95%CI, 95% confidence interval; BMI, body mass
index; eGFR, estimated glomerular filtration rate; HDL-cholesterol, high-density lipoprotein-cholesterol;
TyG, triglyceride-glucose; BNP, brain natriuretic peptide; CAVI, cardio-ankle vascular index; LVGLS, left
ventricular global longitudinal strain; €, early diastolic mitral annular velocity; E, early diastolic transmitral
flow velocity; and max IMT, maximal intima-media thickness.

Table 4. Correlation Between BMD and Cardiovascular Parameters in Multivariate

Analysis Stratified by Sex (Men)

parameters Model B Lower 95%Cl Upper 95%Cl p value
Model 1 0.0056 0.0011 0.0100 0.015"

CAVI Model 2 0.0055 0.0010 0.0101 0.016"
Model 3 0.0059 0.0014 0.0104 0.011"

Model 1 —0.0052 —0.0176 0.0073 0.416

LVGLS Model 2 —0.0055 —0.0180 0.0070 0.386
Model 3 —0.0051 —0.0175 0.0073 0.419

Model 1 0.0005 —0.0101 0.0112 0.919

mean E/e’ Model 2 0.0010 —0.0097 0.0117 0.854
Model 3 0.0012 —0.0095 0.0119 0.830

Model 1 0.0004 —0.0012 0.0020 0.640

max IMT Model 2 0.0006 —0.0010 0.0022 0.486
Model 3 0.0005 —0.0011 0.0022 0.515

Model 1: adjusted for age, BMI, diabetes, hyperlipidemia, hypertension, current smoking and alcohol intake
Model 2: adjusted for Model 2 plus albumin, eGFR, HDL-cholesterol, uric acid, serum iron and BNP

Model 3: adjusted for Model 3 plus lipoprotein (a) and TyG index

Abbreviations: B indicates regression coefficient; 95%CI, 95% confidence interval; BMI, body mass
index; eGFR, estimated glomerular filtration rate; HDL-cholesterol, high-density lipoprotein-cholesterol;
TyG, triglyceride-glucose; BNP, brain natriuretic peptide; CAVI, cardio-ankle vascular index; LVGLS, left
ventricular global longitudinal strain; ¢/, early diastolic mitral annular velocity; E, early diastolic transmitral
flow velocity; and max IMT, maximal intima-media thickness.

and BMD. Overall, this study is the first to examine the
relationship between BMD and multiple cardiovascu-
lar measurements in the Japanese general population
without overt cardiovascular disease and has partially
demonstrated the independent relationship of osteopo-
rotic state and enhanced arterial stiffness, as evaluated
by CAVI.

In general, cardiovascular disease and osteoporosis

Ningen Dock International Vol.11 No.1 2024

are two major factors that severely affect the quality of
life and mortality of middle-aged and elderly people.
There is growing evidence that the coincidental oc-
currence of both diseases may be related to common
pathophysiological mechanisms regardless of age".
Indeed, bone formation and vascular calcification share
underlying biological mechanisms, mainly through
inflammation and the RANK (receptor activator of nu-
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Table 5. Correlation Between BMD and Cardiovascular Parameters in Multivariate

Analysis Stratified by Sex (Women)

parameters Model B Lower 95%Cl Upper 95%Cl p value
Model 1 0.0018 —0.0038 0.0073 0.535

CAVI Model 2 0.0010 —0.0045 0.0066 0.714
Model 3 0.0017 —0.0038 0.0072 0.538

Model 1 —0.0062 —0.0268 0.0144 0.556

LVGLS Model 2 —0.0090 —0.0296 0.0116 0.391
Model 3 —0.0086 —0.0293 0.0121 0.417

Model 1 —0.0077 —0.0283 0.0129 0.464

mean E/e’ Model 2 —0.0095 —0.0299 0.0110 0.363
Model 3 —0.0096 —0.0300 0.0108 0.354

Model 1 —0.0001 —0.0017 0.0014 0.869

max IMT Model 2 —0.0001 —0.0016 0.0015 0.947
Model 3 —0.0001 —0.0017 0.0015 0.925

Model 1: adjusted for age, BMI, diabetes, hyperlipidemia, hypertension, current smoking and alcohol intake
Model 2: adjusted for Model 2 plus albumin, eGFR, HDL-cholesterol, uric acid, serum iron and BNP

Model 3: adjusted for Model 3 plus lipoprotein (a) and TyG index

Abbreviations: B indicates regression coefficient; 95%CI, 95% confidence interval; BMI, body mass
index; eGFR, estimated glomerular filtration rate; HDL-cholesterol, high-density lipoprotein-cholesterol;
TyG, triglyceride-glucose; BNP, brain natriuretic peptide; CAVI, cardio-ankle vascular index; LVGLS, left
ventricular global longitudinal strain; €, early diastolic mitral annular velocity; E, early diastolic transmitral
flow velocity; and max IMT, maximal intima-media thickness.

clear factor-kappaB (NFkB))/RANKL (RANK ligand)/
OPG (osteoprotegerin) system'®. Recently, it was prov-
en by positron emission tomography that vascular in-
flammation precedes vascular calcification in both the
intimal and medial layers of the vasculature wall'’. As
for intimal layer calcification, it is explained by the ath-
erosclerotic state, which is characterized by the death of
lipid-laden macrophages and the sequential formation
of calcium phosphate crystals. For the calcification in
the medial layer, in addition to saturated fatty acids, in-
flammatory mediators such as interleukin (IL)-1p, IL-
6, IL8, insulin-like growth factor (IGF)-1, and tumor
necrosis factor (TNF)-a are responsible for inducing
osteogenic differentiation of vascular smooth muscle
cells (VSMCs)'®. In this process, the RANK/RANKL/
OPG system that belongs to TNF family is postulated
to be important inducers and inhibitors of VSMC calci-
fication. As inducers, the binding of RANKL to RANK
receptor promotes differentiation of preosteoclasts into
mature osteoclasts through the activation of the NFkB
intracellular signaling pathway, a process that is also
important in bone resorption in osteoporosis. As in-
hibitors, on the contrary, OPG, which is protective of
bone tissue through inhibition of the RANK/RANKL
system, not only protects bones from resorption, but
also hampers the differentiation of preosteoclasts into
mature osteoclasts in VSMCs. OPG as well as RANK
and RANKL proteins are detected in atherosclerotic
plaques, and RANKL was also shown to be elevated in
heart failure patients'”*’. It should be also noted that
angiotensin II, which is a well-known promoter of ath-
erosclerosis and arterial stiffness, has been reported to
activate osteoclasts®', leading to osteoporosis through
the RANK/RANKL pathway”*. These pathophysiologi-
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cal mechanisms could be a plausible explanation for the
clinical trials that showed the association between low
BMD and cardiovascular diseases.

In our study, we observed an association of BMD and
arterial stiffness after adjusting for other pertinent car-
diovascular risk factors and the variables that had sig-
nificant univariate linear correlation with BMD, howev-
er the direction of association was opposite and smaller
in size compared to univariate analysis. Although sever-
al studies have suggested an association between PWV
or CAVI and BMD, these studies were mostly conduct-
ed in specific populations, for example, postmenopausal
women, patients with chronic kidney disease, patients
undergoing hemodialysis, or hypertensive patients™ .
In contrast, few studies have been conducted in a gen-
eral population, and there is only one study from China
suggesting an association between BMD and arterial
stiffness as assessed by CAVI®. Hence the results of our
study are in accordance with the controversial debate
which has been conducted worldwide.

The degree of arterial stiffness is often used as an
important predictor for the prognosis of cardiovascular
diseases. Therefore, early detection of arterial stiffness
before the structure becomes abnormal gives us crucial
information to prevent cardiovascular events. Com-
pared to PWYV, CAVI is a newer noninvasive indicator
of arterial stiffness, which is performed by integrating
ECG, phonocardiogram, and arterial pulse waveform
techniques®. CAVI can reflect the overall arterial elas-
ticity from the origin of the aorta to the ankle artery
without being affected by blood pressure. In 2001,
Framingham’s study showed that patients with low
BMD had more severe abdominal aortic calcification
after adjusting for age and cardiovascular risk factors”.

Ningen Dock International Vol.11 No.1 2024



It has been observed that the association between os-
teoporosis and vascular calcification is also detected in
coronary and peripheral arteries®. If we focus on the
results of univariate analysis in terms of clinical inter-
pretation, these findings support the results of our study
showing that low BMD is associated with increased risk
of arterial stiffness, with the concept that calcification
of the aorta and peripheral arteries foster arterial stiff-
ness and central blood pressure augmentation, which
can enhance CAVI and ultimately develop cardiac dys-
function, that could have been evaluated by LVGLS or
E/e’ if the participants of the current study were in the
advanced stage of cardiovascular diseases.

Another important finding of our study is that the as-
sociation between BMD and arterial stiffness vanished
in female subjects. The reason for this lack of associa-
tion in women is unclear. One possible explanation is
that the prevalence of osteoporosis in women is higher
than in men and the clinical condition of osteoporosis
gets worse in the postmenopausal state. To address this
possibility, we performed a sub-analysis focusing on
women >50 years, but the observed insignificant as-
sociation between BMD and CAVI in women persisted
after adjustment for these factors (data not shown).
Several epidemiological studies have reported simi-
lar results. For example, in the Cardiovascular Health
Study, there was no evidence of a significant association
between BMD measured by DXA scan and incident
heart failure in women, whereas significant association
was found in nonblack men >65 years old®. Also, the
EPIC-Norfolk study found that lower BMD in the cal-
caneus measured by quantitative ultrasound was associ-
ated with a higher incidence of heart failure, however
the association was not significant in women®. In these
studies, the reason for the lack of association of BMD
and heart failure in women was uncertain; nonetheless
the effect of estrogen could have substantial effect on
these bone-cardiovascular interactions. Overall, it can
be postulated in our study that estrogen could over-
shadow other potentially weaker factors linking atrial
stiffness, such as BMD, in female subjects.

In fact, estrogen deficiency may have a crucial role in
the association between osteoporosis and cardiovascu-
lar diseases. First, estrogen receptors are widely distrib-
uted not only in osteoclasts and osteoblasts, but also in
vascular endothelial and smooth muscle cells*. Second,
in the postmenopausal state, the decline in production
of estrogen causes secretion of pro-inflammatory cyto-
kines such as IL-6, IL-1, and TNF-a. These proinflam-
matory cytokines increase the level of RANKL, and the
action of RANKL results in bone loss and vascular cal-
cification, causing calcium to transfer from bone to the
blood vessel walls*. Although these mechanisms are
plausible, further research is needed.
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The present study has some limitations. First, there
is a selection bias, as the participants are from single
center. Second, the adjustment may not have been suf-
ficient to account for covariates and hence the results
are susceptible to residual confounding. Third, due to
the nature of cross-sectional studies, our study has not
yet revealed the causal relationship between arterial
stiffness and osteoporosis. Fourth, we lack the informa-
tion for anti-osteoporotic medications and supplement
intakes. Fifth, we used quantitative ultrasound of the
heel as a measure of osteoporosis, although DXA is the
standard method recommended in current guidelines.
Finally, the selection processes in this study resulted in
a bias for healthy subjects and would lead to smaller
variances in BMD and arterial stiffness, making it dif-
ficult to reach significant differences.

Conclusion

Although our study is in accordance with the con-
troversial debate and could not reach a solid conclu-
sion showing a correlation between BMD and CAVI,
the results give us an indication that increased arterial
stiffness is likely to be comorbid with osteoporosis in
the Japanese general population. During treatment,
clinicians should pay attention to arterial stiffness in
patients with low BMD and vice versa.
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Predictive Factors for Diabetes Development in
Ningen Dock Examinees
with Very Mild Glucose Intolerance
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Abstract

Objective: This study aimed to identify predictive factors for diabetes development in Ningen
Dock examinees with very mild glucose intolerance.

Methods: We retrospectively analyzed medical records, interview responses, and Ningen Dock re-
sults of 11,313 examinees from April 2015 to March 2016 and followed them until March 2021.
Results: Over five years, 2.6% of examinees were newly diagnosed with diabetes. Those who de-
veloped diabetes had statistically significantly higher median age, body weight, and BMI compared
to those who did not develop diabetes (p<0.001). Almost all laboratory values, including FPG
and HbA 1¢, were worse in the former group. When their FPG and HbA 1c¢ levels were not high
(Ningen Dock category A or B), their incidence rate of developing diabetes over the next five years
was extremely low (0.09-0.7%). We conducted multivariate analysis regarding predictive factors
for the development of diabetes among examinees in Ningen Dock category B, which identified
BMI >25 kg/m” (OR 5.356, p<0.001), LDL-C >140 mg/dL (OR 2.415, p=0.023), smoking (OR
2.320, p=0.042), and family history of diabetes (OR 2.510, p=0.016) as significant predictive
factors. The incidence rate of developing diabetes over the next five years increased from 0.7% to
12.5% when these predictive factors were present.

Conclusions: FPG and HbA 1 ¢ levels are the most important variables in predicting the develop-
ment of diabetes. However, individuals with multiple risk factors should be carefully monitored

for the development of diabetes, even if their FPG and HbA 1c¢ levels are not high.

Keywords diabetes, risk factor, life style habits, Ningen Dock

iabetes is known to be associated with reduced
Dlife expectancy and reduced healthy life ex-

pectancy' . However, epidemiologic studies of
diabetes in Japanese populations have largely taken a
cross-sectional approach, with few longitudinal studies
available. In addition, even when longitudinal studies
are conducted, they may be hampered by imprecise
diagnostic criteria, limited study populations, or inad-
equate follow-up data®”’. Therefore, longitudinal stud-
ies of diabetes in Japanese populations are extremely
valuable.

One of the major challenges of the Ningen Dock, an
annual medical examination that originated and is now
widely used in Japan, is to diagnose diabetes at an early
stage and prevent its progression'”''. Our center is a
hospital-based medical check-up center located in Mi-
taka City, Tokyo, Japan, which receives approximately
15,000 Ningen Dock examinees annually. All exam-
inees receive detailed medical interviews conducted

by medical professionals, and their medical history
and visit records are strictly recorded. As it provides a
comprehensive health examination, detailed examina-
tion data of the entire body is recorded annually. Ap-
proximately 80% of our examinees return annually for
follow-up examinations, allowing for continuous and
longitudinal data collection. In addition, on the day
of the examination at our center, almost all examinees
have a discussion with a doctor to explain the results
and receive health advice from a public health nurse.
Therefore, the Ningen Dock database of our center, al-
though from a single institution, has a large number of
examinees, making it one of the most suitable popula-
tions for conducting longitudinal studies. Moreover, if a
population at risk for developing diabetes can be identi-
tied, this population would be the most optimal group
to implement immediate preventive measures.

Several risk factors and predictive models for diabe-
tes have been proposed'*”", but their target patients
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and accuracy have been mixed. While fasting plasma
glucose (FPG) and HbA 1c levels are the greatest pre-
dictors of diabetes in these studies, little is known about
non-glycemia-related predictors/indicators, especially
in patients who develop diabetes from a very mildly
impaired glucose tolerance state. In our study, we aimed
to use our extensive database to identify predictors that
can be used more practically and easily, with the goal of
implementing approaches to prevent the progression of
diabetes from very early stages.

Methods

Among the 14,458 Ningen Dock examinees at our
center between April 2015 and March 2016, we exclud-
ed examinees who had previously been diagnosed with
diabetes and those whose FPG and HbA 1c levels at
their first visit were greater than 126 mg/dL and 6.5%,
respectively. We also excluded examinees who did not
return to our center after March 2016. This retrospec-
tive study is based on the records of the remaining
11,313 examinees. We analyzed the medical records,
interview responses, and Ningen Dock results of these
individuals between April 2015 and March 2021 and
determined whether they developed diabetes during
this period. For questions regarding lifestyle habits such
as diet, exercise, and sleep, we used the answers to a
questionnaire for specific health checkups and specific
health guidance by the Japan Ministry of Health, La-
bour and Welfare'®, as well as sleep time records pro-
vided by the examinees.

The definition of the development of diabetes in this
study is based on the following criteria: 1) examinees
who were newly diagnosed with diabetes after their first
visit between April 2015 and March 2016 and up to
their last visit to our center by March 2021, or 2) those
whose FPG and HbA 1c¢ levels were both above 126 mg/
dL and 6.5% at their last visit to our center, although
they had not received an official diagnosis of diabetes
until that time.

The severity classification of glycemic factors used
in this study were based on the criteria categories pub-
lished by the Japan Society of Ningen Dock'. These
categories define the following four states: A (normal),
with FPG<99mg/dL and HbA1c<5.5%; B (slightly
abnormal), with 1) 100 mg/dL<FPG<109 mg/dL and
HbA1¢<5.9%, or 2) FPG<99 mg/dL and 5.6%<
HbA 1¢<5.9%; C (requires re-examination and lifestyle
improvement), with 1) 110 mg/dL<FPG<125 mg/
dL, 2) 6.0% <HbA1c<6.4%, 3) FPG>126 mg/dL and
HbA1c<6.4%, FPG<125 mg/dL and HbA1c=>6.5%;
and D (medical consultation required), with FPG>126
mg/dL and HbA1c>6.5% (Table 1).

Statistical analysis was performed using IBM SPSS
Statistics version 26.0 (IBM Corp., Armonk, NY).

24(24)

Table 1. Glycemic Criteria Categories Published by the
Japan Society of Ningen Dock

Reference interval

Category A FPG <99 mg/dLand HbA1c<5.5%
CategoryB 1) or2)

1) 100 mg/dL < FPG 109 mg/dL and HbA 1 ¢

<5.9%

2) FPG <99 mg/dLand 5.6% < HbA1c<5.9%
Category C 1) or2)or3)or4)

1) 110 mg/dL < FPG <125 mg/dL

2)6.0%<HbA1c<6.4%

3) FPG > 126 mg/dL and HbA1¢c <6.4%

4) FPG <125 mg/dL and HbA1¢ >6.5%

Category D FPG >126 mg/dL and HbA1¢c>6.5%
FPG, fasting plasma glucose

Characteristics of examinees with and without the
development of diabetes were compared using the
Mann-Whitney U test and the chi-squared test where
appropriate. The cumulative incidence of diabetes was
analyzed using the Kaplan-Meier method. Multivariate
logistic regression analysis was performed to examine
the development of diabetes in examinees with glyce-
mic category B by Ningen Dock using the following
factors: age, male sex, BMI 25 kg/m? or higher, systolic
blood pressure 140 mmHg or higher, LDL-C 140 mg/
dL or higher, current smoking status, skipping breakfast
3 or more times per week, exercising 2 or more times
per week, sleeping less than 6 hours, having sleep ap-
nea syndrome, and having a family history of diabetes.
These factors were selected on the basis of previous
studies as known predictors of the development of
diabetes'*"'*’. Statistical significance was defined as
p<0.05.

The study was approved by the Institutional Review
Board of Nomura Hospital (R4-10). Informed consent
was obtained from patients using an opt-out procedure.

Results

The clinical characteristics of the 11,313 examinees
who visited our center between April 2015 and March
2016 are summarized in Table 2. Their median age was
50 years (range: 19-92), and 6,552 of them were male.
The median values of body weight, BMI, and waist cir-
cumference were 62.2 kg, 22.4 kg/m?*, and 81.8 cm, re-
spectively. As shown in Fig. 1, the cumulative incidence
of newly diagnosed diabetes during the 5-year period
between April 2015 and March 2021 was 2.6% (296
examinees).

We compared the characteristics of the 296 examin-
ees who developed newly diagnosed diabetes with those
who did not (Table 3). The median age of examinees
with diabetes was 54 years, which was significantly
higher than the median age of examinees without dia-
betes of 50 years (p<0.001). The median body weight
(73.2 kg vs. 62.0 kg, p<0.001) and BMI (25.7 kg/m*
vs. 22.3 kg/m®, p<0.001) of examinees with diabetes
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Table 2. Characteristics of 11,313 Ningen Dock Examinees Between April 2015 and March 2016

All examinees Male examinees ~ Female examinees
(h=11313) (n=6552) (n=4761)
Age, years 50(19-92) 50(20-92) 49(19-92)
Body weight, kg 62.2(30.1-137.7) 68.2(42.3-137.7) 52.4(30.1-105.6)
BMI, kg/m’ 22.4(12.8-45.2) 23.3(15.8-45.2) 20.9(12.8-45.2)
Anthropometric data Abdominal circumference, cm 81.8(54.0-138.6) 84.0(61.3-138.6) 77.7(54.0-121.7)
SBP, mmHg 117(75-196) 120(78-192) 112(75-196)
DBP, mmHg 71(31-128) 74(38-128) 67(31-124)
TC, mg/dL 210(87-412) 208(87-412) 212(111-378)
LDL-C, mg/dL 123(33-284) 126 (34-284) 120(33-260)
HDL-C, mg/dL 67 (26-168) 60(26-161) 77 (33-168)
TG, mg/dL 85(19-1920) 101(28-1920) 68(19-1068)
Laboratory data FPG, mg/dL 98(61-163) 100(61-163) 95(61-144)
HbA1c, % 5.4(3.8-8.0) 5.4(3.8-8.0) 5.4(4.0-6.9)
UA, mg/dL 5.5(0.6-13.5) 6.3(0.6-13.5) 4.5(0.6-9.0)
AST, IU/L 21(10-281) 22(10-281) 20(10-180)
ALT, IU/L 18 (5-886) 22(5-886) 15(5-190)

Data are presented as number or median (range).

Data in this table are described using data from visits between April 2015 and March 2016.

BMI, body-mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; FPG, fasting plasma glucose; UA, uric acid; AST,
aspartate aminotransferase; ALT, alanine aminotransferase

(incidence rate)

and liver function tests, were worse in examinees with

0.04

diabetes. Notably, the differences in median FPG (119
mg/dL vs. 98 mg/dL, p<0.001) and HbA1c (6.0% vs.
5.4%, p<0.001) were extremely higher in examinees

0.03

with diabetes.
Fig. 2 shows the impact of FPG and HbA1c in the
development of diabetes. The incidence rates of devel-

0.02

oping diabetes during the 5-year follow-up period were
0.09%, 0.7%, and 18% for categories A, B, and C, re-
spectively (Fig. 3).

