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ABSTRACT
Purpose The Kyushu and Okinawa Population Study (KOPS) 
was established to investigate gene–environmental interactions 
in non- communicable diseases in Japan. Besides collecting 
blood samples and anthropometric measurements, we also 
obtained medical histories, psychological status and lifestyle 
habits, including physical activities and dietary patterns.
Participants KOPS is a community- based prospective cohort 
study and consists of participants from four southwestern 
areas in Japan. Baseline surveys were conducted between 
2004 and 2007 (wave 1), and 2009 and 2012 (wave 2) at the 
sites of municipality- based health check- ups. A total of 17 077 
participants were included, comprising 10 697 participants 
of wave 1 and 6380 participants of wave 2; the median age 
in both groups was 61 years. Among them, 3006 individuals 
participated in both wave 1 and wave 2 surveys.
Findings to date We have focused on either risk or 
confounding factors for non- communicable diseases. We have 
assessed the clinical utility of the newly developed biomarkers 
for impaired glucose tolerance, such as urinary myo- inositol 
and glycated albumin, and atherosclerosis, such as small 
dense low- density lipoprotein cholesterol. We have conducted 
an international collaborative study with Framingham Offspring 
Study to investigate ethnic differences in impaired glucose 
tolerance and cardiovascular diseases. We have found that 
insulin resistance and deficiency might account for the ethnic 
differences in impaired glucose tolerance and cardiovascular 
disease risks. As gene–environmental interaction analyses, 
we found a synergic effect of interleukin 28B single nucleotide 
polymorphisms (SNPs) and gender on the spontaneous 
elimination of hepatitis C, and a beneficial interaction of SNPs 
of high- density lipoprotein cholesterol and gender on the 
impact of physical activity. In addition, we reported eight novel 
loci contributing to the development and severity of coronary 
artery disease from a large genome- wide association study.
Future plans We plan to investigate further the clinical 
utility of the newly developed biomarkers and the gene–
environmental interactions using prospective data.

INTRODUCTION
Cancer is the leading cause of death world-
wide, accounting for nearly 10 million 
deaths in 2020.1 In Japan as well, cancer 
has been the leading cause of death since 
the 1980s. The number of cancer deaths in 

Japan has increased, with approximately 
375 000 people who died of cancer in 2019, 
accounting for 27.3% of all deaths in Japan.2 
The age- standardised mortality rate per 100 
000 people for all cancer in Japan in 2019 
was 96.5, similar to that of the USA (102.6) 
and the UK (113.2). That rate in China 
was 133.7, slightly more than in Japan3 
(online supplemental table 1). In addition 
to cancer, atherosclerotic cardiovascular 
disease (ASCVD), including coronary heart 
disease (CHD) and stroke, also remains the 
leading cause of death and disability in the 
world. In 2019, both CHD and stroke were 
two of the world’s biggest killers, respon-
sible for 16% and 11% of the world’s total 
deaths in 2019, respectively.4 As in the rest 
of the world, ASCVD remains a significant 
cause of death, still accounting for approxi-
mately 25% of deaths in Japan in 2019.2 The 
age- standardised mortality rates per 100 000 

Strengths and limitations of this study

 ► The Kyushu and Okinawa Population Study is a 
large- scale, population- based prospective cohort 
and aims to investigate the gene–environmental in-
teractions on non- communicable diseases in Japan.

 ► We collected the extensive data on medical histories, 
lifestyle habits, psychological factors and genomic 
information as risk factors of non- communicable 
diseases.

 ► The blood samples of all participants are stored at 
−80°C, allowing researchers to measure and assess 
biomarkers which are developed later.

 ► The participants of this study are all Japanese, so 
the findings may not be applicable to other ethnic 
groups.

