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  Currently more than three million people undergo a comprehensive health check-up, called Nin-
gen Dock, annually in Japan1. Ningen Dock is a very popular, traditional, unique, comprehensive 
health check-up system, which was first implemented at the Tokyo First National Hospital in 19542. 
In 1968, 14 years later, the number of Ningen Dock examinees was 25,967 per year. Thus, more 
than 115 times this number of people undergo Ningen Dock annually today. This dramatic increase 
in the number of examinees was mainly accomplished by collaboration with Automated Multiphasic 
Health Testing and Services (AMHTS). In other words, AMHTS has played a very important role in 
this growth in Ningen Dock examinees. However, a lot of members of Japan Society of Ningen Dock 
(JSND) do not know what AMHTS is, particularly younger ones. Therefore, I would like to review 
and address the historical relationship between AMHTS and Ningen Dock.
  Initially, Ningen Dock was a one-week program and required hospitalization during the examina-
tions2. However, one week of hospitalization was considered so long and expensive that a two-day 
program was introduced at St. Luke’s international Hospital in Tokyo in 1958.
  Meanwhile, a new era of mass health screening started in 1964 when the Kaiser Hospital in Auck-
land, California, USA first introduced an automated specimen testing and layout using system engi-
neering and data computerization3. This system was named AMHTS, and made it possible to screen 
a large number of subjects in a very short time of about three hours. Many Japanese physicians who 
had a chance to observe this system were extremely impressed and decided to introduce it in Japan 
without delay. In 1970, 6 years after the initiation of AMHTS, Toshiba Health Examination Center 
started the first AMHTS in Japan. 
  The Kaiser Permanent Medical Care (PMC) Program started its first multiphase screening pro-
gram in 1951, and established AMHTS 13 years later in 1964. Dr. Morris F. Collen, who was a 
pioneer of AMHTS, said that this disease detection and health promotion program focused on non-
communicable diseases (NCD), including heart disease, cancer and stroke. Dr. Collen was not only a 
medical doctor but also a doctor of engineering, and hence his knowledge made it possible to create 
AMHTS.
  I believe that the “S” in AMHTS is important because it means “Services”, and also mainly signifies 
primary and secondary prevention for NCD. However, the main object of traditional Ningen Dock 
in Japan was secondary prevention for NCD because subjects were rich and relatively advanced in 
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age. Thus, primary prevention was considered not so important at that time. On the other hand, 
AMHTS participants were relatively young, and they were members of the health maintenance 
organization (HMO), namely the Kaiser PMC Program. Accordingly, primary prevention was con-
sidered very important for these younger people undergoing AMHTS. 
  Compared to Ningen Dock, in which the cost of examinations was very high and time taken for 
them was very long, an important characteristic of AMHTS was that many examinees could com-
plete a comprehensive health check-up in a very short time, about three hours, very efficiently and 
effectively. This characteristic of AMHTS was adopted into Ningen Dock, and since then AMHTS-
like Ningen Dock facilities have spread all over Japan. The low cost, short examination time and large 
capacity have increased the number of Ningen Dock examinees more than 100-fold since 1968.
  The first international conference on AMHTS was held in Washington, DC, USA in 1970 4. The 
decision to organize the International Health Evaluation Association (IHEA) was made during it. 
The IHEA was officially established in 1971 during the second conference, which was held in Ho-
nolulu, Hawaii. Dr. Fred I. Gilbert Jr. of Straub Clinic chaired the conference. Twelve topics were 
discussed in the 4 sessions for presentations, and the AMHTS facility of Straub Clinic was opened 
during the period of the conference so that attendees could observe it. The third conference was held 
in Chicago, USA in 1972, the fourth in London, UK, the fifth in San Francisco, USA, the sixth in 
Kyoto, Japan, the seventh in Stockholm, Sweden and the eighth in Tokyo, Japan. I began attending 
from the ninth conference of IHEA in San Francisco in 1982, when I presented a paper5. I attended 
the conferences in London, in 1984; in Kona Hawaii, in 1988; in San Diego, California, in 1990; in 
Geneva, Switzerland, in 1992; in Tokyo, in 1994; in Victoria, Canada, in 1996; in London, in 1998; 
and in Taipei, in 2000; and presented papers at each one6-12 . The name of the association changed 
from IHEA to International Health Evaluation and Promotion Association (IHEPA) a few years ago.
  In 1975, The Tokai University Hospital launched an AMHTS Center, which was the 39th AMHTS 
facility in Japan, and I started Ningen Dock in the Center. At that time, the number of traditional 
Ningen Dock facilities conducting the two-day program in Japan was 282. Thus traditional Ningen 
Dock conducted as a two-day program was more popular than AMHTS approximately 40 years ago. 
In 1984, 9 years after I started Ningen Dock in the AMHTS Center of Tokai University Hospital, ab-
dominal ultrasonography (US) was adopted as a basic examination for Ningen Dock, instead of cho-
lecystography using biligraphin. Today, US has become the most important examination for detect-
ing various abdominal and breast diseases in Ningen Dock. Other diagnostic techniques, especially 
those used for screening for atherosclerosis, have also made great progress in Ningen Dock.
  There are currently two societies for Ningen Dock in Japan. One is JSND, and the other is the Japa-
nese Society of Health Evaluation and Promotion (JSHEP). JSND was established in 1959, 5 years 
after the initiation of the traditional Ningen Dock2. In the same year, the first meeting of JSND was 
held at St. Luke’s International Hospital in Tokyo. Since then, meetings of JSND have been held every 
year all over Japan and in 2014, the 54th annual meeting was held in Fukuoka City. At that meeting, 
the number of attendees was about 4,000 and more than 400 scientific papers were presented.
  JSND started a nationwide survey of Ningen Dock in 1985. The data collected included that on 
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facilities, number of examinees and test results2. Since then analyses of the survey data have been 
reported at the annual meeting of JSND. A large number of questionnaires are sent to member fa-
cilities every year, and the return rate has been over 90%. As of June 3rd, 2014, the number of facil-
ity members i.e. hospital and clinics, that were members of JSND was 1,639 and that of individual 
members was 5,932. The number of examinees was 3,188,746 in 2012, compared to 25,967 in 
1968 13. Over 94% of the examinees in 2012 underwent a 1-day program of Ningen Dock and 37% 
of them were female. Cancer was detected in 0.28% of both male and female examinees in 2012. 
Gastric cancer was the most common, colon cancer was 2nd, prostate cancer was 3rd, lung cancer 
was 4th, esophageal cancer was 5th, renal cancer was 6th, and hepatic cancer was 7th, in male ex-
aminees. In female examinees, breast cancer was the most common, gastric cancer was 2nd, colon 
cancer was 3rd, uterine cancer was 4th, lung cancer was 5th, thyroid cancer was 6th, and renal can-
cer was 7th. 80.9% of patients with gastric cancer and 70.3% of patients with colon cancer were at 
the early stage.
  Today, the official journal of JSND is published 5 times in Japanese and once or twice in English 
per year2. Volume 29, Number 1 of the Journal was published in Japanese in March 2014 under the 
name of “Ningen Dock” and given the formal name “Kenkoigaku”. Also in 2012, the publication of 
another official journal of JSND began in English under the name of “Ningen Dock International” to 
provide information on Ningen Dock internationally. 
  JSND has launched three major strategies to improve the quality of both the staff and facilities of 
Ningen Dock2. Three Committees have been created for these purposes: the Certification Com-
mittee of the Board of Nominated Health Care Physicians established in 1999, the Committee for 
Qualitative Evaluation of Ningen Dock Facilities established in 2004, and the Certification Commit-
tee of the Board of Health Evaluation and Promotion Specialists established in 2008. Workshops are 
being held by the Board of Nominated Health Care Physicians and Health Evaluation and Promo-
tion Specialists three times a year, all over Japan. In September 2014, the 38th workshop was held in 
Fukuoka city. The number of attendees was about one thousand. 
  The Health Care Physician is required to work in an accredited Ningen Dock facility and to attend 
annual meetings and workshops of the society as appropriate. Health Evaluation and Promotion 
Specialists are required to work for more than 3–5 years and also to pass a written examination. For 
both, the period of recognition is 5 years, and must be renewed every 5 years. 
  Qualitative Evaluation of Ningen Dock Facilities consists of documentation and an inspection. One 
hundred and four items are used to evaluate the quality of a Ningen Dock facility during an inspec-
tion. These 104 items are divided into 3 major categories, which are administration of the facility, 
satisfaction and safety of examinees, and quality of check-up and follow-up. Two well-trained sur-
veyors visit facilities for an inspection that takes 3 hours. The report of the surveyors is then evalu-
ated by the Committee for Qualitative Evaluation of Ningen Dock. The period of recognition is 5 
years, and must be renewed every 5 years. 
  As of June 3rd 2014, the number of Nominated Health Care Physicians was 4,857, that of Health 
Evaluation and Promotion Specialists were 1,046, including those in Taipei, Taiwan, and the num-
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ber of facilities which passed the Qualitative Evaluation was 318, including 2 facilities in Taipei.
  Recently, the usefulness of Ningen Dock has greatly increased not only in the primary but also in 
the secondary prevention of NCD due to advances in diagnostic medical technology and therapeu-
tic medicine. However, one of problem is that relatively large numbers of Ningen Dock examinees 
who require a second, more detailed examination do not have the examination that has been recom-
mended. For instance, only 61% of the Ningen Dock examinees who required total colon fiberscopy 
as a second, detailed examination due to a positive fecal occult blood test underwent it. Also, only 
51% of the Ningen Dock examinees who required gastro-fiberscopy as a second, detailed examina-
tion due to abnormal findings in an upper gastrointestinal (GI) X-ray examination underwent such 
examination. Similar tendencies were recognized for almost all Ningen Dock examinations13. The 
reason why Ningen Dock examinees who need second, more detailed examinations do not have 
them may be that most of them do not understand the importance of such examinations for the ear-
ly detection of NCD and their risk factors because we do not adequately explain the need for more 
detailed examinations to examinees. Therefore better education of examinees14 is urgently needed in 
order to further increase the usefulness of Ningen Dock. 
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GGT1 Intronic A>G Polymorphism A�ects Serum Concentration of
γ-glutamyl transpeptidase Among Japanese Healthy Adults

Sayo Kawai1 ,  Mariko Naito1 ,  Emi Morita1 ,  Rieko Okada1 ,  
Asahi Hishida1 ,  Kenji Wakai1 ,  Nobuyuki Hamajima2

Abstract
Objective: γ-glutamyl transpeptidase (γ-GTP) is generally used as a marker for alcohol abuse 
and liver damage, but some people have a high serum γ-GTP for no obvious reason. This study 
examined an association between GGT1 gene polymorphism (rs4820599) and serum γ-GTP 
levels, taking into account age and alcohol drinking status. 
Methods: The subjects for analysis were 4 ,559 males and 5,212 females, aged 35–69 years 
and apparently healthy, who participated in the Japan Multi-Institutional Collaborative Cohort 
Study (J-MICC Study). 
Results: Mean serum γ-GTP concentrations were 42.1 U/L in males and 21.7 U/L in females, 
the difference being statistically significant (p<0.0001, adjusted for 5-year age groups and 
drinking status). The highest mean serum γ -GTP (49.3 U/L) was observed among current 
male drinkers with the G/G genotype in GGT1 polymorphism, whereas non-current female 
drinkers with the A/A genotype had the lowest mean concentration (19.9 U/L). Among non-
current drinkers, odds ratios (ORs) for high serum γ-GTP (≥50 U/L) adjusted for sex, 5-year 
age groups and high BMI (≥25 kg/m2) were 1.54 (95% CI, 1.14–2.07) for A/G and 2.36 (95% 
CI, 1.40–3.96) for G/G, compared to the A/A genotype (p for trend <0.001).
Conclusion: The present study confirmed that the intronic A>G polymorphism (rs4820599) in 
GGT1 affects serum γ-GTP levels in a large population. The G allele seems to increase serum γ
-GTP concentrations particularly in non-current drinkers. The normal range of serum γ-GTP 
might differ according to the genotype in GGT1 polymorphism.

Keywords   serum γ -GTP level, polymorphism, GGT1 gene

γ -glutamyl transpeptidase 
Clinically, serum and plasma γ-glutamyl transpep-

tidase (γ-GTP) levels are mostly used as a marker for 
alcohol abuse and liver damage. γ-GTP is highly ex-
pressed in organs that have secretory or absorptive 
functions, such as the liver and pancreas. Although 
there are significant male-female differences, the refer-
ence ranges for serum and plasma γ-GTP are generally 
similar across age groups1. However, some individuals 
have high serum γ-GTP concentrations when there is 
no obvious reason. 

γ-GTP plays a key role in maintaining intracellular 
glutathione levels, which is critical for phase II reactions 
and detoxification of xenobiotics. In the case of exces-
sive alcohol consumption, interaction between alcohol 
and glutathione levels leads to a response in γ-GTP so it 

can be used as a marker of alcohol use or abuse. γ-GTP 
is also a marker of oxidative stress and associated with 
various diseases, including cardiovascular disease and 
cancer2–4.

GGT1
γ-GTP is also found in bacteria and plants as well 

as in members of the animal kingdom. Seven or more 
human GGT genes, which encode the γ-GTP enzyme, 
are located on chromosome 22q11, with related pseu-
dogenes on several chromosomes. Among them, only 
GGT1 is considered to encode a complete and func-
tional protein and assay for serum γ-GTP activity de-
termines the amount of GGT1 protein present. GGT1 
is an extracellular enzyme anchored to the plasma 
membrane of cells5. Previously, a significant association 
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between the serum γ-GTP concentration and GGT1 
intronic A>G polymorphism (rs4820599, a single-
nucleotide polymorphism (SNP)), was observed (p = 
4.0 × 10–11) in a meta-analysis of population-based ge-
nome-wide association studies (GWASs) on European 
white and Indian Asian populations6. However, another 
GWAS meta-analysis on East Asian populations, in-
cluding Japanese from the BioBank Japan7, did not find 
an association between serum γ-GTP and rs4820599.