0.01

We performed multivariate analysis to identify pre-
dictive factors for the development of newly diagnosed
diabetes over a 5-year period in the examinees with

0.00

glycemic category B (Table 4). Our results showed

0 1 2

Fig. 1. Cumulative Incidence of Newly Diagnosed Diabetes
During the 5-year Study Period

that BMI>25 kg/m* (odds ratio [OR] 5.356, 95%
confidence interval [CI]: 2.359-12.158; p<0.001),
LDL-C>140 mg/dL (OR 2.415,95%CI: 1.127-5.177;

3 4 5 (years)

This figure shows the cumulative incidence of newly diagnosed P:0-023)a current smoker (OR 2.320, 95%CI: 1.031-
diabetes over the 5-year period between April 2015 and March 2021. 5.221; p=0.042 ), and fami]y history of diabetes (OR
Out of 11,313 examinees, 296 developed diabetes, resulting in a 2.510, 95%CL 1.186-5.310; p=0 016) were signifi—

cumulative incidence rate of 2.6 %.

cant predictive factors for the development of diabetes.
The incidence rate for diabetes in examinees with

were also significantly higher than those of examinees glycemic category B increased from 0.7% to 12.5%
without diabetes. The proportions of male examin- when they had multiple risk factors, such as BMI>25
ees (78% vs. 57%, p<0.001), smokers (26% vs. 18%, kg/m*, LDL-C>140 mg/dL, smoking, and family his-
p<0.001), examinees with sleep apnea syndrome (3% tory of diabetes, as shown in Fig. 3.

vs. 1%, p<0.001), and examinees with a family history
of diabetes (42% vs. 24%) were significantly higher in Discussion

examinees with diabetes than in examinees without di- In this study, 296 (2.6%) of 11,313 examinees devel-
abetes. There were no significant differences in lifestyle oped newly diagnosed diabetes during a 5-year follow-
factors such as dietary habits, exercise habits, and sleep up period. The incidence rate of diabetes in Japanese is
habits between examinees with and without diabetes. valuable data in itself, as most studies of diabetes have
As shown in Table 3, laboratory test results, including ~ focused only on its prevalence®”*"** while limited stud-
blood pressure, cholesterol, blood glucose, uric acid, ies focused on its incidence rate™***~*.
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Table 3. Characteristics of Examinees With and Without Development of Diabetes

Examinees who

Examinees who did not

developed diabetes develop diabetes p value
(n=296) (h=11017)
Age, years 54(20-82) 50(19-92) <0.001
Gender (male), n (%) 230(78) 6322 (57) <0.001
Body weight, kg 73.2(38.1-127.4) 62.0(30.1-137.7)  <0.001
BMI, kg/m2 25.7(16.7-42.1) 22.3(12.8-45.2) <0.001
Anthropometric data SBP, mmHg 126(90 195) 116(75 196) <0.001
DBP, mmHg 7(43-124) 1(31-128) <0.001
SBP >140 mmHg, n (%) 2(18) 876( ) <0.001
TC, mg/dL 215(126 389) 209(87-412) 0.0014
LDL-C, mg/dL 132(59-284) 123(33-260) <0.001
LDL-C =140 mg/dL, n (%) 122( 1) 3353( 0) <0.001
HDL-C, mg/dL 6(30-119) 7(26-168) <0.001
Laboratory data TG, mg/dL 134(35 606) 4(62-1920) <0.001
FPG, mg/dL 119(77 163) 8(61-155) <0.001
HbA1c, % 0(5.1-8.0) 4(3.8-6.7) <0.001
UA, mg/dL 4(2.1-9.9) 5(0.6-13.5) <0.001
AST, IU/L 4(13-76) 1(10-281) <0.001
ALT, IU/L 7(9-149) 8(5-886) <0.001
Current smoker, n (%) 8(26) 1985( 8) <0.001
‘ \Slvlgglglz%lz)reakfast 3 or more times per 0(17) 1576 (14) NLS.
Lifestyle Physical activity 2 or more times per
week, n (%) 70(24) 2830(26) N.S.
Sleep duration <6 hours, n (%) 88(30) 2788 (25) N.S.
Present history ofsleep aprea 06) 1110) <0.001
Comorbidity and family history Family history of hypertension, n (%) 127 (43) 4621 (42) N.S.
Family history of diabetes, n (%) 125( 2) 2660 (24) <0.001
Family history of dyslipidemia, n (%) 5(8) 891(8) N.S.

Data are presented as number or median (range).
Data in this table are described using data from visits between April 2015 and March 2016.
BMI, body-mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; FPG, fasting plasma glucose; UA, uric acid; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; N.S., not significant
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Fig. 2. Predicted Incidence Rate Over the Next Five Years Based on the Levels of FPG and HbA 1c Levels
This figure shows the predicted incidence rate of new-onset diabetes over the next five years for each individual variable. The
predicted incidence rate increases as both FPG and HbA 1¢ levels increase. Both FPG and HbA 1 ¢ are strong predictors of new-onset
diabetes.
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Table 4. Multivariate Analysis for the Development of Diabetes During the Study
Period in Examinees in Glycemic Category B

Odd ratio 95% Confidence Interval p value

Age, years 1.027 0.984-1.071 0.222
Male sex 1.070 0.449-2.549 0.879
BMI >25 kg/m’ 5.356 2.359-12.158 <0.001
SBP =140 mmHg 1.085 0.364-3.231 0.884
LDL-C =140 mg/dL 2.415 1.127-5.177 0.023
Current smoker 2.320 1.031-5.221 0.042
Skipping breakfast 3 or more times per week 0.582 0.190-1.783 0.343
Exercise 2 or more times per week 0.369 0.109-1.247 0.109
Sleep duration <6 hours 1.479 0.678-3.228 0.325
Present history of sleep apnea syndrome 1.646 0.361-7.499 0.520
Family history of diabetes 2.510 1.186-5.310 0.016
This analysis was conducted using data from visits between April 2015 and March 2016.
BMI, body-mass index; SBP, systolic blood pressure; LDL-C, low-density lipoprotein cholesterol
20
18
18
16
1 12,5
12
10
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6
a
23
2
0.09 £ .
0
(%) category A category B category B with 3risk  category B with 4 risk category C

factors

factors

Fig. 3. Predicted Incidence Rate Over the Next Five Years Based on the Glycemic Criteria Category
This figure shows the predicted incidence rate of new-onset diabetes over the next five years for each individual category. The
incidence rate of diabetes is extremely low in categories A and B, and extremely high in category C. On the other hand, it is clear
that the incidence rate increases substantially when multiple risk factors accumulate even in category B.

In a comparative analysis between examinees who
developed diabetes and those who did not, almost all
of the variables we compared were worse in the former
group (Table 3). As previously reported and as expect-
ed'>"'"?", there were significant differences in weight, as
well as in biochemical tests for variables known to be
associated with lifestyle diseases, between the group of
individuals who developed diabetes and those who did
not. It is believed that health and lifestyle counseling
targeting these variables can be expected to prevent the
onset of diabetes in the future.

We would like to refer to the diabetes criteria cat-
egory published by the Japan Society of Ningen Dock".
This categorization is based on the results of FPG and
HbA 1c (Table 1). It is clear from Fig. 2 and previous
studies”'***** that FPG and HbA 1c are the strongest
risk factors for developing diabetes. The incidence
rates of developing diabetes during the 5-year follow-
up period were 0.09%, 0.7%, and 18% for categories
A, B, and C, respectively (Fig. 3). This result confirms

Ningen Dock International Vol.11 No.1 2024

the appropriateness of the cut-off values for this catego-
rization. This could mean that factors other than this
category, i.e., factors other than FPG and HbAlc, are
not needed to determine the risk of developing diabetes
in the future. However, some patients with very mild
glucose intolerance, such as those in category B, may
develop diabetes, albeit only a mild case, and using this
category alone would put them in the low-risk group
for developing diabetes and exclude them from health-
care counselling for lifestyle improvement. Therefore,
we decided to investigate risk factors for developing
diabetes in patients with very mild impairment of glu-
cose tolerance.

In the multivariate analysis (Table 4), BMI>25 kg/
m?, LDL-C>140 mg/dL, smoking, and family history
of diabetes were identified as risk factors for developing
diabetes in examinees in glycemic category B. Although
less attention may be necessary for examinees in catego-
ries A and B due to their lower incidence rate of devel-
oping diabetes, it is noteworthy that the incidence rate
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increased from 0.7% to 12.5% when there were mul-
tiple risk factors, such as BMI>25 kg/m*, LDL-C>140
mg/dL, smoking, and a family history of diabetes in
examinees in category B, as shown in Fig. 3.

BMI, LDL-C, and smoking have traditionally been
known as risk factors for the development of diabetes,
and all of these factors, unlike family history, are rela-
tively easy to improve with intervention. Therefore,
these factors are considered to be extremely important
in a setting such as Ningen Dock, where the results can
be reviewed on the day of the examination and health
guidance can be provided promptly on the spot.

In this study, lifestyle habits such as diet, exercise, and
sleep were not identified as risk factors for the devel-
opment of diabetes. However, this could have been be
somewhat influenced by the number of patients and the
selection of factors for analysis, and we do not mean to
downplay these lifestyle habits. In fact, these factors are
known to be closely related to BMI and LDL-C, which
were also identified as risk factors in this study. In this
study, only the variables in the questionnaire'® were ex-
amined with regard to diet and exercise habits, and the
study did not examine the details of dietary content as,
for example, in the famous Hisayama cohort study****.
It is possible that some of the details of dietary habits
may play a significant role in the development of dia-
betes. Sleep, in particular, is often neglected, but several
papers have already pointed out its association with the
development of diabetes®*™**, and we have also pub-
lished a paper to that effect”. We will continue to study
this point.

We should mention some limitations of this study.
First, this is a single-center retrospective study, and our
sample was limited to the examinees of Ningen Dock,
so we cannot generalize our results to all Japanese
people. The diagnosis of diabetes is partly based on self-
reported history. Several antihypertensive drugs such
as angiotensin receptor blockers and lipid-improving
drugs such as statins are known to influence the de-
velopment of diabetes®’. However, in this study, blood
pressure and lipid values were not taken into account
with or without oral medications. On the other hand,
this study also has many strengths. Our sample size of
11,313 was large enough for statistical analysis, and
we followed these examinees for five years. Longitudi-
nal studies are valuable even if they are retrospective,
because there have been few longitudinal studies of
diabetes in Japan. We accurately recorded all results of
Ningen Dock examinations and responses to medical
interviews, including medical history. In addition, most
of the examinees undergo Ningen Dock annually at our
center, which allowed us to conduct a precise study. We
believe that our study is unique and valuable because of
these strengths.

28(28)

Conclusions

We followed 11,313 Ningen Dock examinees, and
2.6% of them were newly diagnosed with diabetes dur-
ing the 5-year study period. FPG and HbA 1c levels
appear to be the most important variables in predicting
the development of diabetes. However, it is important to
note that even if FPG and HbA1¢ are not high, careful
attention should be paid to individuals who have mul-
tiple risk factors such as BMI>25 kg/m?*, LDL-C>140
mg/dL, smoking, and a family history of diabetes.
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Investigation of Factors Involved in the Prevention of
Gastric Cancer Using Health Checkup Data
from Our Facility
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Abstract

Objective: It has been nearly 30 years since Helicobacter pylori (Hp) was identified as a class I car-
cinogen for gastric cancer (GC). However, only a small percentage of Hp-infected patients develop
cancer. Although eradication therapy is considered the most effective for preventing GC, various
cases of GC have been observed after eradication. This study aimed to analyze the factors prevent-
ing GC based on health examination data.

Methods: A total of 19,278 health checkup subjects (12,916 males and 6,362 females; mean
age, 51.9+11.3 years) who underwent physical examinations at our health checkup center from
2012 to 2018 were included. Patients with a history of GC were excluded. Multiple logistic regres-
sion analysis was used to analyze the association between GC and background factors (age, sex,
smoking history, alcohol consumption history, and family history of GC), lifestyle factors (dietary
preferences, exercise, and sleep), and lifestyle-related disease factors (body-mass index, metabolic
syndrome, abdominal circumference, visceral fat, body fat, lipids, glucose tolerance, liver function,
and fatty liver). We also compared GC incidence between Hp-infected and post-Hp eradication
patients.

Results: Age and salt intake were significantly associated with GC (p=0.001 and 0.003, respec-
tively). GC incidence was 1.53 % among Hp-infected patients and 0.52 % among post-Hp eradica-
tion patients, approximately one-third of that in those who did not undergo eradication.
Conclusion: Aging and a high salt intake may be associated with GC, suggesting that a low-sodi-
um diet can prevent GC, especially among the elderly. The results of this study also suggest that
Hp eradication therapy is effective in preventing GC.

Keywords Helicobacter pylori, gastric cancer, age, salt

astric cancer (GC) is the fifth-most common
Gcancer and the third-most common cause of

cancer mortality worldwide'. In Japan, GC
is the third-most common cancer in terms of both
incidence and death®’. Its prognosis is dismal, with
an average 5-year survival rate of <20% mainly due
to late diagnosis because the early stages are often
symptomless®. In Japan, extensive programs have
been established for the early detection of GC. Ow-
ing to the implementation of GC screening as a public
cancer prevention measure in 1983, the incidence
and mortality rates of GC have been declining since
1985°. Furthermore, eradication therapy for patients
with gastritis caused by Helicobacter pylori (Hp) infec-
tion, classified as a class I human carcinogen for GC in
1994°, was covered by insurance in 2013, resulting in a

significant increase in the number of patients receiving
Hp eradication therapy and possibly contributing to
the decrease in the incidence and mortality rates of this
disease.

Over the decades, risk factors for GC have been stud-
ied. Hp infection is a well-known risk factor for GC°.
Hp is a gram-negative bacterium capable of colonizing
the human gastric mucosa and eliciting an immune re-
sponse in the host’. Multifocal atrophic gastritis, a type
of gastritis associated with infection, may be linked to
a precancerous process’. Various molecular biological
factors associated with Hp have been reported to be
involved in gastric carcinogenesis’. However, <1% of
patients with Hp infection develop GC. Other factors
are also associated with GC development: environmen-
tal factors, including age, high salt intake, smoking,

Center for Preventive Medicine, The Jikei University Hospital
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and consumption of processed meat, may be involved
in gastric carcinogenesis®. The consumption of fresh
fruits and vegetables has been associated with reduced
cancer risk*. Furthermore, host factors, including the
genetic polymorphisms of genes linked to inflamma-
tory responses, are also involved in gastric carcinogen-
esis*. Nevertheless, these elements do not tully explain
the risk factors associated with the development of GC.
It has been recently reported that lower high-density
lipoprotein (HDL) and higher low-density lipoprotein
(LDL) cholesterol levels were associated with an in-
creased risk of GC’. Impaired fasting glucose and high
hemoglobin A1lc levels are also reportedly associated
with an increased risk of GC*’. These reports indicate
that lifestyle-related diseases may be involved in gastric
carcinogenesis.

This study aimed to explore the factors associated
with GC, including environmental factors, lifestyle
habits, and underlying lifestyle-related diseases, using
data from seven years of physical examinations at our
institution. Through this study, we hope to contribute
to future GC prevention and the ideal approach for GC
screening.

Methods
Study design

This retrospective study was performed in accor-
dance with the principles of the Declaration of Helsinki
and approved by the Ethics Committee of the Jikei Uni-
versity School of Medicine (approval date: February 1st,
2021; approval number: 31-349 [9928]), which waived
the requirement for informed consent owing to the
nature of this study. A total of 19,278 health subjects

Ito, et al. : Investigating Factors Preventing Gastric Cancer

registered in the Ningen Dock—the Japanese health
checkup system—at the Center for Preventive Medi-
cine, Jikei University Hospital between 2012 and 2018
were included. The Ningen Dock is a periodic health
checkup program for adults. It is comprehensive and
examines the following factors: physical characteristics
(height, body weight, and waist circumference), blood
pressure, complete blood count, blood biochemistry,
urinalysis, electrocardiography, chest radiography, spi-
rometry, abdominal ultrasonography, upper gastroin-
testinal tract barium meal or endoscopic examination,
visual acuity test, tonometry, fundic examination (reti-
nal photography), visual field test, hearing assessment,
physical examination by a medical doctor, and a nurse’s
medical interview. There were 12,916 males and 6,362
females, with a mean age of 51.9+11.3 (range, 22-90)
years. Subjects with a history of stomach cancer and
those already receiving treatment for lifestyle-related
diseases such as hypertension, dyslipidemia, or diabetes
were excluded from the present study. The study pro-
file is shown in Fig. 1. First, we analyzed factors related
to GC in the whole subject group and subsequently in
Hp-positive subjects, as Hp is a potent gastric carcino-
gen. In our facility, the serum anti-Hp antibody test
(Hp test) is provided as an optional examination, and
3,534 people underwent the Hp test as an optional ex-
amination along with the Ningen Dock. Of these, 232
who previously received Hp eradication therapy were
excluded. A total of 959 participants tested positive
for Hp. In the whole subject group, 31 (0.2%) patients
with GC and 19,247 without were enrolled. In the Hp-
positive group, 14 (1.5%) patients with GC and 945
without were enrolled (Table 1). The mean age of the

19,278 Ningen Dock examinee subjects

A 4

3,534 Hp-tested subjects

A\ 4 \ 4

v

15,744 non-Hp-tested subjects

v

3,302 non-Hp
therapy subjects

232 post-Hp
eradication subjects

1,315 post-Hp
eradication subjects

v
959 Hp-positive
subjects

A4

14 GC subjects

1,547 post-Hp
eradication subjects

A\ 4

8 GC subjects

Fig. 1. Study Profile
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Table 1. Subject Characteristics

Number of Number of
Total number of subjects with  subjects without
subjects gastric cancer gastric cancer
Total 19278 31 (0.16%) 19247
Male 12916 22 (0.17%) 12894
Female 6362 9 (0.14%) 6353
Hp-positive 959 14 (1.46%) 945
Smoker 3406 5 (0.14%) 3401
Excessive alcohol intake 1709 1 (0.06%) 1708
Family history of gastric cancer 1663 5 (0.30%) 1658
Obesity 4931 5 (0.10%) 4926
Hypertension 1338 4 (0.30%) 1334
Dyslipidemia 8131 16 (0.20%) 8115
Diabetes mellitus 1191 4 (0.34%) 1187

*p<0.05

Hp-positive group was 55.0+13.0 years.

Moreover, the incidence of GC after Hp eradication
was compared with that of patients infected with Hp. A
total of 959 Hp-positive and 1,547 post-Hp eradication
patients, including 232 who had undertaken the Hp test
described above, were enrolled.

Target factors for the analysis of related factors to GC

To detect GC-related factors, the following aspects
were investigated: background factors, including age,
gender, smoking history, drinking history, body-mass
index (BMI), body fat percentage (BFP), and family
history of GC; lifestyle factors, including dietary prefer-
ence, daily activity, exercise habits, sleep, and hobbies;
factors involving lifestyle-related diseases, including
metabolic syndrome, blood pressure, visceral fat accu-
mulation, lipids (LDL cholesterol, HDL cholesterol and
triglycerides), glucose tolerance (fasting blood glucose,
hemoglobin A1c, homeostatic model assessment for
insulin resistance) renal function (estimated glomeru-
lar filtration rate (eGFR)) and liver function (alanine
aminotransferase, fibrosis 4 (FIB4) index, which rep-
resents the degree of liver fibrosis, and fatty liver). The
corresponding data were extracted from the medical
checkups registered in Ningen Dock. Data on lifestyle
factors, family history, smoking, and drinking were
based on information obtained from the medical inter-
view conducted upon physical examination. The medi-
cal questionnaire used herein is presented in Table 2.
This questionnaire is in accordance with the question-
naire for Lifestyle Health Check-ups and Health Guid-
ance prepared by the Ministry of Health, Labour and
Welfare. A smoker was defined as an individual who
had ever smoked. The Brinkmann index was used to
examine the association between smoking and GC. The
amount (g) of ethanol consumption per week was used
to examine the relationship between ethanol consump-
tion and GC. Excessive drinking was defined as the
consumption of 2300 g of ethanol per week. According
to “Health Japan 21,” a national health promotion cam-

paign by the Japanese Ministry of Health, Labour and
Welfare (https://www.mhlw.go.jp), excessive alcohol was
defined as a daily ethanol intake of >60 g'’. Given the
recommendation of 2 days of no alcohol consumption
per week by Health Japan 21, alcohol consumption was
assumed to be occurring 5 days per week. Accordingly,
excessive alcohol was defined as described above which
is the alcohol consumption of >300 g of ethanol per
week. Information on family history was obtained from
an interview by a nurse registered in Ningen Dock. Hp
infection status was evaluated by EIA using a serum
anti-Hp antibody titer test (E plate ‘eiken’ H. pylori an-
tibody kit; SRL Inc., Tokyo, Japan). Titers with values
>10 U/mL were considered positive for Hp. Patients
with a BMI >25 kg/m’ were considered obese, accord-
ing to the diagnostic criteria of the Japan Society for
the Study of Obesity (https://www.jasso.or.jp). BFP was
measured by bioelectrical impedance analysis. Metabol-
ic syndrome was diagnosed according to the diagnostic
criteria established by eight academic societies: The
Japanese Society of Internal Medicine, Japan Society for
the Study of Obesity, Japan Atherosclerosis Society, The
Japan Diabetes Society, The Japanese Society of Hy-
pertension, The Japanese Circulation Society, Japanese
Society of Nephrology, and The Japanese Society on
Thrombosis and Hemostasis—as recommended by the
Ministry of Health, Labour and Welfare.
Statistical analysis

A logistic regression analysis was used to identify fac-
tors associated with GC. First, a univariate regression
analysis was performed to detect factors associated with
GC. Subsequently, a multivariate logistic regression
analysis of the variables that were significant with p val-
ue >0.05 in the univariate analysis was performed. The
dependent factor was GC, and the independent factors
were background factors, lifestyle-related factors, and
lifestyle-related disease-related factors, including those
mentioned above. A chi-square test was used to com-
pare the incidence or clinicopathological characteristics
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Table 2. Questionnaire for the Medical Checkup

1. What do you tend to take a lot of in your diet?

Amount of food

' engage in per day?

Do you have any hobbies?
Answer if you smoke currently.

[ )NV, BN - UV ]

How many cigarettes do you smoke per day?

How many years have you smoked?

~N

Salt Fat
5 How many minutes of walking or equivalent physical activity do you

Have you exercised with lightly sweatting for at least 30 min a day at Ye

least twice a week over the last year or more?
Do you get enough rest through sleep?

How many days per week do you drink alcohol?

Sweets
min

es No

Yes No
Yes No

cigarettes
years
days

8. What type and how much alcohol do you drink at one time?

of GC between Hp-infected and post-Hp eradication
subjects. For the comparison of age between Hp-infect-
ed and post-Hp eradication subjects, Student’s ¢-test was
used. Stata Software version 16 (StataCorp LP, College
Station, TX, USA) was used for statistical analysis. A p-
value of <0.05 was considered statistically significant.

Results

Table 1 presents participant characteristics; men
comprised two-thirds of the entire cohort and the GC
group. No Hp-negative patients had GC. Moreover,
42.2% of subjects had dyslipidemia; 25.6% of subjects
were obese; and 17.7% of subjects were smokers. The
incidence of GC was 0.16%, 0.17%, and 0.14% among
all subjects, males and females, respectively. The inci-
dence of GC was 1.6% among Hp-positive subjects,
approximately ten times higher than the overall GC
incidence. GC incidence was relatively higher among
patients with a family history of GC, hypertension, and
diabetes. GC was relatively less common among wom-
en, excessive drinkers, and obese people compared to
the overall average. Smokers and heavy alcohol drinkers
had a GC incidence of 0.2% and 0.06 %, respectively.