 ► Due to the recruitment method that the participants 
were recruited at the sites of health check- up, there 
may be a selection bias and the study population 
may not be a truly random sample representation of 
the entire population in Japan.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-053763 on 21 D

ecem
ber 2021. D

ow
nloaded from

 
 on M

ay 19, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-053763 on 21 D
ecem

ber 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-053763 on 21 D

ecem
ber 2021. D

ow
nloaded from

 
 on M

ay 19, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-053763 on 21 D
ecem

ber 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-6677-6341
http://dx.doi.org/10.1136/bmjopen-2021-053763
http://dx.doi.org/10.1136/bmjopen-2021-053763
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-053763&domain=pdf&date_stamp=2021-11-21
https://dx.doi.org/10.1136/bmjopen-2021-053763
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/


2 Ikezaki H, et al. BMJ Open 2021;11:e053763. doi:10.1136/bmjopen-2021-053763

Open access 

people for ischaemic heart disease and stroke in Japan in 
2019 were 30.6 and 23.2, respectively, similar to the UK 
(43.1 and 20.2, respectively). Compared with Japan, the 
USA had a 2.5- fold rate of ischaemic heart disease (73.5) 
and a similar rate of 22.3 for stroke. China had three 
times the ischaemic heart disease mortality rate (97.6) 
and five times the stroke mortality rate (110.8) than 
Japan3 (online supplemental table 1). Since cancer and 
ASCVD develop based on non- communicable diseases, 
prevention of non- communicable diseases is essential to 
decrease the incidence of cancer and ASCVD. Recently, 
non- communicable diseases are considered multifacto-
rial diseases and to be caused by interactions between 
genetic predispositions and hazardous environmental 
factors. With the recent development of genetic analysis 
technology, many epidemiological studies have started 
gene–environment interaction investigations in non- 
communicable diseases.5–7 To elucidate the gene–envi-
ronment interactions, large prospective cohort studies 
with long- term follow- up are needed.

The Kyushu and Okinawa Population Study (KOPS), 
launched in 2004, aimed to examine gene–environ-
mental interactions in non- communicable diseases, 
including cancers. The participants of KOPS consist of 
healthy Japanese residents from four areas in the south-
western region of Japan. Kyushu is a region consisting 
of eight prefectures including Okinawa Prefecture in 
the southwestern part of Japan (figure 1). Fukuoka 
Prefecture, where Kasuya Town and Hoshino Village 
are located, and Nagasaki Prefecture, where Iki City 
is located, had slightly higher cancer, coronary artery 
disease (CAD), and stroke mortality rates in 2005 and 
2010 than the whole of Japan. Okinawa Prefecture, where 
Ishigaki City is located, had slightly lower cancer, CHD, 
and stroke mortality rates in 2005 and 2010 than the 
whole of Japan8 9 (online supplemental table 2). Addi-
tionally, KOPS has provided epidemiological data to the 
Japan Multi- Institutional Collaborative Cohort (J- MICC) 
Study, which started in 2005 and aimed to examine 

gene–environment interactions in non- communicable 
diseases, especially cancers.10 Both KOPS and the J- MICC 
Study are supported by a research grant for Scientific 
Research on Special Priority Areas of Cancer from the 
Japanese Ministry of Education, Culture, Sports, Science 
and Technology.11

While we have reported several cross- sectional 
studies,12–15 especially on atherosclerotic diseases, we 
have not reported details of study design and baseline 
characteristics of participants. Therefore, this report aims 
to describe the study design and the baseline profile of 
the participants.

COHORT DESCRIPTION
Study design, inclusion criteria and exclusion criteria
KOPS is a community- based prospective cohort study that 
aims to investigate the gene–environment interactions in 
non- communicable diseases and consists of participants 
from four areas in the southwestern region of Japan. They 
are Ishigaki City of Okinawa Prefecture, Iki City of Naga-
saki Prefecture, and Hoshino Village and Kasuya Town 
of Fukuoka Prefecture (figure 1). Inclusion criteria were 
persons aged 30 years old or over who were registered in 
the Basic Resident Register of the above four municipali-
ties at the time of enrolment. We did not include persons 
aged 80 years and older or who did not consent to partic-
ipate in this study.

Recruitment
In this study, we recruited potential participants at the sites 
of municipality- based health check- ups in Ishigaki City, 
Iki City, Hoshino Village and Kasuya Town, between 2004 
and 2007 (wave 1), and between 2009 and 2012 (wave 2). 
Some of the participants in wave 2 are also participants 
in wave 1. Figure 2 shows a flow chart of recruitment and 
response rates in those four areas. Researchers explained 
the overview and study contents of KOPS to the partic-
ipants at the sites of health check- ups. The briefing was 
performed by staff doctors of the Department of General 
Internal Medicine of Kyushu University Hospital, who 
had been trained regarding the study protocol and the 
medical procedures. Informed consent was obtained with 
individual face- to- face interviews by the researchers, and 
each participant checked all the items on the written 
form and signed it. A total of 17 077 participants were 
enrolled in this study, comprising 10 697 participants of 
wave 1 (median age was 61 years and total response rate 
was 66.4%) and 6380 participants of wave 2 (median age 
was 61 years and total response rate was 64.1%). Among 
them, 3006 individuals participated in both wave 1 and 
wave 2 surveys.

