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Preface

“Nanbyo” (i.e., rare intractable diseases) may be a heavy burden not only on the 
patients but also on their family members because these diseases have few estab-
lished therapies yet, usually develop chronically, and often lead to great disabilities. 
The Japanese government has been promoting research on the etiology and treat-
ment of “Nanbyo” in order to detect the causes of these diseases. Consequently, 
several epidemiological studies have revealed new findings, which suggest clues to 
understand the pathogeneses of “Nanbyo.”

We are glad to have the great opportunity to introduce these findings through this 
book. We hope that this book will serve as one of the useful resources for all health-
care workers who treat and care “Nanbyo,” as well as researchers who are interested 
in “Nanbyo” and its epidemiology.

Kurume, Fukuoka, Japan� Masakazu Washio 
Mibu, Tochigi, Japan � Gen Kobashi 
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Chapter 1
Introduction of Epidemiological Studies 
of “Nanbyo”

Masakazu Washio and Yutaka Inaba

Abstract  “Nanbyo” in Japanese is commonly used in the Japanese society to refer 
to so-called “intractable diseases.” In this chapter, we would like to introduce 
“Nanbyo” and the role of the Research Committee of the Epidemiology of “Nanbyo.” 
In 1972, the Japanese government began systemic countermeasures against 
“Nanbyo.” Since then, the government has been promoting research on “Nanbyo.” 
The Research Committee of the Epidemiology of “Nanbyo” was first organized in 
1976. Because “Nanbyo” are diseases of low incidence and patients are scattered all 
over Japan, epidemiologists and clinicians work together to prevent laborious work 
as well as to save cost, and epidemiologists have many precious experiences by 
working with clinicians. Furthermore, younger epidemiologists are able to learn 
how to conduct epidemiological studies from senior epidemiologists of other uni-
versities and research institutes all over Japan. Although the involvement of epide-
miologists was much lower in Japan than in the United Kingdom and the United 
States, based on the success experience of “Nanbyo,” the government promotes 
collaborative studies with epidemiologists and clinicians to investigate not only 
“Nanbyo” but also other research subjects.

Keywords  Nanbyo (intractable diseases) · Epidemiology
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1.1  �What Is “Nanbyo”?

“Nanbyo” in Japanese is commonly used in the Japanese society to refer to so-
called “intractable diseases,” diseases which are not medically or clearly defined [1, 
2]. Since the diagnosis of “intractable diseases” may depend on the level of health 
care and the social state of affairs in a country at that time, infectious diseases such 
as dysentery, cholera, and tuberculosis were categorized as “intractable diseases” at 
a time when there was neither sufficient health care nor effective treatment in Japan.

Improvement of public health and advances in medicine after World War II have 
given Japan one of the highest life expectancies in the world (i.e., 80.8 years old for 
men and 87.1 years old for women in 2015) [2]. With dramatically improved health 
care and medical care, the abovementioned infectious diseases can now be treated, 
and are no longer considered intractable. However, some diseases remain difficult 
to treat and easily become chronic; these are the kind of diseases that are now 
referred to as “Nanbyo” in Japan [1, 2]. According to the definition of “Nanbyo” 
published by the Japanese Ministry of Health and Welfare in 1972 [1, 2], “Nanbyo” 
refers to:

	(1)	� diseases whose cause has not yet been detected and for which there is no estab-
lished therapy, and which may have a considerably high risk of disability (e.g., 
Behçet’s disease, myasthenia gravis, aplastic anemia, and malignant rheuma-
toid arthritis) [1, 2],
and

	(2)	� diseases that chronically developed and require a significant amount of labor 
for the patient’s care, causing a heavy burden on other family members of the 
patient, both financially and mentally (e.g., pediatric cancer, pediatric chronic 
nephritis, pediatric asthma, progressive muscular dystrophy, and renal insuffi-
ciency of dialysis patients) [1, 2].

1.2  �Measures against “Nanbyo”

After World War II, in Japan, acute infectious diseases decreased with the improve-
ment of public health and the progress in medicine while chronic diseases such as 
cancers and cardiovascular diseases increased [2]. Although various countermea-
sures were taken against cancers, cardiovascular diseases, infantile chronic diseases, 
and severe mental and physical disabilities, a national counterplan against “Nanbyo” 
was not sufficiently systematized due to obscure etiologies and strange clinical fea-
tures [3].

Subacute myelo-optico-neuropathy (SMON), which was prevalent throughout 
Japan towards the end of 1960s, was the first “Nanbyo” in Japan [2–5]. The Japanese 
government organized task-force research groups for SMON consisting of clini-
cians, pathologists, neurologists, microbiologists, chemists, pharmacologists, 
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epidemiologists, and other specialists [4], and the research groups reported that 
administration of clioquinol, a gastrointestinal disinfectant, might have played an 
important role in Japan in the development of SMON after World War II [4–9]. 
Meade [9] reported a hypothesis that combination of clioquinol and some environ-
mental factor increased with postwar environmental pollution, which was much 
more widely distributed and in higher concentration in Japan than other countries, 
work together to increase the risk of SMON in Japan after World War II. His hypoth-
esis may partly explain the reason why the incidence of SMON was much higher in 
Japan than in other countries [9], as well as the reason why there was no dose-
response relationship between the administration of clioquinol and the severity of 
SMON [9].

In 1972, the Japanese government started systemic countermeasures against 
“Nanbyo” [2–4], which were eight intractable diseases including SMON (Table 1.1). 
Since 1972, the Japanese government has been promoting research on the etiology 
and treatment of “Nanbyo.” The Research Committee of the Epidemiology of 
“Nanbyo” was first organized in 1976 [2, 3].

Besides promotion of survey/research on “Nanbyo,” other measures against 
“Nanbyo” are (1) establishment of medical institutions for “Nanbyo,” (2) reduction 
of co-payment of medical fees for “Nanbyo,” (3) improvement and cooperation in 
community-based health care, medical care, and welfare services for patients with 
“Nanbyo,” and (4) promotion of welfare measures in order to improve quality of life 
of patients with “Nanbyo” [2].

The number of Japanese government-certified “Nanbyo” increased from eight 
diseases in 1972 to 330 diseases in 2017 [10]. In the New Measures against 
“Nanbyo” started from 2015, the Japanese government reviewed and decided desig-
nated intractable diseases to support medical expenses as Japanese government-
certified “Nanbyo” [10].

As shown in Table 1.2, the criteria for “Nanbyo” are as follows: (1) unknown 
etiology, (2) lack of effective treatment, (3) rare disease, and (4) necessity of long-
term care [9]. In addition to the above four criterions, the designated intractable 
diseases are required to meet two additional criterions: (5) the prevalence of the 
disease must be less than 0.1% of the Japanese population and (6) the disease must 
have objective diagnostic criteria [10].

Table 1.1  Japanese 
government-certified 
“Nanbyo” in 1972

1. Subacute myelo-optico-neuropathy(SMON)
2. Behçet’s disease
3. Myasthenia gravis
4. Systemic lupus erythematosus
5. Sarcoidosis
6. Aplastic anemia
7. Multiple sclerosis
8. Fulminant hepatitis

1  Introduction of Epidemiological Studies of “Nanbyo”

http://ejje.weblio.jp/content/criterions
http://ejje.weblio.jp/content/criterions
http://ejje.weblio.jp/content/aplastic+anaemia


4

1.3  �Epidemiology of “Nanbyo”

1.3.1  �Epidemiological Studies of “Nanbyo”

Epidemiology is the study of the distribution and determinants of health-related 
states or events (i.e., death, disease, discomfort, disability, dissatisfaction) in speci-
fied populations, and the application of this study to the control of diseases and 
other health problems [11, 12]. The established diagnosis criterion is needed to 
carry out the epidemiological studies of “Nanbyo.”

Epidemiological studies are classified as either observational studies or experi-
mental studies [11, 12]. Since observational studies allow nature to take its course 
[11, 12], epidemiologists observe without intervention other than record, classify, 
count, and statistically analyze results [11, 12]. Japanese epidemiologists conducted 
observational studies of “Nanbyo” because “Nanbyo” are diseases whose cause is 
unknown and for which there is no established therapy [1, 2, 13].

Observational epidemiological studies comprise both descriptive epidemiologi-
cal studies and analytical epidemiological studies [11]. Descriptive epidemiological 
studies are conducted to investigate the course of “Nanbyo” as well as to estimate 
the frequency and distribution of the patients with “Nanbyo” by the statistics of 
patients receiving financial aid for treatment, national patient surveys and nation-
wide hospital surveys [13].

Since the prevalence of “Nanbyo” was low and the patients were scattered 
throughout Japan, epidemiologists, who were engaged in the research on the first 
eight “Nanbyo” (i.e., SMON, Behçet’s disease, myasthenia gravis, systemic lupus 
erythematosus, sarcoidosis, aplastic anemia, multiple sclerosis, and fulminant hepa-
titis), planned to coordinate their work by nationwide surveys of these eight diseases 
in order to obtain basic data of the patients [4, 13]. With the increase in the number 
of Japanese government-certified “Nanbyo,” nationally surveyed “Nanbyo” 
increased afterwards as well.

The nationwide epidemiological survey of “Nanbyo” consists of the primary 
survey for the estimation of number of patients with the target intractable disease 
and the second survey for the recognition of their clinical and epidemiological fea-
tures [14].

In the primary survey, all hospitals with 200 beds or more were asked to answer 
how many male and female patients with the target intractable disease they treated 

Table 1.2  The criteria for 
“Nanbyo” (intractable 
diseases)

1. Unknown etiology
2. Lack of effective treatment
3. Rare disease
4. Necessity of long-term care
Additional two criterions for the designated intractable diseases
5. �Prevalence of the disease is less than 0.1% of the Japanese 

population
6. The disease has objective diagnostic criteria

M. Washio and Y. Inaba
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by mail until 1992 [14]. Since 1993, sample surveys have been chosen for the 
nationwide epidemiological survey of “Nanbyo” in Japan [14]. In the sample sur-
veys, the facilities of the target intractable disease are randomly chosen from hospi-
tals all over Japan according to the scale of the hospitals at a certain extraction rate 
(i.e., 100% for medical school hospitals, 100% for general hospitals with 500 beds 
or more, 80% for general hospitals with 400–499 beds, 40% for general hospitals 
with 300–399 beds, 20% for general hospitals with 200–299 beds, 10% for general 
hospitals with 100–199 beds, 5% for general hospitals with 99 beds or less, and 
100% for special hospitals regardless of hospital scale) [15]. In most cases, special 
hospitals are hospitals where patients with the target intractable disease are concen-
trated on because the members of clinical research committee of the target intrac-
table diseases and/or the councilors of the academic society of the target intractable 
diseases treat these patients as clinicians [15]. Therefore, the nationwide epidemio-
logical survey of “Nanbyo” may avoid missing the important information about 
patients with the target intractable disease in the small scale of hospitals after the 
introduction of the sample survey methods.

In the second survey, the research group sent self-administrated questionnaires to 
each hospital that stated that they treated one or more patients with the target intrac-
table disease in order to obtain information about each of their patients (i.e., sex, 
age, present address, job, medical insurance, public financial aid for treatment and 
disease activities such as disability certificate, and clinical characteristics) to be 
surveyed nationwide [14].

From fiscal years 1988 to 1992, research groups of epidemiologists estimated the 
number of patients with over 40 target intractable diseases [13].

After fiscal year 1993, numerous nationwide epidemiological surveys were con-
ducted to estimate the number of patients with “Nanbyo” by the sample survey 
methods. Among them, we would like to introduce several findings of our research 
team. In 1999, Nakagawa et al. [16] estimated the annual numbers of patients by 
type of AL amyloidosis, AA amyloidosis, and amyloidosis in patients on hemodi-
alysis were 510 (95% confidence interval: 410–620), 1800 (95% confidence inter-
val: 700–2900), and 4500 (95% confidence interval: 3400–5600), which revealed 
that the number of amyloidosis in hemodialysis patients increased compared with 
that of former survey, owing to the elongation of the period of hemodialysis. On the 
other hand, Lin et al. [17] estimated that the annual number of patients with acute 
pancreatitis was 19,500 (95% confidence interval: 17,000–22,000) from the first 
survey and reported that the sex ratio (male/female) was 1.9 among 1688 patients 
and 87 patients (21.4%) died among 409 severe acute pancreatic patients from the 
second survey in 1999. In 2005, Kurosawa et al. [18] estimated that the annual num-
ber of patients with Behçet’s disease was 15,000 (95% confidence interval: 14,000–
16,000) from the first survey conducted in 2002, and found that the number of 
patients in 2002 was smaller than the number of patients in 1991 (i.e., 18,400), but 
greater than the number of patients in 1984, 1979, and 1972 (i.e., 13,000, 11,500, 
and 8500). The second survey, which was conducted in 2003, revealed that only 
0.7% of patients with Behçet’s disease were almost always hospitalized while 
86.5% of patients with Behçet’s disease were outpatients in Japan [18]. The 

1  Introduction of Epidemiological Studies of “Nanbyo”
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proportion of the patients who were almost always hospitalized decreased from 
10% in 1972 to 0.7% in 2003 [18].

The nationwide epidemiological surveys of “Nanbyo” give us not only the esti-
mated number of patients with the target intractable diseases, but also changes in the 
numbers and prognosis of these patients, as well as the quality of life of these 
patients [14]. Findings from the nationwide epidemiological surveys of “Nanbyo” 
have given us important information as to how we should support patients with 
“Nanbyo” in Japan.

Nationwide epidemiological surveys were conducted for estimating the number 
of patients with intractable diseases whose disease were not certified by the Japanese 
government. Tamakoshi et al. [19] conducted nationwide epidemiological surveys 
of intractable diseases with no subsidy for treatment in 1999. They estimated the 
number of patients with over 40 intractable diseases without any subsidy for treat-
ment such as primary hyperlipidemia (83,270, 95% confidence interval: 43,930–
122,610), Guillain–Barré syndrome (2500, 95% confidence interval: 2000–2900), 
and Fabry disease (150, 95% confidence interval: 95–205) [19].

However, they could not conduct nationwide epidemiological surveys of several 
“Nanbyo” without the established diagnosis criterion [19].

Epidemiologists should remember that the established diagnosis criterion of the 
target disease is necessary to carry out nationwide epidemiological surveys. 
Nowadays, polyneuropathy with monoclonal gammopathy provides the established 
diagnosis criterion as the polyneuropathy, organomegaly, endocrinopathy, mono-
clonal gammopathy, and skin changes (POEMS) syndrome and is treated as one of 
the government-certified intractable diseases in Japan [1].

Besides nationwide surveys, epidemiological studies using the records of patients 
who have registered for public financial aid have provided useful information 
regarding “Nanbyo” in Japan. Ohta et  al. [20] investigated peak onset ages of 
“Nanbyo” using the clinical database of 216,160 patients with “Nanbyo” receiving 
public financial aid for treatment in 2003. They found that the distribution of ages at 
onset and peak onset ages could be systematically clarified for each kind of 
“Nanbyo” [20]. Peak onset ages were under 20  years for primary immune defi-
ciency syndrome, subacute sclerosing panencephalitis, lysosomal diseases, epider-
molysis bullosa, and neurofibromatosis I and II, while aortitis syndrome, SLE, 
Behçet’s disease, adrenoleukodystrophy, multiple sclerosis, ulcerative colitis, and 
Crohn’s disease showed peak onset ages between 20 and 50 years [20]. On the other 
hand, distributions of onset ages were bimodal for aplastic anemia, idiopathic 
thrombocytopenic purpura, myasthenia gravis, moyamoya disease, and sarcoidosis 
[20], and many other intractable diseases showed peak onset ages of older than 
40 years [20]. Their study provides information about the natural history of devel-
opment of each intractable disease in Japan [20].

Using case cards of “Nanbyo” patients recorded on magnetic tape obtained from 
the Ministry of Health and Welfare, Inaba et al. [21] estimated the number of patients 
with the target intractable diseases in the National One-day Patient Survey of 
“Nanbyo.” In the National One-day Patient Survey of “Nanbyo,” each patient sur-
vey was conducted through medical institutions selected by stratified sampling in 
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terms of type of institution, such as hospitals or general clinics, and prefecture [21]. 
These selected medical institutions were asked to report the number of patients who 
received medical treatment on a specified day [21].

Table 1.3 shows three kinds of estimate number of patients with the first eight 
Japanese government-certified “Nanbyo” around 1990 [21]. The nationwide sur-
veys were excellent in diagnosis of each of the “Nanbyo,” but they were usually 
carried out using only the hospitals with more than 200 beds at these years before 
1993 [14, 21], and the response rates were around 50% [21]. The National One-day 
Patient Survey is carried out with more statistically restricted plan using all hospi-
tals and clinics [21]. However, there is a serious limitation in the National One-day 
Patient Survey because the individual patient forms for the survey are fulfilled in by 
persons other than physicians in many institutions. Moreover, the studied diseases 
are classified by ICD code and some “Nanbyo” are impossible to fit into the exact 
code. The data of patients receiving financial aid for treatment is not estimated but 
real data. However, there are two limitations: (1) elderly patients who have other 
financial aid may not apply for this aid and (2) evaluation of the applicant is based 
on different standards among the 47 prefectures [21].