Univariate logistic regression analysis (Table 3)
showed significant associations between GC and age,
body fat percentage, high salt intake, activity, exercise
habits, LDL cholesterol levels, fasting blood glucose
levels, eGFR, and high FIB4 index. Multivariate logis-
tic regression analysis (Table 4) showed a significant
association between GC and age and high salt intake.
Tables 5 and 6 present the results of the univariate and
multivariate analyses of Hp-positive subjects. In total,
27.1% of subjects who underwent Hp testing had Hp
(n=3,534). Among Hp-positive patients, univariate
logistic regression analysis showed significant associa-
tions between GC and age, BMI, dyslipidemia, diabetes,
and high FIB4 index (Table 5). However, multivariate
logistic regression analysis did not reveal a significant
association between GC and any of these factors (Table
6).

Fourteen GC patients were present in the Hp-positive
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group (n=959), while eight GC patients were present in
the post-Hp eradication group (n=1,547). Accordingly,
GC was prevalent in 1.53% of Hp-positive patients, but
in only 0.52% of the post-Hp eradication group, which
is approximately one-third of Hp-positive patients, indi-
cating that the incidence of GC was significantly lower
(p=0.02) after Hp eradication (Table 7). This suggested
that Hp eradication therapy can reduce the risk of GC,
because the GC incidence post-eradication therapy was
approximately 33% of that before eradication. Table 8
shows the clinicopathological characteristics of GC sub-
jects who were Hp-positive or post-Hp eradication. No
factors, such as age, sex, tumor size, tumor macroscopic
type and tumor histological type, were significantly dif-
ferent between the Hp-positive and post-Hp eradication
subject groups. However, age was slightly higher in the
post-Hp eradication group than the Hp-positive group,
and there was a higher proportion of females in the Hp-
positive group than in the post-Hp eradication group.
Tumor macroscopic type was mostly early GC 0-Ilc in
both the groups, but the Hp-positive group included
more types than did the post-Hp eradication group.

Discussion

In the present study, aging and a high salt intake
were found to be factors associated with GC, as seen
in previous reports*. Therefore, a low-sodium diet is
important for the prevention of GC, especially in the
elderly. However, among Hp-positive patients, we did
not find any factor associated with GC, suggesting that
Hp factors themselves, including the strain, as well as
the genes and proteins it holds, are more likely to have
a strong influence on gastric carcinogenesis than host
background factors, lifestyle factors, or factors related
to lifestyle-related diseases.

Shah et al. mentioned in their review that older age
is likely a secondary risk factor to longer exposure to
potential carcinogens, increased susceptibility to mu-
cosal damage, delayed healing of the gastric mucosa,
increased incidence of mucosal cancer stem cell mark-
ers, increased prevalence of chronic active gastritis,
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Table 3. Univariate Logistic Regression Analysis

Factor Odds ratio SE Z score p-value 95%Cl
Background factors
Age 1.1 0.02 6.71 0.001*  [1.077,1.145]
Sex 1.20 0.48 0.47 0.639 [0.554,2.617]
BMI 0.93 0.05 —1.29 0.196 [0.832,1.038]
Body fat 0.93 0.03 —2.10 0.036" [0.874,0.995]
Family history of gastric cancer 2.04 0.99 1.46 0.145 [0.782,5.320]
Lifestyle factors
Smoking 0.90 0.44 —0.22 0.822 [0.344,2.335]
Alcohol intake 1.00 0.01 0.11 0.911 [0.998,1.002]
Dietary intake 0.48 0.23 —1.50 0.133 [0.184,1.249]
Salt intake 2.95 1.09 2.93 0.003* [1,433,6.087]
Fat intake 0.52 0.281 —1.21 0.227 [0.183,1.496]
Sugar intake 0.64 0.29 —0.98 0.329 [0.263,1.564]
Physical activity 1.00 0.01 2.12 0.034* [1.000,1.006]
Sleep 1.63 0.65 1.23 0.217 [0.751,3.543]
Exercise 2.18 0.79 2.17 0.030" [1.078,4.418]
Hobby 0.65 0.27 —1.06 0.291 [0.290, 1.450]
Factors associated with lifestyle-related diseases
Visceral fat accumulation 0.97 0.36 —0.09 0.930 [0.463,2.021]
Metabolic syndrome 1.23 0.61 0.41 0.679 [0.463,3.263]
Blood pressure 1.01 0.01 1.10 0.273 [0.990,1.037]
LDL cholesterol 0.99 0.01 —2.11 0.035"  [0.975,0.999]
HDL cholesterol 1.01 0.01 0.32 0.752 [0.984,1.023]
Triglyceride 1.01 0.01 0.98 0.327 [0.999,1.004]
Dyslipidemia 1.46 0.53 1.06 0.291 [0.722,2.958]
FBG 1.01 0.01 2.00 0.046"  [1.001,1.021]
HbA1c 1.40 0.25 1.93 0.054 [0.995,1.978]
HOMA-IR 0.76 0.23 —0.90 0.370 [0.425,1.375]
Diabetes mellitus 2.40 1.29 1.62 0.105 [0.833,6.896]
eGFR 0.97 0.01 —2.49 0.013"  [0.946,0.993]
ALT 0.97 0.02 —1.76 0.079 [0.929,1.004]
FIB4 index 1.51 0.15 3.99 0.001*  [1.231,1.839]
Fatty liver 0.88 0.40 —0.29 0.773 [0.361,2.134]
*p<0.05

SE, standard error; CI, confidence interval; BMI, body-mass index; FBG, fasting blood glucose; HbA 1¢, hemoglobin
Alc; HOMA-IR, homeostatic model assessment for insulin resistance; eGFR, estimated glomerular filtration rate;

ALT, alanine aminotransferase; and FIB4, fibrosis 4

Table 4. Multivariate Logistic Regression Analysis

Factors Odds ratio SE Z score p-value 95%Cl
Age 1.12 0.03 4.99 0.001*  [1.073,1.175]
Body fat 0.96 0.04 —1.2 0.231 [0.889,1.029]
Salt intake 3.61 1.55 2.99 0.003" [1.557,8.388]
Physical activity 1.01 0.01 0.92 0.356 [0.998,1.007]
Exercise 1.309 0.56 0.63 0.529 [0.566,3.028]
LDL cholesterol 0.99 0.01 —1.06 0.291 [0.977,1.007]
FBG 1.01 0.01 0.69 0.493 [0.988,1.024]
eGFR 1.01 0.02 0.16 0.869 [0.972,1.033]
FIB4 index 0.93 0.28 —0.22 0.822 [0.515,1.694]
*p<0.05

SE, standard error; CI, confidence interval; LDL, low-density lipoprotein; FBG, fasting blood
glucose; eGFR, estimated glomerular filtration rate; and FIB4, fibrosis 4

intestinal metaplasia, and mucosal atrophy, especially
among Hp-positive patients'*. This may explain our
results which show no association between age and GC
among Hp-positive patients. High salt intake has been
reported to increase GC risk'’. Shah et al. suggested
that there are several mechanisms via which salt may
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contribute to carcinogenesis'*. High salt concentration
has been shown to disrupt the mucosal barrier of the
stomach and lead to inflammation and atrophy. Ex-
perimental studies in mice and gerbils have shown in-
creased rates of Hp colonization among mice undergo-
ing a high salt diet due to alterations in their protective
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Table 5. Univariate Logistic Regression Analysis in Hp-positive Subjects

Factor Odds ratio SE Z score p-value 95%Cl
Background factors
Age 1.09 0.03 3.25 0.001*  [1.035,1.150]
Sex 0.58 0.30 —1.03 0.301 [0.209,1.622]
BMI 0.8 0.08 —2.28 0.023* [0.660,0.969]
Body fat 0.93 0.05 —1.39 0.154 [0.846,1.029]
Family history of gastric cancer 2.21 1.45 1.21 0.225 [0.613,7.983]
Lifestyle factors
Smoking 0.81 0.62 —0.28 0.780 [0.180,0.030]
Alcohol intake 1.00 0.00 —0.55 0.584 [0.996,1.002]
Dietary intake 0.18 0.19 —1.66 0.098 [0.023,1.371]
Salt intake 1.64 0.86 0.95 0.343 [0.590,4.569]
Fat intake 0.99 0.64 —0.02 0.985 [0.276,3.536]
Sugar intake 0.40 0.31 —1.20 0.229 [0.089,1.782]
Physical activity 1.00 0.01 0.53 0.599 [0.996,1.007]
Sleep 1.21 0.67 0.34 0.731 [0.410,3.568]
Exercise 1.23 0.66 0.39 0.694 [0.435,3.495]
Hobby 0.62 0.37 —0.31 0.417 [0.195,1.969]
Factors associated with lifestyle-related diseases
Visceral fat accumulation 0.46 0.30 —1.20 0.232 [0.129,1.64]
Metabolic syndrome 0.44 0.46 —0.78 0.435 [0.057,3.430]
BP 0.99 0.02 —0.74 0.460 [0.953,1.022]
LDL cholesterol 1.00 0.01 —0.29 0.769 [0.980,1.015]
HDL cholesterol 1.01 0.15 1.00 0.319 [0.986, 1.044]
Triglyceride 1.00 0.00 0.43 0.666 [0.995,1.007]
Dyslipidemia 4.12 2.52 2.31 0.021%  [1.241,13.690]
FBS 1.01 0.02 0.87 0.382 [0.988,1.031]
HbA1c 1.62 0.46 1.70 0.089 [0.929,0.283]
HOMA-IR 0.71 0.31 —0.79 0.432 [0.308,1.65]
Diabetes mellitus 3.98 2.75 2 0.045"  [1.030,15.407]
eGFR 0.98 0.02 —0.98 0.329 [0.942,1.020]
ALT 0.97 0.03 —1.04 0.297 [0.920,1.026]
FIB4 index 2.98 0.99 3.25 0.001*  [1.552,5.705]
Fatty liver 1.09 0.6 0.16 0.877 [0.369,3.217]
*p<0.05

Hp, Helicobacter pylori; SE, standard error; CI, confidence interval; BMI, body-mass index; FBG, fasting blood
glucose; HbA 1¢, hemoglobin A1c; HOMA-IR, homeostatic model assessment for insulin resistance; eGFR, estimated
glomerular filtration rate; ALT, alanine aminotransferase; and FIB4, fibrosis 4

Table 6. Multivariate Logistic Regression Analysis in Hp-positive Subjects

Factor Odds ratio SE Z score p-value 95%Cl
Age 1.06 0.05 1.29 0.197  [0.968,1.168]
BMI 0.86 0.12 —1.12 0.263  [0.660,1.120]
Dyslipidemia 2.07 1.66 0.91 0.362  [0.432,9.958]
Diabetes mellitus 1.02 0.94 0.02 0.985 [0.168,6.164]
FIB4 index 5.27 5.19 1.69 0.092 [0.001,4.779]

Hp, Helicobacter pylori; BMI, body-mass index; and FIB4, fibrosis 4

Table 7. Incidence of Gastric Cancer in the Current Study
H. pylori status of subjects

Incidence of gastric cancer
H. pylori-positive 1.46% (14 out of 959 patients)
Post-eradication of H. pylori  0.52%* (8 out of 1547 patients)

H. pylori, Helicobacter pylori; * p=0.02

mucin layer'®". High salt intake has also been found to
increase CagA expression, a potent virulence factor in
Hp and a known risk factor for GC development in Hp-
infected patients'®. Studies also suggest that salt intake
may enhance the effect of other carcinogens, including
N-nitroso compounds'*’. The National Health and
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Nutrition Examination Survey in 2018* reported that
the average salt intake in Japan was 11 g for males and
9.3 g for females. Dietary Intake Standards for Japanese
2020 by the Ministry of Health, Labour and Welfare*
recommends a salt intake of less than 7.5 g for males
and 6.5 g for females for health maintenance. Reduced
salt intake may also be effective in inhibiting gastric
carcinogenesis, although further studies are needed to
clarify how many grams of sodium an individual must
limit themselves to in order to reduce the risk of gastric
carcinogenesis.

Hp infection has been shown to increase the risk of
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Table 8. Clinicopathological Characteristics of Gastric Cancer Subjects

Current Hp infection Post-Hp eradication p value

Age (years old) 64.7+7.4
Sex
Male 8
Female 6
Tumor size (mm)
20> 9
20< 5
Tumor macroscopic type
0-IIc 10
0-IIb 1
0-Ila 1
Combination 2
Tumor histological type
tub1 5
tub2 1
poorly differenciated 3
Combination 5

71.9+6.3 0.073
N/A
8
0
0.675
4
4
0.248*
7
1
0
0
0.370**
3
1
1
3

*0-Ilc vs. others, ** poorly vs. others

GC three- to six-fold*’~**. Shah et al. suggested that the
underlying mechanism of how Hp increases this risk is
unclear, but there are two possible pathways: the direct
modulation of gastric mucosa through virulence fac-
tors, including CagA and VacA, and the indirect action
of Hp on gastric epithelial cells'®. What is clear is that
Hp infection induces a state of chronic active inflam-
mation that can last decades. This chronic, active gas-
tritis can subsequently promote gastric carcinogenesis,
typically via the Correa model, suggesting that chronic
gastric inflammation leads to a cascade of mucosal atro-
phy, metaplasia, dysplasia, and eventually carcinoma®.
Host genetic factors likely play a role as well: specific
gene polymorphisms in genes encoding tumor necrosis
factor-a, interleukin (IL)-1, IL-8, and IL-10 have been
associated with an increased risk of GC in Hp-infected
patients” .

Smoking and heavy alcohol intake have been shown
to increase the risk of GC". However, our current study
did not show an association between smoking or heavy
alcohol intake and GC. Recently, the number of smok-
ers and heavy alcohol drinkers has been decreasing in
Japan®**’. According to the National Health and Nutri-
tion Survey in Japan 2019 conducted by the Ministry of
Health, Labour and Welfare, the adult smoking rate was
16.7% in 2019, demonstrating a significant decrease in
smoking, especially among men (from 55.3% in 1989
to 27.1% in 2019)*". As for alcohol consumption in
Japan, according to the “Sake Bookmark™ of the Liquor
Tax Division of the Taxation Department of the Na-
tional Tax Administration Agency, per capita consump-
tion of alcoholic beverages has been decreasing since
1992*. This is thought to be due to increased health
awareness among the public and the progress made in
quitting smoking and moderating alcohol consump-
tion through Lifestyle Health Check-ups and Health
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Guidance initialized in 2008. In this program, specialist
staff, including public health nurses, nutritionists, and
so on, provide support for those who are at high risk of
developing lifestyle-related diseases and for whom life-
style-related diseases can be prevented to a great extent
by improving their lifestyle®. Similarly, Health Japan
21 (the second term), which was initialized in 2013 and
includes the “Basic Direction for Comprehensive Imple-
mentation of National Health Promotion” established
by the Ministry of Health, Labour and Welfare, is also
thought to have decreased the number of smokers and
drinkers'’. Moreover, Correa mentioned in his review
that no clear association has been found between alco-
hol consumption and GC*, consistent with the results
of this study.

Previous studies have reported a GC incidence of
7%-17% and 0.5%-1% among Hp-positive and Hp-
negative individuals, respectively'"""*. GC incidence was
lower in this study than in the aforementioned reports
(1.53% and 0% in Hp-positive and Hp-negative sub-
jects, respectively). Accordingly, it was suggested that
some factors other than Hp infection affected GC car-
cinogenesis. No factors associated with GC in Hp-pos-
itive subjects were found in the current study, although
further studies to clarify these factors are warranted.

This study supports the suggestions of previous stud-
ies that Hp eradication therapy reduces the incidence
of GC by approximately one-third", although Ford et
al. report a significant but limited effect of eradication
therapy on primary cancer prevention for simple Hp
gastritis without gastric cancer or peptic ulcer in their
meta-analysis®. Our results suggest that Hp plays a
possible role in GC carcinogenesis. However, it is not
the only factor that induces GC; aging and a high salt
intake were also important factors inducing GC, al-
though factors associated with GC among Hp-positive
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patients were unclear in this study.

Limitations

According to the guidelines of the Japanese Society of
Helicobacter Research’, using multiple tests enhances
the accuracy of infection diagnosis. However, in clini-
cal practice, according to a notice from the Ministry
of Health, Labour and Welfare*, only one additional
test can be covered by insurance when Hp infection is
suspected, even if either of the tests yields negative re-
sults. Since no other test apart from the serum antibody
method was available in our facility, only subjects who
tested positive for Hp by this method were enrolled as
Hp-positive patients in the present study. This is con-
sidered a limitation of the current study. Thus, at least
two or more testing methods need to be performed to
accurately categorize patients within the Hp-infected
group.

Another limitation is that the intake of salt, sugar, fat,
and overall dietary intake was not calculated, but rather
assessed subjectively using a questionnaire. For a more
precise study, it is necessary to conduct an analysis
based on quantified dietary intake.

Conclusion

Aging and a high salt intake are possibly associated
with GC, suggesting that a low-sodium diet is impor-
tant for the prevention of GC, especially in the elderly.
Hp eradication therapy could be effective in preventing
GG, although further studies with a larger number of
GC patients are needed for more conclusive evidence.
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Abstract

Objective: To evaluate the effect of a continuous glucose monitoring (CGM) device, the FreeStyle
Libre™, on blood glucose (BG) fluctuation in elderly people with untreated glucose intolerance.
Methods: Sixty participants aged 60 years or older with glucose intolerance (6.5%<HbA1c or
125 mg/dL<BG) who were not receiving any treatments for diabetes were enrolled in the study.
They were placed on the CGM device for 14 days. During these 14 days, they were asked to keep a
detailed diary regarding daily events, focusing on diet and exercise. On the 7th day, an educational
review session was performed to assess a weekly summary of their BG levels and daily events. On
the 14th day, the BG results were summarized. Fifty-five participants completed the trial, and their
response to a questionnaire was obtained.

Results: Even with glucose intolerance (HbA1lc 6.7+0.48), large diurnal blood glucose fluctua-
tions and frequent hyperglycemia were observed during the first week of the study period. The
mean daily BG level significantly improved from 129.9+7.5 mg/dL in the first week to 119.1+
6.18 mg/dL in the second week (p<0.01). The number of hyperglycemic events exceeding 180
mg/dL decreased, from 6.8+5.8 in the first week to 4.3+4.0 in the second week (p<0.01). The
peak BG level also decreased, from 236+73.6 mg/mL in the first week to 218 +67.8 mg/dL in the
second week (p<0.01). Twenty-five of 55 participants (45%) lost more than 1 kg of weight. Forty-
nine participants (89 %) positively responded to CGM use as effective in the post-enrollment sur-
vey. For 47 (85%), review on the 7th day was needed. Fifty participants (91 %) wanted to continue
using CGM. The majority of participants stated that the CGM system helped them understand the
importance of dietary carbohydrate intake, which subsequently improved their glycemic control
after the review session and counseling.

Conclusion: In elderly people with untreated glucose intolerance, various patterns of elevated
BG were observed. However, the CGM universally improved their hyperglycemia and glucose
fluctuations, regardless of the cause. The CGM system may become a valuable tool in improving
untreated glucose intolerance in elderly people, who are highly motivated to restore and maintain
their health status.

Keywords glucose intolerance, untreated diabetes, elderly people, CGM (continuous glucose
monitoring device)

The number of people with glucose intolerance
increases with age. Of interest, the number
of patients with overt diabetes with fasting
blood glucose (FBG) of 140 mg/dL or higher does not
increase, while the number of those who have mild glu-
cose intolerance (FBG less than 140 mg/dL) increases
with age'. Further, hemoglobin A1c (HbA 1c) less than
7.5 in those not undergoing treatment is often identi-
fied in regular health assessments. This is probably
because HbA1c 7.5 is the goal of glycemic control in

elderly diabetics. Although many elderly people with
untreated glucose intolerance (FBG less than 140 mg/
dL or HbA 1c less than 7.5) are identified on regular
health assessments, there are very limited data with
regard to their daily glycemic fluctuations. To date,
the Clinical Practice Guideline for Diabetes for the
Elderly 2023 also states that it is important to embody
individual goals in the treatment of geriatric diabetes,
but does not clearly indicate a method for embodying
them®. Conventional dietary and exercise guidance can

' Health Examination Center of Ashiya City Hospital ; > Marshfield Clinic
Contact : Kazuko Watanabe, Health Examination Center of Ashiya City Hospital, 39-1, Asahigaoka-cho, Ashiya-city, Hyogo 659-
8502, Japan. Tel : +81-797-31-2156 ; Fax : +81-797-22-8822 ; E-mail : k. watanabe@ashiya-hosp.com
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be empirically attempted, but this strategy often fails
to achieve optimal glucose control and may complicate
inappropriate weight loss, which may further lead to
muscle wastage/weakness. In addition, blind dietary
restrictions may cause symptomatic hypoglycemia and
frailty in elderly people.

In this study, we investigated daily glycemic fluctua-
tions using a continuous glucose monitoring (CGM)
system —the FreeStyle Libre™— in elderly people with
untreated glucose intolerance diagnosed in routine
health assessments.

The purpose of this study was to identify glycemic
fluctuations in elderly people with untreated glucose
intolerance and to evaluate the effectiveness and useful-
ness of the CGM system and appropriate counseling to
improve their hyperglycemia and BG fluctuations.

Subjects and Methods

Among participants who underwent routine health
assessments at our health check center, those who
were 60 years of age or older with glucose intolerance
(6.5%<HbAlc or 125 mg/dL <BG) were invited to
participate in the study. Patients who were already
receiving diabetic treatments were excluded. A total of
60 participants who agreed to the study were enrolled.

Estimated blood glucose (BG) levels were obtained
using a CGM (FreeStyle Libre Continuous Glucose
Monitoring system)™*. A sensor was affixed to the pos-
terior upper arm for 14 days. Glucose levels in the inter-
stitial fluid were obtained by simply holding the reader
over the sensor and scanning. The measurements were
also recorded in a smartphone app”.

While wearing the device for 14 days, participants
were asked to keep a detailed diary regarding their daily
events, focusing on diet and exercise. On the 7th day,
CGM results were reviewed and interim counseling
and guidance for lifestyle modification were provided.
On the 14th day, final CGM results were reviewed and
discussed with the participants. After completion of
the study, each participant was requested to complete a
questionnaire.

Mean daily BG, frequency of hyperglycemia, dura-
tion of hyperglycemia and maximal BG were compared
between the first and second weeks. Statistical analyses
were performed using the HAD program by the paired
Student ¢-test. BG levels of 180 mg/dL or higher and
70 mg/dL or lower were defined as hyperglycemia and
hypoglycemia, repectively®®.

This study was approved by the Ethics Committee
of Ashiya Municipal Hospital (No.22.2022/5/11) and
were consistent with the Japanese Ethical Guideline For
Life Science And Medical Research involving Human
Participants’. Written informed consent was obtained
from each participant prior to enrollment.

40 (40)

Results

The characteristics of the participants are shown in
Table 1.

A summary of the trial is shown in Fig. 1. Five of 60
participants did not complete the study due to equip-
ment failure (n=2), sensor detachment (n=2), and
inappropriate scanning (n=1).