Patient and public involvement
Participants were not involved in setting the research 
question or the outcome measures. However, participants 
and their families played an important role in dissemi-
nation of the baseline information, which helped to 

Figure 1 Location of the four study regions of the Kyushu 
and Okinawa Population Study.
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motivate community involvement during and beyond the 
study.

Anthropometric measurements
Anthropometric measurements were performed wearing 
indoor clothing and without shoes. Body mass index was 
calculated as weight (kg) divided by height (m) squared. 
Waist circumference was measured at a level midway 

between the lowest rib and the iliac crest in a standing 
position. Systolic and diastolic blood pressures were 
measured on the right arm in the sitting position with 
an automated sphygmomanometer (HEM- 780, Omron 
Healthcare, Kyoto, Japan) after a 5- minute rest.

Questionnaires
All participants were interviewed about their lifestyle, 
medical history, including medication, and dietary 
patterns, using a self- administered questionnaire. A 
detailed list of items included in the questionnaire is 
shown in table 1. Regarding dietary pattern, we used a 
Food Frequency Questionnaire (FFQ) consisted of 46 
items for dietary studies of the middle- aged and elderly 
general Japanese population. The items included in 
the FFQ are shown in table 2. We also obtained food 
consumption frequencies classified into eight categories: 
never or seldom, 1–3 times per month, 1–2 times per 
week, 3–4 times per week, 5–6 times per week, once a day, 
twice a day, and three or more times a day. Detailed base-
line information of participants of wave 1 and 2 is shown 
in tables 3 and 4.

Laboratory measurements
In this study, the blood collection amount was 15 mL, 
consisted of 7 mL in a blood tube for serum, 6 mL in 
an EDTA2Na blood tube for plasma and buffy coat, and 
2 mL in an EDTA2Na blood tube for complete blood 
count, blood sugar, and glycated haemoglobin (HbA1c). 
All blood samples were collected at least 8 hours after 
overnight fasting, and aliquots of whole blood and fresh 
serum and plasma samples from each participant were 
immediately separated. Data of urine tests were obtained 

Figure 2 Flow chart showing details of recruitment and 
assessment. For wave 1, we recruited participants at the 
health check- up sites in Ishigaki City between 2004 and 
2007, Iki City in 2005, Hoshino Village in 2006 and Kasuya 
Town in 2007. For wave 2, we recruited participants at the 
health check- up sites in Ishigaki City in 2009, Iki City in 2010, 
Hoshino Village in 2011 and Kasuya Town in 2012. Among 
6380 participants of wave 2, 3006 participated in the wave 1 
study (duplicate participants).

Table 1 Details of the self- administered questionnaire for KOPS

Measurement Measurement lists

Basic information   

  Demographics Sex, age at baseline, height, weight and weight at the age of 20 years

Lifestyle characteristics   

  Alcohol consumption Alcohol drinking status, age at the start of habitual drinking, type and amount of alcohol and 
drinking frequency

  Smoking Smoking status, age at the start of habitual smoking and number of cigarettes smoked per 
day

  Sleeping Hours of sleep and subjective assessment of sleep

  Physical activities Frequency and hours of physical activities in leisure time (light, moderate and hard), 
commuting, work and household chores

  Dietary information Food Frequency Questionnaire

Clinical characteristics   

  Medical history Personal and family disease history and information on drugs

  Psychological stress Self- reported stress and stress management

  Female reproductive history Menstruation status, age at the start of menstruation, and information on pregnancy and 
childbirth

KOPS, Kyushu and Okinawa Population Study.
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from each municipality. Details of common blood and 
urine tests in this study are provided in table 5.

Follow-up survey
The endpoints of this study are death from any cause and 
incidence of cancer, cerebrovascular disease and CHD. 
Participants will be followed until 2025. To ascertain 
follow- up information, we perform the following ways: 
(1) interviews at the site of the municipality- based annual 
health check- up; (2) mail survey; (3) medical record 
review; (4) public statistics.