The aim of this study was to confirm an association 
between GGT1 gene polymorphism (rs4820599) and 
serum γ-GTP levels in a Japanese population, taking 
into account age and alcohol drinking status. The find-
ings of the GWAS on East Asian populations7 were not 
sufficient, since it was performed adjusting only for 
age, sex and recruitment area. In the present study, we 
measured the serum γ-GTP values of a large number of 
apparently healthy adults from a Japanese cohort study, 
so the findings could prove useful in the interpretation 
of high γ-GTP levels without obvious causes, especially 
for Japanese.

Materials and Methods
Study subjects

The subjects of this study were 10,151 apparently 
healthy adults aged 35–69 years who were enrolled in 
two cohort study fields belonging to the Japan Multi-
Institutional Collaborative Cohort Study (J-MICC 
Study)8. Field 1 subjects were 5,020 persons who un-
derwent an annual general health check-up (Ningen 
Dock) at Seirei Preventive Health Care Center in Shi-
zuoka Prefecture, Japan from 2006–2007 9, and Field 2 
subjects were 5,131 healthy volunteers residing in Na-
goya City, who were recruited at Daiko Medical Center, 
Nagoya University from 2008–2010 10 . In the present 
study, we analyzed the baseline data from the two fields 
on a cross-sectional basis. After written informed con-
sent had been obtained, lifestyle data and blood samples 
were collected. After excluding individuals lacking 
smoking and alcohol drinking status data and those 
with high serum AST or ALT levels (≥50 U/L), 9,771 
subjects (4 ,559 males and 5 ,212 females) were en-
rolled. This study was approved by the ethics commit-
tees of Nagoya University School of Medicine (approval 
number 288 and 618) and Seirei Mikatahara General 
Hospital (approval number 61–1).

Lifestyle data were obtained using a self-administered 
questionnaire and checked by trained staff. Subjects 
who habitually took any kind of alcoholic beverage at 
least once a month were categorized as “current drink-
ers”. The amount of drinking was not taken into con-
sideration. Serum γ-GTP concentration data were pro-
vided by the Disease Prevention and Health Checkup 
Center, Seirei Mikatahara General Hospital which had 

routinely conducted health check-ups on Field 1, and 
concentrations for Field 2 were measured by SRL Inc., 
Tokyo, Japan, by the Japan Society of Clinical Chemis-
try (JSCC) transferable method.
Genotyping 

The buffy coat of blood was preserved at –4 ° C or 
–80°C until DNA extraction by BioRobot M48 (Qiagen 
Inc., Valencia, CA). The GGT1 gene polymorphism was 
genotyped by polymerase chain reaction with confront-
ing two-pair primers (PCR-CTPP)11. The primers were 
F1: 5’ CCT CAG CAG AAG CCT AGG TCT C, R1: 
5’ CTG CAG ATC AGT GCC TCA AAC GTC, F2: 
5’ ACA TCT CCT GCG TGG GGA, and R2: 5’ GTG 
CTT GGC TGT CGT CCC for GGT1 intron1 A>G 
(rs 4820599). Genomic DNA was applied in a vol-
ume of 25 µL with 0.12 mM dNTPs, 25 pmol of each 
primer, 0.5 U of AmpliTaq Gold (Perkin-Elmer, Foster 
City, CA), and 2.5 µL 10× PCR buffer including 15 
mM MgCl2. PCR was performed at 95° C for 10 min 
for the initial denaturation, followed by 30 cycles of 
denaturation at 95°C for 1 min, annealing at 60 – 63°C 
(optimum temperature for each batch number of prim-
ers) for 1 min, and extension at 72°C for 1 min. The fi-
nal extension was at 72°C for 5 min. All PCR products 
were resolved directly by electrophoresis on a piece of 
2% agarose-Tris-borate-EDTA (TBE) gel containing 
ethidium bromide, and DNA bands were visualized by 
ultraviolet transillumination.
Statistical analysis

Hardy-Weinberg equilibrium was tested for the 
GGT1 polymorphism using the χ 2 test. Multiple re-
gression models were applied to test the differences 
in means of serum γ-GTP levels with adjustment for 
covariates. Logistic regression analysis was performed 
to estimate odds ratios (ORs) for high serum γ-GTP (≥
50 U/L) with 95% CIs. All calculations were performed 
with the Stata 9 computer program (StataCorp, College 
Station, TX, USA).

Results
Background characteristics and genotype frequencies

Table 1 shows the background characteristics of the 
subjects by sex and study field. Current alcohol drinkers 
accounted for 77.4% of males and 38.5% of females in 
Field 1, and 75.4% and 46.0% in Field 2, respectively. 
Males were in the majority in Field 1 and females in 
Field 2. Mean ages were very similar between the two 
fields.

For all subjects, the mean serum γ-GTP concentration 
was 42.1 U/L in males and 21.7 U/L in females, with a 
statistically significant difference (p<0.0001, adjusted 
for 5-year age groups and drinking status). Drinking 
and high BMI (≥25 kg/m2) were significantly associated 
with increased γ-GTP concentrations among both males 
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and females (p<0.0001 for all, adjusted for 5-year age 
groups). The genotype frequencies for GGT1 polymor-
phism were 63.2% for A/A, 32.0% for A/G, and 4.8% 
for G/G, but this deviated from Hardy-Weinberg equi-
librium (χ 2=7.2; p=0.007). The reason for the devia-
tion from the expected frequencies of 62.7% for A/A, 
32.9% for A/G, and 4.3% for G/G could possibly be an 
excess of homozygotes, including those due to genotyp-
ing errors in PCR-CTPP. However, the statistically sig-
nificant deviation might also be due to the large popu-
lation of this study. The allele frequency was 79.2% for 
the A allele and 20.8% for the G allele.
Serum γ -GTP according to genotype

Current male drinkers with the G/G genotype of 
GGT 1 polymorphism had the highest mean serum 
γ-GTP (49.3 U/L), while non-current female drinkers 
with the A/A genotype had the lowest mean (19.9 U/L) 

(Table 2). The number of G alleles (minor allele) was 
associated with increasing concentration of serum γ
-GTP among all subjects (p=0.0003, adjusted for sex, 
5-year age groups and alcohol drinking status).

In consideration of the effect of alcohol drinking on 
serum γ-GTP, stratified analysis by drinking status was 
conducted. Odds ratios (ORs) for high serumγ-GTP (≥
50 U/L) adjusted for sex, 5-year age groups and high BMI 
were 1.54 (95% CI, 1.14–2.07) for A/G and 2.36 (95% 
CI, 1.40–3.96) for G/G, compared to the A/A genotype 
(p for trend <0.001) among non-current drinkers (total 
abstainers and former drinkers), while odds ratios were 
1.16 (95% CI, 1.01–1.35) for A/G and 1.19 (95% CI, 
0.86–1.64) for G/G, compared to A/A among current 
drinkers (Table 3). 

When the cut-off level for high serum γ-GTP was 
modified by sex (70 U/L for males and 30 U/L for fe-

Table 1.  Background Characteristics of Subjects
Field 1 (Shizuoka) Field 2 (Nagoya) Total

Males Females Males Females Males Females
Number of subjects 3179 1576 1380 3636 4559 5212
Mean age 53.0 ± 8.6 51.2 ± 8.6 53.8 ± 10.3 52.1 ± 8.6 53.2 ± 9.2 51.8 ± 9.8
Mean serum γ -GTP (U/L) 42.5 ± 34.7 22.7 ± 20.5 41.3 ± 39.2 21.3 ± 17.9 42.1 ± 36.1 21.7 ± 18.7
Current alcohol drinkers (%) 77.4 38.5 75.4 46.0 76.8 43.7
Mean BMI (kg/m2 ) 23.3 ± 2.70 22.0 ± 3.03 23.0 ± 2.85 21.1 ± 2.96 23.2 ± 2.75 21.3 ± 3.01
Plus-minus values are means ± S.D.

Table 2.  Mean Serum γ-GTP Levels (U/L) According to Genotypes of GGT1 Polymorphism and Alcohol Drinking Status
Mean serum γ -GTP levels (U/L)

Genotypes N A/A ( N = 6174) A/G ( N = 3131) G/G ( N = 466) p for trend
Non-current drinkers
   Males 1060 28.2 ± 18.0 33.6 ± 25.2 35.3 ± 26.2 0.0001
   Females 2934 19.9 ± 16.1 20.8 ± 14.2 26.2 ± 34.0 0.0001
   All 3994 22.1 ± 17.1 24.1 ± 18.6 28.9 ± 32.1 <0.0001
Current drinkers
   Males 3499 44.9 ± 39.3 46.9 ± 38.2 49.3 ± 37.7 0.18
   Females 2278 23.1 ± 22.5 23.5 ± 16.8 24.3 ± 21.2 0.80
   All 5777 36.4 ± 35.4 37.4 ± 33.4 39.4 ± 34.4 0.28
Plus-minus values are means ± S.D.

Table 3. Genotypes of GGT1 Polymorphism and Odds Ratios (ORs) for High Serum γ-GTP According to Alcohol 
Drinking Status

Alcohol drinking
status Genotypes High serum γ -GTP

( ≥ 50 U/L)
Normal serum γ-GTP

(< 50 U/L) ORs* (95% CI) p*

Non-current drinkers A/A 111 2424 reference
A/G 82 1175 1.54 (1.14 – 2.07) 0.005
G/G 19 183 2.36 (1.40 – 3.96) 0.001

p for trend < 0.001
Current drinkers A/A 691 2948 reference

A/G 395 1479 1.16 (1.01 – 1.35) 0.04
G/G 56 208 1.19 (0.86 – 1.64) 0.29

p for trend = 0.037
*Adjusted for sex, 5-year age groups and high BMI ( ≥ 25 kg/m2 ).
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males), the significance of GGT1 polymorphism disap-
peared among current drinkers (data not shown), while 
the ORs for high serum γ-GTP adjusted for sex and 
5-year age groups were 1.40 (95% CI, 1.12–1.74) for 
A/G and 1.97 (95% CI, 1.30–2.98) for G/G, compared 
to the A/A genotype (p for trend <0.001) among non-
current drinkers.

Discussion
The main finding of this study is that those with the 

G/G or A/G genotypes had an increased risk of high 
serum γ-GTP levels compared to those with the major 
A/A genotype among all healthy subjects. The G allele 
of GGT1 polymorphism seems to increase the serum 
γ-GTP concentration, particularly in non-current 
drinkers. Since the serum γ-GTP concentration was 
more strongly related to quantity of alcohol consumed 
than gene polymorphism, there might not be a clear as-
sociation between serum γ-GTP levels and genotype in 
current drinkers. Current drinkers generally have high 
serum γ-GTP levels making it difficult to determine 
the influence of genetic factors. We assume that one 
of the reasons that the GWAS on East Asian popula-
tions7 did not find an association between serum γ-GTP 
and rs4820599 was absence of adjustment for alcohol 
drinking status.

The present study also demonstrated that males have 
higher serum γ-GTP concentrations than females in a 
Japanese healthy adult population. It has been consid-
ered that the sex difference in γ-GTP levels is attribut-
able to physiological nature12,13 . Also, an immunohis-
tochemical study reported that many cells within the 
male reproductive system, among them Sertoli cells 
in the testis or glandular epithelium in the prostate, 
showed high levels of γ-GTP immunostaining14.

To date, the interpretation of high serum γ-GTP in 
individuals without liver diseases remains indefinite. A 
previous study reported that smokers had 24% higher 
serum γ-GTP levels than non-smokers15. In the present 
study, a significant association was observed between 
smoking status and serum γ-GTP among all subjects 
(p<0.0001, adjusted for 5-year age groups, sex and 
drinking status), but such an association was not found 
among non-current drinkers (p=0.07 , adjusted for 
5-year age groups and sex). The effects of drug-induced 
liver injuries were not investigated in this study.

The present study was conducted on a combined 
population from two different fields, whose subjects 
were considered to have similar lifestyles, within a 
large cohort study. The reason was to have a very large 
number of subjects, though the subject backgrounds in 
the two fields were slightly different. Field 1 had more 
male subjects than Field 2 and the proportion of alco-
hol drinkers among female subjects was higher in Field 

2. On the whole, however, the study subjects were well 
balanced for purposes of analysis. Nevertheless, due to 
the limitation of a cross-sectional analysis, no cause-
effect relationship can be inferred for the observed as-
sociations.