On the other hand, there are four major analytical epidemiological studies, 
which are cohort studies, case-control studies, cross-sectional studies, and eco-
logical studies [11]. Among the four major analytical epidemiological studies, 
cohort studies, in which subjects free of the disease in a source population are 
classified into subgroups according to exposure to a potential cause of the disease, 
provide the best information about the causation of the disease but may require 
observation of large numbers over long periods [11]. On the other hand, case-
control studies are relatively simple and economical to carry out and are used to 
investigate causes of diseases, especially rare disease [11]. In case-control studies, 

Table 1.3  Estimate number of patients with the first eight Japanese government-certified 
“Nanbyo” around 1990 [21]

The name of diseases Estimated number of patients

Registered number of 
patients in financial aid 
for treatment in 1990

By Nationwide survey 
(study year)

By National 
One-day Patient 
Survey in 1993

1. � Subacute myelo-optico-
neuropathy (SMON)

14,600 (1980) Not available 2201

2.  Behçet’s disease 12,000–15,000 (1984) 12,407–17,320 11,890
3.  Myasthenia gravis 5000–7000 (1986) 6530–10,957 6929
4. � Systemic lupus 

erythematosus
20,000–25,600 (1989) 29,417–35,782 29,594

5.  Sarcoidosis 3000–7500 (1984) 7981–12,435 6939
6.  Aplastic anemia 4000–6200 (1982) 6884–10,095 6618
7.  Multiple sclerosis 2000–4500 (1984) 4604–7987 3212
8.  Fulminant hepatitis Not available 8820–15,666 Not available

1  Introduction of Epidemiological Studies of “Nanbyo”
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cases are subjects with the disease of interest while control subjects are a suitable 
comparison group of people unaffected by the disease [11]. Since Japanese gov-
ernment-certified “Nanbyo” are rare intractable diseases [10], Japanese epidemi-
ologists have carried out numerous case-control studies to promote the elucidation 
of the causes of “Nanbyo” in the Research Committee of the Epidemiology of 
“Nanbyo” [13].

Cross-sectional studies measure the prevalence of disease and the prevalence of 
risk/preventive factors at the same time [11]. Using similar methods to those for 
case-control studies, epidemiologists can investigate the association between the 
disease and exposures in cross-sectional studies, which are relatively easy and eco-
nomical to carry out [11]. The nationwide cross-sectional study revealed that both 
anti-centromere antibody and anti-topoisomerase I antibody showed a positive 
association with lung fibrosis in patients with systemic sclerosis receiving financial 
aid for treatment in Japan [22].

Cross-sectional studies of “Nanbyo” are also carried out to investigate the need 
of social services among patients with “Nanbyo” [23, 24].

Ecological studies usually rely on data collected for other purposes, where the 
units of analysis are groups of people rather than individuals [11]. Although eco-
logical studies are easy to carry out, the association observed between variables at 
the group levels doses not necessarily represent the association that exists at the 
individual levels [11]. However, ecological studies are useful epidemiologic tools 
for public health if we know the limitations of ecological studies and interpret the 
results carefully. Morbidities and the utilizations of social services/medical pay-
ment in different prefectures as well as in the nationwide surveys at different time 
may give us useful information for measures against “Nanbyo.”

1.3.2  �The Research Committee of the Epidemiology 
of “Nanbyo”

Since 1976, the Research Committee of the Epidemiology of “Nanbyo” conducted 
epidemiological studies with the cooperation of public health centers, medical 
school hospitals, and other flagship hospitals [13]. Because “Nanbyo” are diseases 
with a low incidence and patients with “Nanbyo” are scattered all over Japan, epi-
demiologists and clinicians in the study teams conduct case-control studies together 
to save laborious work and cost as well as to detect factors related to the develop-
ment of “Nanbyo” [4]. In addition, nationwide surveys of “Nanbyo” have been car-
ried out by the Research Committee of the Epidemiology of “Nanbyo” in cooperation 
with clinical research groups (i.e., doctors working at medical school hospitals or 
flagship hospitals) [13]. Therefore, epidemiologists have been able to have many 
valuable experiences by working with clinicians in the Research Committee of the 
Epidemiology of “Nanbyo” [4]. Furthermore, younger epidemiologists learn how to 
conduct epidemiological studies of “Nanbyo” from senior epidemiologists of other 
universities and research institutes all over Japan.

M. Washio and Y. Inaba
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1.3.3  �How a Young Epidemiologist Learned the Epidemiology 
of “Nanbyo” in the Research Committee 
of the Epidemiology

Masakazu Washio: In 1999, I joined in the Research Committee of the Epidemiology 
of “Nanbyo” (Chairman. Prof. Yutaka Inaba, Juntendo University). At that time, I 
was a physician of a geriatric hospital as well as a part-time research fellow epide-
miologist of Kyushu University. Prof. Heizo Tanaka, who was a professor of the 
Medical Research Institute Tokyo Medical and Dental University as well as the 
Editor-in-Chief of official journal of Japan Epidemiological Association, allowed 
young epidemiologists to join in his research project (i.e., case-control studies of 
risk and preventive factors for so-called intractable diseases) [25] . In this research 
team, we reviewed research papers on risk factors for inflammatory bowel diseases, 
ossification of the posterior longitudinal ligament of the spines (OPLL), and sys-
temic lupus erythematosus (SLE). As coworkers, we planned to evaluate both envi-
ronmental and genetic factors.

In 2000, Dr. Gen Kobashi planned to carry out a case-control study to detect 
environmental and genetic risk factors for OPLL [26]. I asked orthopedists of uni-
versity hospitals in Kyushu to join as coworkers in our study. Later, I had the oppor-
tunity to write a research paper on the lifestyle factors and the risk of OPLL in 
Japan [27].

In 2002, I became a partaker of the Research Committee of the Epidemiology of 
“Nanbyo” (Chairman. Prof. Yutaka Inaba, Juntendo University) and planned to 
carry out a case control study to evaluate environmental and genetic risk factors for 
SLE [28], which was referred to as the Kyushu Sapporo SLE (KYSS) study. At this 
time, I worked as educational staff at the Department of the Public Health, Sapporo 
Medical University.

The experience of the previous case-control study of OPLL in the Research 
Committee of the Epidemiology of “Nanbyo” (Chairman. Prof. Yutaka Inaba, 
Juntendo University) [28] was very helpful for me to make a study design to evalu-
ate environmental and genetic risk factors for SLE.

From 2005 to 2011, I continued to carry out case control studies of “Nanbyo” 
as a member of the Research Committee of the Epidemiology of “Nanbyo” 
(Chairman. Prof. Masaki Nagai, Saitama Medical University) although I moved to 
St. Mary’s College in 2006. Even after the Research Committee of the 
Epidemiology of “Nanbyo” (Chairman. Prof. Masaki Nagai, Saitama Medical 
University) ended, I continued with the Kyushu Sapporo SLE (KYSS) study as a 
project leader.

Through working as a member of the Research Committee of the Epidemiology 
of “Nanbyo,” I learned how to work together with the epidemiologists and clini-
cians of other institutes in our research project (i.e., the KYSS study). According 
to the advice of seniors, I put together a small research team so that I could iden-
tify the face, name, and specialty of each coworker in the KYSS study. The 
KYSS study was a case-control study to evaluate environmental and genetic risk 

1  Introduction of Epidemiological Studies of “Nanbyo”
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factors for SLE among Japanese females. SLE patients were recruited from 
female outpatients of Kyushu University Hospital, Saga University Hospital, and 
their collaborating hospitals in Kyushu, while SLE patients were female outpa-
tients recruited from Sapporo Medical University Hospital and Hokkaido 
University Hospital in Hokkaido [29, 30]. All patients fulfilled the American 
College of Rheumatology 1982 revised criteria for SLE [31]. Controls were 
recruited from nursing college students and care workers in nursing homes in 
Kyushu while in Hokkaido controls were recruited from female participants of a 
health checkup in a local town. A self-administered questionnaire was obtained 
from SLE patients and controls, along with written informed consent for coop-
eration in the study. A section of the participants also agreed to donate blood 
samples, which were stored until use for DNA extraction and genotyping of the 
candidate genes of SLE [29, 30].

Both epidemiologists and clinicians published research papers on risk factors for 
SLE in this study project. Smoking [29, 30, 32–34], stress [32], history of surgery 
[30], history of blood transfusion [30], family history of SLE [34], family history of 
connective tissue disease [34], and intake of dairy products [35], coffee [36], and 
black tea [36] were associated with an increased risk of SLE while light/moderate 
alcohol consumption [33] and live childbirth [30] were suggested to decrease the 
risk of SLE. On the other hand, association of the polymorphisms of the genes, the 
individuals carrying two or more “at-risk” genotypes of TNF receptor type II gene 
(TNF-RII), cytochrome P4501A1 gene (CYP1A1) and glutathione S-transferase 
M1 gene (GSTM1) had a significantly increased risk for SLE compared with those 
having each “at-risk” genotype [37]. Further studies are needed to confirm the find-
ings of the KYSS study.

1.4  �Conclusion

Nowadays, research projects on overcoming “Nanbyo” (Grant-in-aid research) are 
conducted to investigate the causes of “Nanbyo” as well as to develop groundbreak-
ing methods of diagnosis and treatment of “Nanbyo.”

Although the involvement of epidemiologists is much lower in Japan compared 
with the United Kingdom and the United States [38], the Research Committee of 
the Epidemiology of “Nanbyo” has given epidemiologists the opportunity to inves-
tigate “Nanbyo” with clinicians, which may help Japanese clinicians to understand 
an important role of epidemiology in clinical studies. Based on the success experi-
ence of the Research Committee of the Epidemiology of “Nanbyo,” the Japanese 
government promotes collaborative studies with epidemiologists and clinicians to 
investigate not only “Nanbyo” but also other research subjects, such as the preven-
tion of pneumonia in the elderly [39, 40].

M. Washio and Y. Inaba
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Chapter 2
Risk Factors for Ossification of Posterior 
Longitudinal Ligament

Mitsumasa Umesawa, Koji Uchiyama, Hiroshi Taneichi, and Gen Kobashi

Abstract  Ossification of the posterior longitudinal ligament (OPLL) is a kind of 
ectopic ossification occurred at the spinal canal. OPLL causes myeloradiculopathy. 
The prevalence of OPLL in Asian population is generally higher than in Western 
population. Also, the prevalence of OPLL is higher in older subjects than in younger 
subjects. Risk factors of OPLL were discussed by epidemiological studies. These 
studies found that genetic factors, obesity, history of diseases, and nutritional fac-
tors were likely to be risk factor of OPLL.

Keywords  Ossification of the posterior longitudinal ligament (OPLL) · 
Epidemiology · Risk factor

2.1  �Introduction

The ossification of the posterior longitudinal ligament (OPLL) is a type of ectopic 
ossification that occurs in the spinal canal. Patients are commonly asymptomatic 
during the early course of the disease. However, OPLL progression causes myelo-
radiculopathy because the ossified ligament continuously presses on the spinal cord 
and nerve roots.
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The concept of ankylosing spinal hyperostosis (ASH) was developed by Forestier 
in 1950 [1]. ASH is defined as the presence of bony outgrowths or hyperostoses, 
mainly in the dorsal region of the vertebrae. Hyperostoses arise from the anterolat-
eral aspect of the vertebral bodies [1]. Tsukimoto reported a Japanese case of a 
syndrome of spinal cord compression due to the ossification of the “posterior” lon-
gitudinal ligament 10 years later [2].

In this section, we provide information about the risk factors for OPLL, includ-
ing gene polymorphisms, as well as its epidemiology, etiology, and current clinical 
knowledge.

2.2  �Epidemiology and Etiology of OPLL

2.2.1  �Epidemiology

Table 2.1 shows the previously reported prevalence of OPLL [3–9]. The prevalence 
of OPLL in the Asian population is generally higher than in the Western population. 
Recently, computed tomography (CT)-based cross-sectional studies were conducted 
to evaluate OPLL [7–9]. The prevalence of cervical OPLL among Japanese who 
underwent positron emission tomography and CT (PET-CT) during health checkups 
was 8.3% in men and 3.4% in women [8], and those of thoracic OPLL was 1.4% in 
men and 2.0% in women. The prevalence of cervical OPLL among residents in the 
San Francisco area who underwent head and neck CT for trauma screening was 
2.2% and it was higher in Asian Americans (4.8%) than in Caucasian Americans 
(1.3%), African Americans (2.1%), and Native Americans (3.2%) [7]. The preva-
lence of OPLL among Korean subjects was 5.7%, which is 8.8% in men and 4.2% 
in women [9]. This Korean study also reported that the prevalence of OPLL was 
higher in older subjects compared with younger subjects. The prevalence of OPLL 
in subjects aged 70 years or older was 16.9% in men and 8.9% in women, while they 
were 3.5% and 1.7% in subjects in their 30 s, respectively [9].

2.2.2  �Etiology

Multiple causes of OPLL were reported. Currently, genetic factors seem to be 
important risk factors for OPLL, as seen in the results of Japanese family and twin 
studies [10, 11]. Today, many case–control studies and sibling-pair linkage studies 
are being conducted to detect genetic factors. We discuss individual associations 
between gene polymorphism and the risk of OPLL later in this review. Except for 
genetic factors, a few epidemiological studies examined the associations between 
the risk of OPLL with obesity, history of disease, and lifestyle factors using case–
control designs. We also introduce the results of these studies and the results of 
cross-sectional studies conducted later on.

M. Umesawa et al.
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2.3  �Clinical Aspect of OPLL

2.3.1  �Symptoms

The proportion of OPLL subjects who had symptoms was between 20 and 50% [12, 
13]. Symptomatic OPLL causes myelopathy with or without radiculopathy, and 
symptoms such as hand clumsiness, gait disturbance, numbness of arms and legs, 
and pain in arms and back of the head and neck may be present. According to a 
nationwide survey in 1975, the proportion of OPLL subjects who showed mild to 
moderate disability of the upper extremities was 42.8% [12]. Due to dysfunctions of 

Table 2.1  Prevalence of ossification of the posterior longitudinal ligament (OPLL)

Nations
Number of 
subjects

Characteristics of 
subjects

Mean 
age of 
subjects Definition Prevalence

Reference 
number

Japan 1562 (524 male 
and 1038 
female)

Japanese male and 
female residents

Men: 
66.2 y.o.
Women: 
64.4 y.o.

X-ray Men: 3.2%
Women: 
1.3%

[3]

Japan 4802 Japanese men, 
belonging to 
Self-Defense Force

51.4 y.o. X-ray 4.1% [4]

Taiwan – Taiwanese – – 2.8% [5]
Singapore 5167 Patients who 

attended the 
Mount Elizabeth 
Hospital in 
Singapore for 
cervical spine 
complaints

– – 0.8% [6]

USA(San 
Francisco)

3161 (1593 
Caucasians, 624 
Asians, 472 
Hispanics, 326 
Africans, 62 
native 
Americans and 
84 others)

Patients who 
perceived head and 
neck CT for 
trauma screening

51.2 y.o. CT 2.2% [7]

Japan 1500 (888 male 
and 612 female)

Japanese subjects 
who perceived 
PETCT for their 
private health 
check

57 y.o. PETCT Men: 8.3%
Women: 
3.4%

[8]

Korea 3240 (1084 
male and 2156 
female)

Korean men and 
women, patients 
who underwent 
3DCT

50.7 y.o. 3DCT Men: 8.8%
Women: 
4.2%

[9]

y.o. years old, CT computed tomography, PETCT positron emission tomography–CT

2  Risk Factors for Ossification of Posterior Longitudinal Ligament
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the lower extremities, 10.1% of OPLL subjects were nonambulatory and 12.9% 
were able to ambulate only with support [12]. Although difficulty of neck move-
ments may occur, its frequency has not yet reported.

2.3.2  �Evaluation and Diagnosis

OPLL may be detected by X-rays. CT scans allow the orthopedist to easily deter-
mine the type and expansion of OPLL.  OPLL may be classified into four types 
according to ossification morphology. These types are the continuous type, wherein 
ossification is continuously spread for several segments; the segmental type, wherein 
ossification is separated but spread for several segments; the mixed type, wherein 
there is a mix of the continuous type and segmental type; and the localized type, 
wherein ossification is located on only one or two segments [Fig. 2.1]. In a Japanese 
study, the prevalence of continuous type, segmental type, mixed type, and localized 
type were 43.3%, 26.7%, 23.3%, and 6.7%, respectively [3]. A Korean study 
reported that the prevalence of continuous type, segmental type (multiple segmental 
type), mixed type, and localized type (single segmental type) were 8.6%, 37.3%, 
11.4%, and 34.6%, respectively [9].

In Japan, the diagnostic criteria for OPLL are defined by orthopedists [13], and 
diagnosis is made when the following 2 criteria are met:

	1.	 Ossification of the posterior longitudinal ligament as detected by X-ray or CT.
	2.	 The presence of at least one of the following symptoms: cervical myelopathy 

caused by chronic spinal cord compression, radiculopathy, and dysfunction of 
cervical spine mobility caused by restriction of the joints’ movable range.

a b c d

Fig. 2.1  Types of ossification of the posterior longitudinal ligament: (a) continuous type, (b) 
segmental type, (c) mixed type, and (d) localized type

M. Umesawa et al.
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2.3.3  �Care

OPLL treatment strategies consist of conservative treatment and surgery. In 
Japan, OPLL care guidelines suggest that OPLL with symptoms of myelopathy 
or radiculomyelopathy should be surgically treated, while OPLL without these 
symptoms should be conservatively treated, including administration of 
medications. However, conservative treatment is backed by only a few solid 
evidences [13].