Interviews at the annual health check- up site have been 
performed every 5 years since the start of this survey in 
each area. Mail surveys have been conducted for partici-
pants who did not come to the health check- up site. The 
questionnaire used in the interview and mail surveys is 
the same. The questionnaire asks whether or not a partici-
pant has had cancer, CHD or cerebrovascular disease. If a 
participant suffered from those diseases, the information 
on onset and hospital will be asked. When information 
on the incidence of the endpoint is obtained, a medical 
record review is conducted, with permission from partici-
pants. The address of participants is confirmed using the 
Basic Resident Register of each municipality. When we 
obtain this information, we comply with the Basic Resi-
dent Registration Act. If a participant died, we confirm 

the death using the Basic Resident Register. The cause 
of death is confirmed by viewing the death certificates. 
When a participant moves out of the study area, the 
follow- up of the participant is censored.

FINDINGS TO DATE
As KOPS was established to investigate the gene–environ-
mental interactions in non- communicable diseases, we 
have focused on either risk factors or confounding factors 
for those diseases. Recent publications of this cohort 
have reported the clinical utility of the newly developed 
biomarkers for non- communicable diseases such as 
impaired glucose tolerance, dyslipidaemia, atheroscle-
rosis and the impact of lifestyle on medications. Details of 
the findings are shown as follows:

Newly developed markers for impaired glucose tolerance
Glycated albumin and urinary myo- inositol are newly 
developed markers for early detection of glucose intol-
erance. We have shown that elevated glycated albumin 
levels could predict diabetes based on both fasting 
plasma glucose and HbA1c levels,12 and the results of oral 
glucose tolerance test13 in cross- sectional studies. These 
studies demonstrated that the optimal threshold value 

Table 2 Items included in the Food Frequency Questionnaire for KOPS

Food group Food items

Refined grains White rice, white bread, noodles

Margarine Margarine

High- fat dairy Milk, butter, yoghurt

Tofu and beans Miso soup, tofu, natto, cooked beans, fried beans

Egg Egg

Poultry Chicken w/ or w/out skin

Meat Beef, pork

Liver Liver

Processed meat Bacon, ham, sausage, processed meat

Fish Dark fish, white fish, canned tuna fish, fish sausage, boiled fish paste

Other seafood Shrimp, crabs, squids, octopuses, shellfish, seasoned fish eggs

Starchy vegetables Potatoes, sweet potatoes, taros, squash

Vegetables Carrots, broccoli, spinach, garland chrysanthemum, green peppers, cabbage, Chinese cabbages, 
Japanese radish, string beans, cucumbers, onions, bean sprouts, lettuces, burdock, bamboo shoots

Mushrooms Shiitake mushrooms, enoki mushrooms, shimeji mushrooms and other mushrooms

Seaweeds Kelps, edible brown algae

Vegetable oil Oils, mayonnaise

Fruits Orange, grapefruits, strawberries, apples, watermelons, kiwis and other fruits

Nuts and seeds Peanuts, almonds and other nuts

Sweet goods Cake, cream puffs, Japanese sweets

Green tea Green tea

Coffee Coffee w/ or w/out caffeine

KOPS, Kyushu and Okinawa Population Study.
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of glycated albumin for the diagnosis of diabetes was 
approximately 15.5%.12 13

We have also shown the utility of urinary myo- inositol 
as a screening test of glucose intolerance.16 The urinary 
myo- inositol test is non- invasive to examinees because 
levels of urinary myo- inositol can be measured in urine. 
Receiver operating characteristic analysis showed that 
urinary myo- inositol levels 2 hours after glucose ingestion 
demonstrated a higher area under the curve than HbA1c 
(0.891 vs 0.785, respectively, p=0.06).16 It should be noted 
that these studies were cross- sectional designs. Further 
prospective studies will be necessary to prove whether 
these tests can predict the risk of diabetic complications.