In summary, the current study confirmed that the 
polymorphism (rs4820599) in GGT1 affects serum 
concentrations of γ-GTP in a large cohort study. This 
finding suggests that even the normal range of serum 
γ-GTP would differ with the genotype of GGT1 poly-
morphism. Further investigation will be required to 
elucidate whether this finding is related to morbidity 
and mortality.
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Ten-year Longitudinal Study on Brachial-ankle Pulse Wave Velocity 
(baPWV) in Middle-aged Japanese Males

- Analysis of Relationship with Clustering of Atherosclerosis Risk Factors -

Toshiki Fukui,  Kazuhiro Yamauchi,  Mie Maruyama,  Youichi Abe, 
Sumie Yoshitaka,  Tadashi Yasuda

Abstract
Objective: We previously reported the usefulness of brachial-ankle pulse wave velocity (baPWV) 
based on a cross-sectional analysis of data from Ningen Dock and general health screening. In 
our previous studies, we observed a strong relationship between the clustering of atherosclerosis 
risk factors and baPWV. In the present study, to evaluate this relationship further, we performed 
a longitudinal analysis over a 10-year period.
Methods: Of the 22,377 individuals in whom baPWV was measured using form ABI/PWV at our 
facility, 626 males with measurements in both the first year and the 10th year were selected as subjects. 
Results: A significant positive correlation was observed between baPWV and the number of 
atherosclerosis risk factors in the first year of measurement, similar to our previous study. Over 
10 years, the amount of change in all 626 males was about 100 cm/sec and the number of ath-
erosclerosis risk factors increased from 1.3 to 1.6. The change in baPWV over 10 years tended 
to be smaller the greater the number of atherosclerosis risk factors. However, the values of baP-
WV in the 10th year were still higher when there were a greater number of risk factors. 
Conclusion: It is significant to measure baPWV continuously and pay attention to changes in it 
since it may be possible to suppress increases in baPWV by reducing the number of atheroscle-
rosis risk factors. Furthermore, our findings suggest that early interventions in atherogenic risk 
control are required to reduce increases in the stiffness of large arteries.

Keywords   baPWV, atherosclerosis risk factors, vascular function, arterial stiffness

The main purpose of controlling lifestyle-related 
diseases is to prevent cardio-/cerebrovascular 
events. Since this in effect involves controlling 

atherosclerosis, the way of evaluating it is a matter of 
great importance. Pulse wave velocity measurement is 
presently the least invasive and easiest test of vascular 
function1, and we have conducted a number of studies 
in which brachial-ankle pulse wave velocity (baPWV), 
which is considered primarily to reflect the stiffness 
of large arteries, was measured using form ABI/PWV 
(Omron Colin Co., Ltd., Tokyo)2,3 . We have already 
reported that baPWV is increased by and positively cor-
related with urinary microalbumin in patients with mild 
diabetes4. Also, based on an evaluation of subjects who 
underwent Ningen Dock or general health screening, 
we reported that baPWV increases with the clustering 
of atherosclerosis risk factors, but that it is necessary to 

standardize the measurement conditions and interpret 
the results in consideration of changes in these condi-
tions because baPWV values are affected by various fac-
tors, including blood pressure5 . We have also reported 
that it is difficult to detect the effects of smoking, which 
is an atherosclerosis risk factor6 . In addition, we have 
directly compared baPWV measurements with those of 
the cardio-ankle vascular index (CAVI), which has be-
gun to be used as another index, and found that baPWV 
is more useful than CAVI7, at least as a tool for subject 
guidance8 . On the basis of these results, we have pro-
posed draft guidelines recommending that baPWV, used 
as a basic examination, should be combined with other 
noninvasive examinations for a more objective diagnosis 
of atherosclerosis9,10 .

It is now more than 10 years since form PWV/ABI 
came onto the market and it has begun to be used 
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widely for the easy evaluation of large arterial stiffness. 
In addition, much evidence indicating the usefulness of 
baPWV as a predictive and prognostic index of cardio-/
cerebrovascular events has been accumulated11-16 . Our 
previous research involved cross-sectional evaluations.  
Since then we have accumulated measurement data 
over 10 years, which enabled us to conduct a longitudi-
nal assessment of changes in the relationship between 
clustering of atherosclerosis risk factors and baPWV in 
the present study.

Subjects and Methods
Among 22,377 individuals (19,299 males and 3,078 

females) in whom baPWV was measured using form 
ABI/PWV at our facility during the 11 years from 2002 
to 2012, the relationship between change in baPWV 
over a 10-year period and degree of clustering of ath-
erosclerosis risk factors (obesity, hypertension, abnor-
mal glucose metabolism, and dyslipidemia) was evalu-
ated in 713 in whom the measurements in the 1st year 
and the 10th year were available (mean age at first year 
measurement: 46.7 years in males and 47.6 years in fe-
males). However, only 87 females could be followed up 
for 10 years, and since they included only 1 with 3 or 
more atherosclerosis risk factors and none with 4 risk 
factors, the 10-year analysis was performed only on 
males. 

baPWV was measured in the morning after an over-
night fast for Ningen Dock or general health screening 
while resting as much as possible. 

In counting the number of atherosclerosis risk fac-
tors, obesity was considered to be present when the 
BMI was ≥ 25 kg/m2, hypertension when the systolic 
blood pressure was ≥130 mmHg or the diastolic blood 

pressure was ≥ 85 mmHg, diabetes when the fasting 
blood glucose level was ≥110 mg/dL or the HbA1c was 
≥6.0%, and dyslipidemia to be present when the HDL 
cholesterol level was <40 mg/dL or the triglyceride level 
was ≥150 mg/dL. 

In addition, to evaluate the effects of smoking as an 
atherosclerosis risk factor, changes in baPWV over the 
10-year period were evaluated in 167 in whom a his-
tory of smoking could be confirmed, and who had no 
atherosclerosis risk factors in the first year. 

All analyses were performed using IBM SPSS Statis-
tics version 21 (IBM, Armonk, NY, USA). The paired 
t-test or non-paired t-test was used to compare the 
background features of the subjects or baPWV between 
the first year and the 10th year. In addition, analysis of 
variance by post hoc Scheffe multiple comparisons was 
performed to examine differences in baPWV among 3 
or more groups. All data were expressed as mean ± SE. 
A value of p < 0.05 was considered to be statistically 
significant. 

All of the studies were performed retrospectively by 
collecting and analyzing data from the recording of 
subjects. This study protocol was consistent with the 
Japanese Government’s Ethical Guidelines Regarding 
Epidemiological Studies in accordance with the Decla-
ration of Helsinki.

Results
Table 1 shows the background characteristics of the 

male subjects, including age, results of body measure-
ments, and those of blood tests for lifestyle-related 
diseases. Over the 10 years, baPWV significantly in-
creased, from 1,397 to 1,498 cm/sec, in the 626 males 
overall and the number of atherosclerosis risk factors 

Table 1.  Background Characteristics of 626 Male Subjects (including factors associated with 
lifestyle-related diseases)

©rst year 10th  year p
Age(years old) 46.7 ± 0.2 55.7 ± 0.2 p<0.0001
Height (cm) 169.1 ± 0.2 168.7 ± 0.2 p<0.0001
Body weight (kg) 69.2 ± 0.4 68.6 ± 0.4 p<0.005
BMI (kg/m2 ) 24.2 ± 0.1 24.1 ± 0.1 n.s.
Systolic blood  pressure (mmHg) 123.3 ± 0.6 128.4 ± 0.6 p<0.0001
Diastolic blood pressure (mmHg) 77.6 ± 0.4 81.8 ± 0.4 p<0.0001
Heart rate (beats/min) 66.1 ± 0.4 64.2 ± 0.4 p<0.0001
Fasting glucose (mg/dL) 100.0 ± 0.7 107.7 ± 0.8 p<0.0001
2-hour postload glucose (mg/dL) 117.0 ± 1.4 129.9 ± 1.8 p<0.0001
HbA1c (％ ) 5 .4 ± 0.0 5.7 ± 0.0 p<0.0001
Total cholesterol (mg/dL) 210.4 ± 1.4 201.6 ± 1.3 p<0.0001
HDL-cholesterol (mg/dL) 56.8 ± 0.5 55.2 ± 0.5 p<0.0001
Triglyceride (mg/dL) 158.9 ± 4.1 136.0 ± 3.7 p<0.0001
baPWV (cm/sec) 1397.3 ± 8.7 1498.0 ± 10.4 p<0.0001
Number of atherosclerosis risk factors 1.3 ± 0.0 1.6 ± 0.0  p<0.0001
Smoking (%) 42.2 33.2 p<0.0001
average ± SE
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significantly increased, from 1.3 to 1.6. Fig.1 shows the 
relationship between the number of atherosclerosis risk 
factors in the first year and baPWV measurements in 
the first year or the 10th year. The change in baPWV 
over 10 years tended to be smaller when the number of 
atherosclerosis risk was greater in the first year (Fig. 2). 

However, among 169 males with 0 risk factors in the 
first year, the number of risk factors in the 10th year 
was still 0 in only 83, that is fewer than half, and the 
change over 10 years in baPWV was significantly great-
er if the number of risk factors was 1 or more. 

The amount of change in baPWV over 10 years was 
estimated to be about 70 cm/sec when the number of 
atherosclerosis risk factors was 0 in both the first year 
and the 10th year, which was significantly less than 
126 cm/sec, the amount of change estimated for 169 
males with 0 risk factors in the first year. The amount 
of change in baPWV was significantly larger the greater 
the number of risk factors in the 10th year (Fig.3-(a)).

Similarly, the amount of change in baPWV in 207 
males who had 1 risk factor in the first year was signifi-
cantly larger if the number of risk factors increased to 2 
or more in the 10th year (Fig.3-(b)), and it tended to be 
larger in 145 males in whom the number of risk factors 
in the first year was 2 (Fig.3-(c)). On the other hand, 
the amount of change in baPWV in 85 males in whom 
the number of risk factors was 3 in the first year was 

significantly smaller if the number of risk factors in the 
10th year decreased to 2 or less (Fig.3-(d)). In addition, 
in 20 males with 4 risk factors in the first year, 11 still 
had 4 risk factors in the 10th year, while 9 had reduced 
their number of risk factors, but the amounts of change 
in baPWV depending on the number of risk factors in 
the 10th year were not significantly different (Fig.3-(e)).

Furthermore, in the 169 males (83 non-smokers and 
86 smokers) with no atherosclerosis risk factor in the 
first year, the change in baPWV over 10 years tended to 
be larger in the smokers, but the difference was not sig-
nificant (Fig. 4).

Discussion
Atherosclerosis is an age-associated phenomenon. 

The present study showed that baPWV increases with 
age and we also found that baPWV is closely associated 
with the number of atherosclerosis risk factors. On the 
basis of a multiple analysis of factors that determine 
baPWV, we previously reported that baPWV is influ-
enced by various factors, as well as age and gender, and 
that it is important to measure it under standardized  
measurement conditions and to interpret the results 
carefully5,8 .

The main objective of this study was to evaluate a 
relationship between changes in baPWV over 10 years 
and the number of atherosclerosis risk factors, but the 

Fig.1. Relationships of baPWV in First year and 10th year 
with Number of Atherosclerosis Risk Factors in First 
year in 626 Male Subjects 

**p<0.01. baPWV in the first year vs. the 10th year for different 
numbers of risk factors in the first year  
‡p<0.01. baPWV in the first year with no atherosclerosis risk factors 
in the first year vs. baPWV in the first year with different numbers of 
atherosclerosis risk factors
†p<0.01. baPWV in the 10th year with no atherosclerosis risk 
factors in the first year vs. baPWV in the 10th year with different 
numbers of atherosclerosis risk factors

Fig.2. Relationship between Amount of Change in the 
baPWV over 10 years and Number of Atherosclerosis 
Risk Factors in First year
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Fig.3.  Change in baPWV over 10 years for Di�erent Numbers of Risk Factors in First year and 10th year
(a) Number of risk factors 0 in first year，(b) Number of risk factors 1 in first year，(c) Number of risk factors 2 in first year, 

(d) Number of risk factors 3 in first year, (e) Number of risk factors 4 in first year

Fig.4.  Change in baPWV over 10 years by Smoking Status with No Atherosclerosis Risk Factors in First year
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results were contrary to our expectations. As the find-
ing that baPWV in the first year was larger the greater 
the number of atherosclerosis risk factors did not con-
tradict the previous results obtained at our facility, we 
expected the increase in baPWV over 10 years to be 
greater as the number of risk factors increased. How-
ever, the increase in baPWV tended to be smaller as the 
number of atherosclerosis risk factors increased. 

So, how should these results be interpreted? They 
may reflect greater efforts made by subjects who had 
more risk factors to improve their lifestyle as compared 
with those who had fewer risk factors. In addition, 
most of the subjects in this study continued to work at 
the same company, and more intensive interventions 
had been made in those with more risk factors, includ-
ing health guidance. Furthermore, since most of the 
subjects underwent Ningen Dock annually during this 
period, they are considered to have been highly health-
conscious individuals, regardless of the number of risk 
factors. Therefore, the guidance we gave in Ningen 
Dock may have reduced the progression of atheroscle-
rosis in subjects with more risk factors. In this study, we 
did not investigate whether each subject had received 
any therapeutic interventions during the 10 years, and 
so the possibility that a higher percentage of those 
who had more risk factors in the first year were treated 
thereafter cannot be excluded. However, the results of 
this study were not the consequence of more frequent 
occurrence of cardio-/cerebrovascular events in subjects 
with more risk factors and a natural decrease in high-
risk individuals due to dropouts. The male subjects in 
this study had a mean age of 47 years in the first year, 
and a few experienced cardio-/cerebrovascular events 
during the 10 years, regardless of the number of risk 
factors.

Our results show that an increase in baPWV may be 
suppressed by reducing the number of atherosclerosis 
risk factors. On the other hand, they also show that 
there was already a wide difference in the progression 
of large artery stiffness by the time they had reached 
their mid-40s. Therefore, it may be necessary to mea-
sure baPWV continuously while paying attention to 
changes in the measurements.

In addition, baPWV increased by about 70 cm/sec in 
10 years in healthy males in their mid-40s. This sug-
gests that an increase in baPWV may be controlled by 
more appropriate interventions for atherosclerosis risk 
factors, regardless of the number of risk factors.

While the effects of smoking on changes in baPWV 
were not sufficiently evaluated in this study, in males 
with no atherosclerosis risk factors, the change in 
baPWV in 10 years tended to be larger in smokers, al-
though the difference was not significant. In this regard, 
in a cross sectional study that we previously conducted, 

no effect of smoking on baPWV was detected6. How-
ever, the effects of smoking on changes in baPWV may 
be revealed by further longitudinal studies. 