2.3.4  �Prognosis

The natural history of OPLL is lengthy. A prospective study of Japanese OPLL 
patients revealed that 71% of patients without symptoms of myeloradiculopathy at 
the first orthopedic visit did not show any symptoms of myeloradiculopathy at fol-
low-up examination 30 years later [14].

The effects of surgery have also been reported [13, 14]. Among patients who 
have walking difficulties that prevent them from full-time employment or the ability 
to do any housework but whose condition was not so severe as to require someone 
else’s help to walk, 12% with Nurick grade 3 or more who were surgically treated 
suffered further deterioration because of myeloradiculopathy, while 89% of the 
patients were treated conservatively [14].

A Japanese study using data from 3 years’ follow-up of 30 OPLL patients failed 
to find any risk factors significantly associated with OPLL prognosis [3].

2.4  �Risk Factors for OPLL

2.4.1  �Genetic Factors

Table 2.2 shows the reported genetic factors associated with OPLL [15–48]. Twenty-
nine case–control studies reported 19 genes whose single nucleotide polymorphisms 
(SNPs) were associated with a higher risk of OPLL [15–18, 21, 22, 24, 26, 27, 29–
33, 35–48]. A study of Chinese OPLL patients was conducted by targeted exome 
sequencing of the 11 OPLL-associated genes [19]. Another study of Chinese OPLL 
patients utilized whole exome sequencing (WES) and found a positive association 
between PTCH1 and OPLL [30]. Two studies of Japanese OPLL patients which 
used genome-wide association studies (GWAS) to detect SNPs associated with 
OPLL found that 3 gene mutations and 5 intergenic DNA mutations were positively 
associated with OPLL [23, 49].

2  Risk Factors for Ossification of Posterior Longitudinal Ligament
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Specifically, the following genetic factors were associated with the risk of OPLL: 
angiotensin 1 converting enzyme gene (ACE), BH3 interacting domain death ago-
nist gene (BID), bone morphogenic protein 2 gene (BMP2), bone morphogenic 
protein 4 gene (BMP4), coiled-coil domain containing 91 gene (CCDC91), collagen 
6A1 gene (COL6A1), collagen 11A2 gene (COL11A2), collagen type XVII alpha 1 
chain gene (COL17A1), ectonucleotide pyrophosphatase phosphodiesterase 1 gene 
(ENPP1), estrogen receptor gene (ESR1), FGF receptor 1 gene (FGFR1), growth 
differentiation factor 2 gene (bone morphogenetic protein 9 gene) (GDF2 (BMP9)), 
interferon gamma gene (IFNG), interleukin 1 beta gene (IL1B), interleukin 15 
receptor alpha gene (IL15RA), LOC100506393 which was not characterized, pro-
tein patched homolog 1 gene (PTCH1), roof plate-specific spondin-2 gene (RSPO2), 
runt-related transcription factor 2 gene (RUNX2), retinoic X receptor beta gene 
(RXRB), transforming growth factor beta 1 gene (TGFB1), transforming growth 
factor beta 3 gene (TGFB3), transforming growth factor beta receptor 2 gene 
(TGFBR2), vitamin D receptor gene (VDR), and vitamin K epoxide reductase com-
plex subunit 1 gene (VKORC1).

On the other hand, several genetic factors we listed as follows were tested and 
failed to find the associations with OPLL in other studies: BMP2, BMP4, COL6A1, 
COL11A2, ENPP1, ESR1, GDF2(BMP9), TGFB1, TGFBR2, and VDR [19, 20, 24, 
35, 41, 45, 50–54].

BMP2 mutation was reported to be positively associated with OPLL in 2 case–
control Chinese studies and in 1 targeted exome sequencing Chinese study [17–19], 
while case–control studies of Japanese, Chinese, and Korean showed no association 
between BMP2 OPLL [24, 41, 50]. BMP4 mutation was reported to have a positive 
association with OPLL in a Japanese sibling study and in 2 case–control Chinese 
studies [20–22], however, a Chinese targeted exome sequencing study found no asso-
ciation between them [19]. The positive association between COL6A1 mutation and 
the risk of OPLL was reported by a Chinese case–control study, a Japanese sibling 
study, and a Chinese targeted exome sequencing study [19, 28, 29], while case–con-
trol studies of Chinese and Koreans did not show significant association between 
them [41, 50]. COLL11A2 mutation was reported to have a positive association with 
OPLL in 3 Japanese case–control studies, a Japanese sibling study, and a Chinese 
targeted exome sequencing study [19, 24–27], while a Japanese case–control study 
did not show significant associations between them [45]. ENPP1 mutation was posi-
tively associated with the risk of OPLL in Chinese and Japanese case–control studies 
[31–33], while 2 case–control Japanese studies and a Japanese sibling study did not 
find significant associations between them [20, 45, 51]. The association between 
ESR1 mutation and the risk of OPLL in Japanese women was reported [35], however, 
a Chinese targeted exome sequencing study did not show any significant associations 
between them [19]. GDF2(BMP9) mutation was reported to have a positive associa-
tion with the risk of OPLL in Chinese individuals [37], however, a Chinese targeted 
exome sequencing study did not show significant associations between them [19]. 
TGFB1 mutation was reportedly associated with the risk of OPLL in a Japanese 
case–control study [44], however, the same association was not found in 2 Japanese 
case–control studies, a Korean case–control study, and a Chinese targeted exome 

M. Umesawa et al.



23

sequencing study [19, 45, 52, 53]. TGFBR2 mutation was also reportedly associated 
with the risk for OPLL in a Korean case–control study [46], while the same associa-
tion was not found in a Chinese targeted exome sequencing study [19]. The associa-
tion between VDR mutation and the risk for OPLL was reported in a Japanese 
case–control study [47], while the association was not significant in another Japanese 
case–control study and a Chinese case–control study [35, 41].

In addition to the genetic factors shown above, ENPP4, LEPR, and TLR5 were 
examined for their association with the risk for OPLL, however, there were no asso-
ciations between them [19, 50, 54].

2.4.2  �Nongenetic Factors

Table 2.3 shows the risk factors previously reported for OPLL, except for genetic 
factors. These reports involved Asian subjects.

Higher body mass index (BMI) was positively associated with the risk of 
OPLL. According to a univariate analysis in a case–control Japanese study [55], 
subjects who were overweight, with BMI ≥ 25 kg/m2, and aged 40 years and above 
had 4.11 times higher OPLL risk compared with subjects who were lighter and 
younger. In addition, subjects whose maximum BMI before manifestation was 
≥25 kg/m2 showed 3.52 times higher OPLL risk compared with subjects who were 
lighter. In a multivariate analysis, subjects whose maximum BMI before manifesta-
tion was ≥25 kg/m2 showed 3.49 times higher risk for OPLL compared with sub-
jects who had a lower BMI. However, the association between being overweight, 
age greater than 40, and the risk for OPLL was not significant. The authors also 
examined the differences of BMI between OPLL subjects and control subjects at 
age 20 years and 40 years and found that BMI at age 40 years was higher in OPLL 
subjects than in control subjects, while they did not find significant differences in 
BMI at age 20 years [55].

A cross-sectional Japanese study reported on a history of diabetes mellitus and 
showed a positive association between glucose intolerance and prevalence of OPLL 
[4]. A case–control Japanese study also reported that a history of diabetes mellitus 
was positively associated with the risk for OPLL [55]. In a multivariate analysis, 
subjects who had a history of diabetes mellitus showed 11.78 times higher risk of 
OPLL compared with subjects who did not have diabetes. This study also reported 
that a history of lumbago was positively associated with the risk for OPLL. Subjects 
who had a history of low back pain showed 4.07 times higher risk for OPLL com-
pared with subjects who did not. In addition, this study reported that a history of 
whiplash injury and a natural lack of body pliability are positively associated with 
the risk for OPLL in univariate analysis. However, the association was not signifi-
cant after adjusting for other risk factors. As for history of illness, a family history 
of myocardial infarction was positively associated with the risk for OPLL in a 
Japanese study [47]. On the other hand, a case–control Korean study showed no 
significant associations between hypertension or diabetes mellitus and the risk for 
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Table 2.3  Risk factors associated with the risk of ossification of the posterior longitudinal 
ligament (OPLL)

Risk factors

Subjects Association 
with the risk 
of OPLL

Reference 
numberCharacteristic Study design Number

Age Korean Cross-
sectional

185 cases in 3240 
subjects

Positive [9]

Higher height Japanese Cross-
sectional

30 cases in 1562 
subjects

Positive [3]

Higher body 
weight

Japanese Cross-
sectional

30 cases in 1562 
subjects

Positive [3]

BMI ≥25 at 
examination

Japanese Cross-
sectional

198 cases in 4802 
subjects

Positive [4]

BMI at 40 yo. Japanese Case–control 69 cases vs. 138 
controls

Positive [55]

BMI ≥25 before 
manifestation

Japanese Case–control 69 cases vs. 138 
controls

Positive [55]

Family history of 
MI

Japanese Case–control 63 cases vs. 126 
controls

Positive [47]

History of DM Japanese Case–control 69 cases vs. 138 
controls

Positive [55]

History of lumbago Japanese Case–control 69 cases vs. 138 
controls

Positive [55]

Glucose 
intolerance

Japanese Cross-
sectional

198 cases in 4802 
subjects

Positive [4]

Serum levels of 
pentosidine

Japanese Cross-
sectional

30 cases in 1562 
subjects

Positive [3]

Long working 
hours (≥80 h/
week)

Japanese Case–control 63 cases vs. 126 
controls

Positive [47]

Night shift worker Japanese Case–control 63 cases vs. 126 
controls

Positive [47]

Moderate sleep 
time (6–8 h/day)

Japanese Case–control 69 cases vs. 138 
controls

Negative [56]

Regular sleep habit Japanese Case–control 69 cases vs. 138 
controls

Negative [56]

Salted products 
intake (pickles)

Japanese Case–control 69 cases vs. 138 
controls

Positive [57]

High salt diet 
intake

Taiwanese Case–control 98 cases vs. 98 
controls

Positive [58]

Daily rice intake Japanese Case–control 69 cases vs. 138 
controls

Negative [57]

Daily meat intake Taiwanese Case–control 98 cases vs. 98 
controls

Negative [58]

Chicken intake Japanese Case–control 69 cases vs. 138 
controls

Negative [57]
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OPLL [48]. A Taiwanese case–control study also showed no association between 
plasma sugar levels and the risk of OPLL [58].

The associations between lifestyle-related factors and the risk of OPLL were 
reported in Japanese case–control studies [55–57] and a Taiwanese case–control 
study [58].

Rice is a staple in the Japanese diet and subjects with non-daily intakes of rice, 
in the period of 5 years before the survey, showed 3.0 times higher risk for OPLL 
compared with subjects who ate rice daily [57]. Subjects in Japan who ate salted 
products equal to or more than four times per week in the period of 5 years before 
survey also showed 1.6 times higher risk for OPLL compared with subjects who did 
not. On the other hand, a Japanese study showed that frequent chicken and soyfood 
intake equal to or more than three times per week in the period of 5 years before the 
survey showed a negative association with the risk for OPLL. Subjects who fre-
quently ate chicken showed 0.5 times lower risk of OPLL compared with subjects 
who did not. Subjects who frequently ate soyfood showed 0.4 times lower risk for 
OPLL compared with subjects who did not. In a Taiwanese study, high salt intake 
and low meat intake were positively associated with the risk for OPLL [58]. In the 
study, OPLL patients tended to prefer high salt diets and pickled foods and did not 
consume meat on a daily basis.

In terms of working conditions, working hours of more than 80 h per week and 
working a night shift were positively associated with the risk for OPLL [47]. 
Subjects who worked more than 80 h per week showed 8.77 times higher risk for 
OPLL compared with subjects who did not and subjects who worked a night shift 
showed 2.92 times higher risk for OPLL compared with subjects who did not.

Subjects who had 5 h or less of sleep per day showed 6.64 times higher risk for 
OPLL compared with subjects who had 6 to 8 h of sleep per day [56]. In addition, 
subjects who had regular sleeping habits showed 0.44 times lower risk for OPLL 
compared with subjects who did not.

In addition, moderate exercise at least once a week was not associated with the 
risk for OPLL [56]. Current smoking and drinking habits at least once per week did 
not show an association with the risk for OPLL [56].

Table 2.3  (continued)

Risk factors

Subjects Association 
with the risk 
of OPLL

Reference 
numberCharacteristic Study design Number

Soyfood intake Japanese Case–control 69 cases vs. 138 
controls

Negative [57]

BMD of the 
lumbar spine

Japanese Cross-
sectional

30 cases in 1562 
subjects

Positive [3]

BMD of the 
femoral neck

Japanese Cross-
sectional

30 cases in 1562 
subjects

Positive [3]

BMD bone mineral density, BMI body mass index, DM diabetes mellitus, MI myocardial infarction
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In Japan, the associations between serum biomarkers and risk of OPLL were also 
examined. Two Japanese case–control studies showed a positive association between 
high serum leptin and risk for OPLL/ossification of spinal ligaments (OSL) [59, 
60]. Recently, a Japanese case–control study reported that serum high-sensitivity 
C-reactive protein (hs-CRP) was higher in subjects with OPLL than in subjects 
without OPLL [61].

2.5  �Comments

We reviewed the risk factors for OPLL. Many risk factors are associated with OPLL 
manifestation and its progression. Genetic factors were examined, while lifestyle-
related factors were not. Recently, studies were conducted on the associations 
between serum biomarkers and the risk of OPLL. Further studies that examine the 
associations between lifestyle-related factors and/or biomarkers and the risk for 
OPLL should be carried out in the future.

Generally, the risk factors for OPLL are divided into two categories, which are 
genetic factors and others. In the present article, we tried to interpret studies accord-
ing to different aspects of risk factors, although the evidence was limited. We 
assumed that the risk factors of OPLL reported previously are as follows: structural 
factors, mechanical stimulation factors, inflammatory factors, and the others.

Structural factors consist of genes that influence body structure, such as BMPs, 
COLs, and TGFBs, and nutritional factors. Adequate body structure may be resis-
tant to OPLL.  Suggested mechanisms of diffuse idiopathic skeletal hyperostosis 
(DISH), which consist of entheseal calcification and ossification, were based on 
several pathways and are closely associated, and sometimes complicates, OPLL [3, 
62–64]. We found several factors reported to be the associated with the risk for 
OPLL, such as BMP2, COL6A1, and insulin [65]. These risk factors may play the 
same roles for OPLL manifestation. As nutritional factors, the national dietary 
Japanese survey revealed that chicken and soy are major sources of protein intake in 
Japan [66]. In addition, infrequent rice intake may be associated with a lower intake 
of plant protein and Japanese adults consume almost 13% (8 g) of carbohydrates 
from rice per day [66].

Mechanical stimulation factors consist of excess body weight, history of lum-
bago, hard work, and inadequate sleep. Excess body weight may apply excessive 
loads to the spine and joints. Lumbago seems to be a result of excessively strenuous 
activities, which impacts the lower back. Hard work involves excessive work. Short 
sleeping times and irregular sleeping habits were positively associated with the risk 
of OPLL. We interpreted that insufficient recovery from daily fatigue may be asso-
ciated with OPLL risk. Aside from this, excessive mechanical stimulation may 
cause inflammatory responses.

Inflammatory factors consist of genes that play roles in inflammatory mecha-
nisms, such as ILs, and serum biomarkers, such as leptin and hs-CRP. Inflammation 
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may increase the occurrence and hasten the progression of OPLL [61]. A history of 
diabetes mellitus and higher BMI may be included in these factors because they 
usually are associated with inflammation in body [67].

The mechanisms of OPLL are still unclear and there are many unresolved ques-
tions. Thus, we cannot determine which among the factors mentioned above is 
mainly related to the onset of OPLL. However, future research endeavors should 
clarify the mechanisms associated with OPLL, which are composed of some pos-
sible pathogenetic pathways in which respective genetic and nongenetic factors 
interact. Furthermore, future studies can also propose novel treatment strategies 
using both genetic and nongenetic factors to prevent OPLL.
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Chapter 3
Descriptive and Analytic Epidemiology 
of Idiopathic Osteonecrosis of the Femoral 
Head in Japan

Wakaba Fukushima

Abstract  Idiopathic osteonecrosis of the femoral head (ONFH) is a rare and mul-
tifactorial disease, which involves noninfectious and ischemic pathogenesis. ONFH 
has been designated as one of the targeted intractable diseases by the Ministry of 
Health, Labour and Welfare (MHLW) in Japan and its medical cost for treatment 
has been subsidized by public expenditure. Together with these policies, the epide-
miology of ONFH in Japan has also been systematically elucidated by the Study 
Group on ONFH with academic support from the Study Group on Epidemiologic 
Research for Intractable Diseases (ERID), both of which are funded by the 
MHLW. This chapter summarizes the findings of descriptive and analytic epidemi-
ology on ONFH which have been accumulated through collaborative efforts of the 
ONFH Study Group and the ERID Study Group. Methodologies in these epidemio-
logic studies include a nationwide epidemiologic survey and a hospital-based senti-
nel monitoring system to assess frequency and distribution of ONFH. Furthermore, 
case-control and cohort studies have been conducted to evaluate systemic steroid 
use and alcohol intake as two major risk factors for ONFH.