Specialised lipid markers and atherosclerosis
Analyses of lipoprotein subclasses are clinically essential 
to manage cardiovascular disease risk, and small dense 
low- density lipoprotein cholesterol (small dense LDL- C) 
is considered the most atherogenic lipoprotein.17 18 We 
have assessed specialised lipoproteins, including small 
dense LDL- C, regarding carotid intima- media thickness 
(cIMT) progression over 5 years.15 Our results demon-
strated that elevated small dense LDL- C had a signifi-
cant positive association with cIMT progression even in 
subjects with LDL- C<100 mg/dL, who were considered at 
low cardiovascular disease risk.15 Moreover, other studies 
have shown that elevated small dense LDL- C is a strong 

Table 3 Baseline characteristics of KOPS wave 1 participants*

Characteristics Total (n=10 697) Ishigaki (n=5504) Iki (n=2366) Hoshino (n=1123) Kasuya (n=1704)

Female, no (%) 6837 (63.9) 3442 (62.5) 1538 (65.0) 660 (58.8) 1197 (70.3)

Age, years 61 (49, 70) 61 (48, 71) 65 (56, 72) 66 (53, 74) 51.5 (41, 58)

BMI, kg/m2† 23.5 (21.2, 25.9) 24.4 (22.2, 26.7) 23.0 (20.9, 25.2) 22.3 (20.3, 24.3) 21.9 (20.1, 24.1)

Smoking habits, no (%) 1453 (15.1) 700 (15.7) 274 (11.6) 155 (13.9) 324 (19.0)

Alcohol drinking habits, 
no (%)

3837 (39.8) 1962 (44.0) 697 (29.5) 466 (42.0) 712 (41.8)

Sleep duration, hours/day 7.0 (6.0, 7.5) 7.0 (6.0, 7.5) 6.5 (6.0, 7.0) 7.0 (6.0, 8.0) 6.0 (6.0, 7.0)

Total leisure physical 
activity, min/week

22.5 (0.0, 157.5) 45.0 (0.0, 157.5) 0.0 (0.0, 108.8) 22.5 (0.0, 135.0) 52.5 (7.5, 180.0)

  Leisure physical activity 
light, min/week

22.5 (0.0, 105.0) 7.5 (0.0, 120.0) 0.0 (0.0, 105.0) 7.5 (0.0, 105.0) 22.5 (0.0, 135.0)

  Leisure physical activity 
medium, min/week

0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 7.5)

  Leisure physical activity 
hard, min/week

0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0)

Psychological stress during the last year

  No stress, no (%) 1148 (12.0) 854 (19.3) 155 (6.5) 95 (8.5) 44 (2.6)

  Low stress, no (%) 2513 (26.2) 999 (22.5) 806 (34.2) 395 (35.5) 313 (18.4)

  Moderate stress, no (%) 4325 (45.0) 1772 (40.0) 1092 (46.3) 500 (44.9) 961 (56.4)

  High stress, no (%) 1624 (16.8) 808 (18.2) 306 (13.0) 124 (11.1) 386 (22.6)

Personal medical history

  Hypertension, no (%)‡ 4086 (38.2) 1912 (34.7) 1203 (50.9) 581 (51.7) 390 (22.9)

  Diabetes, no (%)§ 1155 (10.8) 768 (14.0) 169 (7.1) 98 (8.7) 120 (7.0)

  Dyslipidaemia, no (%)¶ 3546 (33.2) 2244 (40.8) 591 (25.0) 273 (24.3) 438 (25.7)

  Cancer, no (%) 86 (0.8) 25 (0.5) 28 (1.2) 9 (0.8) 24 (1.4)

  Coronary heart disease, 
no (%)**

143 (1.3) 47 (0.9) 60 (2.5) 22 (2.0) 14 (0.8)

  Stroke, no (%)†† 129 (1.2) 79 (1.4) 28 (1.2) 13 (1.2) 9 (0.5)

*Data are shown as median (25% quartile, 75% quartile) or number (%).
†Parameter was calculated using the following formula: body weight (kg)/height (m)/height (m).
‡Hypertension was defined as a blood pressure ≥140/90 mm Hg or being on medications for hypertension.
§Diabetes was defined as a fasting glucose ≥125 mg/dL, a glycated haemoglobin >6.4% or being on medications for diabetes.
¶Dyslipidaemia was defined as a triglyceride ≥150 mg/dL, a low- density lipoprotein cholesterol ≥140 mg/dL or a high- density lipoprotein 
cholesterol <40 mg/dL.
**Coronary heart disease included ischaemic heart disease and myocardial infarction.
††Stroke included intracerebral haemorrhage, atherothrombotic brain infarction, cerebral embolism and subarachnoid haemorrhage.
BMI, body mass index; KOPS, Kyushu and Okinawa Population Study.
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Table 4 Baseline characteristics of KOPS wave 2 participants*