We also reported previously that baPWV alone seems 
to be insufficient for evaluating the progression of ath-
erosclerosis as we observed large plaques and increases 
in intima-media thickness (IMT) in carotid artery ul-
trasonography in many patients with a normal baPWV 
who were considered to have normal vascular stiff-
ness17 . We have previously emphasized that multiple 
noninvasive tests for atherosclerosis, including flow-
mediated dilatation (FMD)18,19 and reactive hyperemia-
peripheral arterial tonometry (RH-PAT)20, which have 
recently begun to be used widely as tests of vascular 
endothelial function, should be performed together 
with baPWV measurement and carotid artery ultra-
sonography. We have also proposed combinations of 
these vascular function tests with surrogate markers for 
evaluation of atherosclerosis risks, such as urinary al-
bumin, high-sensitivity CRP, insulin resitance21,22 , and 
oxidative stress23. Furthermore, we have recommended 
baPWV as the most convenient index for atherosclero-
sis screening based on our various studies8,9 . Recently, 
Guidelines for Vascular Function Testing have been 
issued by the Japanese Circulation Society24, which re-
searches and publicizes approaches to atherosclerosis 
from similar viewpoints to ours.

Conclusion
The change in baPWV over 10 years was about 100 

cm/sec and the number of atherosclerosis risk factors 
significantly increased from 1.3 to 1.6 in the male sub-
jects in this study. However, the change in baPWV over 
10 years was smaller for those with a larger number of 
atherosclerosis risk factors in the first year. 

It is important to measure baPWV continuously since 
it may be possible to suppress an increase in it by reduc-
ing the number of atherosclerosis risk factors. Further-
more, our findings suggested that earlier interventions 
for atherogenic risk control are required to reduce the 
increase in the stiffness of the large arteries.

This study was presented orally at the plenary session 
of the 54th Scientific Meeting of the Japan Society of 
Ningen Dock (August 2013, Hamamatsu). 
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Among Three Sets of Recommended Healthy Lifestyle Habits, 
which One is Most Closely Associated with Prevention of 

Hyperuricemia in Japanese?
Takashi Wada1 ,  Yasutaka Hasegawa2 ,  Takanobu Osaki2 ,  Hideyuki Ban2

Abstract
Objective: Hyperuricemia is a lifestyle-related disease. Simple, good healthy habits for everyone 
have been reported, among them Belloc and Breslow’s seven items, Morimoto’s eight items, and 
Ikeda’s six items. A better lifestyle may prevent hyperuricemia. However, no study has been done 
on an association between the incidence of hyperuricemia and combined impact of practicing such 
simple healthy habits. The objective of this study was to determine which of above three sets of 
healthy habits had the greatest impact in preventing hyperuricemia.
Methods: The effect of the healthy habits score for each of the three sets of habits on the develop-
ment of hyperuricemia was evaluated using Cox-hazard regression analysis. The cumulative 6-year 
incidence of hyperuricemia was calculated and compared among groups using the log-rank test 
adjusted for age in the present open retrospective cohort study. 
Setting and Subjects: 5,049 subjects who underwent a health check-up and provided responses 
to a self-administered questionnaire on the above healthy lifestyle habits were divided into a poor, 
moderate, and favorable lifestyle group. Hyperuricemia was defined as serum uric acid of 7.0 mg/dL 
and over in men, and 5.5 mg/dL and over in women, or treatment with anti-hyperuricemia agents 
during follow-up. 
Results: For the Breslow and Morimoto’s habits, a reduction in hyperuricemia was not observed in the 
favorable group in women. Regarding Ikeda’s healthy habits, the development of hyperuricemia was 
significantly lower in the moderate risk group and the favorable risk group, with a 22% and a 40% re-
duction in men, respectively. In women, a reduction was observed in the favorable risk group, of 47%.
Conclusion: For Ikeda’s six habits only, the incidence of hyperuricemia in the favorable group was 
lower than that in the poor group for both men and women. To our knowledge, our study was 
the first to observe an impact of Ikeda’s six healthy habits in decreasing the risk of hyperuricemia 
among three sets of simple good healthy habits. 

Keywords   hyperuricemia, lifestyle

A Number of studies have reported a significant 
association between hyperuricemia and a va-
riety of lifestyle-related diseases, such as meta-

bolic syndrome1–5 , cardiovascular diseases6–10 , type 
2 diabetes11–13 , and hypertension14, and mortality15 . In 
addition, several large-scale studies have clarified that 
lifestyle factors, such as physical activity16 , sleep habi-
tat17 , dietary habitat 18 , and intake of alcohol19 or caffein-
ated drinks20, were associated with hyperuricemia. These 
findings suggest that a healthy lifestyle could prevent 
hyperuricemia, and healthy lifestyle changes could keep 
hyperuricemia under control.

As for other countries21 , the prevalence of hyperuri-

cemia has been increasing in Japan22, 23 . According to 
the 2011 Japan National Health and Nutrition Survey, 
the prevalence of hyperuricemia in adults aged 20 years 
or older was 18.3% for men24 . Although the Japanese 
Guideline for the Management of Hyperuricemia and 
Gout (the 2nd Edition) states that “the most important 
aim in the treatment of hyperuricemia is to make lifestyle 
changes that impact the onset of hyperuricemia”25 , no 
standardized lifestyle recommendations to improve or 
prevent hyperuricemia have been made so far.

Considering the complexity of human lifestyles, 
several comprehensive recommendations have been 
proposed to help individuals make lifestyle choices that 
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may be related to healthy longevity. For the US popula-
tion, a set of seven healthy habits (commonly referred 
to as the “Alameda 7”) was proposed in the Alameda 
Study in 1965 26, 27 . Similarly, for Japanese, a set of six 
healthy habits was proposed by Ikeda28 and a set of 
eight good health practices was proposed by Morimoto 
et al29 . There are investigations on the effects of these 
comprehensive healthy lifestyle habits in reducing the 
risk of a variety of unhealthy conditions in the litera-
ture. Nakanishi et al. examined 1,312 hyperuricemia-
free Japanese participants in their 8-year longitudinal 
study and reported that obesity, alcohol intake, and 
multimetabolic disorders were independent predictors 
for the development of hyperuricemia30. However, only 
a few studies have investigated a relationship between a 
set of healthy habits and risk reduction in hyperurice-
mia.

Although we previously observed that the practice 
of the Ikeda’s six healthy habits was associated with less 
hyperuricemia in a cross-sectional study31, we had not 
yet investigated their impact on the development of hy-
peruricemia. In addition, no study has investigated dif-
ferences in reduction of hyperuricemia risk among the 
recommended healthy habits in the 3 sets mentioned. 

The purpose of the present study, therefore, was to 
assess retrospectively the effects of each of the three sets 
of healthy habit recommendations on the development 
of hyperuricemia among healthy people without hyper-
uricemia. 

Methods
Study population

This study investigated a correlation between lifestyle 
status and development of hyperuricemia.

Between April 1, 2004 and March 31, 2010, 27,860 
individuals underwent a general health check-up at the 

Jikei University Hospital. Of them, 8,989 (32.3%) had 
been followed up for at least 2 years as of March 31, 
2010. Of these subjects, 3,940 were eliminated due to 
insufficient lifestyle information and laboratory data 
(n=677 [7.5%]), having hyperuricemia with/without 
treatment (n=2,158 [24.0%]), and age younger than 30 
years or 60 years or older (n=1,105 [12.3%]). Regard-
ing the upper limit on age, the older people become, the 
more difficult it is for them to change their lifestyle. As 
a result, 5,049 (3,196 men and 1,853 women) subjects 
aged from 30 to 59 years without hyperuricemia were 
enrolled in this study (Fig.1). The baseline character-
istics of the 5,049 participants are shown in Table 1. 
At baseline, the mean ages of the 3,196 men and 1,853 
women were 45.5 years (SD; 8.4 years) and 42.9 years 
(SD; 7.9 years), respectively.
Healthy Habits Assessment

At baseline, all participants had already completed 
a simple self-administered questionnaire in Japanese 
regarding lifestyle habits as a routine part of the general 

Fig.1.  Study Participants 

Table 1.  Characteristics of Study Subjects at Baseline
men (n=3196) women (n=1853)

mean ± SD median interquartile range mean ± SD median interquartile rang
Age (y.o.) 45.5 ± 8.4 45 39–54 42.9 ± 7.9 41 36–49
B-scores 4.3 ± 1.3 4 3–5 4.5 ± 1.1 5 4–5
M-scores 4.1 ± 1.7 4 3–5 4.3 ± 1.1 5 4–6
I-scores 3.8 ± 1.2 4 3–5 4.3 ± 1.1 4 4–5
BMI (kg/m2 ) 23.3 ± 2.8 23.0 21.3–24.8 20.6 ± 2.7 20.2 18.9–21.9
Uric acid (mg/dL) 5.7 ± 0.9 5.9 5.2–6.4 4.2 ± 0.7 4.2 3.7–4.7
SBP (mmHg) 118.0 ± 12.8 118 109–126 110.0 ± 13.6 109 100–118
DBP (mmHg) 74.6 ± 9.2 74 68–80 68.5 ± 9.1 68 62–74
FPG (mg/dL) 100.2 ± 20.1 96 91–103 91.3 ± 13.7 90 86–95
Triglyceride (mg/dL) 116.2 ± 76.6 97 71–138 70.5 ± 34.1 63 48–84
HDL-C (mg/dL) 57.4 ± 13.8 56 48–65 71.6 ± 14.8 70 61–80
Creatinine (mg/dL) 0.83 ± 0.11 0.8 0.79–0.90 0.62 ± 0.09 0.6 0.6–0.7
BUN (mg/dL) 13.9 ± 3.1 14 12–16 12.5 ± 3.1 12 10–14
Urine pH 5.7 ± 0.6 5.5 5.5–6.0 5.7 ± 0.6 5.5 5.5–6.0
Period observed (y) 2.3 ± 1.5 2 1–3 2.2 ± 1.4 2 1–3
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health check-up. Looking at the information from the 
self-administered questionnaires at baseline, we as-
signed a “yes” (good: coded 1) or “no” (bad: coded 0) 
to each response for each item in the 3 sets of recom-
mendations regarding healthy habits, with slight modi-
fications as follows:

For Belloc and Breslow’s seven healthy habits26 , we 
first assigned a code of 1 for items, 1) usually sleeping 
7 to 8 hours, 2) eat breakfast almost every day (6 or 7 
days per week)，3) eat between meals once in a while, 
rarely or never, 4) often or sometimes engage in active 
sport, swim or take a long walk, or often garden or do 
physical exercise , 5) drinking no more than 4 drinks 
at a time, 6) never smoking cigarettes, and 7) reported 
weight within a range of 5% under and 19.99% over 
the desirable standard for men, or not more than 9.99% 
over for women. We then categorized total scores (we 
call these “B-scores”) into three groups: poor (0–3 
points), moderate (4–5 points), and favorable (6–7 
points), according to Belloc and Breslow’s study. 

For Morimoto’s eight healthy habits29 , we first as-
signed a code of 1 for items, 1) not smoking cigarettes, 
2) sometimes or never consuming alcohol, 3) eating 
breakfast every morning, 4) sleeping 7 to 8 hours per 
night, 5) working less than 9 hours per day, 6) exercis-
ing twice a week or more, 7) eating a nutritionally bal-
anced diet, and 8) keeping mental stress levels moder-

ate. We then categorized the total scores (we call these 
“M-scores”) into three groups: poor (0–4 points), mod-

erate (5–6 points), and favorable (7–8 points), accord-
ing to Morimoto’s study.

For Ikeda’s six healthy habits28,32 , we first assigned a 
code of 1 for items 1) no smoking, 2) less food intake 
or not overeat, 3) drinking alcohol less than 150 g per 
week, 4) sufficient physical activity: regular exercise at 
least once a week, 5) sufficient rest: at least 6 days off 
work per month, and 6) sufficient participation in a 
hobby or activity other than work. We then categorized 
the total scores (we call these “I-scores”) into three 
groups: poor (0–2 points), moderate (3–4 points), and 
favorable (5–6 points). 