Keywords  Osteonecrosis · Femoral head · Epidemiology · Steroid · Alcohol

3.1  �Introduction

Idiopathic osteonecrosis of the femoral head (ONFH), also known as nontraumatic 
osteonecrosis or avascular osteonecrosis of the femoral head, is a rare and often 
progressive disease which typically involves noninfectious and ischemic pathogen-
esis. ONFH is considered to be a multifactorial disease and several potential mecha-
nisms have been suggested including abnormal lipid or fat metabolism, nitric 
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oxide-mediated apoptosis of osteoblasts and osteocytes, and thrombophilia or hypo-
fibrinolysis [1–3]. The underlying etiology has not been fully elucidated, although 
some factors such as systemic steroid use and habitual alcohol consumption have 
been well known to be associated with ONFH development [1, 2]. Treatment options 
in the pre-collapse stage include osteotomy as a joint-preserving procedure, which 
is technically challenging because terminal blood flow in the femoral head is limited 
and biomechanical loads around the hip joint are complicated. Once collapse of the 
femoral head occurs, hip arthroplasty is needed and revision will be required in the 
future due to the survivorship of the artificial structures [3]. Eventually, bone 
destruction and loss of function in the hip joint substantially impair the patients’ 
quality of life. In order to develop an appropriate strategy for disease prevention, 
treatment, and policy, it is fundamentally important to elucidate the epidemiology 
of ONFH in each country.

In Japan, the Ministry of Health and Welfare (later termed the Ministry of Health, 
Labour and Welfare [MHLW]) established a special program for “intractable dis-
eases” in 1972. These are defined as rare diseases whose cause has not been deter-
mined and for which no specific medical treatment has been established. The 
program includes promoting research activities, eliminating patient co-payments 
for medical expenditures, and developing the necessary medical facilities. Under 
this program, the Study Group on Idiopathic Avascular Necrosis of the Femoral 
Head with support by a MHLW grant was launched in 1976. After 1982, this was 
re-named as “the Study Group on Idiopathic Osteonecrosis of the Femoral Head” 
(hereafter referred to as the ONFH Study Group). Later in 1992, ONFH was desig-
nated as one of the targeted intractable disease in Japan, and since then its medical 
costs have been subsidized by public expenditure [4].

Another study group funded by the MHLW, named “the Study Group on 
Epidemiologic Research for Intractable Diseases” (hereafter referred to as the ERID 
Study Group), was also launched in 1976 [5]. The ERID Study Group is comprised 
of epidemiologists and one of their missions is to provide academic support to other 
study groups on intractable diseases which are mainly comprised of clinicians. To 
date, the ONFH Study Group and the ERID Study Groups have cooperated with 
each other and a wide spectrum of epidemiologic studies has been employed. This 
chapter summarizes the main epidemiologic findings on ONFH in Japan from col-
laborative efforts of the two study groups, with the focus on two major risk factors 
for ONFH: systemic steroid use and habitual alcohol intake.

3.2  �Descriptive Epidemiology (1): Nationwide  
Epidemiologic Survey

Since the mid-1990s, the prevalence of ONFH in Japan has been systematically 
clarified according to “a protocol for a nationwide epidemiologic survey on intrac-
table diseases” as proposed by the ERID Study Group [6–9]. The procedure involves 
two stages: the first-stage survey, which estimates the number of patients visiting 
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hospitals, and the second-stage survey, which reveals their demographic and clinical 
features. Nationwide epidemiologic surveys on ONFH have been conducted in 
1995 [4, 10], 2005 [11], and 2015 [12]. It is noteworthy that the ONFH Study Group 
conducted nationwide epidemiologic surveys every 10 years from 1995 to 2015. 
Furthermore, using the same protocol in each survey enabled us to evaluate secular 
trends during the past two decades.

The targets in each survey were selected from all orthopedic departments in all 
hospitals in Japan by stratified random sampling according to inpatient bed numbers 
and hospital characteristics. Sampling fractions for each strata were as follows: 5% 
for general hospitals with 99 or fewer beds; 10% for 100 to 199 beds; 20% for 200 
to 299 beds; 40% for 300 to 399 beds; 80% for 400 to 499 beds; 100% for 500 or 
more beds, university hospitals irrespective of the number of beds, and special 
departments where ONFH patients were likely to visit. The first-stage surveys were 
performed in January in 1995, 2005, and 2015, respectively, and the target depart-
ments were asked whether or not patients with ONFH visited their departments 
during the preceding 1 year (i.e., 1994, 2004, and 2014, respectively). The diagnos-
tic criteria for ONFH, which had been proposed by the ONFH Study Group [13], 
was used with satisfying any two of the following five criteria: (1) collapse of the 
femoral head without joint space narrowing or acetabular abnormality on radio-
graphs, including the crescent sign; (2) demarcating sclerosis in the femoral head 
without joint space narrowing or acetabular abnormality; (3) “cold in hot” on bone 
scans; (4) low-intensity band on T1-weighted magnetic resonance imaging (MRI), 
which was described as a “band-like pattern”; and (5) trabecular and marrow necro-
sis on histology. The sensitivity and specificity of the inclusion criteria were 91% 
and 99%, respectively, in comparison to histological diagnosis of ONFH as gold 
standard [14]. The estimated number of patients was initially calculated within each 
stratum according to the following formula: the estimated number of patients = the 
reported number of patients / (selection rate × response rate). Then, the estimated 
number of patients in each stratum was added to obtain the annual number of preva-
lent ONFH patients in Japan, and 95% confidence intervals (CI) were calculated 
with an assumption of multinominal hypergeometric distribution. The estimated 
annual prevalence of ONFH was further obtained using the total population of Japan 
as a denominator. Additionally, the estimated annual number of incident ONFH 
patients, which was defined as newly diagnosed ONFH patients during the year 
surveyed (i.e., 1994, 2004, and 2014, respectively), was calculated.

Table 3.1 shows the summary of the first-stage survey in three nationwide epide-
miologic surveys. From 1994 to 2004, the estimated annual number of prevalent 
ONFH patients, the estimated annual prevalence of ONFH, and the estimated annual 
number of incident ONFH patients have increased approximately 1.5-fold (7400 
patients to 11,400 patients, 5.9 per 100,000 population to 8.9 per 100,000 popula-
tion, and 1500 patients to 2200 patients, respectively). Similarly, from 2004 to 2014, 
there was an approximate twofold increment in the estimated annual number of 
prevalent ONFH patients and the estimated annual prevalence of ONFH (11,400 
patients to 23,100 patients, 8.9 per 100,000 population to 18.2 per 100,000 popula-
tion, respectively). However, this was not observed for the estimated annual number 
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of incident ONFH patients (2200 patients to 2100 patients). Explanations for this 
substantial increase in each figure from 1994 to 2004 could be that ONFH became 
a well-known disease in Japan after it was earmarked for financial support by the 
MHLW in 1992 and that diagnostic techniques advanced dramatically with the 
introduction of MRI. In contrast, possible reasons for the discrepancy between the 
increased number of prevalent cases and the stable number of incident cases during 
the most recent 10 years may be that ONFH is not a fatal disease in spite of frequent 
onset among those of middle-age, and therefore postoperative patients may have 
been accumulated over time. Nevertheless, the series of nationwide epidemiologic 
surveys clearly conveyed the disease burden of ONFH in Japan during the past two 
decades.

If target departments responded in the first-stage survey to report that they had a 
patient(s), they were invited to the second-stage survey to provide information on 
demographic and clinical characteristics for each patient using a structured ques-
tionnaire. Regarding the nationwide epidemiologic survey that was conducted in 
2005, the second-stage survey gathered the information on 1502 ONFH patients, 
who were randomly sampled from the reported patients in the first-stage survey 
(i.e., prevalent cases who visited the target departments during 2004) [11]. The peak 
in the distribution of age at diagnosis was observed in those in their 40s among all 
subjects, in males in their 40s, and in females in their 30s (Fig. 3.1), which high-
lighted that ONFH frequently occurs in the middle-aged population. Table  3.2 
shows the distribution of two major risk factors for ONFH patients: systemic steroid 
use and habitual alcohol intake. The proportion of each history was 51% for sys-
temic steroid use, 31% for habitual alcohol intake, 3% for both steroid and alcohol 

Table 3.1  Summary of the first-stage survey in three nationwide epidemiologic surveys of ONFH

Year 
conducted 
[reference 
No]

Year 
surveyed

Number of 
responding 
orthopedic 
departments 
(response 
rate, %)

Reported 
number 
of cases

Estimated annual 
number of prevalent 
cases during the year 
surveyed (95% CI)

Estimated 
annual 
prevalence 
during the 
year 
surveyed 
(per 
100,000 
population)

Estimated 
annual 
number of 
incident 
cases 
during the 
year 
surveyeda 
(95% CI)

1995 [4, 10] 1994 605 (57) 4271 7400 (6700–
8200)

5.9 1500

2005 [11] 2004 577 (58) 5602 11,400 (10,100–
12,800)

8.9 2200

2015 [12] 2014 738 (60) 13,563 23,100 (20,800–
25,300)

18.2 2100

ONFH idiopathic osteonecrosis of the femoral head
aDefined as newly diagnosed ONFH cases during the year surveyed (i.e., 1994, 2004, and 2014, 
respectively)
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Fig. 3.1  Distribution of age at diagnosis is shown. Analysis is based on the subjects whose age at 
the time of diagnosis was available. There was no available information regarding gender for five 
subjects. [Source: Fukushima W, Fujioka M, Kubo T, Tamakoshi A, Nagai M, Hirota Y. Nationwide 
epidemiologic survey of idiopathic osteonecrosis of the femoral head. Clin Orthop Relat Res. 
2010;468:2715–24]

Table 3.2  Distribution of potential causative factors among ONFH patients: a result from the 
second-stage survey in a nationwide epidemiologic survey in Japan, 2004

Variables

All 
patients 
(n = 1502)

Stratified by gendera

Stratified by age (years) at 
diagnosisa

Male 
(n = 885)

Female 
(n = 612)

<40 
(n = 548)

40–64 
(n = 706)

≥65 
(n = 153)

n (%) n (%) n (%) n (%) n (%) n (%)

Systemic steroid 
administration

760 (51) 295 (34) 462 (76) 325 (60) 340 (48) 58 (38)

Habitual alcohol use 456 (31) 415 (47) 39 (6) 146 (27) 253 (36) 26 (17)
Both 47 (3) 39 (4) 8 (1) 16 (3) 24 (3) 6 (4)
Neither 225 (15) 127 (15) 98 (16) 59 (11) 85 (12) 62 (41)
Unknown/not 
filled-in

14 9 5 2 4 1

ONFH idiopathic osteonecrosis of the femoral head
Some totals of “%” do not equal 100% attributable to rounding
aThere was no available information regarding gender for five patients and for age at diagnosis for 
95 patients. [Source: Fukushima W, Fujioka M, Kubo T, Tamakoshi A, Nagai M, Hirota 
Y. Nationwide epidemiologic survey of idiopathic osteonecrosis of the femoral head. Clin Orthop 
Relat Res. 2010;468:2715–24]
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intake, and 15% for neither steroid nor alcohol intake. Stratification by age at diag-
nosis revealed that there was a higher proportion of history of systemic steroid use 
in the younger age group (60% among those aged <40 years, 48% among those aged 
40 to 64 years, and 38% among those aged ≥65 years). Among ONFH patients with 
history of systemic steroid use, systemic lupus erythematosus (SLE) was the most 
frequent underlying illness requiring steroid therapy (31%). Since SLE is character-
ized by early onset during the life course, these findings emphasized the importance 
of preventative strategies for ONFH among the younger population, including better 
steroid administration regimens for SLE.

3.3  �Descriptive Epidemiology (2): A Hospital-Based Sentinel 
Monitoring System

A methodology for the nationwide epidemiologic survey on intractable diseases, 
which has been proposed by the ERID Study Group, is useful to understand the 
descriptive epidemiology in a specific country. However, it may not be the best 
method to evaluate secular trends of disease characteristics periodically due to sig-
nificant effort and expensive costs. The ONFH Study Group therefore started a mul-
ticenter hospital-based sentinel monitoring system for ONFH (hereafter referred to 
as the ONFH sentinel monitoring system) in 1997 as an option to elucidate the 
descriptive epidemiology of ONFH. The monitoring system is currently ongoing 
and as of October 2017, a total of 35 hospitals from the ONFH Study Group are 
participating. The system is similar to the sentinel surveillance for infectious dis-
ease. The participating hospitals report the information on patients’ characteristics 
when a newly diagnosed ONFH patient is confirmed or when an operation is con-
ducted for ONFH patients in each hospital.

Using data from the ONFH sentinel monitoring system over a period of 15 years, 
a temporal trend of newly diagnosed ONFH patients with respect to basic character-
istics were assessed. This included gender ratio, distribution of age at diagnosis, 
major risk factors, and underlying diseases treated by systemic steroid administra-
tion [15]. A total of 3041 newly diagnosed ONFH patients who were reported from 
34 collaborating hospitals between 1997 and 2011 were analyzed. The temporal 
trends of the disease characteristics were assessed in 5-year intervals according to 
the date of diagnosis (1997–2001, 2002–2006, and 2007–2011). In order to confirm 
the robustness of the trend, an additional analysis was employed by confining the 
data to that from 11 hospitals, which regularly reported ONFH patients to the moni-
toring system throughout the study period.

A notable trend was observed in underlying diseases requiring steroid therapy 
among ONFH patients with history of systemic steroid use. Across the study period, 
the proportion of patients with SLE decreased in females (from 1997–2001 to 
2007–2011: 37% to 29%, p = 0.022). The proportion of patients with renal trans-
plantation also decreased both in males (3.8% to 1.2%, p = 0.047) and in females 
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(3.2% to 0.8%, p = 0.038). In contrast, the proportion of patients with pulmonary 
disease (except for bronchial asthma) increased both in males (0.5% to 5.5%, 
p = 0.022) and in females (0.5% to 3.6%, p = 0.027). An increase in the proportion 
of patients with skin diseases was observed in females (2.2% to 4.4%, p = 0.046). 
Limiting the data to 11 hospitals, additional analysis demonstrated that the results 
were almost unchanged, although the trends of SLE and renal transplantation were 
no longer statistically significant due to the reduced number of subjects.

These findings indicate that the distribution of underlying diseases requiring sys-
temic steroid use, which pose a higher risk for ONFH, has gradually changed over 
time. Current national statistics showed that both the number of SLE patients receiv-
ing public financial aid for treatment and the number of patients with renal trans-
plantation have increased in Japan [16, 17]. These trends are inconsistent with those 
from the ONFH sentinel monitoring system, probably because steroid regimens for 
SLE treatment or after renal transplantation have evolved so that less are adminis-
tered [18–20].

A strength of the ONFH monitoring system includes the strict diagnostic criteria 
because all diagnoses were confirmed by orthopedic hip surgeons who were mem-
bers of the ONFH Study Group. Less expensive costs and fewer efforts to operate 
the system in comparison to a nationwide epidemiologic survey are also attractive 
aspects. For example, as of October 2017, we found that there were 222 newly diag-
nosed ONFH patients who had been reported to the ONFH sentinel monitoring 
system, whose diagnosis had been confirmed during 2014. According to the results 
from the nationwide epidemiologic survey (Table 3.1), the estimated annual number 
of incident ONFH patients during 2014 in Japan was 2100. Thus, we can expect that 
newly diagnosed ONFH patients in the ONFH sentinel monitoring system would 
cover approximately 10% of the incident ONFH patients in Japan overall (222/2100). 
The ONFH sentinel monitoring system is a useful alternative to evaluate descriptive 
epidemiology of ONFH both continuously and efficiently.

3.4  �Analytic Epidemiology (1): Habitual Alcohol Intake 
as a Risk Factor

Although descriptive epidemiology of ONFH showed that the history of systemic 
steroid use and habitual alcohol intake are very prevalent in ONFH patients, ana-
lytic epidemiology is required to evaluate whether or not these factors are associ-
ated with an increased risk of ONFH.