Fifty-tive participants with 14 days of blood glucose
(BG) data were included in the study. Forty-nine of the
55 participants demonstrated some improvement in BG
profile.

Weekly summaries from five representative cases of
this study are shown in Figs. 2-6.

Case 1 (Fig. 2) was a 70-year-old male with BMI
26.3 kg/m?, abdominal circumference 86 cm, HbA1c
6.7% and FBG 145 mg/dL. He walked for 30 minutes
every morning and evening, ate Japanese food for all
three meals, had a snack at 3 p.m. and performed all
household chores by himself. He was very active and
often went out for social events. He was surprised to
see the high BG levels from the CGM during the first
week. These showed prolonged periods of high BG lev-
els during the first week, with an average daily BG level
of 140-160 mg/dL. After lifestyle and dietary guid-
ance on the 7th day, his BG significantly decreased to
100-120 mg/dL and no further hyperglycemic events
were observed in the second week.

Case 2 (Fig. 3) was a 76-year-old male, with a BMI
24.5 kg/m?, abdominal circumference 87 cm, HbA1c
7.0% and FBG 138 mg/dL. He was receiving treatment
for hypertension, but not for diabetes. He did radio cal-
isthenics every morning. On the 7th day, lifestyle guid-
ance was provided. He was advised to walk more than
8,000 steps daily. He was also advised to limit high
carbohydrate meals such as noodles and rice. Addition-
ally, he was instructed to avoid snacks after dinner and
encouraged exercise for 10 minutes daily. With these
suggestions, significant BG improvement was observed
in the second week.

Case 3 (Fig. 4) was a 60 year-old male, with BMI 26.1
kg/m’, abdominal circumference 98 cm, HbAlc 6.1%
and FBG 125 mg/dL. He was under medical treatment
for hypertension and hyperlipidemia. He worked as a

Table 1. Participant Characteristics

Characteristic n=60

Male 40
Female 20
Age (years) 68.2+7.9
BMI (kg/m?) 23.4%3.4
Waist circumference (cm) 85.1+12.2
Fasting blood glucose (mg/dL) 124+19.3
HbA 1 ¢ (%) 6.7+£0.48

Values are mean + standard deviation.
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60 subjects enrolled

> 5 participants withdrawn
equipment malfunction 2
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——3 ( participants did not improve BG profile

Fig. 1. Summary of the Trial
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Fig. 2. Case 1.70y.o. Male (BMI 26.3 kg/m?, HbA 1¢ 6.7 %, FBG 145 mg/dL)

security guard and returned home late in the evening,
having dinner at 8:00-9:00 p.m. He drank sweetened
canned coffee 4 to 5 times a day at work. On the 7th
day, instruction was given to him to replace canned cof-
fee with unsweetened tea and to reduce carbohydrate
intake at dinner. Improvement in the glycemic profile
was observed in the second week.

Case 4 (Fig. 5) is an 80-year-old male, with a BMI
24.5 kg/m?, abdominal circumference 92 cm, HbAlc
7.0% and FBG 124 mg/dL. He did not have a signifi-
cant medical history. He walked 4,000 steps daily. For
breakfast, he ate bread with jam and butter, vegetable
juice, yogurt with cereal, banana, mandarin oranges,
and honey. For lunch, he ate noodles such as udon, soba
and ramen. For dinner, he typically ate sushi or yakitori
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with beer. He used to eat ice cream after dinner. We
advised him to walk 30 minutes twice daily, not eat ice
cream, cut down the fruit intake in the morning, stop
having cereals for breakfast, and avoid simple carbohy-
drate meals for lunch. He also demonstrated improve-
ment in glycemic profile.

Case 5 (Fig. 6) is a 69-year-old female with BMI 27.4
kg/mz, abdominal circumference 88.0 cm, HbA1lc
6.5% and FBG 101 mg/dL. She was on anticoagulants
due to the history of coronary artery disease. She was
treated for hyperlipidemia and obstructive sleep apnea.
She exercised in a gym four times a week. Although
she reduced sugar intake in each meal, she remained
hyperglycemic after lunch and dinner. Her carbo-
hydrate restriction was insufficient, so we provided
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Fig. 4. Case 3.60 y.o. Male (BMI 26.1 kg/m*, HbA1¢ 6.1%, FBG 125 mg/dL)

detailed dietary counseling, including replacing sports
drinks with plain water or unsweetened tea during the
exercise. She lost 1 kg of weight in two weeks and her
glucose profile improved.

As in these five representative cases, 49 of the 55

participants (89%) showed significant improvement
in mean daily BG level in the second week compared
to that in the first week. Changes in mean daily BG in
these 55 cases after initiating CGM are shown in Fig.
7. BG levels began to fall on the fourth day without
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Fig.6. Case 5.69 y.o. Female (BMI 27.4 kg/m?, HbA1¢ 6.5%, FBG 101 mg/dL)

interventions and further decreased

interview on the 7th day. The CGM application seemed
to change behavioral attitude in the participants, many
of whom demonstrated improved glucose metabolism

after the interim
satisfaction.
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without further treatment, which impressed them with

Table 2 shows mean daily glucose, number of hyper-
glycemic events at or above 180 mg/dL, duration of BG
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Table 2. Effect of CGMS on Hyperglycemia

Week 1 Week 2 p value
Average daily glucose (mg/dL) 129.9+7.5 119.1£6.18 0.0008
Number of hyperglycemic events 6.8+5.8 4.3+4.0 0.0098
Duration of hyperglycemia (hour) 14.2+25.0 8.2+21.0 0.16
Peak blood glucose (mg/dL) 236+73.6 218+67.8 0.0003

n=55.
p values were calculated by the paired t-test.
Hyperglycemia: blood glucose =180 mg/dL

Table 3. Questionnaire Results After Participation in This
Study

25/55 (45%)
Yes 49 (89%)
Yes 47 No 8 (85%)
Yes 50 No5(91%)

Weight loss > 1 kg

Is CGM effective in improving your health?
Do you need a review on the 7th day?
Would you like to apply CGM again?

What food raises blood sugar the most?
Baked sweet potato, Udon, Curry, Amazake, Red rice, Katsudon,
Rolled sushi, Inari sushi, Croquette, Yakisoba, Breakfast fruit,
Quick meal, Convenience store bento, Boiled root vegetables,
Rice balls, Chirashi sushi, Ice cream, Rice crackers

Table 4. Lessons Learned from CGM

- | learned what food raises my blood sugar.

- | wanted to know my blood glucose levels immediately after
eating.

- | recognized | had been taking too much food.
- Self-control in diet helped to reduce my belly size.

- I learned how much exercise and dietary intake | need every
day.

- | learned the relationship between my blood sugar levels and
life events, such as choice of food intake, exercise, and physical
condition.

- | found | had been taking too many carbs.

- | thought my lifestyle was just fine, but | realized | did not have
appropriate knowledge.

- After reviewing my lifestyle, | learned | should not take so much
sweet and greasy food.

- | tried to cut down on snacks, but | didn’t cut down enough to
meet my goal.

- My problem was a lack of regular exercise.

44 (44)

at or above 180 mg/dL, and peak BG level in the first
and second weeks of the study. Statistically significant
improvements were observed in the weekly average of
daily glucose (129.9 mg/dL vs 119.1 mg/dL, p<0.01),
number of hyperglycemic events (6.8 vs 4.3, p<0.01)
and peak BG (236 mg/dL vs 218 mg/dL, p<0.01)
between the first and second weeks. Duration of BG
at or above 180 mg/dL did not differ due to large vari-
ance. No adverse effects were observed with wearing
the CGM device.

The responses to the post-CGM study questionnaires
are presented in Table 3. Twenty-five participants
(45%) lost more than 1 kg of weight, 49 (89%) gave a
positive response to the usefulness of CGM, 47 (85%)
noted that the interim counseling and guidance on the
7th day were helpful, and 50 (91%) expressed a desired
to use CGM again. Many participants surprised that
noodles, rice, fruit, and baked potatoes significantly
raised their BG levels. Typical comments after CGM
use are shown in Table 4. One of the most common
responses was that they learned the importance of
proper dietary carbohydrate intake and regular physical
activity to improve glycemic profile.

Discussion
BG fluctuations are affected by multiple factors such
as age, sex, genetic background, weight, muscle mass,
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fat mass, metabolic efficiency and physical activity.
They are also influenced by social factors such as work,
exercise, sleep, physical/mental stress, and dietary hab-
its. The CGM system has a strong advantage over a
traditional self-monitoring of BG (SMBG) in that it is
convenient for patients and can continuously measure
BG levels with no time lag.

With CGM, many participants who had glucose
intolerance (6.0%<HbA 1c<7.5%) demonstrated large
amplitudes of diurnal BG fluctuations and prolonged/
high frequency and hyperglycemia, which may not
have been detected otherwise.

Previous studies demonstrated remarkable clini-
cal benefits of CGM use in people with type II diabe-
tes'’"'*. However, there are few reports with regard to
the effects of CGM in patients with untreated glucose
intolerance. The results presented in this study suggest
that introducing the CGM system to elderly people with
untreated glucose intolerance is beneficial in improving
glycemic profile. Cases of mild glucose intolerance fol-
lowed by diabetes mellitus are frequent. They would be
exposed to large-amplitude diurnal BG fluctuation and
hyperglycemia during the period of mild glucose intol-
erance. The earlier achievement of normal glycemic
control will be of benefit to them.

By recording life events, factors that were responsible
for hyperglycemia and BG fluctuations were identified.
Of interest, these factors were found very specific for
each individual. After reviewing BG pattern and life-
style, a tailored counseling was performed to set a clear
and practical goal for each participant. Goal attainment
must be collaborative and attainable. Individual lifestyle
and ability should be taken into account. Lawlor and
Hornyak proposed the SMART goal, which incorpo-
rates four important elements for behavioral change:
1) The goal is specific and defines exactly what is to be
achieved (Specific); 2) The goal is measurable and there
is tangible evidence when it has been achieved (Measur-
able); 3) The goal is achievable but the participant feels
a bit challenged (Achievable); 4) The goal is achievable
in a short period of time (Time bound)"*'*. The CGM
may be an important tool in achieving the goal setting
that meets this SMART goal law.

For elderly people with mild glucose intolerance, uti-
lizing the CGM system may be effective in preventing
or delaying the onset of overt diabetes via appropriate
education and counseling. In this study, not only an
improvement in BG control but also suppression of car-
bohydrate intake was achieved in two weeks, and about
half of the participants lost 1 kg of weight or more.
With continuation of this behavioral change, improve-
ments in other health aspects such as hypertension,
dyslipidemia, and abnormal liver function are antici-
pated, which may further prevent geriatric syndrome.

Ningen Dock International Vol.11 No.1 2024

It has been reported that the long-term effect of this
intervention persists even six months after its cessa-
tion'”. Since the participants in this study are planned
to have follow-up visits for annual health assessments,
long-term effectiveness of intervention with CGM will
be evaluated. We also plan to include a CGM applica-
tion as an optional test for patients who receive health
assessments in our center.

We would like to study further applications of
CGM in clinical practice. These further studies will be
expanded to include various health conditions such as
untreated glucose intolerance in middle aged people,
gestational diabetes, diet management after gastrec-
tomy, obesity, and emaciation.
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The Correlation Between Brachial-ankle Pulse Wave Velocity
(baPWV) and Atherosclerosis Risk Factors, as well as the
Risk Score for Development of Atherosclerotic Diseases in
Ningen Dock Health Checkup: A Prospective Collaborative
Study at Six Health Checkup Facilities
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Abstract
Objectives: A prospective collaborative study was conducted on subjects who underwent con-
secutive comprehensive health checkup system (Ningen Dock) at six health checkup facilities. This
study aimed to achieve the following objectives:

1) To examine the correlation between Brachial-ankle Pulse Wave Velocity (baPWV) values and
atherosclerosis risk factors.

2) To investigate the secular changes in baPWV values in subjects who underwent Ningen
Dock for three consecutive years.

3) To assess the association between baPWV values and atherosclerotic disease risk scores (Suita
score, Hisayama score).
Methods: A total of 14,933 subjects were enrolled in 2019, and cross-sectional analysis was con-
ducted. Additionally, longitudinal analysis was carried out on 4,578 subjects who had baPWV
measurements for three consecutive years (2019-2021).
Results: Regarding the relationship between atherosclerosis risk factors and baPWV values, the
strongest correlation was found with four factors: hypertension, glucose metabolism abnormali-
ties, lipid abnormalities (excluding LDL-C), and obesity. These factors remained independent
variables in multiple regression analysis. baAPWV values increased significantly in both males and
females annually. Among 4,249 subjects (40 to 80 years old during the three-year study period),
baPWYV values increased significantly as each risk score classification elevated, despite each risk
score remained unchanged.
Conclusion: baPWV values were robustly correlated with the clustering of atherosclerosis risk
factors and risk scores for atherosclerotic disease. Furthermore, baPWV values increased annu-
ally even when risk scores remained unchanged, suggesting the importance of continuous baPWV
measurement for monitoring the progression of atherosclerosis.

Keywords baPWYV, atherosclerosis risk factor, Suita score, Hisayama score

The primary objective of lifestyle-related disease (baPWV) measurement is a non-invasive and con-

management is to prevent the onset of athero- venient vascular function test, widely recognized for
sclerotic vascular disease, and the method used primarily reflecting the stiffness of large arteries"’. In
to monitor the progression of atherosclerosis is a very our previous research, we have reported both cross-
important issue. Brachial-ankle Pulse Wave Velocity sectional and longitudinal results on the usefulness of
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baPWYV values in health checkups®®*. Among these, we
have also reported that baPWV values are affected by
various factors, and that it is necessary to standardize
the measurement conditions and interpret the results®.
Furthermore, since baPWYV values are greatly influ-
enced by blood pressure, we analyzed the results of a
comparative study with the cardiac-ankle vascular in-
dex (CAVI) adjusted by the stiffness parameter 3°, and
found that the baPWV value remained more useful for
health guidance in the comprehensive health checkup
system (Ningen Dock) °. Subsequently, we also report-
ed on the relationship between longitudinal changes
in baPWYV values and clustering of atherosclerosis risk
factors’, and that the effects of smoking can be de-
tected through secular changes in baPWV values®. A
recent report has suggested that CAVI values adjusted
by the stiffness parameter P attenuate the predictive
effectiveness for the onset of atherosclerotic diseases
compared to baPWYV values'’.

In this study, we conducted a prospective study on
subjects who underwent Ningen Dock at multiple
health checkup facilities nationwide. We examined
the relationship between the clustering of atheroscle-
rosis risk factors and baPWV values. Additionally, we
explored the association of baPWV values with the
Suita score and Hisayama score, both of which are pre-
dictive scores for the development of atherosclerotic
disease'""”.

Methods

Subjects of this study had undergone Ningen Dock
and measurement of baPWV values at six health
checkup facilities participating in this study in 2019,
and a cross-sectional analysis was carried out. Fur-
thermore, for those who underwent Ningen Dock for
three consecutive years (2019 to 2021), and measure-
ment of baPWV values, the secular changes of baPWV
values and the relationship between baPWV values
and atherosclerotic disease risk scores (Suita score and
Hisayama score) were examined.

baPWV was measured using BP-203RPEIII form
(Colin Fukuda, Tokyo) under conditions of maximum
rest by the same measurement method as previously
reported”’.

The relationship between clustering of atherosclerosis
risk factors and baPWV values was examined using the
following criteria. Hypertension: systolic blood pressure
>130 mmHg or diastolic blood pressure =85 mmHg;
glucose intolerance: fasting blood glucose 2110 mg/dL
or HbA1c >6.0%; dyslipidemia: HDL-C <40 mg/dL or
triglyceride >150 mg/dL; and obesity: BMI >25 kg/m*
or waist circumference >90 cm.

A stepwise multiple regression analysis was per-
formed to determine independent variables for predict-
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ing baPWYV values. Systolic blood pressure, diastolic
blood pressure, pulse pressure, fasting glucose, HbAlc,
triglyceride, HDL-C, BMI, waist circumference, LDL-C,
and smoking habits were used as analysis variables.

In addition, baPWV cut-off values were calculated
from the relationship between the number of athero-
sclerosis risk factors and baPWV values by receiver
operating characteristic (ROC) curve analysis.

Furthermore, we examined the relationship between
baPWYV values and the risk classification of the Suita
score and Hisayama score, which are atherosclerotic
disease risk scores. Since the Hisayama score targets
people aged 40 to under 80, subjects who were aged 40
to under 80 during the three-year study period were
analyzed using both scores. According to the risk clas-
sification of the Hisayama score, a Suita score <40 (pre-
dicted probability <1%) was low risk, <60 was medium
risk (predicted probability <9%), and =61 was high
risk. The Hisayama score according to the Japan Ath-
erosclerosis Society (JAS) Guidelines for Prevention of
Atherosclerotic Cardiovascular Diseases 2022", defines
diabetes, chronic kidney disease (CKD), and peripheral
vascular disease (PAD) as high-risk diseases, and clas-
sification is carried out by risk score after excluding
high-risk diseases (Hisayama score 1). However, since
the initial report assessed risk using the score only'?,
we also examined the relationship between baPWV
values and risk stratification based solely on the score
(Hisayama score 2).

Statistical Analysis

All analyses were performed using IBM SPSS Statis-
tics version 21 (IBM, Armonk, NY, USA). All data are
expressed as mean+SD. A p-value <0.05 was consid-
ered statistically significant.

The optimal cut-off values, determined by ROC
curve analysis, were based on the Youden index.
Wilcoxon signed rank test or McNemar's test were per-
formed to compare the 1st and 3rd year data of subjects
who underwent Ningen Dock for three consecutive
years. Friedman’s test with Bonferroni correction was
employed to analyze the secular changes of baPWV
values, Suita scores, Hisayama scores in subjects who
underwent Ningen Dock for three consecutive years.
The Kruskal-Wallis test with Bonferroni correction
was used to analyze the relationship between risk clas-
sification of the Suita or Hisayama score and the first
year baPWYV value in subjects who underwent Ningen
Dock for three consecutive years. A Mann Whitney u
test was performed to compare the first year baPWV
values between high-risk disease patients and score-
based high-risk subjects in the Hisayama score high-
risk group.

This study was conducted prospectively and analyzed
with the approval of the Ethics Committee of Olive
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Takamatsu Clinic (2019-01) and each participating
health checkup facility, in accordance with the Declara-
tion of Helsinki.

Results

Table 1 shows the background characteristics of
a total of 14,933 subjects, 9,090 males and 5,843
females, who were enrolled in the first year (2019) at
6 health checkup facilities. Fig. 1 shows the relation-
ship between baPWV values and the number of ath-
erosclerosis risk factors. It was confirmed that baPWV
values increased with an increase in the number of
atherosclerosis risk factors in both sexes, which was
consistent with our previous results"®’. Table 2 shows
independent variables for predicting baPWV values
by stepwise multiple regression analysis. Age, systolic
blood pressure (mmHg), fasting glucose (mg/dL), BMI
(kg/m?), triglyceride (mg/dL), and waist circumference
(cm) were selected in both sexes, but LDL-C and smok-
ing habit were not. The correlation between baPWV
value and number of atherosclerosis risk factors shown
in Fig. 1 was also better without considering LDL-C
and smoking habit. Table 3 shows the optimal cut-off
values of baPWV values for the number of atheroscle-
rosis risk factors in subjects enrolled in 2019 by ROC
analysis. The AUC (area under the curve) was greatest
in both sexes when the number of atherosclerosis risk
factors was differentiated between 0 and 1 to 4, and the
optimal cut-off values were 1,401 cm/sec and 1,308

cm/sec, respectively.

Table 4 shows the first and 3rd year characteristics
of subjects who underwent Ningen Dock for three
consecutive years and measurement of baPWV val-
ues. A total of 4,578 subjects, 2,974 males and 1,604
females, underwent Ningen Dock for three consecu-
tive years and measurement of baPWV values. The
number of subjects who underwent Ningen Dock and
continued baPWV measurement for three consecutive
years decreased to 30.7% of the 14,933 enrolled in the
first year. The number of atherosclerosis risk factors
was unchanged in both sexes. The correlation between
the number of atherosclerosis risk factors and baPWV
values was similar in subjects at first year enrollment.
Three-year baPW'V values showed a significant increase
every year (males: 1st year 1,542+290 cm/sec, 2nd
year 1,561+305 cm/sec, 3rd year 1,586+324 cm/sec;
females: 1st year 1,428+274 cm/sec, 2nd year 1,450+
290 cm/sec, 3rd year 1,467+301 cm/sec) (Table 5).