The coding for the three sets of healthy habits is sum-
marized in Table 2 . 
Anthropometric Measurements

Height, weight, and waist circumference were mea-
sured by trained staff in the routine process of the gen-
eral health check-up. Body weight was measured with 
light clothing and without shoes to the nearest 0.1 kg 
using a digital scale. Height was measured to the near-
est 0.1 cm. BMI was calculated as weight in kilograms 
divided by height in meters squared.
Laboratory Measurements

Systolic and DBP were measured on the right arm in 
the sitting position after a few minutes of rest in a quiet 

Table 2A.  Belloc and Breslow’s 7 Healthy Habits and Codes Used in the Present Study
1. Usually 7–8 hr sleep (code 1), not code 1=code 0
2. Eat breakfast almost every day (6 or 7 days per week) (code 1), not code 1=code 0
3. Eat between meals once in a while, rarely or never (code 1), not code 1=code 0
4. Often or sometimes engage in active sport, swim or take a long walk, or often garden or do 

physical exercise (code 1), not code 1=code 0
5. Drink no more than 4 drinks at a time (code 1), not code 1=code 0
6. Never smoked cigarettes (code 1); not code 1 (code 0)
7. Reported weight within a range of 5% under and 19.99% over the desirable standard for men, or 

not more than 9.99% over for women (code 1), not code 1=code 0

Table 2B.  Morimoto’s 8 Healthy Habits and Codes Used in the Present Study　　
1. Smoking status: not smoking (code 1), not code 1=code 0
2. Alcohol consumption: sometimes or never (code 1), not code 1=code 0
3. Eat breakfast: every day (code 1), not code 1=code 0
4. Sleeping pattern: 7 to 8 h/night (code 1), not code 1=code 0
5. Working pattern: ≤ 9 h/d (code 1), not code 1=code 0
6. Exercise: twice a week or more (code 1), not code 1=code 0
7. Nutritional balance: balanced (code 1), not code 1=code 0
8. Subjective stress: moderate (code 1), not code 1=code 0

Table 2C.  Ikeda’s 6 Healthy Habits and Codes Used in the Present Study
1. No smoking (code 1), not code 1=code 0
2. Less food intake (not overeating) (code 1), not code 1=code 0
3. Less than 150 g/wk of alcohol (code 1), not code 1=code 0
4. Su¯cient physical activity: regular exercise at least once a week (code 1), not code 1=code 0
5. Su¯cient rest: at least 6 d/mo o� work (code 1), not code 1=code 0
6. Su¯cient participation in a hobby or activity other than work (code 1), not code 1=code 0　
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room, using a fully automated sphygmomanometer 
(BP203RV-2, Nippon Colin, Komaki, Japan). The pH 
of urine was measured in a urinary examination, serum 
blood samples were drawn from the antecubital vein 
after more than 12 hours of fasting, and serum uric acid 
(mg/dL), FPG (mg/dL), triglyceride (mg/dL), HDL-C 
(mg/dL), and creatinine (mg/dL) were measured. 
Hyperuricemia Detection and Follow-up

In the Japanese Guideline for the Management of 
Hyperuricemia and Gout (the 2nd Edition)25, hyperuri-
cemia is defined as a serum uric acid level ≥7.0 mg/dL, 
regardless of sex and age. However, this criterion is based 
on the physical character of urate, and the distribution of 
serum uric acid levels was different in men and women 
in the present study. Therefore, in this study, we defined 
hyperuricemia as serum uric acid over 7 .0 mg/dL in 
men and over 5.5 mg/dL in women in accordance with a 
previous study31.

Participants were followed-up according to their 
schedules for undergoing annual general health check-
ups, from baseline to the date of diagnosis of hyper-
uricemia, the date of the last health examination up to 
March 31, 2010, or the date of loss to follow-up.
Statistical analysis

The final dataset for analysis contained informa-
tion on 5,049 participants with anonymized personal 
identifiers. All the data assembly was conducted at Jikei 
University. Statistical analyses were performed at the 
Central Research Laboratory, Hitachi, Ltd. (Kokubunji-
shi, Tokyo) using the Statistical Package for the Social 
Sciences (SPSS) for Windows (SPSS Japan Inc., version 
17.0, Tokyo, Japan). 

Continuous data at baseline were summarized as 
means ± SD, and comparisons between groups were 
performed with ANOVA or the Kruskal Wallis test. 
Categorical data were summarized as frequencies and 
percentages, and comparisons between groups were 
performed with Pearson’s chi-square test or Fisher’s ex-
act test. 

The effect of the scores of each of the three sets of 
healthy habits on the development of hyperuricemia 
was evaluated using Cox-hazard regression analysis 
with adjustment for age, SBP, urine pH, serum creati-
nine level, and BMI. To examine the preventive effects 
of the healthy habits, we considered the poor risk group 
for the scores of each of the 3 sets of healthy habits as 
a reference. Since we knew that hyperuricemia had 
arisen between 2 visits but did not know the precise 
date of the development of hyperuricemia, we used a 
parametric Cox model to take into account this type of 
interval censoring33. All reported p values are 2-tailed, 
and those less than 0.05 were considered statistically 
significant.

Ethical statement
The protocol of this study was approved by the Jikei 

University Ethics Review Board (approval nos. 16–89 
4318 and 17–015 4435). This study was designed in 
compliance with the ethics regulations outlined in the 
Declaration of Helsinki. All participants gave written 
informed consent and unlinkable, anonymized data 
were used for analysis. 

Results
During a median follow-up period of 2.3 years (range 

1–3 yr) for men and 2.2 years (range 1–3 yr) for wom-
en, 559 (17.5%) of the 3,196 male participants and 
178 (9.6%) of the 1,853 female participants developed 
hyperuricemia. Thus the development of hyperuricemia 
was greater in men than women (HR 1.791, 95%CI; 
1.51–2.12, p<0.001).

Table 3 A shows the distribution of participants 
among the three B-score groups and their respective 
baseline characteristics. There was no difference in the 
uric acid concentration among the favorable, moderate, 
and poor B-score groups for both sexes. Age was signif-
icantly younger in the moderate and poor groups than 
the favorable group in men and women. Triglyceride 
and HDL-C concentrations were higher in the moder-
ate and poor groups than the favorable group in men 
and in the poor group in women. SBP was significantly 
lower in the moderate and poor groups than the favor-
able group in men only. Serum creatinine was signifi-
cantly lower in the poor group than the moderate and 
favorable groups in men only.

Table 3 B shows the distribution of participants 
among the three M-score groups and their respective 
baseline characteristics. There was no difference in the 
uric acid concentration among the favorable, moder-
ate, and poor M-score groups for both sexes. Age was 
significantly younger in the moderate and poor groups 
than the favorable group in men and women. Among 
the three M-score groups, there were differences in BP, 
HDL-C concentration, and triglyceride concentration 
similar to those observed in the B-score groups. 

Table 3 C shows the distribution of participants 
among the three I-score groups, and their respective 
baseline characteristics. A significantly higher uric acid 
concentration and DBP, and FPG were observed in the 
poor group than in the other groups in men only. A 
significantly higher BMI and triglyceride level were ob-
served in the moderate and poor groups than the favor-
able group in men and women. The HDL-C concentra-
tion was significantly lower in the moderate and poor 
groups than the favorable group in men only.

Serum creatinine was significantly lower in the mod-
erate and poor groups than the favorable group in men 
and women. Urine pH was significantly lower in poor 
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group than the moderate and favorable groups in wom-
en only.

A multivariate analysis performed to examine B-
scores showed that the development of hyperuricemia 
was significantly lower in the favorable group, with an 
approximately 30% reduction over the poor group in 

men, but the reduction was not observed in women 
(Table 4A). The analysis to examine M-scores showed 
that the development of hyperuricemia was significant-
ly lower in the moderate group and the favorable group, 
with 27% and 32% reductions in men, respectively, but 
the reduction was not observed in women (Table 4B). 

Table 3A.  Characteristics of Study Subjects at Baseline in Belloc and Breslow’s Healthy Habit Groups
Favorable (6–7 points) Moderate (4–5 points) Poor (0–3 points)

men (n=617) women (n=334) men (n=1692) women (n=1189) men (n=887) women (n=330)
Age (y.o.) 48.5±8.1 44.4±8.2 45.8±8.3*** 43±7.8*** 42.7±8.0*** 41.1±7.7***
Mean points 6.2±0.4 6.2±0.4 4.5±0.5 4.5±0.5 2.6±0.6 2.8±0.5
BMI (kg/m2 ) 23.2±1.7 20.0±1.9 23.2±2.5 20.5±2.5 23.3±3.6 21.8±3.6
Uric acid (mg/dL) 5.7±0.9 4.1±0.7 5.7±0.8 4.2±0.7 5.6±0.9 4.2±0.7
SBP (mmHg) 119.9±12.1 109.6±12.6 118.2±12.8** 110.3±13.9 116.2±13.1*** 108.9±13.4
DBP (mmHg) 76.2±8.6 68.1±8.5 74.8±9.2** 68.8±9.2 73.3±9.4*** 67.9±9.1
FPG (mg/dL) 100.8±16.9 91.5±16.3 100.5±21.2 91.2±12.9 99.2±20.1 91.5±13.8
Triglyceride (mg/dL) 104.7±52.4 66.9±29.3 117.7±82.7*** 69.8±34.4 121.1±77.9*** 76.7±36.8***
HDL-C (mg/dL) 60.4±13.6 73.4±15.0 57.5±13.5*** 71.9±14.8 55.1±14.1*** 68.6±14.1***
Creatinine (mg/dL) 0.84±0.12 0.62±0.09 0.83±0.11 0.62±0.09 0.81±0.11*** 0.61±0.09
BUN (mg/dL) 14.3±3.1 12.8±3.0 13.9±3.1* 12.5±3.1 13.5±3.0*** 12.0±3.0***
Urine pH 5.8±0.6 5.8±0.7 5.7±0.6 5.7±0.6 5.7±0.5 5.7±0.6
Period Observed (y) 2.4±1.5 2.2±1.4 2.2±1.4 2.2±1.4 2.2±1.5 2.3±1.4
Differences in each medical test among the three groups were tested by ANOVA and t-tests using Bonferroni correction. 
Creatinine and urine pH were tested by the Kruskal Wallis test and Mann-Whitney test using Bonferroni correction.
*p<0.05, versus favorable group. *p<0.01, versus favorable group. ***p<0.001, versus favorable group.

Table 3B.  Characteristics of Study Subjects at Baseline in Morimoto Healthy Habit Groups
Favorable (7–8 points) Moderate (5–6 points) Poor (0–4 points) 

men (n=265) women (n=305) men (n=1066) women (n=735) men (n=1865) women (n=813)
Age (y.o.) 51.3±7.5 46.2±8.1 47.2±8.4*** 43.5±8*** 43.7±8.0*** 41.1±7.3***
Mean points 7.2±0.4 7.2±0.4 5.4±0.5 5.4±0.5 2.9±1.0 3.2±0.9
BMI (kg/m2 ) 23.0±2.5 20.5±2.5 23.1±2.5 20.6±2.6 23.4±2.9 20.7±2.9
Uric acid (mg/dL) 5.7±0.9 4.1±0.7 5.7±0.9 4.2±0.7 5.7±0.9 4.2±0.7
SBP (mmHg) 119.9±12.9 112.5±14.2 118.8±13.1 110.0±13.2* 117.3±12.6** 108.9±13.6***
DBP (mmHg) 76.5±8.8 70.0±9.5 75.1±9.1 68.7±8.9 74.1±9.3*** 67.9±9.0**
FPG (mg/dL) 101.9±18.4 92.7±7.6 100.7±20.6 91.0±12.9 99.6±20.1 91.0±11.5
Triglyceride (mg/dL) 100.4±45.8 71.6±32.8 107.5±64.5 69.3±32 123.3±85.1*** 71.2±36.4
HDL-C (mg/dL) 60.4±13.3 73.2±15.1 59.2±13.8 71.7±14.8 56.0±13.7*** 70.9±14.7
Creatinine (mg/dL) 0.84±0.12 0.62±0.10 0.83±0.12 0.62±0.09 0.82±0.11 0.62±0.09
BUN (mg/dL) 14.7±3.0 13.0±3.2 14.1±3.2 12.7±3.0 13.6±3.0*** 12.1±3.0***
Urine pH 5.7±0.6 5.8±0.7 5.8±0.6 5.8±0.6 5.7±0.5 5.7±0.6
Period Observed (y) 2.4±1.4 2.2±1.4 2.3±1.5 2.2±1.5 2.2±1.4 2.1±1.4

Table 3C.  Characteristics of Study Subjects at Baseline in Ikeda Healthy Habit Groups
Favorable (5–6 points) Moderate (3–4 points) Poor (0–2 points)

Men (n=948) women (n=853) men (n=1772) women (n=912) men (n=476) women (n=88)
Age (y.o.) 45.7±8.6 42.9±8.2 45.4±8.4 43±7.8 45.5± 8.2 41.7±6.6
Mean points 5.2±0.4 5.3±0.4 3.6±0.5 3.7±0.5 1.7± 0.5 1.7±0.5
BMI (kg/m2 ) 22.9±2.6 20.3±2.4 23.3±2.7*** 20.8±2.8*** 23.9± 3.2*** 21.7±2.9***
Uric acid (mg/dL) 5.7±0.9 4.1±0.7 5.7±0.9 4.2±0.7 5.8± 0.8* 4.3±0.7
SBP (mmHg) 117.6±12.4 109.7±13.5 117.9±13.2 110.0±13.8 119.2± 12.1 109.9±12.9
DBP (mmHg) 74.1±8.7 68.4±8.9 74.6±9.5 68.7±9.3 75.6± 8.8* 68.0±8.3
FPG (mg/dL) 98.7±17.1 90.8±13.9 100.1±20.0 91.4±12.6 103.3± 25.2*** 94.4±21.2
Triglyceride (mg/dL) 99.2±51.3 66.8±30.5 118.7±79.5*** 72.8±35.6*** 140.4± 97.1*** 82.4±45.6***
HDL-C (mg/dL) 58.7±12.5 72.5±14.7 57.1±14.2* 71.0±14.9 55.8± 14.7*** 68.6±14.1
Creatinine (mg/dL) 0.84±0.11 0.63±0.09 0.82±0.11*** 0.61±0.09* 0.80± 0.11*** 0.60±0.10*
BUN (mg/dL) 14.3±3.2 12.6±3.2 13.8±3.0*** 12.4±3.0 13.5± 3.1*** 12.3±2.8
Urine pH 5.8±0.6 5.8±0.7 5.7±0.6 5.7±0.6 5.7± 0.5*** 5.7±0.5
Period Observed (y) 2.2±1.4 2.2±1.4 2.3±1.4 2.2±1.4 2.3± 1.5 2.2±1.4
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The analysis to examine I-scores showed that the devel-
opment of hyperuricemia was significantly lower in the 
moderate group and the favorable group, with 22% and 
40% reductions in men, respectively, but in women, a 
reduction was observed only in the favorable group, of 
47% (Table 4C).