With respect to evaluation of habitual alcohol intake, a case-control approach is 
considered particularly suitable because ONFH is a rare disease and a history of 
alcohol intake in each subject throughout the lifetime can be obtained using a self-
administered questionnaire. In Japan, Matsuo et al. were the first to report the asso-
ciation between habitual alcohol intake and ONFH [21]. From 1980 to 1985, they 
recruited 112 ONFH cases without history of systemic steroid use and 168 matched 
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controls from 4 collaborating hospitals in Japan. They revealed that alcohol drink-
ing status, weekly ethanol consumption, and cumulative ethanol consumption 
significantly increased the risk of ONFH with evident dose-response relationships. 
Later, the ONFH Study Group conducted another case-control study where 118 
ONFH cases without history of systemic steroid use and 236 matched controls 
were recruited from 20 collaborating hospitals throughout Japan between 1988 and 
1990 [22]. They also found that alcohol drinking status, weekly ethanol consump-
tion, and cumulative ethanol consumption were significantly associated with 
ONFH. The odds ratios (ORs) were 1.0, 3.2, and 13.1 for former, occasional, and 
regular drinkers, respectively, in comparison to never drinkers (trend p < 0.001); 
2.8, 9.4, and 14.8 for <320, 320–799, and ≥800 g/week, respectively, in compari-
son to nondrinkers (trend p < 0.001); 2.2, 9.7, and 12.9 for <3200, 3200–7999, 
and  ≥8000 drink-years, respectively, in comparison to never drinkers (trend 
p < 0.001) (Table 3.3). Similar findings were further confirmed in three case-con-
trol studies from Japan [23–25]. The effects of alcohol on ONFH may be immedi-

Table 3.3  Adjusted relative risks of alcohol drinking for ONFH: a case-control study in Japan, 
1988–1990

Characteristics
Cases Controls

Relative oddsa 95% CINo. % No. %

Alcohol drinking
 � Never 23 19.5 87 36.9 1.0
 � Former 4 3.4 10 4.2 1.0 0.2–6.2
 � Occasional 26 22.0 80 33.9 3.2 1.1–9.2
 � Regular 65 55.1 59 25.0 13.1 4.1–42.5

Trend: p < 0.001
Weekly ethanol intake (g/week)
 � Nondrinker 27 22.9 97 41.1 1.0
 �  < 320 24 20.3 87 36.9 2.8 1.0–7.8
 � 320–799 49 41.5 45 19.1 9.4 3.0–29.0
 �  ≥ 800 18 15.3 7 3.0 14.8 3.8–57.2

Trend: p < 0.001
Drink-years
 � Never drank 23 19.7 87 37.5 1.0
 �  < 3200 15 12.8 62 26.7 2.2 0.7–6.9
 � 3200–7999 25 21.4 36 15.5 9.7 2.6–36.1
 �  ≥ 8000 54 46.2 47 20.3 12.9 3.8–43.4

Trend: p < 0.001

ONFH idiopathic osteonecrosis of the femoral head, CI confidence interval
Reproduced with permission and copyright © 1993 by the Johns Hopkins University School of 
Hygiene and Public Health [Hirota Y, Hirohata T, Fukuda K, Mori M, Yanagawa H, Ohno Y, 
Sugioka Y. Association of alcohol intake, cigarette smoking, and occupational status with the risk 
of idiopathic osteonecrosis of the femoral head. Am J Epidemiol. 1993;137(5):530–8]
aAdjusted for cigarette smoking, occupational energy consumption, body mass index, and liver 
dysfunction, using a conditional logistic regression model
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ate and cumulative because both current consumption and cumulative consumption 
increased the risk of ONFH [22].

A recent meta-analysis by Yoon et al. summarized the evidence regarding alco-
hol intake as a risk factor for ONFH [26]. From 1127 articles which had been pub-
lished up to January 2016, 5 case-control studies were selected [21–25], all of which 
were coincidentally Japanese studies and identical to the aforementioned articles. 
Using the Newcastle-Ottawa Scale (a maximum of 9 stars), the quality assessment 
showed that each study had a score of 8–9 stars, indicating sufficient quality for 
evaluation. A conventional meta-analysis to obtain the summary estimate of drink-
ing habits found an increased risk of ONFH among those with former drinkers with 
marginal significance (OR = 2.62, p = 0.055) and a significantly increased risk of 
ONFH among current drinkers (OR  =  3.63, p  <  0.001  in occasional drinkers; 
OR = 5.90, p < 0.001  in daily drinkers). The dose-response meta-analysis using 
restricted cubic spline models with four knots revealed that the risk of ONFH sig-
nificantly increased by 35.3% for every 100 g/week and by 44.1% for every 500 
drink-years. Very interestingly, the pattern of dose-response was not J-shaped, but 
an ever-increasing pattern which indicated that higher alcohol intake resulted in a 
higher risk of ONFH.  In other words, the risk of ONFH is elevated even with a 
lower alcohol intake level. Since there is no universal consensus regarding the criti-
cal dose of alcohol intake which may be necessary for ONFH development, further 
studies should focus on the threshold of alcohol intake in terms of prevention of 
ONFH.

3.5  �Analytic Epidemiology (2): Systemic Steroid Use 
as a Risk Factor

To date, associations between systemic steroid use and the risk of ONFH have been 
assessed mainly among patients with SLE and renal transplantation. However, these 
findings are not consistent with each other. Information on a complete history of 
steroid administration in each patient is quite challenging to obtain, especially for 
total dose and average dose. A single center study may be more convenient for col-
lecting accurate information on steroid therapy compared with a multicenter study, 
while such a single center study is likely to miss a significant finding due to pre-
defined standard regimens for steroid therapy in each center.

Using a case-control study approach, the ONFH Study Group evaluated sys-
temic steroid use on ONFH risk among SLE patients [4, 27]. They recruited 49 
ONFH cases with SLE and 69 matched controls with SLE from 14 collaborating 
hospitals between 1985 and 1993. Cases and controls were matched for gender, 
birth year, outpatient department where they received treatment for SLE, and the 
age at diagnosis of SLE. History of systemic steroid use was collected during the 
period from the date of diagnosis of SLE to the date of diagnosis of ONFH for 
cases, and during the period from the date of diagnosis of SLE to the same date of 
the matched cases for controls. Total dose, maximum dose, and average daily dose 
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were evaluated after being classified into two levels: the lowest and the middle 
tertile vs. the highest tertile. A significantly elevated OR was found for average 
daily dose of ≥16.6 mg (vs. < 16.6 mg, OR = 3.7, p = 0.01) but not for total dose 
of ≥28.4 g (vs. < 28.4 g, OR = 2.2, p = 0.40) and maximum daily dose of ≥80 mg 
(vs. < 80 mg, OR = 2.4, p = 0.06). With respect to the number of pulse therapies, 
OR of one dose of pulse therapy was significantly elevated (3.2, p = 0.02), while 
OR of two or more doses of pulse therapy was not significantly associated with 
ONFH (1.2, p = 0.80). Lack of a dose-response relationship between the number 
of pulse therapies and ONFH risk may indicate that the individual susceptibility 
to steroids was also associated with ONFH. This interpretation is consistent with 
a report that patients with lower midazolam clearance showed a significantly 
higher prevalence of steroid-associated ONFH [28]. Midazolam clearance is a 
proxy variable of hepatic cytochrome P450 (CYP) 3A, which metabolizes 
corticosteroids.

The ONFH Study Group also conducted several cohort studies among patients 
with renal transplantation to evaluate steroid therapy as a risk factor. A study with 
150 subjects who received renal transplantation between 1988 and 1999 evaluated 
the development of ONFH prospectively and routinely using MRI during 1 year 
after renal transplantation [29]. For total steroid dose during 2 weeks, 4 weeks, 
6  weeks and 8  weeks after renal transplantation, a significant association with 
dose-response relationship was found for total steroid dose during the 8  weeks 
after renal transplantation (OR of >1795 mg vs. ≤1400 mg: 7.4, p = 0.01, trend 
p = 0.02) but not for total steroid dose during 2 weeks, 4 weeks, and 6 weeks. In 
contrast, the same study with 286 subjects in which recruitment period had been 
extended until 2007 showed that the most pronounced association with dose-
response relationship was found for total steroid dose during the 2 week period 
after renal transplantation (OR of >600  mg vs. ≤520  mg: 4.9, p  <  0.01, trend 
p < 0.01) [30].

Although patients with SLE or renal transplantation seem to be suitable populations 
for evaluating systemic steroid use on ONFH risk, they can only provide effect estimates 
comparing high doses and low doses of steroids. Thus, the ONFH Study Group con-
ducted another case-control study to evaluate the extent of ONFH risk between steroid 
users and non-steroid users. They recruited 73 ONFH cases irrespective of history of 
systemic steroid use and 250 matched controls and found that history of oral corticoste-
roid use was significantly associated with development of ONFH approximately 20-fold 
[31]. Using a very similar dataset, interactions between oral corticosteroid use and alco-
hol intake were evaluated [25]. Among 71 ONFH cases and 227 matched controls, 
multiplicative interaction and additive interaction were assessed using a two-by-two 
table of “nondrinker vs. drinker” for alcohol intake and “never-user vs. user” for oral 
corticosteroids. When nondrinkers without steroid use were set as a reference group, an 
elevated but non-significant OR was observed for drinkers without steroid use (OR: 
2.79). In contrast, nondrinkers with steroid use showed a substantially elevated OR (OR: 
31.5). However, no further increase in OR was observed for drinkers with steroid use 
(OR: 31.6). Consequently, any significant multiplicative or additive interaction was 
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detected (Table 3.4). Although pharmacokinetic interactions between steroids and alco-
hol is possible, the most plausible interpretation may be that the added effect of alcohol 
intake was too small to make any significant difference in the presence of the over-
whelming effect of steroids on ONFH risk. Together with the findings from descriptive 
epidemiology in which ONFH is frequently observed among middle-aged individuals 
and younger ONFH cases are likely to have a greater history of systemic steroid use, the 
development of preventative strategies especially for steroid-associated ONFH is 
urgently sought.

3.6  �Summary

The ONFH Study Group and the ERID Study Groups have conducted a variety of 
epidemiologic studies together and have systematically elucidated the epidemiol-
ogy of ONFH in Japan. Although the underlying mechanisms of ONFH are still 
controversial, epidemiologic findings can contribute to policy and provide a clue for 
experimental or clinical studies regarding pathogenesis and effective treatment. 
Several methodologies that have been proposed by the ERID research group could 
be helpful in understanding epidemiology on other intractable diseases. Regarding 
ONFH, specific issues to be evaluated in further epidemiologic studies include peri-
odic updating of descriptive epidemiology, determining “safe” thresholds of alcohol 

Table 3.4  Multiplicative or additive interaction between current drinking status and history of 
oral corticosteroid use for ONFH: a case-control study in Japan, 2002–2004

Variables

Never user of oral 
corticosteroids

User of oral 
corticosteroids

p-value for 
multiplicative 
interactiona

Synergy 
indexb 
(95% CI)

Cases (n)/
controls 
(n)

Adjusted 
OR (95% 
CI)c

Cases (n)/
controls 
(n)

Adjusted 
OR (95% 
CI)c

Current drinking 
status
 � Nondrinker 4/79 1 22/15 31.5 

(9.05–109)
 � Drinker 23/122 2.79 

(0.89–8.77)
22/11 31.6 

(8.67–115)
0.19 0.95 

(0.32–2.80)

ONFH idiopathic osteonecrosis of the femoral head, OR odds ratio, CI confidence interval
Reproduced with permission and copyright © of the British Editorial Society of Bone and Joint 
Surgery [Fukushima W, Yamamoto T, Takahashi S, Sakaguchi M, Kubo T, Iwamoto Y, Hirota 
Y. The effect of alcohol intake and the use of oral corticosteroids on the risk of idiopathic osteone-
crosis of the femoral head: A case-control study in Japan. Bone Joint J. 2013;95-B:320–5]
aWald test for each interaction term (DF = 1)
bSynergy index >1 indicates additive interaction
cAdjusted for gender, age, smoking and past history of liver disease, hyperlipidemia and gout, 
using a logistic regression model
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intake and steroid dosages for elevated risk of ONFH, while other potential factors 
associated with ONFH should also be explored. Continuous efforts to collaborate 
effectively between the ONFH Study Group and the ERID Study Groups should 
result in accumulation of further evidence.
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Chapter 4
Risk Factors in Amyotrophic  
Lateral Sclerosis

Kazushi Okamoto

Abstract  Amyotrophic lateral sclerosis (ALS) is a devastating and lethal adult-
onset degenerative disease of the upper and lower motor neuron systems. It is of 
unknown etiology and affects the motor neurons in the spinal cord, leading to atro-
phy of the skeletal muscles, paralysis, and death within 2–5 years of symptom onset, 
often due to respiratory insufficiency. High incidence areas are located approxi-
mately on the 135 east longitude. Most cases of ALS are sporadic, with only 5–10% 
having a family history, suggesting that nongenetic factors have a greater effect on 
the development of ALS than genetic factors.

In this review, we introduce the major factors related to the development of 
ALS and provide data on gender and age group differences for the risk factors 
listed.

Keywords  Amyotrophic lateral sclerosis · Risk factors · Lifestyle · Environment  
Medical condition

4.1  �Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease of 
unclear etiology, which involves the motor neurons of the spinal cord, rapidly pro-
gressing to atrophy of skeletal muscles, paralysis, and death.

Although familial ALS can be inherited in an autosomal dominant, autoso-
mal recessive, or X-linked manner [1, 2], sporadic ALS accounts for over 90% 
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of the cases [3], suggesting complex environmental and genetic factors are 
involved. The disease is classified in two categories based on the manner of 
onset: limb onset (80% cases) or bulbar onset (20% cases). In the former, symp-
toms appear distally or proximally in the upper or lower limb, while the latter 
usually manifests with dysarthria and dysphagia, with limb symptoms present-
ing at the same time or later in the course of the disease [4]. About 50% of 
patients with ALS die within 30 months of symptom onset, often from respira-
tory insufficiency [2].

The incidence of sporadic ALS shows little variation in the world, ranging 
from 1 to 2 per 100,000 person-years [5, 6]. According to Marin et al. [7], the 
overall pooled crude incidence of ALS worldwide is 1.75 (1.55–1.96) per 100,000 
person-years, being more prevalent in men (2.03 (1.79–2.37) vs. 1.45 (1.25–
1.64) in women) with a male-to-female ratio of 1.2–1.5 [7, 8]. The rates range 
from 2.35 (1.79–2.92) in West Europe to a low 0.78 (0.5–1.05) in East Asia [7]. 
The pooled incidence from European subcontinents ranged from 1.92 (1.49–
2.34) in North Europe (number of studies, n = 11), to 2.22 (1.72–2.73) in South 
Europe (n = 9), and 2.35 (1.79–2.92) in West Europe (n = 4), per 100,000 person-
years, while the incidence was at 1.59 (1.32–1.87) for North America (n = 10) 
and 0.78 (0.50–1.05) for East Asia (n = 3) [7]. It is worth mentioning that the 
prevalence of ALS is 50–100 times higher in the geographical area located at 
approximately 135 degrees east longitude, namely in Guam, Papua-New Guinea, 
and Kii peninsula of Honshu island in Japan [9–11]. The crude average annual 
incidence in Wakayama prefecture, in the Kii peninsula, is 2.50/100000 (male 
3.08, female 1.99). Even so, ALS prevalence is much higher than average in 
Kozagawa and Koza areas (10.56 (male 14.14, female 7.66) per 100,000) [9]. 
This is much lower than the rate reported in these areas by the end of 2002, with 
an overall prevalence of 11.31 (male 14.40, female 8.53) in Wakayama prefec-
ture and 52.81 (male 70.70, female 38.28) in Kozagawa and Koza areas [9]. ALS 
is rarely observed before the age of 40, and the incidence increases with age 
thereafter, with the mean age at onset being 58–63 years for sporadic ALS and 
40–60 years for familial ALS [12, 13].

4.2  �General Overview of Risk Factors for ALS

4.2.1  �Familial Tendency

Early case-control studies found that families with ALS patients had threefold [14] 
to over tenfold risk [15] of ALS. Pooling several twin registers from Sweden and the 
UK, the heritability for ALS is estimated to be 61% [16].
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4.2.2  �Genetic Factors

4.2.2.1  �SOD1

Although ALS is predominantly a sporadic disease, 10% of cases are described as 
familial (fALS). Historically, SOD1 (Copper-Zinc-superoxide dismutase) is known 
to play a role in the classic adult-onset fALS. The most common SOD1 mutation 
worldwide is inherited in both dominant and recessive manners [17, 18].

4.2.2.2  �Chromosome 9

A mutation in this Chromosome 9 has been shown to segregate with both ALS and 
frontal temporal dementia in studies of American, European, and Japanese patients 
[19–22]. Recently, the repeat expansion of Chromosome 9 was higher in ALS 
patients in the Kii Peninsula of Japan (20%) than the rest of Japan (less than 2.5%), 
indicating that it may partially account for the incidence of ALS-PDC in this geo-
graphic focus [22].

4.2.3  �Lifestyle Factors

4.2.3.1  �Body Mass Index (BMI)

ALS patients have a lower BMI and less intake of total energy and protein than 
controls [23] and this has been shown to be an independent prognostic indicator for 
ALS after diagnosis. Longitudinal cohort studies suggest that premorbid under-
weight male subjects were at a significantly higher risk of ALS compared to normal-
weight men [24].

4.2.3.2  �Smoking

There is no clear association between smoking and ALS. Alonso et al. reported a 
pooled relative risk (RR) (95% confidence interval (CI)) of 1.28 (0.97–1.68) for 
current smokers compared to never smokers and 1.12 (0.98–1.27) for former versus 
never and former smokers for ALS [25], with an estimated RR (95% CI] of 0.86 
(0.71–1.03) in men and 1.66 (1.31–2.10) in women [25]. On the other hand, 
Okamoto et al. [23], Kamel et al. [15], and Pamphlett et al. [26] reported no signifi-
cant association between smoking and ALS. In another study, smoking was believed 
to result in a lower survival rate in women but not in men [27].
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4.2.3.3  �Alcohol Consumption

Alonso et al. [25] estimated the odds ratio (OR) for the association between alcohol 
consumption and ALS to be 0.57 (95% CI; 0.51–0.64), suggesting that alcohol con-
sumption reduced the risk for developing ALS, while there was no significant rela-
tionship [24].