A total of 4,249 subjects, consisting of 2,769 males
and 1,480 females, aged 40 to under 80 during three-
year study period, were analyzed for the Suita and
Hisayama scores. Suita scores were statistically slightly
increased in both males and females; however, the prob-
ability of developing coronary artery disease remained
unchanged at 2-3% for males and <1% for females.
On the other hand, baPWV values showed a signifi-
cant increase as the risk level of the Suita score wors-
ened (Table 6). Table 7 shows the change in Hisayama

Table 1. Background Characteristics of Subjects Enrolled at Six Health Checkup

Facilities in 2019

Male (h=9090) Female (n=5843)

Age (years old) 56.8+10.8 55.6+10.7
Height (cm) 169.6+£6.3 156.7+£5.8
Body weight (kg) 70.1£11.4 55.8+10.3
BMI (kg/m?) 24.3+3.4 22.7+4.0
Waist circumference (cm) 86.2+9.2 80.6+80.6
Systolic blood pressure (mmHg) 12314 117£15
Diastolic blood pressure (mmHg) 77+10 71£11
Fasting glucose (mg/dL) 105+£19 97+14
HbA1 ¢ (%) 5.8+0.7 5.7+0.5
LDL-C (mg/dL) 127+30 128+31
HDL-C (mg/dL) 58+15 70+17
Triglyceride (mg/dL) 128+93 90+55
baPWV (cm/sec) 1537+£302 1431£292
Subject numbers of smoking habit (%) 2254 (24.8) 483(8.3)
Number of atherosclerosis risk factors 1.6+1.1 0.9+1.0
Subjects numbers in each number of atherosclerosis 0 1765 (19.4) 2650 (45.4)
risk factor (%) 1 2580(28.4)  1781(30.5)
2 2636(29.0) 929(15.9)
3 1593(17.5) 409(7 0)
4  516(5.7) 4(1.3)

mean +SD
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Fig. 1. Relationships Between baPWV Values and the Number of
Atherosclerosis Risk Factors in Subjects Enrolled in 2019

Table 2. Independent Variables Selected for Predicting baPWV Values in Subjects Enrolled in
2019 by Stepwise Multiple Regression Analysis

Male
Standardized coefficients () Unstandardized coefficients p value

Age (years old) 0.461 0.236 <0.001

Systolic blood pressure (mmHg) 0.326 0.254 <0.001

Fasting glucose (mg/dL) 0.093 0.202 <0.001

BMI (kg/m?) —0.195 1.566 <0.001

Triglyceride (mg/dL) 0.054 0.026 <0.001

Waist circumference (cm) 0.084 0.582 <0.001

Diastolic blood pressure (mmHg) 0.045 0.349 <0.001

HbA1c (%) 0.034 6.077 0.009

Female

Standardized coefficients () Unstandardized coefficients p value

Age (years old) 0.500 0.259 <0.001

Systolic blood pressure (mmHg) 0.438 0.254 <0.001

Triglyceride (mg/dL) 0.054 0.053 <0.001

Fasting glucose (mg/dL) —0.191 1.374 <0.001

BMI (kg/m?) 0.071 0.196 <0.001

Waist circumference (cm) 0.114 0.530 <0.001

Pulse pressure (mmHg) —0.063 0.372 <0.001

HDL-C (mg/dL) —0.047 0.180 <0.001
score over three years. No significant change was seen increase in both sexes as the risk level worsened for
in males, whereas statistically significant increases in Hisayama score 2, and in males for Hisayama score 1.
the 2nd and 3rd years compared to the 1st year were For Hisayama score 1, baPWV values were significantly

seen in females. baPWV values showed a significant higher at high risk due to high scores than at high risk
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Table 3. Cut-off Values for baPWV Values in Relation to the Number
of Atherosclerosis Risk Factors in Subjects Enrolled in 2019
as Determined by Receiver Operating Characteristic (ROC)
Analysis

Male

Cut-off value (cm/sec)

Numbers of atherosclerosis risk factors (n) (AUC (95 % CI))

0(1765) 4(7325) 1401 (AUC 0.68(0.67-0.69))
0-1(4345) 4(4745) 1467 (AUC 0.63 (0.62-0.64))
0-2(6981) 4(2109) 1492 (AUC0.61(0.60-0.63))
0-3(8574) 4(516) 1483 (AUC0.62 (0.60-0.65))

Female

Numbers of atherosclerosis risk factors (n) Cut-off value (cmy/sec)

(AUC (95%CI))
0(2650) 1-4(3193) 1308 (AUC0.73(0.72-0.75))
0-1(4431) 2-4(1412) 1386 (AUC0.71(0.70-0.73))
0-2(5360) 3-4(483) 1397 (AUC0.69 (0.67-0.72))
0-3(5769) 4(74) 1413 (AUC0.72(0.68-0.76))

Table 4. Background Characteristics in the First and Third Years of Subjects Who Underwent Ningen Dock for Three
Consecutive Years (2019-2021)

Male (n=2974)

Female (n=1604)

first year 3rd year p first year 3rd year p

Age (years old) 56.9£10.5 58.9+£10.5 p<0.001 55.0+10.6 57.0£10.6 p<0.001
Height (cm) 169.7+£6.2 169.6+£6.2 p<0.001 157.1£5.8 156.9+£5.9 p<0.001
Body weight (kg) 69.8+£11.1 69.5+11.3 p=0.006 56.0+£10.4 56.0x10.6 p=0.507
BMI (kg/m?) 24.2+3.4 24.1+3.4  p=0.783 22.7+4.0 22.7+4.0  p=0.005
Waist circumference (cm) 86.1+9.1 86.2+9.3  p<0.001 81.2+10.3 81.5+10.3 p<0.001
Systolic blood pressure (mmHg) 122+14 124+14 p<0.001 117£15 119+16 p<0.001
Diastolic blood pressure (mmHg) 78+10 78+10 p<0.001 71+10 73+10 p<0.001
Fasting glucose (mg/dL) 106+19 106+19 p=0.145 98+14 99+14 p=0.004
HbA 1 ¢ (%) 5.8+0.6 5.8+0.6  p=0.824 5.7+0.5 5.7+0.5 p=0.087
LDL-C (mg/dL) 126+30 124+30 p=0.012 128+31 127+31 p=0.065
HDL-C (mg/dL) 58+15 58+15 p=0.158 68+16 69+16 p=0.085
Triglyceride (mg/dL) 128194 124+90 p=0.008 90+54 90+53 p=0.593
baPWV (cm/sec) 1542+290 1586+324 p<0.001 1428274 1467+301 p<0.001
Subject number of smoking habit (%) 747 (25.1) 673(22.6) p=0.053 131(8.2) 122(7.6) p=0.615
Number of atherosclerosis risk factors 1.6+1.1 1.7£1.1 p=0.149 0.9+1.0 0.9+1.0 p=0.160
Subjects numbers in each number of 0 568(19.1) 509(17.1) p=0.077 745 (46.4) 675(42.1) p=0.067
atherosclerosis risk factor (%) 1 848(28.5)  881(29.6) p=0.442 477(29.7) 516(32.2) p=0.228

2 863(28.5)  875(29.6) p=0.792 246(15.3) 271(16.9) p=0.291

3 520(17.5) 555(18.7) p=0.300 114(7 ) 125(7 8) p=0.518

4  175(5.9) 154(5.2)  p=0.270 2(1.4) 7(1.1)  p=0.522
mean + SD
due to high-risk disease in males. On the other hand, Discussion

only one or two females were at high risk due to high
scores. High-risk disease subjects in the first year con-
sisted of 700 males (319 diabetes, 308 CKD, 9 PAD, 57
diabetes and CKD, and 7 diabetes and PAD) and 263
females (86 diabetes, 108 CKD, 8 PAD, 7 diabetes and
CKD, and 1 diabetes and PAD). Similar trends were
seen in the 2nd year and 3rd year.

Ningen Dock International Vol.11 No.1 2024

One of the main purposes of Ningen Dock is to
prevent the development of atherosclerotic vascular
diseases, such as coronary artery disease and cerebro-
vascular diseases, due to the worsening of lifestyle-
related disease. As atherosclerosis advances with age, it
is important to conduct examinations that can monitor
the progression of atherosclerosis before the onset of
atherosclerotic vascular disease.
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Table 5. Relationships Between baPWV Values and Number of Atherosclerosis Risk Factors, and
Secular Changes in baPWV Values in Subjects Who Underwent Ningen Dock for Three
Consecutive Years (2019-2021)

Number of ARFs
1styear 2nd year 3rd year
n baPWV (cm/sec) n baPWV (cm/sec) n baPWV (cm/sec)

Male (n=2974)

0 568 1421+244 541 1438+253 509 1442+271

1 848 1523+£278 866 1550+£305 881 1581+£329

2 863 1581+£303 856 1590+307 875 1617+£319

3 520 1606+291 519 1620+£311 555 1650+£320

4 175 1647 +£280 192 1672+305 154 1689+349
mean baPWV (cm/sec) 1542+290 1561+305" 15864324 ***
mean number of ARFs 1.6£1.1 1.6+£1.2 1.7+1.1
Female (n=1604)

0 745 13181224 707 1324+228 675 1334+235

1 477 1491+£271 482 1521+£297 516 1544+311

2 246 1539+267 253 1565+285 271 1567+310

3 114 1616+286 138 1604+290 125 1617+£270

4 22 1603+347 24 1678+306 17 1668+395
mean baPWV (cm/sec) 1428+274 1450+290" 1467+3017*
mean number of ARFs 0.9+1.0 0.9+1.0 0.9+1.0

mean +SD, ARFs: atherosclerosis risk factors
*p<0.005 1st year vs 2nd year, ** p<0.001 1st year vs 3rd year, "p<0.001 2nd year vs 3rd year

Table 6. Relationship Between Risk Classification of Suita Score and baPWV Value, and Secular
Changes in Suita Score in Subjects (aged 40-80 During the Three-year Study Period)
Who Underwent Ningen Dock for Three Consecutive Years (2019-2021)

Suita score
1styear 2nd year 3rd year
n baPWV (cm/sec) n baPWV (cm/sec) n baPWV (cm/sec)

Male (n=2769)

Low risk 841 1372+180 717 1363+172 624 1360+174

Middle risk 1540  1570+255** 1543  1578+271** 1600  1593+279**

High risk 388 1811310 509  1798+312*** 545  1837£341%***
mean score 45.4+9.4 46.7+9.3* 47.4+9.1°*
Female (n=1480)

Low risk 1126 1363£211 1064  1368+218 1013 1373£212

Middle risk 345  1673+274*F 400  1681+287** 447  1694+308""

High risk 9  1738+190*" 16 1963+282**1 20 1878+310**'
mean score 33.6+9.3 34.9+£9.2* 35.7+9.4***
mean +SD

**p<0.001 Low risk vs Middle risk, Low risk vs High risk, 1st year vs 2nd year, 1st year vs 3rd year
“p<0.001 Middle risk vs High risk, 2nd year vs 3rd year, 'p<0.05 Middle risk vs High risk

We have frequently and consistently reported on the
usefulness of baPWV as a non-invasive, convenient,
and highly reproducible measurement of arterial stift-
ness’*. In this study, we aimed to investigate longitu-
dinal changes in baPWV in subjects who underwent
Ningen Dock, across multiple health checkup facilities.
While our previous studies already revealed a robust
correlation between baPWV values and clustering of
atherosclerosis risk factors, this study reaffirmed the
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same findings. Regarding atherosclerosis risk factors,
we considered various conditions such as smoking hab-
its, LDL-C levels, and obesity measures including BMI
and waist circumference. After careful evaluation, we
identified four factors that demonstrated the strongest
correlation with baPWV values: blood pressure, dia-
betes, triglycerides and HDL-C as lipid abnormalities,
and obesity, which includes both BMI and waist cir-
cumference (Fig. 1 and Table 5). The factors influenc-
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Table 7. Relationship Between Risk Classification of Hisayama Score 1 and 2 and baPWYV Value, and Secular Changes
in Hisayama Score 2 in Subjects (40-80 Years Old During the Three-year Study Period) Who Underwent

Ningen Dock for Three Consecutive Years (2019-2021)

Hisayama score 1

1styear 2nd year 3rd year
n baPWV (cm/sec) n baPWV (cm/sec) n baPWV (cm/sec)

Male (n=2769)

Low risk 425 1340+154 391 1346+173 350 1353+176

Middle risk 1381 1516+237"" 1292 1518+245"" 1248 1545+276""

High risk 963 1674+314*** 1086 1693+322%** 1171 1705+333***
Female (n=1480)

Low risk 947 13454205 923 1358+216 870 13614209

Middle risk 322 1628+280"" 317 1650+£294*" 348 1673+£311*"

High risk 211 1565+257**" 240 15974297 **1 262 1603+301**"
Hisayama score 2

1st year 2nd year 3rd year
n baPWV (cm/sec) n baPWV (cm/sec) n baPWV (cm/sec)

Male (n=2769)

Low risk 485 13504167 442 1355+187 407 1358+177

Middle risk 1859 1540+257"" 1822 1543+259"" 1790 1563+281""

High risk 425 1783+£304*** 505 1815+£319**F 572 1832+£330%*"
mean score 10.7+£2.0 10.7+£2.0 10.6+£1.9
Female (n=1480)

Low risk 1049 13544206 1034 1366+218 989 13714214

Middle risk 430 1642+£275*" 444 1673+£292*" 489 1691+306*"

High risk 1 1847 2 2137 2 1817
mean score 2.6+1.8 2.7+1.9%* 2.7+1.9%*
mean+SD

**p<0.001 Low risk vs Middle risk, Low risk vs High risk, 1st year vs 2nd year, 1st year vs 3rd year

"p<0.001 Middle risk vs High risk, " p<0.05 Middle risk vs High risk

ing baPWV values in multiple regression analysis were
consistent with previous reports"’, demonstrating that
factors such as smoking habits and LDL-C have mini-
mal impact on baPWV values (Table 2). Nevertheless,
our recent report shows that the impact of smoking on
baPWYV values can be detected through the analysis
of changes in baPWV values over a 10-year period®.
Although each atherosclerosis risk factor contributes
differently to baPWV values, the robust correlation
between the clustering of atherosclerosis risk factors
and baPWYV values suggests the significance of con-
tinuous baPWV measurements in preventive strategies
during Ningen Dock.

Furthermore, we also found that baPWV values
increased annually even when atherosclerotic disease
development risk scores remained unchanged. This
emphasizes the importance of continuous baPWV mea-
surements for monitoring atherosclerosis progression
in Ningen Dock. Additionally, the area under the curve
(AUC) analysis identified cut-off values of baPWV for
different numbers of atherosclerosis risk factors. The
highest values were observed for subjects with zero or
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one to four risk factors. For male, the cutoff value was
1,401 cm/sec, and for females, it was 1,308 cm/sec.
These values are consistent with the currently accepted
normal range of 1,400 cm/sec (Table 3)°.

A notable finding of our study was the annual
increase in baPWV values among subjects who under-
went baPWV measurements for three consecutive
years during Ningen Dock, despite the fact that ath-
erosclerotic disease development prediction scores,
such as the Suita score and Hisayama score, remained
unchanged (Table 6, 7). The Suita score, a risk score
used to predict the probability of developing coronary
artery disease in a 10-year period by combining athero-
sclerotic risk factors'', has been incorporated into the
JAS Guidelines for Prevention of Atherosclerotic Car-
diovascular Diseases 2017 for urban residents in our
country. The Suita score has indicated that the inclusion
of CKD in the scoring system enhances the accuracy
of coronary artery disease prediction in Japan. On the
other hand, the Hisayama score, which assesses abso-
lute risk, including not only coronary artery disease but
also atherothrombotic cerebral infarction, was newly
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incorporated into the JAS Guidelines for Prevention of
Atherosclerotic Cardiovascular Diseases 2022". The
initial report on the Hisayama score assessed risk using
the score onlylz. However, in the 2022 version of the
guidelines, this was modified to analyze risk classifica-
tion by score after excluding high-risk diseases such
as diabetes. The analysis results revealed a robust cor-
relation between risk score classification and baPWV
values, implying that elevated baPWV values are asso-
ciated with the development of atherosclerotic diseases.
In the future, it is expected that a risk score incorporat-
ing baPWV values will be developed, further confirm-
ing the usefulness of baPW'V values.

Conclusion

baPWV values were robustly correlated with the
clustering of atherosclerosis risk factors and risk scores
for atherosclerosis disease. Furthermore, baPWV values
increased annually even when the risk scores remained
unchanged, suggesting the importance of continuous
baPWV measurements for monitoring the progression
of atherosclerosis.
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HDL Subclass Is Associated with Metabolic Dysfunction-
associated Fatty Liver Disease in Japanese
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Abstract

Objective: Recently, metabolic dysfunction-associated fatty liver disease (MAFLD) has been pro-
posed as a newly defined disease entity. Although high-density lipoprotein cholesterol (HDL-C) is
one of the diagnostic criteria for MAFLD, it is uncertain how HDL subclasses are associated with

MAFLD in Japanese.

Methods: Among subjects who underwent a health examination at our hospital, 1,879 subjects
(men: 1,238, women: 641) who participated in HDL2-C and HDL3-C evaluation were included
in this cross-sectional study. The association between HDL2-C, HDL3-C, HDL2-C/HDL3-C
ratio and MAFLD was investigated using multiple logistic regression analysis.

Results: HDL2-C, HDL3-C, and HDL2-C/HDL3-C ratio were significantly lower in MAFLD
subjects in men, while HDL2-C and HDL2-C/HDL3-C ratio were significantly lower and HDL3-
C was significantly higher in MAFLD subjects in women. Further, as the number of MAFLD
diagnostic components increased, all indices decreased in men, while HDL2-C and HDL2-C/
HDL3-C ratio decreased as the number of MAFLD diagnostic components increased in women.
In multiple logistic regression analysis, HDL2-C and HDL2-C/HDL3-C ratio was negatively
associated with MAFLD in both men and women, while HDL 3 -C was positively associated.
Conclusion: Our results indicate that HDL2-C and the HDL2-C/HDL3-C ratio are negatively
associated with MAFLD, while HDL3-C is positively associated with MAFLD in both men and
women. The associations between these indices and MAFLD vary between genders and with the

number of MAFLD diagnostic components.

Keywords metabolic dysfunction-associated fatty liver disease, HDL2-cholesterol, HDL3 -
cholesterol, HDL2 -cholesterol/HDL 3 -cholesterol ratio

on-alcoholic fatty liver disease (NAFLD) is the

‘ \ ‘ most common chronic liver disease globally'
and is a primary cause of cirrhosis and liver
cancer’. Its widespread occurrence can be attributed
to the increasing prevalence of sedentary lifestyles,
low physical activity, and excessive calorie intake from
imbalanced and unhealthy diets®. NAFLD is character-
ized by the presence of fat accumulation in over 5%
of hepatocytes, as observed on imaging or histological
examination, with no apparent causes such as alcohol
consumption, viral hepatitis, genetic liver conditions,
or long-term use of steatogenic medications®. A defini-
tive diagnosis typically requires a liver biopsy. NAFLD
is strongly linked to metabolic syndrome (MetS), which
encompasses factors like elevated blood glucose, high

blood pressure, abdominal obesity, and dyslipidemia”’.
This condition elevates the risk of cirrhosis and associ-
ated complications. Given the increasing prevalence of
NAFLD, there is a pressing need for a clearly defined
“positive” diagnosis.

Recently, a group of international experts proposed
renaming the condition from NAFLD to metabolic
dysfunction-associated fatty liver disease (MAFLD).
The new diagnostic criteria involve evidence of liver
fat accumulation along with any of the following three
conditions: being overweight or obese, having type 2
diabetes mellitus (T2DM), or showing signs of meta-
bolic dysfunction®.

High-density lipoprotein (HDL) particles are a het-
erogeneous population characterized by density, size,
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composition, and surface charge, and they are con-
stantly changing. There are several methods for iden-
tifying different types of HDL particles, but one of the
most representative methods is separation of the main
subfractions of HDL2 and HDL3 using ultracentrifuga-
tion”. Pre-p HDL, the simplest form of discoidal-shaped
HDL, is secreted by the liver and intestine. These par-
ticles rapidly take up cholesterol and phospholipids, and
thereby convert into larger HDL subclasses. Pre- HDL
undergoes rapid lipidation, resulting in the formation of
HDL3. In the maturation process, ingested free choles-
terol is esterified by lecithin-cholesterol-acyl transferase
(LCAT). HDL3 is associated with anti-oxidative and
anti-inflammatory activities, as well as ATP-binding
cassette transporter A1 (ABCA 1)-cholesterol efflux. On
the other hand, HDL2 is involved in ATP-binding cas-
sette subfamily G member 1 (ABCG-1)-mediated cho-
lesterol efflux®.

We previously demonstrated the importance of
analyzing the levels of HDL cholesterol (HDL-C)
subclasses, as well as the overall HDL-C levels, when
evaluating an individuals lifestyle habits’. Both HDL2-
C and HDL3-C have been reported to exhibit inverse
associations with the incidence of CHD. However, the
relative values of these two HDL subclasses as risk pre-
dictors remain unknown. Lagos et al. recently reported
that lower HDL-C levels in patients with MetS resulted
from reductions in both the large and small HDL sub-
classes'’. As the number MetS components increases,
the HDL phenotype includes a greater percentage of
small HDL3 and a lesser percentage of large HDL2
molecules, resulting in a lower HDL2/HDL3 ratio.
Furthermore, we reported that the HDL2-C/HDL3-
C ratio was associated with MetS components, insulin
resistance, and high-molecular-weight adiponectin lev-
els and was thus useful for evaluating MetS in Japanese
subjects''. Because metabolic factors are included in the
diagnostic criteria for MAFLD, a relationship between
MAFLD and HDL subclasses is anticipated, but this
relationship is not well understood.

Visceral obesity is a part of a condition that involves
dysfunction in the expansion of subcutaneous fat and
the storage of TG in abnormal locations. It is closely
associated with the clustering of risk factors related
to heart and metabolic health. Some of the metabolic
changes closely linked to this condition include high
levels of TG, increased availability of free fatty acids,
the release of inflammatory substances from fat tissue,
insulin resistance and inflammation, higher produc-
tion and release of very low-density lipoproteins by the
liver, slower removal of TG-rich lipoproteins, the pres-
ence of small and dense low-density lipoprotein (LDL)
particles, and lower levels of HDL-C'’. A recent study
also demonstrated that obesity markedly affects HDL
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metabolism, composition, and subclass distribution
linked to changes in liver and adipose tissue"”.

Given our”'' and other reports'® and noting that
HDL-C measurement alone is not satisfactory for risk
assessment'*™"”, it has become apparent that not only
HDL-C, but also HDL subclasses and ratios should be
investigated with respect to the coronary heart disease
(CHD) risk, obesity, MetS, and lifestyle habits. The
diagnosis of MAFLD is based on the presence of fatty
liver, and HDL-C is one of the diagnostic criteria for
MAFLD. However, the relationship between HDL sub-
class and MAFLD is not understood at all. Therefore,
in this study, we investigated the relationship between
HDL subclasses and MAFLD in subjects undergoing
annual health check-ups.

Subjects and Methods
Subjects

Of 1,991 subjects (men: 1,323, women: 668) who
underwent an annual health examination at the Health
Evaluation and Promotion Center of Tokai University
Hachioji Hospital between April 2018 and October
2020, 84 men and 27 women were excluded due to
incomplete data, leaving 1,879 subjects (men: 1,238,
women: 641) for inclusion in this cross-sectional study.
Medical history and information on smoking, physical
activity, and alcohol intake were obtained using self-
administered questionnaires and interviews conducted
by nurses.

Verbal consent for the use of anonymized health
records was obtained from all study subjects. The study
protocol was approved by the Ethics Committee of
Tokai University School of Medicine (protocol number
20R-279).

Measurements

Waist circumference (WC) was measured at the level
of the umbilicus during slight expiration while in the
standing position. Blood pressure (BP) was measured
in the upper right arm using an automatic BP moni-
tor device (TM-2655P; A&D, Tokyo, Japan) while the
participant was seated. Blood samples were collected
in heparin-coated tubes early in the morning after
overnight fasting. Fasting plasma glucose (FPG) levels
were measured with an L-type Glu 2 kit using the hexo-
kinase/glucose-6-phosphate dehydrogenase method
(Wako Pure Chemicals). Fasting immunoreactive insu-
lin (FIRI) levels were measured using a fluorescence
enzyme immunoassay (ST AIA-PACK IRJ; Toso, Tokyo,
Japan). Homeostasis model assessment of insulin resis-
tance (HOMA-IR) was calculated as follows: FPG (mg/
dL) X FIRI (uIU/mL)/405*. LDL-C, HDL-C, and TG
levels were measured using visible spectrophotometry
(Determiner L LDL-C, Determiner L HDL-C, and
Determiner L TG II, respectively; Kyowa Medex, Tokyo,
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Japan). Uric acid (UA) levels were measured with an
L-Type UA.M Kkit using the uricase-N-(3-sulfopropyl)-
3-methoxy-5-methylaniline method (Wako Pure
Chemicals, Osaka, Japan). Aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and g-glu-
tamyltranspeptidase (GGT) were measured using the
JSCC transferable method with L-Type AST.J2 and
L-Type ALT.J2 (Wako Pure Chemicals, Osaka, Japan)
and Labofit g-GT (Kanto Chemical, Tokyo, Japan),
respectively. Serum high-sensitivity C-reactive protein
(hsCRP) levels were measured using latex agglutination
turbidimetry.