Discussion
The present study for the first time found that the 

practice of all three sets of healthy habits - Belloc and 
Breslow’s seven healthy habits, Morimoto’s eight healthy 
habits, and Ikeda’s six healthy habits - was associated 
with a lower risk of development of hyperuricemia. 
In particular, the development of hyperuricemia was 
prevented in the moderate and favorable groups under 
Ikeda’s six healthy habits in both Japanese men and 
women. 

We have previously reported that Ikeda’s healthy hab-
its achieved a significant difference in the incidence of 
metabolic syndrome32 and high blood pressure34 for the 
moderate and favorable groups as compared with Bre-
slow’s and Morimoto’s healthy habits in a longitudinal 
study. Therefore, in this study, our aim was to confirm 
the risk reduction effect of Ikeda’s healthy habits in a 
variety of life-style diseases.

The reason is unclear that subjects in the moderate 
group for B-scores were in the least desirable state. In 
women, a desirable BMI had the lowest hazard ratio 
for development of hyperuricemia, of 0.453 (95%CI; 

0.307–0.669). However the hazard ratio was not sig-
nificant 0.894 (95%CI; 0.748–1.069) in men. On the 
other hand, the hazard ratio for “eating between meals 
once in a while, rarely or never” was 1.306 (95%CI; 
1.075–1.587) in men. The above result may be due to 
various factors.

Among the three sets of healthy habits, most of the 
items are similar but there are slight differences in the 
descriptions. No smoking, less alcohol intake, and mod-
erate physical activity are common items among the 
three sets of healthy habits, although the descriptions 
are somewhat different. Less food intake is common 
to Belloc and Breslow’s habits and Ikeda’s habits, and 
eat breakfast is common to Belloc and Breslow’s habits 
and Morimoto’s habits. A distinctive item in Belloc and 
Breslow’s habits is “reported weight”, distinctive items 
in Morimoto’s habits are “working less than 9 hours 
per day” and “keeping mental stress levels moderate”, 
and those in Ikeda’s habits are “sufficient rest: at least 6 
days off work per month” and “sufficient participation 
in a hobby or activity other than work”. Therefore, in 
simplest terms, these distinctive items in each habit set 
could be the cause of the differences in their preventive 
effects in hyperuricemia. 

The drinking amounts proposed by Morimoto’s and 
Ikeda’s habits decreased uric acid. In this regard, a rela-
tionship between alcohol intake and hyperuricemia has 
been noted35. Alcohol intake increases uric acid pro-
duction36, and decreases urate excretion37. The quantity 

Table 4A. Hazard Ratios for Hyperuricema among 3 Score Groups for Healthy Lifesyle Habits 
Proposed by Breslow

Men Women
Hazard Ratio 95%CI Hazard Ratio 95%CI

B-scores 0–3 (poor) 1.000(Ref) 1.000(Ref)
4–5 (moderate) 1.050 0.864–1.275 1.294 0.838–1.863
6–7 (favorable) 0.696 0.528–0.916 0.765 0.429–1.365

Adjusted for age, SBP, urine pH, creatinine, and BMI 

Table 4B. Hazard Ratios for Hyperuricema among 3 Score Groups for Healthy Lifesyle Habits 
Proposed by Morimoto

Men Women
Hazard Ratio 95%CI Hazard Ratio 95%CI

M-scores 0–4 (poor) 1.000(Ref) 1.000(Ref)
5–6 (moderate) 0.734 0.606–0.889 0.806 0.583–1.114
7–8 (favorable) 0.682 0.484–0.962 0.660 0.414–1.052

Adjusted for age, SBP, urine pH, creatinine, and BMI

Table 4C. Hazard Ratios for Hyperuricema among 3 Score Groups for Healthy Lifesyle Habits 
Proposed by Ikeda

Men Women
Hazard Ratio 95%CI Hazard Ratio 95%CI

I-scores 0–2 (poor) 1.000 (Ref) 1.000(Ref)
3–4 (moderate) 0.778 0.627–0.965 0.644 0.372–1.114
5–6 (favorable) 0.604 0.468–0.779 0.534 0.302–0.944

Adjusted for age, SBP, urine pH, serum creatinine, and BMI
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suggested by “No more than 4 drinks at a time” in Bel-
loc and Breslow’s habits may be too much for Japanese. 

The findings of Nishida et al.38 suggest that moder-
ate intensity physical activity (3.0–6.0 METs) was as-
sociated with lower uric acid concentrations in obese 
middle-aged men. “Engage in active sport, swim or 
take a long walk” in Belloc and Breslow’s habits may be 
more beneficial for decreasing uric acid than “sufficient 
physical activity” in Morimoto’s and Ikeda’s habits.

A positive association between BMI and hyperurice-
mia35,39 and a negative association between weight loss 
and decreases in plasma uric acid levels40 have been 
reported. Therefore, BMI might affect serum uric acid. 
However, Belloc and Breslow’s habits only include an 
item stipulating “reported weight”, and their scores 
were less effective for the determination of hyperuricemia 
than those of Morimoto and Ikeda. In addition, a signifi-
cantly higher BMI could be identified only from Ikeda’s 
moderate and poor scores, which might have contributed 
to the determination of hyperuricemia in the analysis 
on Ikeda’s habits. Belloc and Breslow’s reported weight 
stipulation was proposed based on studies done on a US 
population and a weight within a range of 19.99% over 
the desirable standard for men might be not suitable for 
Asians. 

A sleep duration item is not included in Ikeda’s hab-
its. Wiener RC et al.17 found that sleep duration was sig-
nificantly associated with a high serum uric acid when 
the sleep was other than 8 hours. Also not included in 
Ikeda’s habits is an eating breakfast item. However, exact 
biological mechanisms for an association between sleep 
variables or eating breakfast and a high serum uric acid 
are not clear. 

As for sufficient participation in a hobby or activity 
other than work in Ikeda’s healthy lifestyle habits, the 
hazard ratio for development of hyperuricemia was 
0.829 (95%CI; 0.696–0.988) in men. The drinking 
item in Ikeda’s healthy lifestyle habits was the most ef-
fective for reducing development of hyperuricemia, 
as the hazard ratio was 0.765 (95%CI; 0.646–0.905) 
in men and 0.406 (95%CI; 0.286–0.576) in women. 
These findings show that Ikeda’s healthy habits may be 
the most closely associated with prevention of hyper-
uricemia among the three sets of recommended healthy 
lifestyle habits.

A limitation of this study was that the three sets of 
healthy habits did not include items regarding the num-
ber of calories or purine bodies consumed, or the length 
of physical activity, all of which might affect the serum 
uric acid level. Also, the participants of this study lived 
in a small area of Japan and they were in a high income 
or high social status group because they could have 
general health check-ups at their own expense, which 
might be another limitation. These results may there-

fore not be applicable to the entire population of Japan. 
In conclusion, we investigated the three sets of 

healthy lifestyle habits proposed by Belloc and Bres-
low, Morimoto, and Ikeda, and found that the 6 habits 
proposed by Ikeda were the most useful for preventing 
the future development of hyperuricemia among Japa-
nese subjects. There has been an increasing trend in the 
prevalence of hyperuricemia in Japan, suggesting that 
recent lifestyle changes in Japan may be a key factor 
behind this. Therefore, healthy lifestyle changes would 
be a basic protective approach to preventing hyperuri-
cemia as well as other lifestyle-related diseases. We rec-
ommend that Japanese follow good healthy habits like 
those proposed by Ikeda.
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Aspartate Aminotransferase was Associated with Albuminuria 
Independently of Metabolic Risk Factors

Eiji Oda

Abstract
Background: Independent associations between albuminuria and metabolic risk factors, including 
liver and kidney function tests, have not been well studied. 
Methods: This was a cross-sectional study on a health screening population including 359 men 
and 200 women who were apparently healthy. Albuminuria was defined as urinary albumin of 17 
mg/g creatinine or higher in men and 25 mg/g creatinine or higher in women using spot morning 
urine specimens. Using multivariable linear regression and multivariable logistic regression models, 
independent associations between albuminuria and metabolic risk factors, including liver and kid-
ney function tests, were investigated.
Results: Albuminuria was found in 48 subjects (8.6%). Metabolic risk factors except for HDL cho-
lesterol were significantly positively correlated with log urinary albumin. In multivariable linear re-
gression models, SBP , fasting glucose, log high-sensitivity C-reactive protein (hs-CRP), AST, serum 
albumin and estimated glomerular filtration rate, but not ALT, were independently positively associat-
ed with log urinary albumin. In multivariable logistic regression models, BMI or SBP, fasting glucose, 
log hs-CRP and AST, but not ALT, were independently positively associated with albuminuria. 
Conclusions: AST was associated with albuminuria independently of metabolic risk factors in ap-
parently healthy subjects. 

Keywords  albuminuria, aspartate aminotransferase (AST), nonalcoholic fatty liver disease, meta-
bolic syndrome

MetS1–3 is a constellation of interrelated meta-
bolic risk factors that directly promote the 
development of diabetes and cardiovascular 

disease (CVD). MetS may be a systemic manifestation 
of adipose tissue dysfunction characterized by in-
creased aggregation of activated macrophages into adi-
pose tissue1 induced by chronic energy overload and is 
related to nonalcoholic fatty liver disease (NAFLD)4 . 

Albuminuria is considered to be a component of 
MetS2 and a risk factor of CVD in diabetic patients5 , 
hypertensive subjects6,7 , high-risk individuals8 and the 
general population9. Urinary excretion of albumin low-
er than the conventional definition of microalbumin-
uria (30–300 mg/day) is still significantly associated 
with CVD risk10,11 and risk of diabetes in men12. 

Although it is well known that albuminuria is associ-
ated with MetS13, hypertension14 and diabetes15 , there 
have been few studies focused on independent associa-
tions between albuminuria and metabolic risk factors, 
including liver and kidney function tests16. 

The aim of the present study was to investigate cross-

sectional independent associations between albumin-
uria and metabolic risk factors, including liver and kid-
ney function tests, in apparently healthy individuals. 

Methods
The study was approved by the ethics committee of 

Tachikawa Medical Center and the study procedures 
were in accordance with the ethical standards laid down 
in the 1964 Declaration of Helsinki and its later amend-
ments. 
Subjects

Among subjects who visited our Medical Check-up 
Center for general health screening tests between April 
2009 and March 2013, 539 men and 286 women took 
an optional urinary albumin test and gave written in-
formed consent to participate in the study. People visit-
ing our center were required to fill out a questionnaire 
including questions about history of coronary heart 
disease and stroke, smoking, alcohol drinking, physical 
activity, as well as antihypertensive, antidiabetic and an-
tihyperlipidemic medications. Excluding subjects who 

Medical Check-up Center, Tachikawa Medical Center 
Contact : Eiji Oda, Medical Check-up Center, Tachikawa Medical Center, 2–2–16, Nagachou, Nagaoka, Niigata, 940–0053, Japan.
Tel : +81–258–36–6221 ; Fax : +81–258–34–1113 ; E-mail : ijie@venus.sannet.ne.jp
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had a history of coronary heart disease or stroke and 
those who used antidiabetic, antihypertensive or anti-
hyperlipidemic drugs, 359 men and 200 women were 
enrolled in the present study. 
Measurements

After an overnight fast, blood samples were obtained 
to measure blood levels of routine health check-up tests, 
including fasting glucose, triglycerides, HDL cholesterol, 
LDL cholesterol, high-sensitivity C-reactive protein (hs-
CRP), uric acid, total protein, serum albumin, T-Bil, AST, 
ALT and creatinine. Chemical measurements were all 
performed at BML Nagaoka (Nagaoka, Japan) by rou-
tine laboratory methods except for hs-CRP which was 
measured at BML General Laboratory (Tokyo, Japan) by 
nephelometry using N-latex CRP-2 (Siemens Health-
care Japan, Tokyo, Japan). The measurement limit of hs-
CRP was 0.02 mg/L and levels of hs-CRP less than the 
measurement limit were considered to be 0.01 mg/L. 
LDL cholesterol was measured using a direct surfac-
tant method with Choletest-LDL (Sekisui Medical Inc, 
Tokyo, Japan). Urinary albumin was measured with N-
Assay TIA Micro Alb E-Type (Nittobo Medical Co. Ltd. 
Tokyo, Japan) using spot morning urine specimens and 
expressed in mg/g creatinine. Blood pressure was auto-
matically measured with MPV-3301 (NIHON KODEN 
Inc., Tokyo, Japan) in the sitting position after a 5 min 
rest. The average SBP and DBP were calculated from 
two measurements. Body weight was measured wearing 
the light clothes provided by our center and the weight 
of the clothing was subtracted from the measured body 
weight. BMI was calculated as weight in kilograms di-
vided by the square of height in meters. Waist circum-
ference (WC) was measured at the level of the umbili-
cus in the standing position. 

The eGFR was calculated using the following equa-
tion in accordance with the Japanese Society of Ne-
phrology recommendation17: eGFR (mL/min/1.73m2) 
= 194×creatinine–1.094×age–0.287 in men and 194× 
creatinine–1.094 × age–0.287× 0.739 in women. 
Statistical Analysis

Albuminuria was defined as urinary albumin of 17 
mg/g creatinine or higher in men and 25 mg/g creati-
nine or higher in women18 because the recommended 
albumin creatinine ratio of 30 mg/g creatinine for de-
tecting microalbuminuria does not account for the sex 
difference in creatinine excretion19 .

Basal data were compared between subjects with 
albuminuria and those without. The means were com-
pared by two-sided t-tests and percentages were com-
pared by χ -squared tests. Triglycerides and hs-CRP 
were compared after log transformation because their 
distributions were highly skewed. 