4.2.3.4  �Head Injury

Peters et  al. reported a moderately elevated risk of ALS among individuals with 
previous head injuries (OR = 1.7, 95 percent CI; 1.3, 2.2) [28]. Binazzi et al. also 
suggested an association between severe head injury of less than 1 year before diag-
nosis of ALS (OR: 3.9, 95% CI 2.6–6.1) [29]. Although they suggested older inju-
ries (11–30 years prior) might be associated with bulbar onset ALS [29]. In another 
study, no significant increase in ALS was observed in people with head injuries 
more than 3 years prior to the onset of symptoms [30]. In a large population-based 
study, Pupillo et al. [31] reported that repeated traumatic events occurring at least 5 
years before diagnosis were associated with an increased rate of ALS (OR 2.6 for 
three or more events). Chio et al. also confirmed that bulbar onset type of the disease 
is more common among Italian soccer players with ALS [32]. Trauma-related 
neuro-inflammation and microglial activation, disruption of the blood brain barrier, 
mitochondrial dysfunction and excessive oxidative and nitric radicals, and the accu-
mulation of tau protein are suggested to be mechanisms inducing ALS following 
head injuries [33, 34].

4.2.3.5  �Physical Activity

No definite relationship has been described between physical activity and risk of 
ALS [35].

Although one study suggests that a highly active lifestyle and vigorous activity 
lead to at an increased risk for ALS [36].

According to Longstreth WT et al. [37], vigorous physical activity could potenti-
ate the effect of a toxin to motor neurons through several mechanisms, especially if 
the toxin’s effects were mediated through nerve cell excitation. Previous findings 
also point to an increased risk of ALS professional football players [38, 39], but not 
in high school players [40]. Even so, a large European case-control study showed 
that physical activity (adjustment OR = 0.65, 95% CI = 0.48–0.89), whether work-
related (adjustment OR = 0.56, 95% CI = 0.36–0.87) or organized sports (adjust-
ment OR  =  0.49, 95% CI  =  0.32–0.75), was associated with reduced odds of 
developing ALS [41]. Ingre C et al. suggest that different levels of physical exercise 
(professional vs. recreational) may have very different biological effect on neurode-
generation [42].

K. Okamoto



51

4.2.4  �Oxidative Status

4.2.4.1  �Type A Personality

Type A personality refers to an individual who is impatient, excessively time-
conscious, status insecure, highly competitive, hostile, aggressive, and incapable 
of relaxation. They are often highly achieving workaholics who multitask, drive 
themselves with deadlines, and are unhappy about the smallest of delays. 
Dissatisfaction and stress are related to more frequent complaints in Type A indi-
viduals [43]. There is a significantly higher relation between role conflict and 
physical and psychological strain in those with Type A personalities than those 
with Type B [44].

Okamoto K et al. reported that a Type A behavioral pattern was not only asso-
ciated with a significant overall increased ALS risk but also in all gender and age 
group combinations (<65  year vs. ≥65  years) [45], which could be due to 
increased endogenous oxidative stress for the nervous system in these 
individuals.

The combination of a type A behavior pattern and low intake of green-yellow 
vegetables is suggested to have the greatest effect on the risk for ALS (adjusted OR, 
11.2; 95% CI, 3.8–33.0), pointing to a role for oxidants in ALS either in the form of 
patient-specific factors and/or diminished or missing antioxidant defense system in 
motor neurons [23].

4.2.4.2  �8-Hydroxydeoxyguanosine (8-OHdG)

8-Hydroxydeoxyguanosine (8-OHdG) is produced by the reaction of reactive 
oxygen species (ROS) and guanine residues in the DNA, which if not reverted by 
intracellular antioxidant agents, is excised and secreted in the plasma, from 
where it will be excreted in the urine [46, 47]. Hence, in recent years urinary 
level of 8-OHdG is considered a biomarker for oxidative damage to the DNA 
[48, 49].

Urinary 8-OHdG excretion increases with age and H-Y staging of the 
patients with Parkinson disease, and reflects increased systemic levels of oxi-
dative DNA damage that is caused by mitochondrial dysfunction in skeletal 
muscles [48].

8-OHdG levels were higher in Kii than in other areas in Japan [50]. The mean 
level of 8-OHdG in Oshima residents, who changed the source of their drinking 
water to the Kozagawa River in 1975, was higher than that of controls (p < 0.05) 
[50]. Besides, the morning spot urinary 8-OHdG and 8-OHdG/creatinine levels 
were significantly higher in the patients with ALS in the K area than in controls 
[50]. The mean urinary 8-OHdG/creatinine ratio of Kii patients with ALS/PD was 
higher than that of age-matched control subjects [51].
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4.2.5  �Metals

4.2.5.1  �Calcium (Ca) and Magnesium (Mg)

Traditionally, it was believed that low concentration of calcium and magnesium in 
drinking and river water was associated with high incidence of motor neuron dis-
ease (MND) in the area [52, 53].

K-area, which has a high incidence of ALS, has markedly low levels of Ca and 
Mg in the drinking water [54]. Residents in K area also have lower serum Ca than 
control subjects from other areas [54].

4.2.5.2  �Copper (Zn) and Zinc (Cu)

Low serum Zn and Cu levels, high Cu/Zn ratios, and high urinary 8-OHdG levels were 
commonly found in the patients with ALS in the Kii area and the Oshima residents [54].

Serum Zn levels were negatively correlated with serum Cu levels in the patients 
with ALS, while the serum Cu levels exhibited a tendency towards a positive correla-
tion with urinary 8-OHdG/creatinine level [54]. Kihira et al. found that patients with 
ALS in the K area (K-ALS) and non-patient residents (K residents) had lower serum 
Cu and Zn levels and Cu/Zn ratio compared to control subjects from other areas [54].

In experimental studies, Zn deficiency has been reported to affect DNA damage 
and DNA repair [55], weaken the antioxidant defense system, and increase oxida-
tive stress in rat erythrocytes [56]. Significant increased levels of Cu ion have been 
found in the spinal cord of an ALS mouse model.

4.2.5.3  �Manganese (Mn) and Aluminum (Al)

Yase reported on the correlation between high concentration of manganese (Mn) 
and high incidence of MND in Kozagawa and Guam. Epidemiological studies have 
shown that garden soil contained high amounts of Al and Mn in redsidents in K area 
[52, 53]. Mg and vanadium levels were also higher in the scalp hair of patients with 
K-ALS than those of control subjects [50].

Mn is well known to have neurotoxic properties [56], and Mn concentrations in 
CSF samples of ALS patients were significantly elevated compared to healthy con-
trols [57].

4.2.5.4  �Environmental Change

In Oshima, no patients had been reported with ALS between 1960 and 1999. The 
recent increase in the number of ALS patients in this region is attributed to 
resourcing the drinking water for that region from the Kozagawa River since 1975 
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[55]. In this population the level of Ca, Mg, Cu, and Zn is significantly lower, 
while the oxidative stress markers (8-OHdG) is close to the level observed in the 
mainland K area, suggesting a role for such an environmental change in the devel-
opment of ALS [54].

4.3  �Nutritional Status

4.3.1  �Macronutrients

A high intake of carbohydrate was associated with an increased risk of ALS, while 
that of total fat, saturated fatty acids (SFAs), monounsaturated fatty acids 
(MUFAs), and polyunsaturated fatty acids (PUFAs) reduced the risk of ALS sig-
nificantly [58].

This might be due to the production of free radicals, oxidant stress, and reactive 
oxygen species leading to apoptotic cell death due to high glucose levels [59], while 
a diet high in fat seems to have a neuroprotective effect [60, 61].

4.3.2  �Dietary Intake of Antioxidant Rich Food

Russo et al., and Luyer et al., demonstrated that the increase of intake of fruit and 
vegetables may protect against oxidative stress by strengthening the radical scaven-
ger system [62]. A high intake of the five antioxidant-rich food groups (green-
yellow vegetables, fruits, mushroom, seaweed, and dairy products), especially 
green-yellow vegetables, was associated with a significant decrease in the risk of 
ALS (≥2 vs. none adjusted OR: 0.33 95% CI; 0.18–0.60) by about 70% [63] 
(Table 4.1). Higher antioxidant intake score as index of intake frequency and num-
ber of food group with antioxidant-rich food consumed was associated with a 
reduced risk of ALS [64].

Table 4.1  Adjusted ORa and 95% CI for ALS according to antioxidant intake score [63]

Dietary 
antioxidants 
score

Cases 
(n = 143)

Controls 
(n = 385)

Crude odds 
ratio 95% CI

Adjusteda 
odds ratio 95% CI

Lowest 32.9% 20.5% 1.00 (reference) 1.00 (reference)
Medium 38.5 35.3 0.90 0.59–1.37 0.84 0.54–1.33
Highest 28.7 44.2 0.30 0.16–0.54 0.31 0.17–0.57
P for trend p = 0.0001 p = 0.0001

aAdjusted for sex, age, Type A behavior pattern
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4.3.3  �Antioxidant Vitamins

4.3.3.1  �Vitamin E

Vitamin E intake is associated with reduced risk of ALS, but there was no statisti-
cally significant association reported in case-control study [63] and in 5 Prospective 
Cohort Studies [65].

4.3.3.2  �Other Vitamins

Okamoto et al. reported that a higher intake of β-carotene significantly reduced the 
risk of ALS (lowest vs. highest; OR = 0.66; 95% CI 0.35–1.23) [63].

4.3.3.3  �Dietary Patterns

A healthy dietary pattern characterized by high loadings for green and yellow veg-
etables, seaweed, pulses, other vegetables, mushrooms, dairy products, fruits, fish, 
soy products, and Japanese and Chinese tea was associated with a significantly 
reduced risk for ALS, revealing that those in the highest percentile of Healthy pat-
tern showed reduction of about 65% in risk for ALS [66].

4.4  �Differences in Risk Factors Based on Gender  
and Age Group

Okamoto et al. reported that Type A behavior pattern was significantly associated 
with an increased risk for ALS in all gender and age group combinations 
(<65 year vs. ≥65 years), indicating that Type A behavior, as a patient-specific 
endogenous oxidative stress, may enhance the common ALS risks in all gender 
and age group combinations. Less frequent intake of green vegetables in men 
65  years and over, vigorous exercise in men younger than 65  years, and self-
reported stress in both men and women aged ≥65 years were associated with an 
increased ALS risk.

Summary of differences in risk factors by gender and age groups is shown in 
Tables 4.2 and 4.3.
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Table 4.2  Differences in risk factors by gender and age groups [45]

Males Females

<65 years ≧65 years <65 years ≧65 years
Chronic physical stress (vigorous exercise) +
Stress-producing behavior (type A behavior pattern) + + + +
Acute psychological stress (much self-reported 
stress)

+ +

Less anti-oxidative protective system (less intake 
of green-yellow vegetable)

+ ± + +

+: convince factor ±: possible factor

Table 4.3  Risk factors and preventive factors for the development of amyotrophic lateral sclerosis 
(ALS)

Risk factors
Association with the development 
of ALS References

Lifestyles
 � Low BMI Positive [23, 24]
 � Current smoker No association [15, 25–27]
 � Current drinker No association/inverse [24, 25]
 � Head injury No association/positive [28–34]
 � Physical activity Inverse [35–42]
Oxidative stress
 � Type A behavior pattern 

personality
Positive [23, 43–45]

 � 8-OHdG Positive [46–51]
Concentration of metals in blood
 � Low calcium Positive [52–54]
 � Low magnesium Positive
 � Low zinc Positive [54–56]
 � Low cupper Positive
 � High manganese Positive [50, 52, 53, 56, 57]
 � High aluminum Positive
Dietary factors
 � Carbohydrate Positive [58–61]
 � Fats, fatty acids Inverse
 � SFA, MUFA, PUFA Inverse
 � Protein Inverse
Antioxidants rich in food intake
 � Fruits Inverse [63]
 � Green/yellow vegs Inverse
 � Antioxidants intake score Inverse [64]
Antioxidant vitamin intake
 � β-Carotene Inverse [63]
 � Vitamin C No association [63]
 � Vitamin E No association/ [63, 65]
Dietary pattern
 � Healthy pattern Inverse [66]
 � Traditional pattern Positive
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Chapter 5
Case-Control Study of Idiopathic  
Parkinson’s Disease in Japan

Keiko Tanaka and Yoshihiro Miyake

Abstract  The causes of Parkinson’s disease (PD) still remain unclear, although a 
complex interaction in genetic and environmental factors is likely to be associated 
with the development and progression of the disease. We conducted a hospital-
based case-control study named the Fukuoka Kinki Parkinson’s Disease Study to 
examine the associations between risk and preventive factors including genetic fac-
tors and the risk of PD in Japan.

As preventive factors, we confirmed that smoking habits and caffeine intake 
reduce the risk of PD. Further, the “Healthy dietary pattern” which was character-
ized by a high intake of vegetables, seaweed, pulses, mushrooms, fruits, and fish 
was likely to be associated with a reduced risk of PD. LARK2 Gly2385Arg, MAOB, 
COMT, SNCA, UCHL1S18Y, PARK16, VDR, APOE SNPs were associated with the 
risk of PD. There were no associations between GST, BST1, or MDR1 and the risk 
of PD.

In order to establish evidence on various factors for PD in Japanese, further stud-
ies with a large number of subjects are needed.

Keywords  Case-control studies · Diet · Environmental factors · Occupation · 
Parkinson’s disease · Risk · SNPs

5.1  �Introduction

Parkinson’s disease (PD) is a chronic, movement-related disease of adults and the 
second most common neurodegenerative disease after Alzheimer’s disease [1, 2]. 
As the age increases, the prevalence of PD is rising. According to the patient survey 
in Japan at 2014, the number of patients of PD was estimated 163 thousand.
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The causes of PD still remain unclear, although a complex interaction in genetic 
and environmental factors is likely to be associated with the development and pro-
gression of the disease. The diagnosis is made clinically; however, there is the 
potential for confusion with other disorders with prominent symptoms and signs of 
parkinsonism such as postencephalitic, drug-induced, and arteriosclerotic parkin-
sonism [1]. Risk and preventive factors of PD have been investigated in past decades 
worldwide. On the other hand, evidence for related factors of PD was very limited 
in Japan. For example, smoking is widely accepted as one of the potential protective 
factors of PD; however, in Japan, only one study investigated the association 
between smoking and the risk of PD [3].

In this chapter, using data from a case-control study of PD among Japanese 
named the Fukuoka Kinki Parkinson’s Disease Study, risk and preventive factors of 
PD were reviewed.

5.2  �The Fukuoka Kinki Parkinson’s Disease Study

5.2.1  �Study Population

PD cases were recruited at three university hospitals and one national hospital in 
Fukuoka Prefecture, and at three university hospitals, three national hospitals, and 
one municipal hospital in Osaka, Kyoto, and Wakayama Prefectures. Eligible cases 
were patients who were within 6 years of the onset of PD and who had been diag-
nosed by one of the collaborating neurologists at one of the 11 collaborating hospi-
tals according to the United Kingdom PD Society Brain Bank clinical diagnostic 
criteria [4]. The neurologists in charge asked their eligible PD patients to participate 
in the case-control study. Of 298 eligible PD cases identified during the period 
between April 1, 2006 and March 31, 2008, 250 agreed to participate in the study 
(response rate: 84%).

In the same time period, control subjects were recruited from departments other 
than neurology (orthopedic surgery, ophthalmology, otorhinolaryngology, plastic 
surgery, and oral surgery) at three of the 11 collaborating hospitals: one university 
hospital in Fukuoka Prefecture and one university hospital in Osaka and one national 
hospital in Kyoto. Control subjects were not matched to cases, either individually or 
in larger groups. Control candidates, who were inpatients or outpatients without 
neurodegenerative diseases at any of these three hospitals, were approached by an 
attending doctor or by one of our research nurses to participate in the case-control 
study. Eventually, 372 control candidates participated in our study whereas 156 
refused (response rate: 70%).

Of the 250 cases and 372 control subjects who participated in our study, 240 
cases and 371 controls gave informed consent to genotyping. In the study of 
genetic polymorphisms, excluded were 11 cases and 12 controls with a family his-
tory of PD.
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The ethics committees of the 11 collaborating hospitals (Fukuoka University, 
Utano National Hospital, Osaka City University, Kyushu University, Wakayama 
Medical University, Kyoto University, Kurume University, Minami-Kyoto National 
Hospital, Toneyama National Hospital, Kyoto City Hospital, and National Omuta 
Hospital) approved our case-control study. Written informed consent was obtained 
from all subjects.

5.2.2  �Measurement

Participants filled out a set of two self-administered questionnaires and mailed these 
materials to the data management center or handed them to research nurses. Our 
research technicians completed missing answers and/or illogical data by telephone 
or in-person interview.

One of the self-administered questionnaires elicited information on age, sex, 
educational levels, type of job held for the longest period of time, exposure to 13 
specific occupational agents, smoking habits, passive smoking exposure at home 
and at work, leisure-time exercise, and a history of disorders.