HDL2-C and HDL3-C levels were determined via
ultracentrifugation. Briefly, after plasma was centri-
fuged using an L-60 centrifuge (Beckman Coulter, Brea,
USA) at 22,300 X g for 4 h at a plasma density of 1.063
kg/L and solvent density of 1.125 kg/L, adjusted by
adding solid KBr, 40% volume from the top was aspi-
rated, yielding HDL (a) and HDL3 (b) fractions. The
cholesterol concentration of each fraction was mea-
sured, and HDL2-C was calculated as follows: [(a) —
(b) x1.54]x0.6™.

Diagnostic criteria for fatty liver

Fatty liver was diagnosed when any two of the fol-
lowing three ultrasonic criteria were met: liver and kid-
ney echo discrepancy and presence of increased liver
echogenicity (bright), unclear intrahepatic duct struc-
ture, and liver far-field echo decay®.

Definition of metabolic dysfunction associated with
fatty liver disease

Diagnosis of MAFLD was based on evidence of
hepatic steatosis, in addition to one of the following
three criteria: overweight/obesity, presence of T2DM,
or evidence of metabolic dysregulation®.

Statistical analyses

Data are expressed as meantstandard deviation or
median (interquartile range). Normality was exam-
ined using the Kolmogorov-Smirnov test. Students
t-test was used to compare mean values between the
two groups. The chi square test was used for categori-
cal variables. Bonferroni’s multiple comparison test
was used to compare mean values across three or more
groups. Subjects were classified as nonsmokers or cur-
rent smokers. High physical activity was defined as
participation in any bodily movement equivalent to 3.0
metabolic equivalents (METs) (such as walking on flats
at 67 m/min or walking with a dog) for =60 min/day.
Alcohol consumption was determined per units of sake
consumed per day, with one unit (180 mL) considered
equivalent to 25 g of alcohol.

A multiple logistic regression analysis to calculate
odds ratios (ORs) for quantifying the association of
HDL2-C, HDL3-C, HDL2-C/HDL3-C ratio and
MAFLD was performed. BMI, WG, systolic BP, diastolic
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BP, FPG, FIRI, LDL-C, HDL2-C, HDL3-C, TG, and
hsCRP were used as independent variables. Another
set of the same analysis was performed using HDL2-
C/HDL3-C ratio instead of HDL2-C and HDL3-C as
independent variables.

All statistical analyses were performed using SAS
Studio version 3.4 (SAS Institute, Cary, NC, USA). All
p-values were two-tailed, and a p-value <0.05 was con-
sidered statistically significant.

Results

All variables evaluated in this study are shown in
Table 1, with the data stratified according to sex and
the presence of MAFLD. The mean age and BMI of sub-
jects who were diagnosed with MAFLD was 57.1 years
and 26.4 kg/m* in men, and 61.6 years and 27.3 kg/m*
in women, respectively. The prevalence of MAFLD was
41.1% in men and 17.2% in women. Most of the vari-
ables, except for HDL3-C and hsCRP in men and age
in women, were accentuated in MAFLD subjects.

Table 2 (a) shows the prevalence of underlying dis-
eases with medication when stratified by sex and the
presence of MAFLD. The prevalence of DM, HT, and
dyslipidemia was significantly higher in the MAFLD
subjects, while the prevalence of stroke, heart disease,
and chronic kidney disease was not statistically differ-
ent in both men and women.

Table 2 (b) and (c) show alcohol consumption, smok-
ing status and physical activity stratified by sex and the
presence of MAFLD. In terms of alcohol consumption,
there was no significant difference in the presence of
MAFLD among men. Among women, there were more
MAFLD cases among those who consumed alcohol at
up to 100 g per week, but there was no consistent trend
observed for alcohol intake beyond that threshold. The
prevalence of current smokers was not significantly
higher in the presence of MAFLD in both men and
women. The proportion of subjects with one hour or
more of daily physical activity was significantly lower
among both men and women who met the criteria for
MAFLD.

Fig. 1 shows a comparison of HDL2-C, HDL3-C,
HDL2-C/HDL3-C ratio and the presence of MAFLD
in men. HDL2-C and HDL2-C/HDL3-C ratio were
significantly lower in MAFLD subjects. The relation-
ship between the number of MAFLD diagnostic com-
ponents and HDL2-C, HDL3-C, HDL2-C/HDL3-C
ratio was also investigated after subjects were stratified
according to the number of MAFLD diagnostic compo-
nents. All indices decreased as the number of MAFLD
diagnostic components increased.

Fig. 2 shows a comparison of HDL2-C, HDL3-C,
HDL2-C/HDL3-C ratio and the presence of MAFLD
in women. HDL2-C and HDL2-C/HDL3-C ratio
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Table 1. Characterization of Study Subjects

Men Women

MAFLD no (n=729) MAFLD yes (n=509)  MAFLD no (h=529) MAFLD yes (n=112)
Age 53.9+13.1 57.1%£11.9% 59.2+13.5 61.6+9.8
BMI (kg/m?) 22.8+2.4 26.4+2.8™ 21.6x2.7 27.3+3.8™
Waist circumference (cm) 82.3+7.1 91.9+7.8™ 78.8+8.8 93.0+9.0™
Systolic BP (mmHg) 125.7+17.0 131.8+17.3% 122.6+19.7 137.0+£17.9%
Diastolic BP (mmHg) 78.5+11.9 83.1+12.5™ 72.9£12.9 80.0+12.0™
FPG (mg/dL) 100.1+15.5 108.1+£21.9% 95.8+13.7 109.5+24.6™*
FIRI (u1U/mL) 4.3[3.00,6.00] 7.70[5.50,11.401"  4.50[3.40,6.30] 10.30[7.35,14.0]™"
HOMA-IR 1.10[0.70,1.50]  2.00[1.40,3.00]** 1.10[0.80,1.50]  2.65[1.90,3.95]**
HbA1¢ (NGSP) 5.6+0.5 5.9+0.7*" 5.6+0.4 6.0£0.7*"
TG (mg/dL) 87.0[64.0,118.0] 123.0[91.0,181.01"  74.0[55.0,100.0] 115.0[87.0,161.01*"
HDL-C (mg/dL) 64.3+15.6 53.7+12.3™ 77.8%17.1 62.7+14.2%
HDL2-C (mg/dL) 38.4+13.3 29.5+9.7* 51.0+15.8 36.8+12.5™
HDL3-C (mg/dL) 22.5+4.0 22.1+3.7 21.7+3.9 23.1+3.8*
HDL2-C/HDL3-C 1.74+0.66 1.34+0.42% 2.42+0.85 1.61+0.55""
LDL-C (mg/dL) 120.9+29.5 125.2429.3% 124.1+£29.3 137.2+35.7%
Non-HDL-C (mg/dL) 137.5£32.2 148.3+33.1* 137.7+£32.3 158.8+38.5*"
AST (U/L) 22.5+7.1 27.8+14.2™ 21.3+6.4 25.2+10.2™
ALT (U/L) 21.3+£9.7 35.6+25.3™ 17.3+11.8 29.9+19.5™
GGT (U/L) 26.0[19.0,40.0] 38.0[27.0,62.0]™ 18.0[13.0,25.0]1 27.0[21.0,40.51*"
UA (mg/dL) 5.9%1.1 6.3+1.3% 4.7+1.0 5.3+1.1%
PLT 23.4+5.8 24.2+5.3"% 24.4+5.9 26.0+6.0™
hsCRP (mg/dL) 0.04[0.02,0.07]  0.07[0.04,0.13] 0.03[0.02,0.07] 0.11[0.06,0.18]*
No. of MAFLD 1.4%1.2 4.4+1.4™ 1.1+1.3 4.9+1.4™

Variables are expressed as mean +standard deviation or median [interquartile range]. MAFLD, metabolic dysfunction-associated fatty
liver disease; BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; FIRI, fasting immunoreactive insulin; HOMA-
IR, homeostasis model assessment of insulin resistance; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; HDL2-C,
high-density lipoprotein 2 cholesterol; HDL3-C, high-density lipoprotein 3 cholesterol; HDL2-C/HDL3-C, high-density lipoprotein
2 cholesterol/ high-density lipoprotein 3 cholesterol; LDL-C, low-density lipoprotein cholesterol; non-HDL-C, non high-density
lipoprotein cholesterol; AST, aspartate transaminase; ALT, alanine aminotransferase; GGT, y-glutamyl transpeptidase; UA, uric acid;

PLT, platelet; hsCRP, high-sensitivity C-reactive protein
*p<0.05, ™ p<0.01 by paired t-test.

were significantly lower and HDL3-C was significantly
higher in MAFLD subjects. HDL2-C and HDL2-C/
HDL3-C ratio decreased as the number of MAFLD
diagnostic components increased.

Determinants of MAFLD were analyzed by multiple
logistic regression analysis (Table 3). BMI, WC, systolic
BP, diastolic BP, FPG, FIRI, LDL-C, HDL2-C, HDL3-
C, TG, and hsCRP were used as independent variables
in Table 3 (a). Five variables (BMI, FPG, TG, HDL2-C,
and HDL3-C) were selected by a stepwise procedure
in men. Six variables (BMI, SBP, FPG, TG, HDL2-C,
and HDL3-C) were selected by a stepwise procedure in
women. BMI had a positive and significant association
with MAFLD in both men and women. HDL2-C had
a negative and HDL3-C had a positive association with
MAFLD in both men and women.

BMI, WG, systolic BP, diastolic BP, FPG, FIRI, LDL-
C, HDL2-C/HDL3-C ratio, TG, and hsCRP were used
as independent variables in Table 3 (b). Four variables
(BML FPG, TG, HDL2-C/HDL3-C ratio) were selected
by a stepwise procedure in men. Five variables (BMI,
SBP, FPG, LDL-C, HDL2-C/HDL3-C ratio) were
selected by a stepwise procedure in women. BMI had
a positive and strong association with MAFLD in both
men and women. HDL2-C/HDL3-C ratio had a strong
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negative association with MAFLD in both men and
women.

Discussion

We showed that in MAFLD subjects, HDL2-C and
HDL2-C/HDL3-C ratio were lower in both men and
women, while HDL3-C was higher in women. As the
number of MAFLD diagnostic components increased,
all indices decreased in men, and in women, HDL2-C
and HDL2-C/HDL3-C ratio decreased. Multiple logis-
tic regression analysis showed a negative association of
HDL2-C and HDL2-C/HDL3-C ratio, and a positive
association of HDL3-C with MAFLD in both genders.

In this study, differences in HDL3-C were observed
between men and women. In both genders, HDL2-C
and the HDL2-C/HDL3-C ratio showed a decreasing
trend as the number of cases meeting the diagnos-
tic criteria for MAFLD increased. In men, there was
no difference in HDL3-C regardless of whether they
met the criteria for MAFLD or not; however, as the
number of cases meeting the diagnostic criteria for
MAFLD increased, there was a tendency for HDL3-
C to decrease. Our results in women may contradict
a previous report which suggested a negative associa-
tion between HDL3 and the status of carotid artery
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Table 2. Background of Study Subjects
(a) Diseases under treatment

Men Women
MAFLD No Yes p-value No Yes p-value
DM 6(6.3%) 7(11.2%) 0.00324 3(2.5%) 0(8.8%)
HT 190(26 1%) 186(36 5%) <0.0001 9(16.8%) 8(33.9%) <0.0001
Dyslipidemia 9(16 3%) 140(27 5%) <0.0001 8(18.5%) 7(33.0%) <0.0001
Stroke 6(3.6%) 0(3.9%) 0.8614 5(2.8%) 3(2.7%)
Heart disease 0(8.2%) 6(7.1%) 0.7617 1(4.0%) 8(7.1%)
Chronic kidney disease 7(1.0%) 4(0.8%) 0.5168 3 (0.6%) 0(0.0%)
MAFLD, metabolic dysfunction associated fatty liver disease; DM, diabetes mellitus; HT, hypertension
p-value by Chi-squared test.
(b) Alcohol
Men Women
Ethanol (g/w)|MAFLD No Yes p-value No Yes p-value
0 315(43.2%) 216(42.4%) 0.83670 394(74 5%) 92(82.1%) 0.02271
0-100 103(14.1%) 3(14.3%) 4(8.3%) 10(8.9%)
100-200 115(15.8%) 78(15.3%) 3(10.0%) 2(1.8%)
200-300 127 (17.4%) 95(18.7%) 0(5.7%) 5(4.5%)
300-400 9(2.6%) 8(1.6%) 0(0.0%) 1(0.9%)
400- 50(6.9%) 39(7.7%) 8(1.5%) 2(1.8%)
MAFLD, metabolic dysfunction associated fatty liver disease
p-value by Chi-squared test.
(c) Smoking status and physical activity
Men Women
MAFLD No Yes p-value No Yes p-value
Current smoker 140(19.2%) 125(24.6%) 0.0245 40(7.6%) 11(9.8%)

Physical activity of one
hour or more a day

334(45.8%) 187(36.7%) 0.0015 251(47.4%) 36(32.1%) 0.0031

MAFLD, metabolic dysfunction associated fatty liver disease
p-value by Chi-squared test.
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Fig. 1. Bar Graph of Mean HDL2-C (a), HDL3-C (b), and HDL2-C/HDL3-C Ratio in Men after Stratifying
Subjects According to the Presence of MAFLD or Number of MAFLD Diagnostic Components
HDL2-C, high-density lipoprotein 2 cholesterol; HDL3-C, high-density lipoprotein 3 cholesterol; MAFLD, metabolic

dysfunction-associated fatty liver disease
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HDL2-C, high-density lipoprotein 2 cholesterol; HDL3-C, high-density lipoprotein 3 cholesterol; MAFLD, metabolic
dysfunction-associated fatty liver disease

Table 3. Multiple Logistic Regression Analysis for MAFLD
(a)

Men Women
RC SE OR 95%Cl p RC SE OR 95%Cl p
BMI 0.5634 1.2544 1.757 1.629-1.894 <0.0001 0.5653 0.0651 1.760 1.549-1.999 <0.0001
SBP Not selected 0.0216 0.00859 1.022 1.005-1.039 <0.0001
FPG 0.0283 0.0385 1.029 1.019-1.038 <0.0001 0.0859 0.00869 1.024 1.007-1.042 0.0121
TG 0.00249 0.00464 1.002 1.000-1.005 0.0201 0.0079 0.0284 1.008 1.002-1.014 0.0057
HDL2-C —0.05517 0.00107 0.946 0.931-0.962 <0.0001 —0.043 0.0136 0.957 0.932-0.983 0.0055
HDL3-C 0.0779 0.00842 1.081 1.037-1.127 0.0002 0.2054 0.0433 1.228 1.128-1.337 <0.0001

Variable selection was made by a stepwise procedure. BMI, body mass index; SBP, systolic blood pressure; FPG, fasting plasma glucose; TG,
triglycerides; HDL2-C, high-density lipoprotein 2 cholesterol; HDL3-C, high-density lipoprotein 3 cholesterol; HDL2-C/HDL3-C, high-density
lipoprotein 2 cholesterol/high-density lipoprotein 3 cholesterol; RC, regression coeflicient; SE, standard error; OR, odds ratio; CI, confidence
interval

Independent variables were BMI, waist circumference, systolic and diastolic blood pressure, FPG, fasting immunoreactive insulin, low-density
lipoprotein cholesterol (LDL-C), TG, HDL2-C, HDL3-C, and high-sensitivity C-reactive protein.

(b)
Men Women
RC SE_ OR 95%Cl p RC SE OR 95%Cl p

BMI 0.5667 0.0386 1.762 1.634-1.901 <0.0001 0.5482 0.0630 1.730 1.529-1.958 <0.0001
SBP Not selected 0.0205 0.00854 1.021 1.004-1.038 0.0163
FPG 0.0287 0.00467 1.029 1.020-1.039 <0.0001 0.0258 0.00871 1.026 1.009-1.044 0.0030
TG 0.00239 0.00104 1.002 1.000-1.004 0.0210 Not selected

LDL-C Not selected 0.0115 0.00468 1.012 1.002-1.021 0.0137
'/"HDDLL23‘_CC —1.2039 0.1758 0.300 0.213-0.423 <0.0001 —1.3351 0.281  0.263 0.152-0.456 <0.0001

Variable selection was made by a stepwise procedure. BMI, body mass index; SBP, systolic blood pressure; FPG, fasting plasma glucose; TG,
triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL2-C, high-density lipoprotein 2 cholesterol; HDL3-C, high-density lipoprotein
3 cholesterol; HDL2-C/HDL3-C, high-density lipoprotein 2 cholesterol/high-density lipoprotein 3 cholesterol; RC, regression coefficient; SE,
standard error; OR, odds ratio; CI, confidence interval

Independent variables were BMI, waist circumference, systolic and diastolic blood pressure, FPG, fasting immunoreactive insulin, LDL-C, TG,
HDL2-C/HDL3-C ratio, and high-sensitivity C-reactive protein.
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disease, but no association for HDL2, HDL-C, or Apo
A-1levels”. In women, the average value of HDL3-C
was significantly higher in MAFLD cases compared to
non-MAFLD cases, but there was no observed decrease
in HDL3-C with an increase in the number of cases
meeting the diagnostic criteria for MAFLD. The rea-
son for this gender difference is not clear. Previously,
in our analysis of the relationship between HDL sub-
classes and lifestyle habits, we reported that HDL2-C
increases with exercise and alcohol consumption but
decreases with smokingg. On the other hand, we found
that HDL3-C increases only with alcohol consumption.
Alcohol intake levels did not show a significant differ-
ence between subjects with or without MAFLD in men,
and a large proportion of women did not consume
alcohol, potentially indicating that alcohol consumption
alone may not explain the observed differences. On
comparison with the previous report, we suggest that
HDL3-C level is lower in Japanese than Caucasans"’,
suggesting significant racial variations. Further research
specifically targeting Japanese subjects is necessary.

Obesity often comes with decreased levels of HDL-C
and an increase in TG-rich lipoproteins®, a condition
commonly referred to as atherogenic dyslipidemia. A
key feature of this dyslipidemia is reduced clearance
of TG-rich lipoproteins due to a relative deficiency of
insulin-sensitive lipoprotein lipase**"*°. The rise in TG-
rich lipoproteins is a contributing factor to the low
HDL-C levels observed in obesity. In individuals who
are obese and insulin-resistant, HDL becomes enriched
with TG, and there is an increase in hepatic lipase activ-
ity”’"*. This results in the breakdown of triglyceride-
rich HDL into smaller HDL3 particles, which are more
susceptible to rapid catabolism™.

While the extent of obesity and the distribution of
visceral fat may vary between Japanese and Westerners,
there have been reports indicating an inverse correla-
tion between HDL3 and various events'”* ">, Interest-
ingly, in patients undergoing blood dialysis, the distri-
bution of HDL2b and HDL3 subclasses is associated
with macrovascular events, and a proinflammatory
state has been shown to influence this subclass distribu-
tion™. The relationship between proinflammatory states
and insulin resistance is well known*. In this study,
hsCRP, an indicator of inflammation, and HOMA-IR,
reflecting insulin resistance, were elevated in both male
and female participants with MAFLD. However, the
average values of HDL3-C and the relationship between
MAFLD status and HDL3-C level did not exhibit a
clear trend in males as compared to females. Therefore,
this phenomenon may not be solely explained by a pro-
inflammatory state.

The major limitation of this study was its cross-sec-
tional design, as it prevented the assessment of causality

Ningen Dock International Vol.11 No.1 2024
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between HDL2-C, HDL3-C, HDL2-C/HDL3-C ratio
and MAFLD. Fatty liver was diagnosed using ultraso-
nography alone. Additional imaging, such as CT and
MRI, might be needed for a more accurate diagnosis of
fatty liver. All subjects in this study were middle-aged
Japanese individuals; thus, the effects of ethnicity on
the relationship between HDL2-C, HDL3-C, HDL2-C/
HDL3-C and MAFLD were not assessed. Finally, our
dataset was not large; therefore, our findings may not
be generalizable to all Japanese individuals.

Conclusion

Our results indicated that HDL2-C and the HDL2-C/
HDL3-C ratio are negatively associated with MAFLD,
while HDL3-C is positively associated with MAFLD in
both men and women. The associations between these
indices and MAFLD vary between genders and with
the number of MAFLD diagnostic components. The
concentration of HDL-C is included in the diagnostic
criteria for MAFLD, but the addition of HDL2-C and
HDL3-C analysis may allow a more detailed evaluation
of MAFLD.
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Incidental Detection of a Papillary Fibroelastoma
During a Health Check-up
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Ryoji Yoshida®, Seiya Kato®, Eiki Tayama®

Abstract

An asymptomatic 69-year-old woman exhibited slight ST-segment depression in the inferior
leads on an electrocardiogram during a health check-up. Echocardiography revealed a small
mobile tumor originating from the anterolateral papillary muscle of the left ventricle. As brain
computed tomography revealed a cerebral infarction, urgent surgery was performed. The resected
tumor was histologically diagnosed as a papillary fibroelastoma (PFE). The postoperative course
was uneventful with no tumor recurrence two years post-surgery. It is extremely rare to find PFE
during a health check-up. We emphasize that even minor abnormal findings during health check-

ups should be monitored vigilantly.

Keywords papillary fibroelastoma, health check-up, transesophageal echocardiography

dence of 0.02%', and approximately three-quar-

ters are benign®. Papillary fibroelastoma (PFE)
is the third-most common primary cardiac tumor, ac-
counting for 8% of all cases of primary cardiac tumor
following myxoma and lipoma®. PFE is known to cause
embolic complications such as stroke or myocardial
infarction®, and commonly originates from the heart
valves®. Herein, we report a surgical case of PFE aris-
ing from the anterolateral papillary muscle of the left
ventricle that was incidentally detected during a health
check-up.

Primary cardiac tumors are rare, with an inci-

Case Report

A 69-year-old woman presented to our hospital for
a health check-up. The patient was in her usual state
of good health. Physical examination revealed a blood
pressure of 144/76 mmHg and a heart rate of 75 beats
per minute with sinus rhythm. The electrocardiogram
(ECG) showed slight ST-segment depressions in leads
IL, 111, and aVF (Fig. 1). Transthoracic echocardiogra-
phy (TTE), which was performed based on minor ab-
normal ECG findings, revealed a highly echoic mobile
mass arising from the anterolateral papillary muscle
(ALPM) of the left ventricle (Fig. 2). Left ventricular
ejection fraction was 81% and no asynergy of the left
ventricle was detected. The differential diagnosis of the

mass included cardiac tumors, thrombi, or vegetation.
Since the mass was highly mobile, thrombus forma-
tion was unlikely to have occurred. Because she was
afebrile and there was no evidence of infection, vegeta-
tion was unlikely. Transesophageal echocardiography

Fig. 1. Electrocardiogram Showing Slight ST-segment
Depression in Leads IT, IIT, aVF
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Fig. 2. Transthoracic Echocardiogram Showing a High-
echoic Mass (Arrow) Arising from the Head of the
Anterolateral Papillary Muscle

(TEE) was performed for further examination. TEE
results also revealed a mobile and stretched mass, 12 X
6 mm in size, adhering to the head of the ALPM. The
mass had moved from under the mitral valve to the left
ventricular outflow tract (LVOT) (Fig. 3). Based on the
appearance of the mass on TTE and TEE, PFE was the
most likely diagnosis. Cardiac computed tomography
(CT) revealed no significant coronary artery stenosis.
Head CT demonstrated a low-density area suggestive
of an old cerebral infarction at the border of the left
parietal and occipital lobes (Fig. 4). Despite the absence
of symptoms, the mass was urgently removed to avoid
further embolization.