Partial correlation coefficients between log urinary 
albumin and metabolic risk factors, including liver and 

kidney function tests, were calculated adjusted for sex, 
age, current smoking, daily alcohol drinking and physi-
cal activity. Physical activity was defined as walking for 
one hour or longer per day or exercising for 30 minutes 
or longer twice or more per week. Urinary albumin, 
triglycerides and hs-CRP were log transformed before 
the calculations because their distributions were highly 
skewed. 

Using stepwise multivariable linear regression with an 
exclusion criterion of p > 0.05, standardized linear re-
gression coefficients of metabolic risk factors, including 
liver and kidney function tests, were calculated for log 
urinary albumin adjusted for sex, age, current smoking, 
daily alcohol drinking and physical activity. The initial 
covariates were BMI or WC, SBP, fasting glucose, log 
triglycerides, HDL cholesterol, LDL cholesterol, log hs-
CRP, uric acid, total protein, serum albumin, T-Bil, AST, 
ALT and eGFR. DBP was not included in the initial co-
variates to avoid multicollinearity because the Pearson 
correlation coefficient between SBP and DBP was 0.83 
and SBP has a stronger correlation with urinary albu-
min than DBP. BMI and WC were separately included 
in regression models to avoid multicollinearity because 
the Pearson correlation coefficient between BMI and 
WC was 0.88. 

Univariable odds ratios of albuminuria for each 1 
SD increase in BMI, WC, SBP, DBP, fasting glucose, log 
triglycerides, HDL cholesterol, LDL cholesterol, log hs-
CRP, uric acid, total protein, serum albumin, T-Bil, AST, 
ALT and eGFR were calculated adjusted for sex, age, 
current smoking, daily alcohol drinking and physical 
activity. 

Using stepwise multivariable logistic regression with 
an exclusion criterion of p > 0.05, multivariable odds 
ratios of albuminuria for each 1 SD increase in metabol-
ic risk factors, including liver and kidney function tests, 
were calculated adjusted for sex, age, current smoking, 
daily alcohol drinking and physical activity. The initial 
covariates were the same as the above multivariable lin-
ear regression models. 

Statistical analyses were performed using Dr SPSS-2 
(IBM Japan, Tokyo, Japan). p values of < 0.05 were con-
sidered to be statistically significant. 

Results
Albuminuria was found in 31 men (8.6%) and 17 

women (8.5%) of whom 38 (79.2%) had normal levels 
of both AST and ALT (< 40 U/L). There were three sub-
jects (a man and two women) with urinary albumin of 
> 300 mg/g creatinine. 

A comparison of baseline data between subjects with 
albuminuria and those without is shown in Table 1. 
Age, BMI, WC, SBP, DBP, fasting glucose, triglycerides, 
hs-CRP, total protein, AST and ALT were significantly 
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higher in subjects with albumin-
uria than those without. There 
were no significant differences 
in HDL cholesterol, LDL choles-
terol, uric acid, serum albumin, 
T-Bil and eGFR between the two 
groups. 

The partial correlation coef-
ficients between log urinary 
albumin and metabolic risk 
factors are presented in Table 
2 . Log urinary albumin was sig-
nificantly positively correlated 
with BMI, WC, SBP, DBP, fast-
ing glucose, log triglycerides, 
LDL cholesterol, log hs-CRP, 
uric acid, total protein, serum 
albumin, AST, ALT and eGFR 
adjusted for sex, age, current 
smoking, daily alcohol drinking 
and physical activity. 

The standardized linear re-
gression coefficients of meta-
bolic risk factors including liver 
and kidney function tests for log 
urinary albumin are presented 
in Table 3. SBP, fasting glucose, 
log hs-CRP, AST, serum albumin 
and eGFR were independently 
positively associated with log 
urinary albumin adjusted for 
sex, age, current smoking, daily 
alcohol drinking and physical 
activity. Either BMI or WC was 
included in the initial covariates. 

The univariable odds ratios 
of each 1 SD increase in meta-
bolic risk factors, including liver 
and kidney function tests, for 
albuminuria are shown in Table 
4 . BMI, WC, SBP, DBP, fasting 
glucose, log triglycerides, log 
hs-CRP, total protein, AST, ALT 
and eGFR were significantly 
positively associated with albu-
minuria adjusted for sex, age, 
current smoking, daily alcohol 
drinking and physical activity. 

The multivariable odds ra-
tios of each 1 SD increase in 
metabolic risk factors, including 
liver and kidney function tests, 
for albuminuria are shown in 
Table 5 . BMI, fasting glucose, 

Table 1.  Basal Data Strati�ed by Albuminuria
Albuminuria a Non-albuminuria p

n 48 511
Urinary albumin (mg/g creatinine) 37.0 (23.2–54.9) 4.3 (3.0–7.1)
Men (%) 64.6 64.2 0.956
Age (years) 56.1 (12.1) 52.3 (9.8) 0.016
BMI (kg/m2 ) 25.0 (5.4) 22.6 (2.9) <0.001
Waist circumference (cm) 87.7 (11.8) 82.3 (8.2) <0.001
SBP (mmHg) 125.4 (19.4) 115.1 (14.0) <0.001
DBP (mmHg) 80.5 (14.0) 74.8 (11.1) 0.001
Fasting glucose (mg/dL) 103.1 (21.3) 93.2 (10.6) <0.001
Triglycerides (mg/dL) 94.0 (77.0–181.5) 85.0 (61.0–116.5) 0.002 d 

HDL cholesterol (mg/dL) 56.9 (11.1) 60.7 (15.2) 0.095
LDL cholesterol (mg/dL) 129.8 (28.9) 122.3 (26.2) 0.060
High-sensitivity CRP (mg/L) 0.59 (0.25–1.77) 0.26 (0.14–0.54) <0.001 d

Uric acid (mg/dL) 5.54 (1.58) 5.42 (1.34) 0.564
Total protein (g/dL) 7.22 (0.36) 7.02 (0.38) 0.001
Serum albumin (g/dL) 4.30 (0.22) 4.27 (0.21) 0.428
T-Bil (mg/dL) 0.81 (0.34) 0.82 (0.32) 0.898
AST (U/L) 26.6 (10.4) 22.3 (6.5) <0.001
ALT (U/L) 30.1 (21.2) 22.0 (12.7) <0.001
eGFR b (mL/min/1.73m2 ) 82.0 (17.0) 79.9 (13.0) 0.304
Current smoking (%) 7.8 16.1 0.318
Daily drinking (%) 23.5 32.7 0.287
Physical activity c (%) 33.3 38.8 0.461
Mean (SD), median (interquartile range) or %, a defined as urinary albumin of 17 mg/g creatinine or higher in men 
and 25 mg/g creatinine or higher in women, b estimated glomerular filtration rate, c defined as walking for one hour 
or longer per day or exercising for 30 minutes or longer twice or more per week, d calculated after log transformation

Table 2.  Partial Correlation Coe¥cients with Log Urinary Albumin
Partial correlation coe¯cient a p

BMI 0.196 <0.001
Waist circumference 0.176 <0.001
SBP 0.262 <0.001
DBP 0.222 <0.001
Fasting glucose 0.229 <0.001
Log triglycerides 0.174 <0.001
HDL cholesterol –0.078 0.066
LDL cholesterol 0.099 0.020
Log high-sensitivity CRP 0.123 0.004
Uric acid 0.109 0.010
Total protein 0.185 <0.001
Serum albumin 0.167 <0.001
T-Bil 0.023 0.587
AST 0.185 <0.001
ALT 0.222 <0.001
eGFR b 0.180 <0.001

a adjusted for sex, age, current smoking, daily alcohol drinking and physical activity,
b estimated glomerular filtration rate

Table 3.  Standardized Linear Regression Coe¥cients for Log Urinary Albumin
Standardized linear regression coe¯cient a p

SBP 0.183 <0.001
Fasting glucose 0.128 0.002
Log high-sensitivity CRP 0.081 0.040
AST 0.116 0.004
Serum albumin 0.122 0.004
eGFR b 0.156 <0.001

a by stepwise multivariable linear regression using BMI or waist circumference, SBP, fasting glucose, 
log triglycerides, HDL cholesterol, LDL cholesterol, log high-sensitivity CRP, uric acid, total protein, 
albumin, T-Bil, AST, ALT and eGFR as initial covariates adjusting for sex, age, current smoking, daily 
alcohol drinking and physical activity, b estimated glomerular filtration rate
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log hs-CRP and AST were independently positively as-
sociated with albuminuria when BMI was included in 
the initial covariates while SBP, fasting glucose, log hs-
CRP and AST were independently positively associated 
with albuminuria when WC was included in the initial 
covariates adjusted for sex, age, current smoking, daily 
alcohol drinking and physical activity. 

Discussion
The present cross-sectional study found that SBP, 

fasting glucose, log hs-CRP, AST, serum albumin and 
eGFR, but not ALT, were independently positively as-
sociated with log urinary albumin by multivariable 
linear regression while BMI or SBP, fasting glucose, 
log hs-CRP and AST, but not ALT, were independently 
positively associated with albuminuria by multivariable 
logistic regression adjusted for sex, age, current smok-
ing, daily alcohol drinking and physical activity in ap-
parently healthy individuals. 

The present results suggest that underlying mecha-
nisms of the association between AST and albuminuria 
include unique mechanisms other than those of meta-
bolic syndrome, such as adipose tissue inflammation, 
insulin resistance, oxidative stress, endothelial dysfunc-
tion and autonomic dysfunction1. In agreement with 
the present study, Won et al. reported that there was no 
significant association between albuminuria and ALT 
while log urinary albumin was independently associ-
ated with SBP, fasting glucose and AST in a multivari-
able linear regression model and albuminuria was in-
dependently associated with hypertension, diabetes and 
AST in a multivariable logistic regression model16. The 
exact reason why AST, but not ALT, is associated with 
albuminuria after adjustment for other metabolic risk 
factors is unknown. 

Available data from clinical, experimental and epi-
demiological studies indicate that NAFLD is the he-
patic manifestation of insulin resistance and MetS4,20 . 

Table 4. Univariable Odds Ratios of Albuminuria for Each 1 SD Increase 
in Metabolic Risk Factors

Odds ratio a (95%CI) p
BMI 2.06 (1.53–2.76) <0.001
Waist circumference 1.92 (1.42–2.60) <0.001
SBP 1.87 (1.40–2.51) <0.001
DBP 1.75 (1.28–2.39) <0.001
Fasting glucose 1.72 (1.31–2.26) <0.001
Log triglycerides 1.66 (1.22–2.25) 0.001
HDL cholesterol 0.74 (0.51–1.06) 0.097
LDL cholesterol 1.29 (0.95–1.75) 0.102
Log high-sensitivity CRP 1.79 (1.35–2.38) <0.001
Uric acid 1.16 (0.80–1.67) 0.431
Total protein 1.69 (1.25–2.30) <0.001
Serum albumin 1.25 (0.92–1.78) 0.139
T-Bil 0.95 (0.69–1.30) 0.734
AST 1.59 (1.25–2.03) <0.001
ALT 1.69 (1.33–2.15) <0.001
eGFR b 1.41 (1.03–1.94) 0.031

a adjusted for sex, age, current smoking, daily alcohol drinking and physical activity,
b estimated glomerular filtration rate

Table 5.  Multivariable Odds Ratios of Albuminuria for Each 1 SD Increase in Covariates
Odds ratio a (95%CI) p

Including BMI in initial covariates
BMI 1.52 (1.10–2.09) 0.011
Fasting glucose 1.37 (1.07–1.74) 0.011
Log high-sensitivity CRP 1.50 (1.07–2.11) 0.020
AST 1.43 (1.10–1.86) 0.008

Including waist circumference in initial covariates
SBP 1.54 (1.11–2.13) 0.010
Fasting glucose 1.45 (1.12–1.88) 0.006
Log high-sensitivity CRP 1.70 (1.24–2.33) <0.001
AST 1.52 (1.17–1.99) 0.002

a by stepwise multivariable logistic regressions using BMI or waist circumference, SBP, fasting glucose, log 
triglycerides, HDL cholesterol, LDL cholesterol, log high-sensitivity CRP, uric acid, total protein, albumin, 
T-Bil, AST, ALT and eGFR as initial covariates adjusting for sex, age, current smoking, daily alcohol 
drinking and physical activity
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ALT levels are higher than AST levels in most cases of 
NAFLD and ALT, but not AST, is independently as-
sociated with incident MetS21 , while the AST/ALT 
ratio is correlated positively with the stage of fibrosis, 
and an AST/ALT ratio of higher than 1 is an indepen-
dent indicator of disease progression in patients with 
NAFLD22–24. Although levels of AST and ALT are simi-
lar in apparently healthy populations, when hepatocel-
lular death is increased beyond the usual background 
levels, the AST/ALT ratio will tend to reflect the cel-
lular proportions where AST is over twice as prevalent 
as ALT and an elevated AST/ALT ratio is predictive of 
disease progression in chronic liver disease25. Histologi-
cal studies have reported that severity of NAFLD was 
strongly associated with albuminuria26,27 . Therefore, the 
present results suggest that albuminuria may be associ-
ated with subclinical liver disease progression even in 
apparently healthy individuals. Each of the risk factors 
of MetS is unique and relationships between them are 
not monotonous. For example, HDL cholesterol was 
paradoxically positively associated with hypertension in 
a cross-sectional study28. The relationship between AST 
and albuminuria may represent another unique under-
lying aspect of MetS and hepato-renal syndrome.  