A second questionnaire was a validated self-administered, semiquantitative, 
comprehensive diet history questionnaire (DHQ) that was used to assess dietary 
habits during the preceding month [5, 6]. Estimates of daily intake of foods (150 
items in total), energy, and selected nutrients were calculated using an ad hoc com-
puter algorithm for the DHQ based on the Standard Tables of Food Composition in 
Japan [7, 8]. Energy-adjusted intake by the residual method was used for the analy-
ses [9]. Intake of foods and nutrients was categorized at quartile points based on the 
distribution of intake among control subjects.

5.2.3  �DNA Extraction and Genotyping

Genomic DNA from buccal specimens collected with BuccalAmp swabs (Epicenter 
BioTechnologies, Madison, WI, USA) was extracted using a QIAmp DNA mini kit 
(Qiagen, Inc., Valencia, CA, USA). Selected SNPs were genotyped using TaqMan 
SNP Genotyping Assays on the StepOnePlus machine (Applied Biosystems, Foster 
City, CA, USA) according to the manufacturer’s instructions.

5.2.4  �Statistical Analysis

Multiple logistic regression analysis was used to estimate the adjusted odds ratios 
(ORs) and 95% confidence intervals (CIs) of PD for factors under study.
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5.3  �Results

5.3.1  �Characteristics

The characteristics of cases and controls are shown in Table 5.1. Compared with 
control subjects, cases were more likely to be old and thin and to report never hav-
ing smoked (Table 5.1). There were no differences between cases and controls with 
regard to sex, region of residence, and education. Dairy intake of foods and nutri-
ents of subjects is shown in Table 5.2.

5.3.2  �Smoking Habits and Occupational Factors

Table 5.3 shows adjusted OR and 95% CI for PD in relation to smoking habits [3] 
and occupational factors [10]. Ever smoking was associated with a reduced risk of 
PD.  Risk for former smokers was intermediate between the high risk for never 
smokers and the low risk for current smokers. However, no significant association 
was detected for passive smoking at home or at work (data not shown).

In analyses of occupational factors, jobs held for the longest period of time were 
coded using the Japanese Standard Occupational Classification and stratified into 11 
major groups (professional and technical; managers and officials; clerical and 
related fields; sales; service; protective service; farming, fishing and forestry; trans-
port and communication; production; materials handling; and construction and 
extraction). The mean duration of the job held for the longest time in the study 
population was 24.8 years. Occupational exposure to agent was defined as present 
if the subject had been exposed to any of 10 specific occupational agents (metal, 

Table 5.1  Characteristics of study population

n (%) or mean (SD)
Variable Cases (n = 249) Controls (n = 368) P-value

Sex (% male) 93 (37.4) 141 (38.3) 0.81
Age (years) 68.5 (8.6) 66.6 (8.5) 0.006
Region of residence (%) 0.13
 � Fukuoka 89 (35.7) 154 (41.9)
 � Kinki 160 (64.3) 214 (58.2)
Educational level (%) 0.81
 � <10 51 (20.5) 77 (20.9)
 � 10-12 122 (49.0) 171 (46.5)
 � 13+ 76 (30.5) 120 (32.6)
Body mass index (kg/m2) 22.3 (3.3) 23.0 (3.4) 0.01
Pack-years of smoking (%) 0.0004
 � Never 185 (74.3) 222 (60.3)
 � 0<-29.9 37 (14.9) 65 (17.7)
 � 30.0+ 27 (10.8) 81 (22.0)
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Table 5.2  Daily intakea of nutrients and foods of the study population

n (%) or mean (SD)
Variable Cases (n = 249) Controls (n = 368)

Total energy (kJ) 8435.4 (2636.8) 8348.8 (3067.7)
Coffee (g) 119.0 (138.8) 172.7 (207.7)
Black tea (g) 23.8 (95.3) 27.8 (81.5)
Japanese and Chinese teas (g) 507.2 (407.1) 591.8 (453.0)
Total vegetables (g) 270.6 (149.4) 276.1 (181.9)
Green and yellow vegetables (g) 102.2 (64.8) 106.0 (84.8)
Other vegetables (g) 168.4 (110.6) 170.1 (132.3)
Total fruit (g) 180.7 (136.5) 166.5 (141.9)
Milk (g) 91.9 (85.7) 95.5 (103.4)
Yogurt (g) 36.6 (45.7) 38.0 (52.4)
Cheese (g) 3.6 (6.7) 4.1 (9.4)
Ice cream (g) 16.8 (29.1) 16.1 (29.5)
Caffeine (mg) 287.2 (193.8) 358.7 (224.0)
Calcium (mg) 553.8 (185.5) 556.6 (219.9)
Vitamin C (mg) 127.1 (64.2) 119.3 (70.2)
Vitamin E (mg) 8.6 (2.4) 8.4 (2.9)
α-Carotene (μg) 327.2 (314.1) 335.2 (339.2)
β-Carotene (μg) 3021.7 (1630.9) 3126.0 (2024.7)
Vitamin D (μg) 10.9 (6.4) 10.0 (5.7)
Vitamin B6 (mg) 1.3 (0.4) 1.3 (0.4)
Dietary glycemic index 65.1 (4.7) 65.4 (5.3)
Iron (mg) 7.5 (1.9) 7.6 (2.2)
Magnesium (mg) 266.8 (63.5) 274.4 (71.0)
Zinc (μg) 8.3 (1.5) 8.1 (1.4)
Copper (μg) 1.2 (0.2) 1.2 (0.2)
Manganese (mg) 4.1 (1.3) 4.4 (1.5)
Total fat (g) 57.9 (13.7) 56.3 (17.2)
Saturated fatty acids (g) 15.6 (4.6) 15.2 (5.7)
Monounsaturated fatty acids (g) 19.9 (5.6) 19.3 (6.6)
n-3 polyunsaturated fatty acids (g) 2.9 (1.1) 2.8 (1.2)
α-Linolenic acid (g) 1.6 (0.6) 1.6 (0.7)
Eicosapentaenoic acid (g) 0.37 (0.25) 0.35 (0.25)
Docosahexaenoic acid (g) 0.60 (0.38) 0.56 (0.39)
n-6 Polyunsaturated fatty acids (g) 10.5 (3.0) 10.4 (3.4)
Linoleic acid (g) 10.2 (3.0) 10.2 (3.4)
Arachidonic acid (g) 0.15 (0.05) 0.14 (0.06)
Cholesterol (mg) 331.3 (129.5) 300.9 (132.5)
Alcohol (g) 5.5 (15.5) 10.0 (25.8)

aNutrient intake was adjusted for total energy intake using the residual method except for the 
dietary glycemic index
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Table 5.3  Adjusted odds ratios for PD in relation to smoking habits and occupational factors

Factor n (%)
Adjusted odds 
ratioa

95% confidence 
interval

Cases 
(n = 249)

Controls 
(n = 369)

Smoking statusa

 � No 185 (74.3) 222 (60.2) 1.00
 � Yes 64 (25.7) 147 (39.8) 0.38 0.24 to 0.60
Cigarette smokinga

 � Never 185 (74.3) 222 (60.2) 1.00
 � Former 57 (22.9) 96 (26.0) 0.51 0.32 to 0.82
 � Current 7 (2.8) 51 (13.8) 0.12 0.05 to 0.27
Pack-years of smokinga

 � None 185 (74.3) 222 (60.2) 1.00
 � 0 < −29.9 37 (14.9) 65 (17.6) 0.50 0.29 to 0.83
 � 30.0+ 27 (10.8) 82 (22.2) 0.28 0.15 to 0.49
Job held for the longest period of timeb

 � Professional or 
technical

20 (8.0) 45 (12.2) 0.59 0.32 to 1.06

 � Manager or official 36 (14.5) 47 (12.7) 1.20 0.69 to 2.06
 � Clerical or related 

occupation
63 (25.3) 76 (20.6) 1.36 0.91 to 2.04

 � Sales 19 (7.6) 36 (9.8) 0.87 0.47 to 1.56
 � Service 12 (4.8) 22 (6.0) 0.80 0.37 to 1.67
 � Protective service 4 (1.6) 3 (0.8) 2.73 0.56 to 14.86
 � Farming, fishing, or 

forestry
11 (4.4) 16 (4.3) 0.95 0.41 to 2.15

 � Transport or 
communication

10 (4.0) 9 (2.4) 1.74 0.65 to 4.74

 � Production 39 (15.7) 48 (13.0) 1.11 0.68 to 1.81
 � Materials handling 0 (0.0) 2 (0.5) – –
 � Construction or 

extraction
14 (5.6) 21 (5.7) 1.25 0.59 to 2.60

Occupational agentsb

 � Any 36 (14.5) 61 (16.5) 0.90 0.56 to 1.43
 � Metal 6 (2.4) 7 (1.9) 1.26 0.38 to 4.01
 � Wood 5 (2.0) 10 (2.7) 0.95 0.28 to 2.89
 � Asbestos 1 (0.4) 7 (1.9) 0.23 0.01 to 1.40
 � Coal 2 (0.8) 2 (0.5) 1.02 0.12 to 8.97
 � Stone or sand 4 (1.6) 3 (0.8) 1.98 0.39 to 11.18
 � Solvents 7 (2.8) 12 (3.3) 1.10 0.38 to 2.95
 � Chalk 5 (2.0) 6 (1.6) 1.18 0.32 to 4.18
 � Pesticides 15 (6.0) 28 (7.6) 0.75 0.37 to 1.46
 � Herbicides 12 (4.8) 19 (5.2) 0.87 0.39 to 1.88
Fungicides 7 (2.8) 12 (3.3) 0.94 0.34 to 2.47

aAdjusted for age, sex, region of residence, educational level, and occupational exposure.
bAdjusted for age, sex, region of residence, educational level, and pack-years of smoking.
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wood, asbestos, coal, stone and sand, solvents, chalk, pesticide, herbicides, or fun-
gicides) for 10 or more hours per week for more than 1 year. None of the occupa-
tional groups was related to the risk of PD. According to a stratified analysis by sex, 
the decrease risk of PD for persons in professional or technical occupations was 
statistically significant only among men. Regarding exposure to occupational 
agents, there was no statistical significance concerning exposure to any of the occu-
pational agents and the risk of PD, although roughly a twofold increases in OR was 
observed for exposure to stone or sand.

5.3.3  �Hypertension, Hypercholesterolemia, and Diabetes

Table 5.4 shows adjusted OR and 95% CI for PD in relation to vascular risk factors 
[11]. Hypertension, hypercholesterolemia, and diabetes mellitus were defined as 
being present when cases had received antihypertensive, cholesterol lowering, and 
diabetic medications, respectively, prior to the onset of PD or when controls had 
received such medications at the time of answering the questionnaires. Hypertension, 
hypercholesterolemia, and diabetes mellitus were significantly associated with 
decreased risk of PD. No significant differences were observed in the association 
between vascular risk factors and the risk of PD among men and women.

5.3.4  �Diet

5.3.4.1  �Alcohol and Caffeine

Alcohol intake during peak drinking period was not associated with the risk of PD 
(data not shown) [12]. However, when we assessed daily ethanol intake separately 
for each type of alcohol, only Japanese sake (rice wine) was significantly associated 
with an increased risk of PD (Table 5.5).

Table 5.4  Adjusted odds ratios for PD in relation to a history of disorders

Factor n (%)
Adjusted odds ratioa 95% confidence intervalCases (n = 249) Controls (n = 368)

Hypertension
 � No 190 (76.3) 225 (61.1) 1.00
 � Yes 59 (23.7) 143 (38.9) 0.43 0.29 to 0.64
Hypercholesterolemia
 � No 225 (90.4) 307 (83.4) 1.00
 � Yes 24 (9.6) 61 (16.6) 0.58 0.33 to 0.97
Diabetes mellitus
 � No 239 (96.0) 329 (89.4) 1.00
 � Yes 10 (4.0) 39 (10.6) 0.38 0.17 to 0.79

aAdjusted for age, sex, region of residence, pack-years of smoking, educational level, leisure-time 
exercise, body mass index, dietary intake of energy, cholesterol, vitamin E, alcohol, and coffee and 
the dietary glycemic index
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Intake of coffee, black tea, and Japanese and Chinese teas was significantly 
inversely associated with the risk of PD (Table  5.6) [13]. A clear dose-response 
relationship was observed between total caffeine intake and the risk of PD.

5.3.4.2  �Foods and Nutrients

Tables 5.7 and 5.8 show adjusted ORs for associations between intake of vegeta-
bles, fruits, and antioxidant vitamins and the risk of PD [14]. Consumption of green 
and yellow vegetables in the third quartile, but not the second and fourth quartiles, 

Table 5.5  Adjusted odds ratios for PD according to alcohol drinking amount per day during 
“peak” period for types of alcohol

Alcohol drinking amount per day 
during “peak” period (ethanol, g)

n (%)
Adjusted 
odds ratioa

95% confidence 
interval

Cases 
(n = 214)

Controls 
(n = 327)

Beer
 � Nondrinker 127 (59.4) 195 (59.6) 1.00
 � 0.1–65.9 75 (35.1) 121 (37.0) 0.99 0.61 to 1.59
 � ≥ 66.0 12 (5.6) 11 (3.4) 2.13 0.80 to 5.82
 � P for trend 0.39
Japanese sake (rice wine)
 � Nondrinker 146 (68.2) 261 (79.8) 1.00
 � 0.1–65.9 58 (27.1) 59 (18.0) 2.27 1.34 to 3.89
 � ≥ 66.0 10 (4.7) 7 (2.1) 3.39 1.10 to 11.0
 � P for trend 0.001
Shochu (a distilled alcoholic beverage made in Japan)
 � Nondrinker 180 (84.1) 273 (83.5) 1.00
 � 0.1–65.9 18 (8.4) 32 (9.8) 1.01 0.50 to 1.98
 � ≥ 66.0 16 (7.5) 22 (6.7) 1.29 0.59 to 2.78
 � P for trend 0.58
Wine
 � Nondrinker 187 (87.4) 294 (89.9) 1.00
 � 0.1–65.9 24 (11.2) 32 (9.8) 1.06 0.57 to 1.95
 � ≥ 66.0 3 (1.4) 1 (0.3) 6.11 0.67 to 1.34
 � P for trend 0.36
Whisky
 � Nondrinker 177 (82.7) 283 (86.5) 1.00
 � 0.1–65.9 30 (14.0) 38 (11.6) 1.60 0.88 to 2.93
 � ≥ 66.0 7 (3.3) 6 (1.8) 2.25 0.67 to 7.83
 � P for trend 0.06

aAdjusted for age, sex, region of residence, pack-years of smoking, educational level, body mass 
index, alcohol flushing status, presence of medication history for hypertension, hypercholesterol-
emia and diabetes, dietary intake of caffeine, cholesterol, vitamin E, vitamin B6, and dietary gly-
cemic index
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was independently associated with a decreased risk of PD; however, the inverse 
linear trend was not significant in the multivariate model. There were no evident 
associations between intake of total vegetables, vegetables other than green and yel-
low vegetables, or total fruit and PD. On the other hand, higher consumption of 
vitamin E and β-carotene was significantly associated with a reduced risk of PD.

Table 5.9 shows adjusted ORs for associations between intake of dairy products, 
calcium, and vitamin D and the risk of PD [15]. Total dairy product consumption 
was not materially associated with the risk of PD. No evident relationships were 
observed between intake of milk, yogurt, cheese, or ice cream and the risk of 
PD. There were no measurable associations between consumption of calcium or 

Table 5.6  Adjusted odds ratios for PD according to intake of coffee, black tea, and Japanese and 
Chinese teas and caffeine

No of cases/control 
subjects

Adjusted odds 
ratioa

95% confidence 
intervalVariablesb

Coffee
 � Q1 (< 26) 76/92 1.00
 � Q2 (26 to <122) 73/92 0.92 0.58 to 1.44
 � Q3 (122 to <243) 65/92 0.80 0.50 to 1.28
 � Q4 (243 ≤) 35/92 0.52 0.52 to 0.90
 � P for trend 0.02
Black tea
 � Q1 (< −0.5) 67/92 1.00
 � Q2 (−0.5 to 

<8.7)
84/92 1.13 0.71 to 1.82

 � Q3 (8.7 to <20.8) 49/92 0.61 0.36 to 1.02
 � Q4 (20.8 ≤) 49/92 0.58 0.35 to 0.97
 � P for trend 0.005
Japanese and Chinese teas
 � Q1 (< 295) 84/92 1.00
 � Q2 (295 to <492) 56/92 0.63 0.39 to 1.02
 � Q3 (492 to <840) 64/92 0.73 0.45 to 1.18
 � Q4 (840 ≤) 45/92 0.59 0.35 to 0.995
 � P for trend 0.08
Caffeine
 � Q1 (<194) 88/92 1.00
 � Q2 (194 to <315) 70/92 0.76 0.48 to 1.21
 � Q3 (315 to <496) 55/92 0.64 0.40 to 1.04
 � Q4 (496 ≤) 36/92 0.46 0.46 to 0.78
 � P for trend 0.003

aAdjusted for age, sex, region of residence, pack-years of smoking, educational level, body mass 
index, alcohol flushing status, presence of medication history for hypertension, hypercholesterol-
emia and diabetes, dietary intake of caffeine, cholesterol, vitamin E, vitamin B6, and dietary gly-
cemic index
bQuartile were based on intake in g/day (except for caffeine: mg/day) adjusted for energy intake 
using residual methods
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vitamin D and PD. No significant interactions were observed between the dietary 
exposures and sex regarding PD.