The operation was performed through a median
sternotomy, and cardiopulmonary bypass was estab-
lished via aorto-bicaval cannulation. After cardiople-
gic cardiac arrest was achieved, the left atrium was
opened using a transseptal approach. Inspection of the
left ventricle through the mitral valve revealed a jelly-
like tumor with multiple fronds originating from the
head of the ALPM (Fig. 5). The tumor was completely
excised with surgical margins. When placed in saline,
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Fig.3. Transesophageal Echocardiogram Showing a
Stretched Mass (Arrow) Located in the Left Ventricular
Outflow Tract During Systole

the excised tumor had a sea anemone appearance with
multiple fronds, consistent with PFE (Fig. 6). PFE was
confirmed via histopathological analysis (Fig. 7). The
postoperative course was uneventful. No recurrence of
PFE was observed two years after surgery.

Discussion

PFE is the third-most common benign cardiac tu-
mor and usually originates from the heart valve tissue.
When a left-heart PFE is found, early surgery is recom-
mended because left-heart PFE frequently presents with
embolic neurological symptoms. Ngaage et al. advocat-
ed that since PFE is frequently located in the high-flow
and high-pressure LVOT of the heart, the risk of em-
bolism is comparatively high®. In the present case, the
tumor moved back and forth from beneath the mitral
valve to the LVOT, and preoperative head CT revealed
cerebral infarction, probably due to embolization of the
PFE. PFE has a high embolic risk, given the friability of
its tissue matrix®.

TTE is a simple, convenient, and non-invasive tool

Ningen Dock International Vol.11 No.1 2024
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Fig. 4. Head Computed Tomography Showing a Low Density
Area (Circle) Suggestive of Old Infarction at the
Border of the Left Parietal Lobe and Occipital Lobe

for investigating abnormal findings. Although TEE is
difficult to perform, it is useful for obtaining detailed
information. A case-control study reported that the sen-
sitivity and specificity of TTE were 88.9% and 87.8%,
with an overall accuracy of 88.4% for the detection of
PFEs >0.2 cm. When PFEs <0.2 cm were included, the
overall sensitivity of TTE was 61.9% and that of TEE
was 76.6%’. Therefore, TEE is recommended for dif-
ferentiating cardiac tumors, especially small tumors.

Approximately 85% of PFEs arise from heart valves
in the following order of frequency: aortic, mitral, tri-
cuspid, and pulmonary valves. The remaining 15% of
tumors originate from nonvalvular sites, commonly
left-sided endocardial surfaces®. PFE arising from the
papillary muscles of the left ventricle are rare. Tamaru
et al. reviewed nine such cases and insisted that PFEs
located on the papillary muscle tend to cause thrombo-
sis compared with those located at other sites’.

There are only a few reports on the diagnosis of car-
diac tumors during health check-ups'®'". In our case,
minor ST-segment depression of the ECG during a
health check-up triggered the discovery of PFE and led
to successful tumor resection. Since cardiac CT demon-
strated no significant stenosis of the coronary arteries,
the mechanism of ST segment depression is unknown
in the present case. ST-segment elevation has been re-
ported to occur due to myocardial invasion in patients
with metastatic cardiac tumors'*'>. An important as-
pect of health check-ups is to avoid overlooking hidden
diseases. Therefore, secondary inspections should be
performed proactively, even if abnormal findings ap-
pear less significant in health check-ups.
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Fig. 5. Surgeon’s View: A Jelly-like Tumor with Multiple Fronds (Arrow) Originating
from the Head of the Anterolateral Papillary Muscle
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Chapter1 Mammography Assessment
Manual
Introduction

The incidence of breast cancer has increased in re-
cent years in Japan, and breast cancer ranks first among
malignant tumors in women. Over 90,000 women are
diagnosed with breast cancer each year. The lifetime risk
of developing breast cancer is estimated to be 1in 9'.

Breast cancer screening using mammography is the
only screening method proven to lower the rate of
breast cancer mortality’. While the benefits of mam-
mographic screening have been studied and the prac-
tice has become standard for breast cancer testing in
Western countries with high rates of breast cancer,
several issues, such as the age at which the test should
be performed and how dense breast tissue should be
evaluated, are still being discussed”’.

In Japan, breast cancer screening using mammogra-
phy started in 2000, and was conducted in combination
with the clinical breast examination in women aged >50
years every 2 years. Since 2004, the test has been avail-
able every other year for women aged >40 years. How-
ever, as breast cancer screening with a clinical breast
examination alone has been found to be ineffective
for lowering breast cancer mortality, today, an increas-
ing number of municipalities have omitted the clinical
breast examination and opted for mammography only.

Voluntary breast cancer screening provided as part of
a medical checkup package for Ningen Dock and other

Ningen Dock International Vol.11 No.1 2024

List of Members

services has become widely available today, and supple-
ments the government’s population-based screening
rate (approximately 20% for those aged 40-74 years).
The current overall breast cancer screening rate is
47.4% (2019), which has yet to reach the target of
50%*. Due to the increase in breast cancer incidence,
the nation is taking efforts to increase population-based
breast cancer screening rates, and Ningen Dock plays
an important role in this process. However, as described
in more detail in the ultrasound screening section, vali-
dating the accuracy of breast cancer screening within
Ningen Dock is fraught with challenges, because of the
lack of standardized terms and criteria for screening
across testing facilities.

Here, we standardized terms related to breast cancer
screening and created assessment classes for interpret-
ing screening results to improve the accuracy of breast
cancer screening. Mammography Guidelines Ver. 4
(Japan Radiological Society/Japanese Society of Radio-
logical Technology)® was used to standardize and main-
tain consistency of breast cancer screening terms.

I. Assessment procedure

1. Identify the lesion location from the parts list

2. Assess the results

3. Select the category

4. Select the assessment class

Assessment should be conducted according to the
above steps. The reason (category) for selecting the as-
sessment class and name should be noted.
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1. Lesion location
The lesion location should be noted based on the
view during screening.
(See Mammography Guideline Ver. 4)
1) Location on mediolateral oblique (MLO) view (Fig. 1)
L: Region caudal to the perpendicular line stretching
posterior to the center of the nipple
M: Region delineated by the line drawn cranially from
the perpendicular line of the same length as that to
the lower margin of the breast and the line drawn
parallel to the perpendicular line
U: Region cranial to M
Subareolar region (corresponding to the main duct);
site 2 cm from the central nipple
X: Axillary region
Locations between two regions should be marked
under the main site.
Locations that cover the entire breast should be
marked as W.
2) Location on craniocaudal (CC) view (Fig. 2)
I: Region medial to the perpendicular line from the
center of the nipple
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Fig. 1. Location on MLO View

Method for describing regions in bidirectional view
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Fig. 3. Location on Bidirectional View
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O: Region lateral to the perpendicular line from the
center of the nipple
S:  Subareolar region

Locations between two regions should be marked
under the main site.

Locations that cover the entire breast should be
marked as W.

3) Bidirectional view (Fig. 3, 4)

For the bidirectional view, MLO and CC images
should both be taken.

Findings should be noted in the following order: “Bi-
lateral differences,” “Location on MLO view,” and “Lo-
cation on CC view.”

Locations between two regions should be marked
under the main site.

If findings can only be identified in one view, “N” to
indicate “no findings” should be noted in the view in
which the findings are not observable to indicate that
they were only visible in one view.

2. Assessment methods

Mammography interpretations should be double-

checked by two physicians (ideally mammography

Location on CC view
Lateral
2cm h
Medial

Fig. 2. Location on CC View

Method for describing regions in bidirectional view
when findings are not present in unidirectional view

X
25m<

SR SRR R R ——

~—

Fig. 4. Location When There Are No Findings on One View
of the Bidirectional View
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interpreting physicians certified by the Japan Central
Organization on Quality Assurance of Breast Cancer
Screening).

The assessment should be made separately on the left
and right.

In the bidirectional view, the assessment should not
be made individually for each view. Instead, a category
should be selected as the overall assessment result from
the two views for each breast. Similar findings identifi-
able in both directions increase the chances of finding a
lesion.

Assessment should be conducted with past images
for comparison, if available.

The possibility of malignancy should be considered
when selecting the category. Categories >3 require fur-
ther examination.

An image that cannot be appropriately assessed
should be categorized as “unassessable.”

A reading physician should be consulted as soon as
possible to determine whether an unassessable case
should be reinterpreted or assessed using another test-
ing method.

3. Categories
1) Uninterpretable

Uninterpretable cases (Category N) can be further
divided into two categories:

N-1: Cases requiring re-examination and re-imaging
owing to body movement, poor imaging conditions, or
positioning

N-2: Cases that are expected to be categorized as N
after a re-examination owing to assessment of breast or
areolar shape via clinical breast examination (palpation).

2) Interpretable

Category 1 Negative

Category 2 Benign, findings that do not require further
examination

Category 3 Benign, but malignancy cannot be ruled out
Category 4 Suspicious abnormality
Category 5 Highly suggestive of malignancy

3) Uninterpretable
Uninterpretable cases should be categorized as N.

4. Assessment class

% The assessment class conforms to the Assessment
Classes of the Japanese Society of Ningen Dock.

II. Breast composition®

Fatty, scattered fibroglandular density, heteroge-
neously dense, and extremely dense

No method exists to assess the degree of the mixture
of fibroglandular and fatty tissue on mammography.
Heterogeneously dense and extremely dense breast tis-
sue are common in Japan; these breast composition
types account for over 60% of Japanese women. In
general, dense breast tissue (heterogeneously dense and
extremely dense) decreases with age, especially after
menopause. Scattered areas of fibroglandular density
and fatty breasts are common in overweight people.

Mammography has low sensitivity in those with
dense breast tissue compared to non-dense breast tissue;
thus, dense breast tissue itself is a risk factor for breast
cancer, according to some reports.

However, there is no consensus on whether ultra-
sound should be added in women with dense breast tis-
sue”’.

Assessment Class

Category

Assessment

(Includes physiological changes.) Corresponds to

Class A Negative Category 1. Does not require further examination or re-
examination.
Assessment . . Of Category 2; corresponds to clearly benign. Does not
Class B Mild abnormality require further examination or re-examination.
If malignancy is suspected, always make a judgment
of Class D. Of Categories 2 and 3; corresponds to a
condition that is determined not to affect vital prognosis
as assessed in a 1-year re-examination, and thus requires
Assessment Requires a re-examination in 1 year as a general rule. The time to
Class C re-examination re-examination can be at the discretion of the physician;
(in 6/12 months) * however, if re-examination is required within 3 months, it
should be classed as “required detailed examination.”
Unassessable cases should be categorized as N, and the
interpreting physician should make a recommendation on
re-examination or examination using another modality.
Assessment Requires detailed :
Class D examination/treatment Corresponds to Categories 3, 4, 5.
Assessment Receiving chemotherapy or radiotherapy in a medical
Class E In treatment institution, with the aim of improving the result of the

corresponding examination.

*Class D if re-examination cannot be performed in the same facility.

% Categories were developed with the intention to assess benign or malignant tumors, and assessment class is an

indicator of breast assessment findings and patient’s actions.
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ITI. Terms for mammography findings

Terms for mass, calcification, and other findings (cat-
egorized into glandular parenchyma, skin, and lymph
node findings) were standardized based on the “Mam-
mography Guidelines®.”
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Chapter 2 Ultrasound Assessment Manual

Introduction

The incidence of breast cancer has increased in re-
cent years in Japan, and breast cancer ranks first among
malignant tumors in women. In 2019, 91,605 women
were diagnosed with breast cancer. The lifetime risk of
developing breast cancer is estimated to be 10.6% for
Japanese women or 1in 9'.

The J-START trial, which tested the effectiveness of
ultrasound combined with mammography in screening
for breast cancer in Japanese women aged >40 years’
showed that adding ultrasound to mammography in-
creases the detection rate of breast cancer; however,
conclusions are yet to be reached on whether it de-
creases mortality, given it requires long-term follow-up
observation. Furthermore, as the study did not directly
compare mammography with ultrasound, ultrasound
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alone is not used for population-based screening. Ac-
cording to the Japanese Breast Cancer Society 2017 Re-
port on clinical statistical studies on registered patients
with mammary cancer in Japan, a sizable portion of pa-
tients with breast cancer (5.3% of patients with breast
cancer overall, n=4,947) are aged <39 years and are not
eligible for population-based screening.

Given that the aim of breast cancer screening is to
lower the breast cancer mortality rate, the lack of evi-
dence for ultrasound screening should be thoroughly
explained to people undergoing ultrasound. However,
ultrasound screening is generally important in women
who are poor candidates for mammography (young
women with dense breast tissue, for whom the detec-
tion sensitivity of breast cancer is low’) and are more
sensitive to the effects of radiation exposure, women
who have undergone breast augmentation surgery, are
pregnant or breastfeeding, high-risk young women, and
women who cannot be screened or screened sufficiently
using mammography because of dense breast tissue or
who want to avoid it by preference.

Furthermore, the terms and criteria used in voluntary
breast cancer screening in Ningen Dock are not stan-
dardized across screening facilities and cannot be eas-
ily validated for screening accuracy. It is important to
standardize techniques, systems, and process indicators
(data submitted to national data by the Japan Associa-
tion of Breast Cancer Screening) to ensure accuracy. To
promote accuracy in Ningen Dock, The Health Screen-
ing Assessment and Guidance Manual Drafting Com-
mittee Breast WG (Sakurai Team) standardized “loca-
tion” and “finding and diagnosis names” for presenting
screening assessment criteria. Location, finding, and
diagnosis names are in the screening standard format of
the Japan Medical Health Management Assessment As-
sociation, which comprises 10 health screening-related
organizations.

In the Breast Ultrasound Ningen Dock Screening
Assessment Manual, diagnoses were described with ref-
erence to the Japan Association of Breast and Thyroid
Sonology Breast Ultrasound Guideline (ver. 4)*. We
plan to promptly update the Breast Ultrasound Ningen
Dock Screening Assessment Manual when the breast
ultrasound guideline is revised. We hope that the pres-
ent assessment manual will be widely used in health
screening facilities to improve accuracy.

I. Screening methods

See the Guideline for Breast Ultrasound Diagnosis
and Management, Ver. 4, for ultrasound devices and
examination methods.

II. Assessment procedure
1. Identify the lesion location from the parts list
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2. Select the corresponding assessment result from

the list of findings or diagnoses

3. Select the category

4. Select the assessment class

Assessment should be conducted according to the
above steps. The reason (category) for selecting the as-
sessment class, finding, and diagnosis should be noted.
1. Lesion location

To describe the lesion location in terms of breast
region, methods that use a clock axis centered on the
nipple and methods conforming to the Japanese Breast
Cancer Society “General Rules for Clinical and Patho-
logical Recording of Breast Cancer”” should be used in
screening.

Given that the recording method in “General Rules
for Clinical and Pathological Recording of Breast Can-
cer” is used in clinical practice, the present guidelines
also recommend this method.

Specifically, this method entails first noting whether
the lesion is on the right or left (or both) breast(s).

The region where the lesion is located should be clas-
sified under one of the following:

Upper medial -+ region A
Lower medial - region B
Upper lateral - region C

Lower lateral ------ region D
Areolar: . eeeeererrrennn region E
AXIHaI'Y ................. region C’

Whole breast:------ region W

The breast is divided mediolaterally and superoinferi-
orly into quadrants, and the areolar and axillary regions
are marked as separate regions, as shown above.

An alphabetical letter is assigned to each quadrant to
obtain regions A-D (Fig. 1). The areolar region, includ-
ing the nipple, is designated region E, and the axillary
tail of the breast is designated C’.

If multiple lesions are present across multiple regions,
they should be indicated in descending order from the
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\
\
\
\
\
\
\
\
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D B

)
J/

Right

region (main seat) with the greatest number of lesions.

Example: If the main seat is in region A but lesions
are also found in region C, this should be noted as =AC
2. Findings and diagnosis

Findings should be classified as masses or non-mass
lesions. See Guideline for Breast Ultrasound Diagnosis
and Management, Ver. 4, for details of the classifica-
tions and diagnostic methods.

History of the finding (e.g., first examination, new
onset, detection, and growth since the last examination)
should be noted to the best possible extent.

See the table below and notes on diagnosis.

Apart from the most typical cases, ultrasound alone
has limitations for making a diagnosis; thus, while it is
mandatory to note the finding and category, noting the
diagnosis is optional.

3. Categories
% The screening categories below are based on the

Guidelines for Breast Ultrasound Diagnosis and Man-

agement.

Category 1: Negative

Category 2: Benign findings that do not require further testing™'
Category 3: Benign, but malignancy cannot be ruled out
Category 4: Suspicious abnormality

Category 5: Highly suggestive of malignancy

Category 0: Unassessable case™*

%1 “Category 2 Benign,” used widely in diagnostic categories, includes
“findings that do not require further testing.”

%2 “Unassessable” refers to cases that cannot be assessed owing to device
malfunction or factors related to the examinee or examiner that require
re-examination or other examination and are classified as Assessment
Class C with the necessary details.

4. Assessment class (Breast screening assessment

and management)

% Assessment classes comply with the Japan Medical
Health Management Assessment Association health
screening standard format and the Japanese Breast
Cancer Society “Breast Cancer Detailed Screening
Report Manual based on Categories and Diagnosis
Categories®.”
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Fig. 1. Location
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Page in Guideline for Breast

Breast ultrasound findings Standard terms Recommendation  Assessment - .
(Major items) (Mid-level items) category Class Ultrasound Diagnosis and
Management, Ver 4.
Noninvasive ductal carcinoma D p99
Invasive ductal breast carcinoma D p100
Mammary tumor 3 1 Mucinous carcinoma 4,5 D p104
Invasive lobular carcinoma D p105
Breast cancer D p99
Indistinguishable (Benign/malignant) Breast tumor ) 3 D p110
mammary tumor 2 Intraductal lesion
Mammary tumor %3 Fibroadenoma 2 B p105
Mastopathy B p108
Fibrous disease B p110
Other benign diseases of the breast Hamartoma ) B p111
gland %4 Hematoma B,D
Mastitis B D
Subareolar abscess B,D
Axillary lymph node enlargement 5 Axillary lymph node enlargement 2,3,4,5 B, D pl116
Intramammary lymph node * 6 Intramammary lymph node 1,2,3 A,B,D pl116
Lactation change *7 Lactation change 1 A p97
Gestational change Gestational change 1 A p97
Foreign-body granuloma Foreign-body granuloma 2 B p112
Postoperative breast Postoperative breast 2 B
Lipoma B
Other breast findings * 8 Mondor’s disease 2 B
Fat necrosis B p111
Other breast findings %9 Su.bcutaneous tumor 2,3,4,5 B,D
Skin mass
Other breast findings * 10 Other than the above 2,3,4,5 B,D

(includes supernumerary nipples, etc.)

% 1:  Malignant tumors are assessed as Category 4 or 5, Assessment Class D if the histology type can be predicted.
% 2: Masses that are not distinguishable (between benign or malignant), such as masses that cannot be identified as a tumor and phyllode tumor, are assessed
as Category 3, Assessment Class D.
* 3: Typical fibroadenomas and other tumors that can be easily determined to be benign tumors are assessed as Category 2.
% 4: Other benign diseases (mastopathy, fibrous disease, hamartoma, hematoma, mastitis, and subareolar abscess) that are clearly diagnosable are assessed as
Assessment Class B.
% 5:  Axillary lymph node enlargement that clearly indicates reactive lymph nodes are assessed as Category 2, Assessment Class B.
In other cases, assume the possibility of dormant breast cancer, malignant lymphoma, or breast cancer metastasis, and assess as Categories 3, 4, or 5,
Assessment Class D.
% 6: Intramammary lymph nodes that appear normal are assessed as Category 1, Assessment Class A; clear reactive enlargement as Category 2, Assessment
Class B; and others as Category 3, Assessment Class D.
% 7: Clear lactation changes or gestational changes are assessed as Category 1, Assessment Class A.
Foreign-body granuloma after breast augmentation surgery or post-mastectomy findings that clearly indicate a change from foreign bodies or surgery is
assessed as Category 2, Assessment Class B.
% 8: Other subcutaneous findings should not be mentioned to examinees at the breast cancer screening; however, lipoma, fat necrosis to traumatic injury, and
Mondor’s disease are assessed as Category 2, Assessment Class B.
*9: Subcutaneous tumors and skin tumor alone should not be mentioned to examinees at the screening; however, clearly benign cases are assessed as
Category 2, and suspected metastasis after breast cancer surgery as Categories 3, 4, or 5, Assessment Class D.
% 10: Other breast findings (including supernumerary nipples) should be noted and assessed.
Assessment Class Category Management
Assessment N . - - -
Class A egative Corresponds to screening Category 1 Does not require further examination or follow-up
Mild abnormalit : .
Asscelssment Does not require det);iled Corres_ponds to screening Category 2 clearly benign Does not require further examination or follow-up
assB R or findings do not require further testing
examination
Small masses and non-mass lesions with possibility
Requires of dugtal carcinoma in situ are Category 2, and
Assessment N screening again in 6 or 12 months is allowed
Class C G re-examination Unassessable cases are Category 0, and require the
in 6/12 months) . } S ]
interpreting physician’s recommendation for re-
examination or examination by another modality
Asz(lessment Requlrgs detailed Corresponds to screening Categories 3,4, 5 Requires detailed examination
ass D examination/treatment
In treatment
ASSCQIZSSTEQM Generally not used in Not in scope of breast cancer screening

Ningen Dock Breast
Screening assessment

* Cases that cannot be re-examined in the same facility are categorized as Class D.
% See the Ultrasound Category Assessment Checklist for details
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Table of English terms

Standard terms

Mass

Cystic pattern

Mixed pattern

Solid pattern

Non-mass lesions

Abnormal lactiferous duct (bilateral, multiple)
Abnormal lactiferous duct (segmental, local)
Hypoechoic area (bilateral, multiple)
Hypoechoic area (segmental, local)
Architectural distortion

Multiple small cysts (bilateral, scattered)
Multiple small cysts (segmental, local)
Echogenic foci

Coarse calcifications

Diagnosis

Ductal carcinoma in situ: DCIS
Invasive ductal carcinoma

Mucinous carcinoma

Invasive lobular carcinoma

Breast cancer

Breast tumor

Fibroadenoma

Mastopathy

Fibrous disease

Hamartoma

Hematoma

Mastitis

Subareolar abscess

Axillary lymph node enlargement
Intramammary lymph node

Lactation change

Gestational change

Foreign-body granuloma
Postoperative breast

Lipoma

Mondor’s disease

Fat necrosis

Subcutaneous tumor

Skin tumor
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Chapter 3 Clinical Breast Examination
(Visual Inspection and Palpation)

Breast cancer screening with clinical breast exami-
nation (visual inspection and palpation only) is not
recommended owing to its high false-positive and
false-negative rate and ineffectiveness in increasing
the survival rate of patients with breast cancer. Clinical
breast examination (visual inspection and palpation)
should only be performed in combination with mam-
mography (ultrasound).