Albuminuria was positively associated with eGFR in 
the present study.  In explanation, an association between 
microalbuminuria and glomerular hyperfiltration has 
been seen in diabetic patients. In addition, Pinto-Sietsma 
et al. have reported that albuminuria of 15–300 mg/day 
was independently associated with elevated glomerular 
filtration in a nondiabetic population 29 .
Limitations

The subjects of the present study were not from a 
general population but from a health screening popula-
tion. Urinary albumin was measured using only spot 
morning urine specimens and the present study did not 
include histological data or establish a causal relation-
ship because of its cross-sectional nature. In addition, 
the quantity of daily alcohol consumption was not eval-
uated. 
Conclusions

AST, but not ALT, was associated with albuminuria 
independently of metabolic risk factors in apparently 
healthy subjects. This suggests that albuminuria may 
be associated with subclinical liver disease progression 
even in apparently healthy individuals.   
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Distribution of FIB4 Index in Japanese Nonalcoholic Fatty Liver 
Disease Population: a Multi-center Study
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Abstract
The FIB4 index (based on age, AST and ALT levels, and platelet counts) is expected to be useful for 
evaluating hepatic fibrosis in patients with not only viral hepatitis but also nonalcoholic fatty liver 
disease (NAFLD). We investigated the FIB4 index in a large Japanese population with NAFLD un-
dergoing health check-ups to evaluate the prevalence of severe fibrosis in NAFLD. We recruited a 
total of 5,410 people with NAFLD receiving health check-ups from five centers in Japan. The FIB4 
index was assessed as: age (years)×AST (IU/L)/(platelet count (109/L)×√ALT (IU/L)). Partici-
pants were divided into 3 groups according to the proposed cut-off points (<1.45, 1.45–3.25, 
>3.25). The FIB4 index in the overall study population was 1.027±0.549. Of the 5,410 people 
with NAFLD, 4,729 (87.4%) had an FIB4 index below the low cut-off point (<1.45), 654 (12.1%) 
had an FIB4 index in the indeterminate range (1.45–3.25) and 27 (0.5%) had an FIB4 index 
above the high cut-off point (>3.25). In conclusion, most (87%) Japanese people with NAFLD are 
unlikely to have severe fibrosis, while in the remaining 13% severe fibrosis cannot be ruled out so 
such people should be considered for referral to hepatologists or liver biopsies should be conducted 
on them.

Keywords   fibrosis, NAFLD 

Nonalcoholic fatty liver disease (NAFLD) in-
cludes a wide spectrum of liver diseases ranging 
from nonalcoholic fatty liver, which is usually a 

benign and non-progressive condition, to nonalcoholic 
steatohepatitis (NASH), which can progress to liver cir-
rhosis and hepatocellular carcinoma even in the absence 
of significant alcohol consumption. Liver biopsy is still a 
very reliable tool for the diagnosis of NASH and the most 
sensitive and specific method for providing prognostic 
information. However, it may not be practical to perform 
liver biopsies in every patient with NAFLD to ascertain 
the presence of NASH or severe fibrosis. Moreover, bi-
opsies are associated with significant limitations such as 
pain, risk of severe complications, sampling errors, cost, 
and patient unwillingness to undergo invasive testing. 

The FIB4 index (based on age, AST and ALT levels, 
and platelet counts) is expected to be useful for evalu-
ating hepatic fibrosis in patients with not only viral 
hepatitis1,2 but also NAFLD3 . We previously validated 
the usefulness of the FIB4 index in excluding severe fi-
brosis (Brunt stage 3 or 4) in a Japanese NAFLD popula-

tion4. To predict histological fibrosis stages of NAFLD, 
the evaluation of the FIB4 index was recommended by 
the NAFLD/NASH Clinical Practice Guideline Com-
mittee (under chairmanship of Prof. Sumio Watanabe, 
Juntendo University) organized by the Japan Society 
of Gastroenterology. However, the distribution of the 
FIB4 index in a Japanese population with NAFLD had 
not been clarified. Therefore, we investigated the FIB4 
index in a large Japanese population with NAFLD un-
dergoing health check-ups to evaluate the prevalence of 
severe fibrosis in NAFLD. We recruited a total of 5,410 
people with NAFLD receiving health check-ups from five 
centers in Japan: Kyoto Industrial Health Association, 
Katagiri Minshu Clinic, Nishimura Clinic, Tsukamoto 
Clinic, Grandsoul Nara Clinic. This study was designed 
in compliance with the ethics regulations outlined in the 
Declaration of Helsinki. Clinical records were used for 
the analysis. In addition, the privacy of the participants 
was completed protected. This study was approved by the 
ethics committee of our hospital. NAFLD was diagnosed 
by imaging studies (ultrasonography/CT) after exclusion 
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of alcoholic liver diseases, viral hepatitis, autoimmune 
hepatitis, and drug-induced liver injuries. The FIB4 in-
dex was assessed as: age (years)×AST (IU/L)/(platelet 
count (109/L)×√ALT (IU/L)). Participants were divid-
ed into 3 groups according to the proposed cut-off points 
(<1.45, 1.45-3.25, >3.25)2,4 . Data were expressed as 
mean ± SD. Statistical differences were determined us-
ing the t test (Table 1) or Bonferroni analysis (Table 
2). The FIB4 index in the overall study population was 
1.027±0.549. There was no sex difference in the FIB4 
index. Females were significantly older, had higher levels 
of platelets, and lower levels of transaminase activities 
compared to males. Of the 5,410 people with NAFLD, 
4729 (87.4%) had an FIB4 index below the low cut-off 
point (<1.45), 654 (12.1%) had an FIB4 index in the 
indeterminate range (1.45–3.25) and 27 (0.5%) had an 
FIB4 index above the high cut-off point (>3.25). There 
was no sex difference in the FIB4 distribution (Table 1). 
Age, AST, ALT, and platelet count are shown according 
to the FIB4 index ranges in Table 2 . In comparison with 
several scoring systems previously proposed for predict-
ing severe fibrosis, such as the European Liver Fibrosis 
Score5, Fibrotest6, and NAFLD Fibrosis Score7, the FIB4 
index is simple, easy to measure and use, cost-effective, 
and accurate for diagnosing the severity of fibrosis. It has 
been established that FIB4 is one of the best parameters 
for predicting advanced fibrosis in NAFLD patients8 , 
even in diabetic ones9 , children10 , Latin11 and Asian 
populations4,12 , and in those with normal ALT levels13 . 

In conclusion, most (87%) of Japanese people with 

NAFLD are unlikely to have severe fibrosis, while the 
remaining 13% in whom severe fibrosis cannot be ruled 
out should be considered for referral to hepatologists, or 
liver biopsies should be performed on them.
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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.
1. Holds congress (World Congress on Ningen Dock), board meetings, lectures, and committee meetings
2. Publishes journals and news magazines
3. Communicates and cooperates with related academic societies both in Japan and overseas
4. Promotes research activities in ningen dock and related fields
5. Does whatever is necessary to achieve the aims of the Society

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.



Ningen Dock International　Vol.2  No.2  2015 37  ( 95 )

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

meeting.
2. 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 o¥cials)
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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Ningen Dock is the official journal of Japan Society of Ningen Dock, in which original articles, case 
reports, and review articles in both Japanese and 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 uses an online submission system called ScholoarOne Manuscripts. 
Please access http://mc.manuscriptcentral.com/ningendock
This site is only in Japanese at this time.

Preparation of manuscript
All manuscripts must be written in English with MS-Word, Excel, PowerPoint and/or a common graphic 
format. Authors who are not fluent in English must seek the assistance of a colleague who is a native 
English speaker and is familiar with the 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), xls (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, Table1.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.

INSTRUCTIONS TO AUTHORS
Ningen Dock International

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

Types of articles
Original articles: An original article should not exceed 3,000 words, and should be arranged as follows: 
Abstract, Objective, Methods, Results, Discussion, (Conclusion), (Acknowledgments), and References.
Case reports: A case report should not exceed 2,000 words, and be arranged as follows: Abstract (which 
should be a brief summary of the content without headings), Introduction, Case report, Discussion, and 
References.
Review articles: Review articles should not exceed 4,000 words. Review articles are usually by invitation. 
However, articles submitted without an invitation may also be considered by the Editorial Board.

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 Sasamori1). 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. Examples of references are given below.
Journal: Ishizaka N, Ishizaka Y, Nagai R, et al: Association between white cell count and carotid 
arteriosclerosis in Japanese smokers. Atherosclerosis 2004; 175: 95-100.
Book: Kaplan NM: Measurement of blood pressure. In: Kaplan NM(ed), Kaplan's Clinical Hypertension. 
7th ed., Lippincott William & Wilkins, Philadelphia, 2002, 25-55.

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

Figures
Figures should be cited in the text, and numbered sequentially with Arabic numerals. A brief descriptive 
legend should be provided for each 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.

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

If no author has any COI, this should be indicated in the manuscript. 
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Page proofs
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, “I order 100 reprints: 30 (free) + 70.”

The Editorial Board considers only manuscripts prepared according to the Instructions to Authors, 
and makes decisions regarding the acceptance of manuscripts as well as the order of printing them. All 
published manuscripts become the permanent property of Japan Society of Ningen Dock, and may not be 
published elsewhere without written permission from the Society.
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Categories of manuscript:
　□ 　Original article (not more than 3,000 words)

　□ 　Case report (not more than 2,000 words)

　□　 Review article (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:
　□　 Not more than 250 words.
　□ 　Arranged in the order of Background, Methods, Results, and Conclusion.
　□　 Up to four key words.

Text of paper:
　□　 Manuscript is arranged in the order of Objective, Methods, Results,  
　　　 Discussion, (Conclusion), (Acknowledgments), and References.
　□　 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.

　□　 Format is consistent with examples in Instructions for Authors.

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

Figures:
□　Figure legends are appended to the text on a separate page.
□　The top of the figure, the first author's name, and the figure number are indicated lightly 

  in soft pencil on the back of the four figures.

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

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

  are submitted.
□　All pages are numbered.

Date:

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

1. 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) Signature Date 
( A                           )

Name (print) Signature Date 
( A                           )

Name (print) Signature Date 
( A                           )

Name (print) Signature Date 
( A                           )

Name (print) Signature Date 
( A                           )

Name (print) Signature Date 
( A                           )

Name (print) Signature Date 
( A                           )

Name (print) Signature Date 
( A                           )
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Abbreviations
1 1,5-AG 1,5-anhydroglucitol 61 hCG human chorionic gonadotropin
2 17-OHCS 17 α -hydroxycorticosteroid 62 HCV hepatitis C virus
3 95% CI 95% confidence interval 63 HDL-C high-density lipoprotein cholesterol
4 α -GI α -glucosidase inhibitor 64 HLA histocompatibility ［leucocyte］ antigen
5 β 2 -MG β 2 -microglobulin 65 HPLC high-performance liquid chromatography
6 γ -GTP γ -glutamyl transpeptidase 66 Ht hematocrit
7 A/G ratio albumin-globulin ratio 67 ICD International 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 α -fetoprotein 71 IMT intima-media thickness
12 ALP alkaline phosphatase 72 LAP leucine aminopeptidase
13 ALT alanine aminotransferase 73 LDH lactate dehydrogenase
14 Apo（a） apolipoprotein（a) 74 LDL-C low-density lipoprotein cholesterol
15 APTT activated partial thromboplastin time 75 Lp(a) lipoprotein (a)
16 AST aspartate aminotransferase 76 LPL lipoprotein lipase
17 BMI body-mass index 77 MCH mean corpuscular hemoglobin
18 CA125 carbohydrate antigen 125 78 MCHC mean corpuscular hemoglobin concentration
19 CA19-9 carbohydrate antigen 19-9 79 MCV mean corpuscular volume
20 cAMP cyclic adenosine 3’, 5’-monophosphate 80 METs meatbolic equivalent
21 CAPD continuous ambulatory peritoneal dialysis 81 MetS metabolic syndrome
22 CBC complete blood cell count 82 MMG mammography
23 Ccr creatinine clearance 83 MRA magnetic resonance angiography
24 cDNA complementary deoxyribonucleic acid 84 MRI magnetic resonance imaging
25 CEA carcinoembryonic antigen 85 mRNA messenger RNA
26 cGMP cyclic guanosine 3’, 5’-monophosphate 86 MRSA methicillin-resistant Staphylococcus aureus
27 ChE cholinesterase 87 MSW medical social worker
28 CKD chronic kidney disease 88 NMR nuclear magnetic resonance
29 COI 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 T3 triiodothyronine
45 EPO erythropoietin 105 T4 thyroxine
46 ESR erythrocyte sedimentation rate 106 TC total cholesterol
47 FBG fasting blood glucose 107 TG triglyceride
48 FDA Food and Drug Administration 108 TIA transient (cerebral) ischemic attack
49 FEV forced expiratory volume 109 TIBC total iron binding capacity
50 FEV1 forced expiratory volume in one second 110 tPA tissue plasminogen activator
51 FEV1％ forced expiratory volume ％ in one second 111 TPHA Treponema pallidum hemagglutination assay
52 FPG fasting plasma glucose 112 TSH thyroid stimulating hormone
53 FSH follicle stimulating hormone 113 TTT thymol turbidity test
54 FT3 free triiodothyronine 114 UCG ultrasonic echocardiography
55 FT4 free thyroxine 115 UIBC unsaturated iron binding capacity
56 FVC forced vital capacity 116 UN urea nitrogen
57 GFR glomerular 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 A1c 120 ZTT zinc sulfate (turbidity) test
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Notice about photocopying

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

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

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

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

 Masaharu Nara

 President

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

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

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

1. Name and principal professional mailing address

Last (Family) Name   First Name   Middle Initial   Degree

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

       □Regular Member

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

       □Supporting Member

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

       □Regular Member -International

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

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