Characteristics Total (n=6380) Ishigaki (n=3902) Iki (n=558) Hoshino (n=536) Kasuya (n=1384)

Female, no (%) 3864 (60.6) 2303 (59.0) 390 (69.9) 337 (62.9) 834 (60.3)

Age, years 61 (51, 68) 61 (49, 71) 58 (50, 62) 64 (55, 71) 61 (53, 65)

BMI, kg/m2† 23.2 (21.0, 25.6) 23.9 (21.6, 26.3) 22.7 (20.7, 24.9) 22.0 (20.4, 24.0) 22.1 (20.3, 24.3)

Smoking habits, no (%) 928 (14.6) 592 (15.3) 73 (13.1) 47 (8.8) 216 (15.6)

Alcohol drinking habits, no 
(%)

2760 (43.5) 1692 (43.7) 202 (36.3) 218 (40.9) 648 (47.1)

Sleep duration, hours/day 7.0 (6.0, 8.0) 7.0 (6.0, 7.5) 7.0 (6.0, 7.0) 7.0 (6.0, 8.0) 7.0 (6.0, 7.0)

Total leisure physical 
activity, min/week

52.5 (0.0, 202.5) 45.0 (0.0, 187.5) 22.5 (0.0, 157.5) 22.5 (0.0, 127.5) 82.5 (7.5, 315.0)

  Leisure physical activity 
light, min/week

22.5 (0.0, 135.0) 22.5 (0.0, 135.0) 7.5 (0.0, 105.0) 7.5 (0.0, 105.0) 52.5 (0.0, 157.5)

  Leisure physical activity 
medium, min/week

0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0)

  Leisure physical activity 
hard, min/week

0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0)

Psychological stress during the last year

  No stress, no (%) 660 (10.4) 530 (13.7) 19 (3.4) 54 (10.1) 57 (4.1)

  Low stress, no (%) 1783 (28.1) 1132 (29.3) 150 (26.9) 187 (35.1) 314 (22.7)

  Moderate stress, no (%) 2807 (44.3) 1612 (41.7) 270 (48.5) 247 (46.3) 678 (49.1)

  High stress, no (%) 1086 (17.2) 591 (15.3) 118 (21.2) 45 (8.4) 332 (24.0)

Personal medical history

  Hypertension, no (%)‡ 2473 (38.8) 1702 (43.6) 163 (29.2) 206 (38.4) 402 (29.1)

  Diabetes, no (%)§ 815 (12.8) 579 (14.8) 51 (9.1) 43 (8.0) 142 (10.3)

  Dyslipidaemia, no (%)¶ 2874 (45.1) 1593 (40.8) 343 (61.5) 216 (40.3) 722 (52.2)

  Cancer, no (%) 110 (1.7) 60 (1.5) 9 (1.6) 11 (2.1) 30 (2.2)

  Coronary heart disease, 
no (%)**

110 (1.7) 65 (1.7) 7 (1.3) 10 (1.9) 28 (2.0)

  Stroke, no (%)†† 98 (1.5) 74 (1.9) 4 (0.7) 6 (1.1) 14 (1.0)

*Data are shown as median (25% quartile, 75% quartile) or number (%).
†Parameter was calculated using the following formula: body weight (kg)/height (m)/height (m).
‡Hypertension was defined as a blood pressure ≥140/90 mm Hg or being on medications for hypertension.
§Diabetes was defined as a fasting glucose ≥125 mg/dL, a glycated haemoglobin >6.4% or being on medications for diabetes.
¶Dyslipidaemia was defined as a triglyceride ≥150 mg/dL, a low- density lipoprotein cholesterol ≥140 mg/dL or a high- density lipoprotein 
cholesterol <40 mg/dL.
**Coronary heart disease included ischaemic heart disease and myocardial infarction.
††Stroke included intracerebral haemorrhage, atherothrombotic brain infarction, cerebral embolism and subarachnoid haemorrhage.
BMI, body mass index; KOPS, Kyushu and Okinawa Population Study.