A non-negligible percentage of examinees attend
breast cancer screening with subjective symptoms such
as mass, abnormal nipple discharge, and mastalgia;
thus, information on such symptoms should be col-
lected before the clinical breast examination.

In performing a clinical breast examination, acquir-
ing the following information in a medical interview is
helpful:

All examinees

1. Age at menarche
2. Number of pregnancies and births
3. Age at first birth
4. Family history of breast cancer (age at onset,
side), family history of ovarian cancer
5. Previous biopsies
Premenopausal examinees
1. Date of the most recent menstruation, cycle
2. Use of hormone therapies
Postmenopausal examinees
1. Age at menopause
2. Use of hormone replacement therapy

Professionals in the examination room should con-
sider the examinees privacy. A female assistant must
accompany a male examining physician. If possible, a
special gown should be provided as examinees will be
required to remove the clothes from their upper body
for the examination.

A. Visual inspection

In a sitting position, have the examinee place both
hands on their waist to examine the presence or ab-
sence of laterality of the breasts and papilla, skin tone,
breast deformity, and skin indentation. Next, have the
examinee raise both hands and check for the presence
or absence of laterality of the breasts and constriction.
In the case of an inverted nipple, inquire about when
it started. Unilateral papillary erosion may be a sign of
Paget’s disease, whereas bilateral papillary erosion may
be atopic dermatitis.
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B. Palpation

Palpation with the flats of the hand is the common
method. Palpate gently in case of a premenstrual exam-
inee as some may experience significant pain even with
a light touch.

Palpation is performed in the sitting and supine posi-
tions. In the sitting position, have the examinee raise
both hands for palpation. Large or drooping breasts
are better examined in the supine position. If a mass
or induration is observed, note the location, size, mar-
gins, surface properties, mobility, and the presence or
absence of a dimpling sign. Bilateral breast comparison
is important. In the premenopausal breast, an indura-
tion observed on the upper lateral sides of both breasts
may indicate normal mammary gland tissue. However,
when the examinee reports subjective symptoms such
as a mass, due caution must be paid to avoid overlook-
ing the sign and assessing the examinee as negative.

Palpation of the axillary lymph nodes is performed
in a sitting position, with the arms lowered and the
body relaxed. The axillary lymph nodes are not usually
palpable, but in rare cases, lymph node metastases may
precede the mammary mass. Additionally, soft lymph
nodes may be palpated in the presence of inflammation
in the upper arm, such as in patients with atopic der-
matitis.

Overall Assessment Flowchart: Combined
Mammography and Ultrasound Screening

In population-based breast cancer screening, a mam-
mography examination is performed once every 2 years
for women aged >40 years. However, since a study
reported that breast cancer can be difficult to detect
in dense breast tissue in Ningen Dock screening', an
increasing number of facilities have begun performing
both mammography and ultrasound. The rise in this
approach is in part because patients have recently start-
ed to request combined screening with mammography
and ultrasound.

In addition, a single-center, randomized con-
trolled trial of Japanese patients aged 40-49 years
comparing mammography+ultrasound vs. mam-
mography alone showed that 1.5 times more breast
cancers were detected in examinees who underwent
mammography-+ultrasound®. In combination screening,
there are cases where both examinations are performed
at one facility and others where the two are performed
at separate facilities. For patient convenience and ac-
curacy of the assessment, it would be best if the two can
be performed in one facility. In addition, a “simultane-
ous combination method” is possible, in which an ultra-
sound is performed while viewing the mammography
result, as is a “separate combination method,” in which
an ultrasound is performed without information from

Mammography findings

et ) |

Mass of category =3 ] [

Calcification of

category 23

p
A bregst t'SSL.je Architectural distortion
L Focal asymmetric density

2\

If boundary is clear \

and smooth (+ difficult
to assess), prioritize
ultrasound findings

Prioritize ultrasound
findings

findings

/- Prioritize

mammography

« If clear benign

\ / If normal mammary \ [ Prioritize mammography ]

glands are confirmed findings
in ultrasound,
Category 1
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If edges are
microsporangiate,
boundaries are
unclear and
spiculated, prioritize
mammography

If findings identified in
mammography cannot
be identified in
ultrasound, prioritize
the mammography

findings, such as
fibroadenoma, can be
confirmed in
ultrasound, prioritize

findings

3 If two or more tests or visual inspection and palpation are combined with mammography,
findings should be noted under the mammography section of the Test Findings Sheet.

ultrasound findings

If cystic or non-cystic
lesions are confirmed
in ultrasound,
prioritize ultrasound

If localized
asymmetric shading is
observed in
mammography but
normal mammary
glands are confirmed
in ultrasound, detailed
examination is not

required

Fig. Flowchart of the Mammography+Ultrasound Overall Assessment
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mammography. The simultaneous combination method
would certainly increase the accuracy of screening and
the reliability of the overall assessment.

To obtain the final judgment of the comprehensive
assessment, the mammography examination (investiga-
tion) and ultrasound should be judged separately, and
the judgment of the modality with findings should be
given priority. Alternatively, after obtaining each sepa-
rate judgment, the findings of both should be compre-
hensively evaluated to obtain the final judgment. The
latter comprehensive judgment is preferable from the
viewpoint of screening accuracy, especially specificity.

Below is a flowchart of the comprehensive judgment
process for mammography and ultrasound. For the
final overall assessment, the mammography and ultra-
sound results are assessed separately and assessment
of the modality with findings may be given priority
or the findings of both may be reassessed together for

Ningen Dock International Vol.11 No.1 2024

the overall assessment. The latter overall assessment
method is preferable from the viewpoint of screening
accuracy, especially specificity.

A flowchart of the mammography+ultrasound over-
all assessment is shown below.
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Test Findings Sheet for the Various Examinations (Reference)

| Ultrasound Findings Sheet |

[Examinee information]

Name:

R
C A

()
o/

D B

R [No abnormalities

[Location]

L
A | C

(=)
N

B D

L [ONo abnormalities

ID:
Birthdate: / /

Age: years

[Date of examination] /

[Test facility]

[Tumor lesion
New Growth Unchanged Shrinkage]

[cystic [Mixed [JSolid

[JLocation R ( )

Large diameter

X Short diameter

X Height mm

[Tumor lesion

New Growth Unchanged Shrinkage]
[Icystic [Mixed [Solid
[JLocation L ( )
Large diameter

X_Short diameter X _Height mm

[Tumor lesion
New Growth Unchanged Shrinkage]

[cystic [Mixed [JSolid

[Location R ( )

Large diameter

X Short diameter

X Height mm

[Tumor lesion

New Growth Unchanged Shrinkage]
[Jcystic  CIMixed  [Solid
[Location L ( )
Large diameter

X Short diameter X Height mm

[Tumor lesion
New Growth Unchanged Shrinkage]

[cystic [Mixed [JSolid

[JLocation R ( )

Large diameter

X Short diameter

X Height mm

[Tumor lesion

New Growth Unchanged Shrinkage]
[cystic [Mixed [Solid
[JLocation L ( )
Large diameter

X Short diameter X Height mm

[Nontumor lesion]

[Location R ( )
[JAbnormal lactiferous duct
[JHypoechoic region

[JArchitectural distortion

[IMultiple small cysts

[Nontumor lesion]

[JLocation L ( )
[JAbnormal lactiferous duct
[JHypoechoic region
[JArchitectural distortion
[IMultiple small cysts

Last examination ( /
[OMG  [Ultrasound

Last examination

[INegative [IBenign
[JRequires detailed examination

/)

[IJMG + Ultrasound

[Notes at examination]

Pregnant / Breastfeeding /
Post-breast augmentation surgery /
Post-mastectomy

Other (

[Diagnosis]
R: Right
Malignant mammary tumor

Indistinguishable
(benign/malignant) mass

Benign mass (fibroadenoma)
Cyst

Axillary lymph node
enlargement

o o oo o o

Other ( )

L: Left

o o oo O

Testing technician’s comments

Right [Ultrasound categories] Left
[J1 | Negative 1
[J2 | Benign, does not require detailed examination ]2
3 Benign, but malignancy cannot be ruled out 3
[J4 | Suspicious abnormality L4
[I5 | Highly suggestive of malignancy L5
[J0 | Unassessable 1o

Assessing physician:

Assessing physician:

Testing technician’s name:
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Mammography Findings Sheet | [Date of examination: /! ]

[IMMG Direction: /
[Examinee information] [JUltrasound: /
Name: ID: [Jvisual inspection and palpation:
Birthdate: : /7 . /
Age' years Visual inspection and palpation alone is not recommended
Right Left
—
o
(2]
Q
=
o
=}
Breast composition: Breast composition:
Fatty, scattered fibroglandular density, heterogeneously dense, Fatty, scattered fibroglandular density, heterogeneously dense,
extremely dense extremely dense
2 u M L S X W A B C D E C u M L S X W A B C D E C
Q
g Diffuse Regional Segmental Aggregated Fibrous Other ( ) Diffuse Regional Segmental Aggregated Fibrous Other ( )
R =
g 2 Tumor lesion  Calcified lesion Local Asymmetrical Tumor lesion  Calcified lesion Local Asymmetrical
=z U% Architectural distortion Mastopathy Other ( ) Architectural distortion Mastopathy Other ( )
w
1) No findings 2) Benign 3) Probably benign 1) No findings 2) Benign 3) Probably benign
o 4) Suspicious of malignancy 4) Suspicious of malignancy
T 5) Strongly suspicious of malignancy 5) Strongly suspicious of malignancy
3 6) Unassessable - Imaging conditions Positioning 6) Unassessable - Imaging conditions Positioning
< Not eligible for mammography (Breast cancer surgery, breast Not eligible for mammography (Breast cancer surgery, breast
augmentation surgery, pacemaker implantation) augmentation surgery, pacemaker implantation)
3 § 1) Negative 2) Benign 3) Probably benign
A § 4) Suspicious malignancy 5) Strongly suspicious malignancy  6) Unassessable
2 % 2| Primary interpreting physician Secondary interpreting physician Imaging technician
;<
EA
@®Mass Olnduration + - Mass + - @®Mass Olnduration
+ - i + -
Size Induration Size
X cm + - Diffuse nipple + - X cm
Hardness + - Inverted + - Hardness
Ha.rd / Tender . - Secretion . - Ha.rd / Tender
< | Margins - Margins
2 Unclear / Clear + - Skin changes + - Unclear / Clear
nf. Surface + - Redness + - Surface
=1
z Irregular / Unsmooth Axillary lymph Irregular / Unsmooth
® | Flathand +/ - + - nodes + - Flathand + / -
'5’- Pain on pressure + / - Pain on pressure + / -
32, Supraclavicular
> + - + -
o lymph nodes
T
= Right Left
S Diagnosis at the
1) Negative 2) Benign 3) Probably benign time of 1) Negative 2) Benign 3) Probably benign
4) Suspicious of malignancy 5) Strongly suspicious of examination 4) Suspicious of malignancy 5) Strongly suspicious of
malignancy malignancy
Assessment on visual inspection and palpation:
Physician’s comments [Diagnosing physician’s name ]
o | Abnormal [OMammography [JUltrasound
® | findings [Vvisual inspection and palpation (Assessment by visual inspection and palpation alone is not recommended)
Q
o [JA Negative [JB Mild abnormalities [JC Requires re-examination (in 6/12 months)
2 | Assessment class . . -
o []D Requires detailed examination/treatment  [JE In treatment
g
Physician’s . . .
(0] ’
Diagnosing physician’s name
2 | comment [Diag g phy J

Ningen Dock International Vol.11 No.1 2024 77 (77)



Ultrasound Category Assessment Checklist (Reference)

Right (R)

Mass Category =3 Category <2
] Cystic pattern [ ] Category 2
L1 Mixed pattern [1>15mm [1<15mm

] Solid pattern

[] Halo, with rupture of gland margin

] Multiple echogenic foci

[ID/W=0.7,>5mm
[1D/W<0.7,>10 mm

[J <20 mm small D/W ratio (approximately <0.5) and clear and
smooth margins

] With coarse calcifications

] Anterior arch-shaped echogenic focus and posterior shadowing
[JD/W=>0.7,<5mm

[1D/W<0.7,<10mm

Non-mass lesions

Category >3

Category <2

Abnormal lactiferous duct

[] Segmental, local duct dilation

[ Bilateral, multiple duct dilation

] Segmental, local dilation without hypoechoic regions or floating
echoes

Intraductal hypoechoic region

] Segmental, local
[] Echogenic foci

[ Bilateral, multiple

Architectural distortion

[ Architectural distortion

Multiple small cysts

[JSegmental, aggregated with
intraductal hypoechoic regions or
abnormal lactiferous duct

[[] Bilateral, scattered

] Segmental, aggregated without intraductal hypoechoic regions
or abnormal lactiferous duct

Left (L)

Mass Category =3 Category <2
L] Cystic pattern ] Category 2
[J Mixed pattern [J>15mm [J<15mm

] Solid pattern

[] Halo, with rupture of gland margin

[J Multiple echogenic foci

[JD/W=0.7,>5mm
[ID/W<0.7,>10 mm

[J <20 mm small D/W ratio (approximately <0.5) and clear and
smooth margins

[] With coarse calcifications

] Anterior arch-shaped echogenic focus and posterior shadowing
[JD/W=>=0.7,<5mm

[1D/W<0.7,<10mm

Non-mass lesions

Category >3

Category <2

Abnormal lactiferous duct

[] Segmental, local duct dilation

[ Bilateral, multiple duct dilation

] Segmental, local dilation without hypoechoic regions or floating
echoes

Intraductal hypoechoic region

] Segmental, local
] Echogenic foci

(] Bilateral, multiple

Architectural distortion

[J Architectural distortion

Multiple small cysts

[JSegmental, aggregated with
intraductal hypoechoic regions or
abnormal lactiferous duct

[[] Bilateral, scattered

[[] Segmental, aggregated without intraductal hypoechoic regions
or abnormal lactiferous ducts

% This manual was created with support from the Ministry of Health, Labour, and Welfare Grant-in-
Aid for Scientific Research on Cardiovascular Disease, Diabetes Mellitus, and other Lifestyle-related
Diseases 20FA1021.
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The Regulations
of the International Society of Ningen Dock

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

Article 2
Office
The Society has its principal office 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

The Society conducts the following tasks to achieve the aims described in the preceding section.

. Holds congress (World Congress on Ningen Dock), board meetings, lectures, and committee meetings
. Publishes journals and news magazines

. Communicates and cooperates with related academic societies both in Japan and overseas

. Promotes research activities in ningen dock and related fields

. Does whatever is necessary to achieve the aims of the Society

G W W N =

Article 5
Membership
1. The 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 significantly 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. The board meeting will process applications mentioned in the preceding section, and promptly notify
the applicants of its decision.
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Article 6
Officials
1. The Society shall appoint the following honorary advisors and officials.

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. The congress president shall be recommended by the executive board and appointed by the president.

2. The congress president shall represent the Society and host the World Congress on Ningen Dock as a
scientific meeting.

Article 9

President

1. The president shall be selected by and from among board members and delegated by the president of
Japan Society of Ningen Dock.

2. The president shall preside the Society.

Article 10

Vice president

1. The vice president shall be appointed, from among board members, by the president.

2. The 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.

. 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.

w
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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. The 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. The 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. The fiscal 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
Modification of rules
The 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 defined elsewhere by the
president with the approval of the executive board.

Article 18

Additional clause

The Regulations of the International Society of Ningen Dock will come into effect 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 defined 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 scientific 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
Those 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) Those who violate their duty as members of the Society;

2) Those who damage the honor of members of the Society or act against the aims of the Society.

Article 6
Those 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 officials)

Article 7

1. The 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, Pacific Rim, North America, or Europe.

Article 8

1. The 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. The 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) The 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) The congress and the board meeting will be held at the same time.

4) The name of the congress president and the location of the next congress will be announced.

Article 10

1. Those who want to take part in the congress shall pay the participation fee, which is defined separately.

2. Participation fee for the congress will be defined 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. The detailed regulations will come into effect on September 15, 2006.
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INSTRUCTIONS TO AUTHORS

Ningen Dock International
Official Journal of Japan Society of Ningen Dock

Ningen Dock International is the official journal of Japan Society of Ningen Dock, in which original
articles, case reports, short reports, review articles, and clinical experience or practice report in English are
published. Ningen Dock accepts only manuscripts that are original work in the field of ningen dock and
related areas not previously published or being considered for publication elsewhere, except as abstracts.
The 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). Therefore, 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 https://mc.manuscriptcentral.com/ndi

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 field of the manuscript.

The title, abstract, text, acknowledgments, references, tables, and figure 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 Microsoft Word or other file format that may be
uploaded to the online system.

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

Example file names: Manuscript.doc, Fig1.jpg, Table 1 xls, etc.

Please indicate the version of Microsoft Office used in a cover letter accompanying the uploaded files.

All measurements should be expressed in SI units. Less common abbreviations should be spelled out at
first usage and the abbreviated form used thereafter.

Title page

Titles should be concise and informative. Include the full names of authors, names and addresses of
affiliations, 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. Running title should not be more than 50 characters.
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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.

Short reports: A short report should not exceed 3,000 words.

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'. For journals, the names
and initials of the first 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 first 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. For websites, the names and initials of the first three authors,
followed by “et al.” if there are other coauthors, title of cited page/the document, year of posting, URL, and
accessed date in parentheses should be included. Examples of references are given below.

Journal: Frias JP, Davies MJ, Rosenstock J, et al.: Tirzepatide versus semaglutide once weekly in patients
with type 2 diabetes. N Engl ] Med 2021; 385: 503-515.

Book: Kaplan NM: Measurement of blood pressure. In: Kaplan NM(ed), Kaplan’s Clinical Hypertension.
7th ed., Lippincott William & Wilkins, Philadelphia, 2002, 25-55.

Websites: Ministry of Health, Labour and Welfare: The National Health and Nutrition Survey in Japan.
2013, http://www.mhlw.go.jp/bunya/kenkou/eiyou/dl/h25-houkoku.pdf (in Japanese) (accessed March 1,
2022)

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 figure. Legends are part of the text, and should be appended to it on a
separate page. Color figures can be reproduces if necessary, but the authors will be expected to contribute
towards the cost of publication.
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Conflict 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 COJI, this should be indicated in the manuscript.

Page proofs
The corresponding author will receive PDF proofs, the author should correct only typesetting errors. After
correcting, page proofs must be returned promptly.

Reprints

Thirty 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, “T 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.

Appendix 1: Use of figures, tables, images, etc. from other sources

Please exercise caution in the use or quotation of figures, tables, images, etc. from other sources when

submitting to “Ningen Dock International”.

- When using figures, tables, images, etc., by either direct quotation or modification, it is the author’s
responsibility to obtain permission from any copyright holders, such as the original author, publisher, and
academic society, before submission. As part of this process, authors may be required to pay copyright
royalties.

- The number of figures, tables, images, etc. that are used from other sources should be within an
objectively valid range (as determined by the ethical consideration of the author).

- The reputation of the original author should not be disparaged or prejudiced, and the material should not
be used in a manner contrary to the intention of the original author.

- Specify that the use is a quotation or modification, and document the source.

Updated: March 3,2023
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Check list for submission of papers to Ningen Dock International

Official Journal of Japan Society of Ningen Dock

Categories of manuscript:

(] Original article (not more than 4,000 words)

[J  Case report (not more than 3,000 words)

[]  Short 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 affiliations 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:
[J Not more than 250 words.
[] Arranged in the order of Objective, Methods, Results, and Conclusions.
[J  Up to 4 key words.

Text of paper:
[]  Manuscript is arranged in the order of Objective, Methods, Results,
Discussion, (Limitations), (Conclusions), (Acknowledgments), and References.
[]  Papers involving ethical considerations, particularly with regard to the methods,
have described these considerations in the Methods section.
[] Measurements are expressed in SI units.

[]  Abbreviations are spelled out at first usage.

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

[J  Format is consistent with examples in Instructions for Authors.
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Tables, figures, images:
Each table is given a number and a brief informative title, and appears on separate page.
All abbreviations used are explained in footnotes.

Figure legends are appended to the text on a separate page.

0000

Permission to quote or modify figures, tables, images, etc., from the copyright holder

(original author, publisher, academic society, etc.) has been obtained before submission.

Submission:
[] Agreement, cover letter, manuscript (title page, abstract, text, acknowledgments,
and references), figure legends, tables, figures and/or photos prepared in due form.

[] This paper has been submitted to this journal only, and has not been submitted to or published in

other journal.

[] All pages are numbered.

Date:

Name (print) Signature
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Official Journal of Japan Society of Ningen Dock's Agreement

1. The authors undersigned hereby affirm 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. The 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)

Name (print)

Name (print)

Name (print)

Name (print)

Name (print)

Name (print)

Signature

Signature

Signature

Signature

Signature

Signature

Signature

Date

(A )
Date

(A )
Date

(A )
Date

(A )
Date

(A )
Date

(A )
Date

(A )

If the author is a member of Japan Society of Ningen Dock, please write the membership number
on the right of the signature line.
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Abbreviations

1 1,5-AG 1,5-anhydroglucitol 61 | hCG human chorionic gonadotropin
2 17-OHCS 17 a-hydroxycorticosteroid 62 | HCV hepatitis C virus
3 | 95%d 95% confidence interval 63 | HDL-C high-density lipoprotein cholesterol
4 | a-Gl a-glucosidase inhibitor 64 | HLA histocompatibility [leucocyte] antigen
5 B,-MG f,-microglobulin 65 | HPLC high-performance liquid chromatography
6 | y-GTP y-glutamyl transpeptidase 66 | Ht hematocrit
7 | A/Gratio albumin-globulin ratio 67 | ICD International Classification 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 a-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 | Col conflict of interest 89 | PET positron emission tomography
30 | COPD chronic obstructive pulmonary disease 90 | PSA prostate-specific 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 filtration rate 102| STD sexually transmitted disease
43 | EIA enzyme immunoassay 103| T-Bil total bilirubin
44 | ELISA enzyme-linked immunosorbent assay 104| T, trilodothyronine
45 | EPO erythropoietin 105| T, 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 | FEV, forced expiratory volume in one second 110| tPA tissue plasminogen activator
51 | FEV,% 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 filtration 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 Alc 120| ZTT zinc sulfate (turbidity) test
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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

Yasuji Arase
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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

Affiliation

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
[[JRegular Member
Annual dues in ]apanese Yen .................................................................................

[|Supporting Member

Annual dues ln ]apanese Yen .............................................................................. 20 000

[_JRegular Member -International

3—year dues in TUSE « v veeeeee e s s e e e et e e

The International Society of Ningen Dock, c/o Japan Society of Ningen Dock
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