Table 5 Biological tests in KOPS

Biological samples Specific biological tests

Whole blood White blood cell, red blood cell, haemoglobin, haematocrit, platelet count, fasting blood glucose, 
glycated haemoglobin

Serum Serum creatinine, uric acid, aspartate aminotransferase, alanine aminotransferase, gamma- glutamyl 
transferase, glycated albumin, fasting serum insulin, total cholesterol, high- density lipoprotein 
cholesterol, triglycerides, low- density lipoprotein cholesterol, high- sensitivity C reactive protein

Urine Urine protein, glucose, occult blood

KOPS, Kyushu and Okinawa Population Study.
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risk factor for cardiovascular disease events.19 20 Further 
studies are necessary to determine which lipoproteins are 
most atherogenic.

Ethnic differences in impaired glucose tolerance and 
cardiovascular diseases
To investigate ethnic differences in impaired glucose 
tolerance and cardiovascular diseases, we have conducted 
an international collaborative study with Framingham 
Offspring Study.21 22 Fasting insulin levels in Japanese 
men (4.6 μIU/mL) and women (4.3 μIU/mL) were 
about 50% lower (both p<0.001) than those in Fram-
ingham men (10.8 μIU/mL) and women (9.9 μIU/mL). 
Although fasting insulin and homeostasis model assess-
ment of insulin resistance (HOMA- IR) values signifi-
cantly increased as glucose intolerance worsened among 
the Framingham population, there were no differences 
in those values between the impaired fasting glucose 
and the diabetic groups among the Japanese population. 
Our results indicated that insulin deficiency might play a 
significant role in causing impaired glucose tolerance in 
Japanese, while a significant factor for Caucasians may be 
insulin resistance.21

We have also compared the prevalence of cardiovas-
cular diseases and risk factors between Japanese and 
Framingham populations. The cardiovascular disease 
prevalence rates were more than sixfold higher in Fram-
ingham men (13.2%) and women (8.6%) than Japanese 
men (2.1%) and women (1.0%) (all p<0.001); however, 
standard cardiovascular disease risk factors could not 
account for the ethnic difference.22 An approximately 2.5- 
fold greater level of insulin resistance (HOMA- IR) in the 
Framingham population could have been a significant 
factor accounting for the ethnic difference in cardiovas-
cular disease risk.22 It should be noted that these studies 
were cross- sectional, and other factors such as dietary 
patterns were not included; thus, further prospective 
studies are necessary to elucidate the ethnic difference in 
non- communicable diseases.

Helicobacter pylori eradication therapy and dietary pattern
Helicobacter pylori (H. pylori) infection is a known risk factor 
for gastric cancer, and the eradication of H. pylori could 
prevent the development of gastric cancer.23 We inves-
tigated the influence of food and nutrient intake on H. 
pylori eradication therapy among 352 Japanese subjects.14 
The success rate of H. pylori eradication therapy was 
60.2% (212 of 352), and we found that a higher intake 
of cholesterol, n- 3 highly unsaturated fatty acids and 
vitamin D were associated with a greater failure rate of H. 
pylori eradication therapy (all p for trend <0.05). When 
the subjects divided were into three groups according to 
egg consumption frequency, the group with the highest 
egg consumption (more than 0.9/day) showed a signifi-
cantly lower success rate than the group with the lowest 
egg consumption (less than 0.2/day) (40.5% vs 70.1%, 
respectively).14 Our results indicated that dietary pattern 
change could improve the success rate of H. pylori 

eradication therapy. Further intervention trials are neces-
sary to find dietary patterns or nutrients which could 
improve the success rate of H. pylori eradication therapy.

Genome-wide association study
We have reported the results of several gene–environ-
mental interaction analyses. We analysed the correlation 
between single nucleotide polymorphisms (SNPs) and 
other factors contributing to the spontaneous elimina-
tion of the hepatitis C virus in residents of a community 
with a high prevalence of hepatitis C infection.24 Women 
showed a higher spontaneous elimination rate of the 
hepatitis C virus than men (30.7% vs 17.3%, respectively, 
p=0.06). In the favourable interleukin 28B (IL28B) SNPs 
(TT) group, women showed a statistically significantly 
higher spontaneous elimination rate than men (39.0% vs 
20.9%, respectively, p=0.02). On the other hand, in the 
unfavourable IL28B SNPs (non- TT) group, there was no 
sex difference in spontaneous elimination rate (4.2% vs 
5.6%, respectively, p=0.5). Our results provide an example 
of the synergistic effect of SNPs and other factors.24

As a genome- wide association study (GWAS), we 
conducted a GWAS analysis to investigate the interac-
tions between high- density lipoprotein cholesterol (HDL- 
C)- related SNPs and physical activity on HDL- C. In this 
sex- stratified GWAS analysis, we found a significant inter-
action of ABCA1 rs1883025 with physical activity only in 
men.7 However, this beneficial interaction was reduced in 
men with lower physical activity levels. Our results may 
contribute to developing individualised physical exer-
cise programmes based on the individual genotypes of 
HDL- C- related SNPs. We also conducted another GWAS 
analysis for CAD in the Japanese population, a large- scale 
GWAS of 168 228 individuals of Japanese ancestry (25 
892 cases and 142 336 controls) with BioBank Japan.25 
We detected eight new susceptibility loci and Japanese- 
specific rare variants contributing to disease severity and 
increased cardiovascular mortality. Moreover, a trans- 
ancestry meta- analysis discovered 35 additional new loci. 
Based on our results, we derived a polygenic risk score for 
CAD, superior to previous ones.

Strengths and limitations
The main strengths of this study are its large- scale, 
population- based prospective cohort design and the 
extensive data collected on lifestyle habits such as eating 
and exercise habits, psychological factors and genomic 
information as risk factors of non- communicable diseases 
including cancer. Such information will allow adjustment 
of various confounders when elucidating the complex 
relationships of factors and identifying modifiable risk 
factors of non- communicable diseases. In addition, 
including relatively young subjects in this study popu-
lation allows investigators to identify critical modifiable 
risk factors. Our central clinical laboratory conducted all 
laboratory analyses, and thereby interlaboratory variation 
could be eliminated. Another strength of this study is 
the high follow- up rate using the Basic Resident Register 
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of each municipality and viewing the death certificates. 
Moreover, the stored biological samples are an asset of 
this study, allowing the measurement of biomarkers devel-
oped later in this population.

Several limitations should be noted. First, virtually all of 
the participants are ethnically Japanese. Thus, our find-
ings may not apply to other ethnic groups. Second, the 
participants were recruited at sites of health check- up, 
suggesting there are a healthy volunteer effect and a selec-
tion bias in this cohort. For example, the current smoking 
rate of 15.1% was slightly lower than 19.5% in Japan’s 
2010 National Health and Nutrition Survey. Therefore, 
caution should be exercised when generalising the find-
ings of this study.

COLLABORATION
Collaboration with researchers is highly welcome. Please 
contact the corresponding author (HI) with any inqui-
ries. An access committee will be set up to review data 
access and collaboration requests. Details will be made 
available on the study website once the access procedures 
have been decided.
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Supplemental Table 1. Age-standardized mortality rates (per 100,000 population) in 
Japan and other countries in 2000 and 2010 

Causes Japan U.S.A. U.K. China 

2000     

All cancer 125.0 140.5 146.3 164.9 

Ischemic heart disease 43.5 128.9 113.4 81.2 

Stroke 50.5 35.1 46.8 137.5 

2010     

All cancer 110.8 119.7 131.7 149.5 

Ischemic heart disease 37.9 82.7 64.3 106.7 

Stroke 33.1 23.2 31.8 142.8 

2019     

All cancer 96.5 102.6 113.2 133.7 

Ischemic heart disease 30.6 73.5 43.1 97.6 

Stroke 23.2 22.3 20.2 110.8 

U.S.A., the United States of America; U.K., the United Kingdom. 
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Supplemental Table 2. Age-standardized mortality rates (per 100,000 population) in Japan for both sexes in 2005 and 2010 

Causes 
Japan 

Fukuoka 

(Kasuya and Hoshino) 
Nagasaki 

(Iki) 
Okinawa 

(Ishigaki) 
Male Female Male Female Male Female Male Female 

2005         

All cancer 197.7 97.3 218.1 103.4 220.6 99.2 177.1 89.2 

Ischemic heart disease 83.7 45.3 66.8 35.6 79.2 45.7 71.2 40.0 

Stroke 61.9 36.1 55.0 30.4 60.7 34.1 51.9 23.1 

2010         

All cancer 182.4 92.2 198.0 96.4 190.5 97.3 158.9 85.2 

Ischemic heart disease 74.2 39.7 52.8 30.9 70.2 40.3 71.6 34.7 

Stroke 49.5 26.9 43.7 24.0 48.3 23.3 48.4 24.4 
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