Higher intake of iron, magnesium, and zinc was independently associated with a 
reduced risk of PD (Table 5.10) [16]. There were no relationships between the intake 
of copper or manganese and the risk of PD.  Additional adjustment for intake of 
magnesium, zinc, and copper as continuous variables did not materially alter the 
significant inverse relationship between iron consumption and the risk of PD (data 
not shown). After further adjustment for intake of iron, zinc, and copper, the signifi-
cant inverse association between magnesium intake and PD remained, the OR 

Table 5.7  Adjusted odds ratios for PD by quartiles of intake of vegetables and fruits

No of cases/control 
subjects

Adjusted odds 
ratioa

95% confidence 
intervalVariablesb

Total vegetables
 � Q1 (<175.5) 62/92 1.00
 � Q2 (175.5 to 

<246.6)
70/92 0.81 0.49 to 1.32

 � Q3 (246.6 to 
<346.2)

61/92 0.70 0.42 to 1.16

 � Q4 (346.2 ≤) 56/92 0.69 0.40 to 1.16
 � P for trend 0.14
Green and yellow vegetables
 � Q1 (< 61.1) 71/92 1.00
 � Q2 (61.1 to <92.9) 58/92 0.64 0.39 to 1.03
 � Q3 (92.9 to <131.7) 54/92 0.56 0.34 to 0.93
 � Q4 (131.7 ≤) 66/92 0.66 0.40 to 1.08
 � P for trend 0.10
Other vegetables
 � Q1 (< 101.1) 57/92 1.00
 � Q2 (101.1 to 

<148.05)
75/92 1.10 0.68 to 1.79

 � Q3 (148.05 to 
<210.9)

64/92 0.90 0.54 to 1.49

 � Q4 (210.9 ≤) 53/92 0.78 0.46 to 1.33
 � P for trend 0.25
Total fruit
 � Q1 (< 86.8) 56/92 1.00
 � Q2 (86.8 to <138.2) 56/92 0.94 0.57 to 1.57
 � Q3 (138.2 to 

<225.7)
69/92 0.98 0.59 to 1.64

 � Q4 (225.7 ≤) 68/92 0.97 0.57 to 1.65
 � P for trend 0.96

aAdjusted for age, sex, region of residence, pack-years of smoking, educational level, body mass 
index, dietary intake of cholesterol, alcohol, total dairy products, and coffee and the dietary glyce-
mic index
bQuartile were based on intake in g/day adjusted for energy intake using residual methods
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between extreme quartiles being 0.33 (95% CI: 0.13–0.81, P for trend = 0.007). 
When intake of iron, magnesium, and copper was further adjusted, the inverse 
exposure-response relationship between zinc intake and PD fell just short of the 
level of significance although the further adjusted OR between extreme quartiles was 
significant at 0.50 (95% CI, 0.26–0.95, P for trend = 0.055). The inverse association 

Table 5.8  Adjusted odds ratios for PD by quartiles of intake of antioxidant vitamins

No of cases/control 
subjects

Adjusted odds 
ratioa

95% confidence 
intervalVariablesb

Vitamin C
 � Q1 (< 84.7) 60/92 1.00
 � Q2 (84.7 to <109.6) 52/92 0.71 0.43 to 1.19
 � Q3 (109.6 to <147.7) 64/92 0.82 0.49 to 1.37
 � Q4 (147.7 ≤) 73/92 0.92 0.54 to 1.55
 � P for trend 0.95
Vitamin E
 � Q1 (<7.19) 73/92 1.00
 � Q2 (7.19 to <8.44) 55/92 0.49 0.29 to 0.81
 � Q3 (8.44 to <9.759) 54/92 0.41 0.24 to 0.71
 � Q4 (9.759 ≤) 67/92 0.45 0.25 to 0.79
 � P for trend 0.009
α-Carotene
 � Q1 (<137.5) 68/92 1.00
 � Q2 (137.5 to <262.6) 60/92 0.71 0.43 to 1.15
 � Q3 (262.6 to <504.3) 66/92 0.69 0.42 to 1.13
 � Q4 (504.3 ≤) 55/92 0.61 0.36 to 1.02
 � P for trend 0.08
β-Carotene
 � Q1 (< 1836.1) 63/92 1.00
 � Q2 (1836.1 to 

<2906.4)
42/92 0.80 0.48 to 1.31

 � Q3 (2906.4 to 
<4080.9)

50/92 0.64 0.38 to 1.08

 � Q4 (4080.9 ≤) 94/92 0.56 0.33 to 0.97
 � P for trend 0.03
Cryptoxanthin
 � Q1 (<115.0) 63/92 1.00
 � Q2 (115.0 to <242.0) 42/92 0.52 0.30 to 0.87
 � Q3 (242.0 to <429.0) 50/92 0.60 0.35 to 1.003
 � Q4 (429.0 ≤) 94/92 1.16 0.71 to 1.89
 � P for trend 0.30

aAdjusted for age, sex, region of residence, pack-years of smoking, educational level, body mass 
index, dietary intake of cholesterol, alcohol, total dairy products, and coffee and the dietary glyce-
mic index
bQuartile were based on intake in μg/day (except for vitamins C and E: mg/day) for adjusted for 
energy intake using residual methods
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Table 5.9  Adjusted odds ratios for PD by quartiles of intake of dairy products, calcium and 
vitamin D

No of cases/control 
subjects

Adjusted odds 
ratioa

95% confidence 
intervalVariablesb

Total dairy products
 � Q1 (< 58.7) 57/92 1.00
 � Q2 (58.7 to <132.5) 59/92 1.01 0.61 to 1.67
 � Q3 (132.5 to <208.4) 69/92 1.07 0.64 to 1.77
 � Q4 (208.4 ≤) 64/92 0.85 0.50 to 1.45
 � P for trend 0.62
Milk
 � Q1 (<18.2) 65/92 1.00
 � Q2 (18.2 to <68.5) 57/92 0.80 0.48 to 1.33
 � Q3 (68.5 to <149.3) 48/92 0.62 0.36 to 1.04
 � Q4 (149.3 ≤) 79/92 0.96 0.59 to 1.58
 � P for trend 0.75
Yogurt
 � Q1 (<2.57) 66/92 1.00 0.42 to 1.16
 � Q2 (2.57 to <11.5) 50/92 0.70 0.63 to 1.75
 � Q3 (11.5 to <72.6) 70/92 1.05 0.47 to 1.31
 � Q4 (72.6 ≤) 63/92 0.63
 � P for trend
Cheese
 � Q1 (< 0.226) 65/92 1.00
 � Q2 (0.226 to <1.44) 72/92 1.26 0.77 to 2.05
 � Q3 (1.44 to <3.91) 48/92 0.82 0.49 to 1.39
 � Q4 (3.91 ≤) 64/92 0.99 0.61 to 1.62
 � P for trend 0.59
Ice cream
 � Q1 (< 2.01) 68/92 1.00
 � Q2 (2.01 to <8.65) 67/92 0.98 0.61 to 1.59
 � Q3 (8.65 to <18.13) 50/92 0.72 0.43 to 1.20
 � Q4 (18.13 ≤) 64/92 0.85 0.51 to 1.40
 � P for trend 0.35
Calcium
 � Q1 (< 421.6) 61/92 1.00
 � Q2 (421.6 to <539.8) 59/92 0.77 0.46 to 1.29
 � Q3 (539.8 to <669.2) 70/92 0.87 0.50 to 1.49
 � Q4 (669.2 ≤) 59/92 0.69 0.37 to 1.30
 � P for trend 0.37
Vitamin D
 � Q1 (< 7.129) 66/92 1.00
 � Q2 (7.129 to <9.30) 47/92 0.65 0.38 to 1.09
 � Q3 (9.30 to <12.82) 69/92 0.83 0.50 to 1.37
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between copper intake and PD had completely disappeared after further adjustment 
for intake of iron, magnesium, and zinc.

Compared with arachidonic acid intake in the first quartile, consumption of that 
in the fourth quartile was significantly related to an increased risk of PD (Table 5.11) 
[17]. Cholesterol intake was also significantly positively associated with the risk of 
PD. On the other hand, there was no association between consumption of total fat, 
saturated fatty acids, monounsaturated fatty acids, n-3 polyunsaturated fatty acids, 
α-linolenic acid, eicosapentaenoic acid, docosahexaenoic acid, n-6 polyunsaturated 
fatty acids, and linoleic acid or the ratio of n-3 to n-6 polyunsaturated fatty acid 
intake and the risk of PD.

5.3.4.3  �Glycemic Index and Dietary Pattern

Glycemic index was significantly inversely associated with the risk of PD [18]: 
multivariate ORs, by adjusting for potential confounding factors, including sex, age, 
region, pack-years of smoking, education, body mass index, and intake of fat, vita-
min E, iron, and alcohol (95% CIs), for PD in the first, second, third, and forth 
quartiles dietary glycemic index were 1.00 (reference), 1.03 (0.64–1.66), 0.68 
(0.41–1.15), and 0.61 (0.34–1.09), respectively (P for trend = 0.04). Conversely, no 
significant associations were observed for other dietary carbohydrates, including 
available carbohydrate intake (P for trend  =  0.28), dietary fiber intake (P for 
trend = 0.73), or dietary GL (P for trend = 0.77).

In this study subjects, three dietary patterns were identified [19]. Factor 1, which 
loaded heavily on green and yellow vegetables, seaweed, pulses, other vegetables, 
mushrooms, potatoes, fruits, fish, sea products, miso soup, Japanese and Chinese tea, 
and low intake of alcoholic beverages, was labelled the “Healthy pattern.” Factor 2, 
which had high loadings for beef and pork, chicken, vegetable oil, shellfish, processed 
meat, salt-containing seasonings, and eggs, was labelled the “Western pattern.” Factor 3, 
which had high loadings for bread, confectionaries, dairy products, sugar, black tea, fruit 
and vegetable juices, coffee and cocoa, butter, noodles, and soft drinks, was labelled the 
“Light meal” pattern. After adjustment for sex, age, region of residence, pack-years of 
smoking, educational level, and body mass index, multivariate OR (95% CI) for PD in 
the highest quartile of the Health pattern was 0.54 (0.32 to 0.92) compared with the low-
est quartile. No associations with PD were detected for the other two dietary patterns.

No of cases/control 
subjects

Adjusted odds 
ratioa

95% confidence 
intervalVariablesb

 � Q4 (12.82 ≤) 67/92 0.82 0.46 to 1.47
 � P for trend 0.69

aAdjusted for age, sex, region of residence, pack-years of smoking, educational level, body mass 
index, dietary intake of cholesterol, vitamin E, β-Carotene, vitamin B6 caffeine, iron, alcohol, and 
the dietary glycemic index
bQuartile were based on intake in g/day (except for calcium: mg/day and vitamin D: μg/day) for 
adjusted for energy intake using residual methods

Table 5.9  (continued)
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5.3.5  �Genetic Factors

In the present case-control study, we analyzed the associations between some single 
nucleotide polymorphisms (SNPs) and the risk of PD [20–29]. Table 5.12 shows the 
observed results of significant associations between SNPs and the risk of PD. The 
distributions of all examined SNPs among controls were consistent with the Hardy-
Weinberg equilibrium.

Table 5.10  Adjusted odds ratios for PD by quartiles of intake of metals

No of cases/control 
subjects

Adjusted odds 
ratioa

95% confidence 
intervalVariablesb

Iron
 � Q1 (< 6.42) 71/92 1.00
 � Q2 (6.42 to <7.63) 80/92 0.70 0.41 to 1.18
 � Q3 (7.63 to <8.73) 51/92 0.30 0.18 to 0.63
 � Q4 (8.73 ≤) 47/92 0.26 0.12 to 0.55
 � P for trend <0.0001
Magnesium
 � Q1 (< 234.2) 79/92 1.00
 � Q2 (234.2 to <269.8) 69/92 0.64 0.38 to 1.06
 � Q3 (269.8 to <312.9) 51/92 0.40 0.22 to 0.73
 � Q4 (312.9 ≤) 50/92 0.33 0.15 to 0.71
 � P for trend 0.002
Zinc
 � Q1 (< 7.53) 69/92 1.00
 � Q2 (7.53 to <8.13) 56/92 0.54 0.32 to 0.90
 � Q3 (8.13 to <8.90) 63/92 0.52 0.30 to 0.90
 � Q4 (8.90 ≤) 61/92 0.43 0.23 to 0.80
 � P for trend 0.01
Copper
 � Q1 (< 1.10) 78/92 1.00
 � Q2 (1.10 to <1.208) 60/92 0.68 0.41 to 1.12
 � Q3 (1.208 to <1.34) 54/92 0.52 0.30 to 0.87
 � Q4 (1.34 ≤) 57/92 0.55 0.31 to 0.99
 � P for trend 0.03
Manganese
 � Q1 (< 3.32) 78/92 1.00
 � Q2 (3.32 to <4.20) 67/92 0.87 0.53 to 1.43
 � Q3 (4.20 to <5.45) 62/92 1.06 0.60 to 1.87
 � Q4 (5.45 ≤) 42/92 0.92 0.45 to 1.87
 � P for trend 0.98

aAdjusted for age, sex, region of residence, pack-years of smoking, educational level, body mass 
index, dietary intake of cholesterol, vitamin E, β-Carotene, vitamin B6 caffeine, alcohol, and the 
dietary glycemic index
bQuartile were based on intake in mg/day for adjusted for energy intake using residual methods
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Table 5.11  Adjusted odds ratios for PD by quartiles of intake of specific types of dietary fat

No of cases/control 
subjects

Adjusted odds 
ratioa

95% confidence 
intervalVariablesb

Total fat
 � Q1 (<49.5) 54/92 1.00
 � Q2 (49.5 to <57.23) 62/92 1.00 0.59 to 1.67
 � Q3 (57.23 to <64.98) 74/92 1.21 0.72 to 2.05
 � Q4 (64.98 ≤) 59/92 0.95 0.52 to 1.72
 � P for trend 1.00
Saturated fatty acids
 � Q1 (< 12.24) 46/92 1.00
 � Q2 (12.24 to <15.04) 70/92 1.36 0.82 to 2.29
 � Q3 (15.04 to < 18.00) 76/92 0.50 0.90 to 2.51
 � Q4 (18.00 ≤) 57/92 1.05 0.61 to 1.83
 � P for trend 0.92
Monounsaturated fatty acids
 � Q1 (<16.46) 63/92 1.00
 � Q2 (16.46 to <19.35) 60/92 0.84 0.51 to 1.38
 � Q3 (19.35 to <22.60) 58/92 0.78 0.47 to 1.32
 � Q4 (22.60 ≤) 68/92 1.01 0.58 to 1.78
 � P for trend 0.90
n-3 polyunsaturated fatty acids
 � Q1 (< 2.258) 61/92 1.00
 � Q2 (2.258 to <2.780) 71/92 1.07 0.66 to 1.75
 � Q3 (2.780 to <3.248) 57/92 0.92 0.55 to 1.56
 � Q4 (3.248 ≤) 60/92 0.93 0.52 to 1.65
 � P for trend 0.67
α-Linolenic acid
 � Q1 (<1.27839) 66/92 1.00
 � Q2 (1.27839 to <1.5897) 64/92 0.84 0.51 to 1.38
 � Q3 (1.5897 to <1.880) 49/92 0.66 0.39 to 1.14
 � Q4 (1.880 ≤) 70/92 1.01 0.58 to 1.76
 � P for trend 0.95
Eicosapentaenoic acid
 � Q1 (< 0.232) 64/92 1.00
 � Q2 (0.232 to <0.3155) 59/92 0.79 0.48 to 1.29
 � Q3 (0.3155 to <0.4708) 67/92 0.92 0.57 to 1.48
 � Q4 (0.4708 ≤) 59/92 0.89 0.53 to 1.50
 � P for trend 0.90
Docosahexaenoic acid
 � Q1 (< 0.370) 56/92 1.00
 � Q2 (0.370 to <0.522) 66/92 1.02 0.63 to 1.67

(continued)
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Table 5.11  (continued)

No of cases/control 
subjects

Adjusted odds 
ratioa

95% confidence 
intervalVariablesb

 � Q3 (0.522 to <0.727) 62/92 1.00 0.61 to 1.65
 � Q4 (0.727 ≤) 65/92 1.14 0.68 to 1.93
 � P for trend 0.62
n-6 polyunsaturated fatty acids
 � Q1 (< 8.78) 66/92 1.00
 � Q2 (8.78 to <10.27) 59 0.77 0.46 to 1.27
 � Q3 (1.027 to <12.25) 58/92 0.80 0.47 to 1.36
 � Q4 (12.25 ≤) 66/92 0.99 0.56 to 1.74
 � P for trend 0.92
Linoleic acid
 � Q1 (< 8.54) 65/92 1.00
 � Q2 (8.54 to <10.04) 63/92 0.84 0.51 to 1.39
 � Q3 (10.04 to <11.938) 54/92 0.77 0.45 to 1.31
 � Q4 (11.938 ≤) 67/92 1.04 0.59 to 1.84
 � P for trend 0.86
Arachidonic acid
 � Q1 (< 0.1063) 44/92 1.00
 � Q2 (0.1063 to <0.136) 62/92 1.36 0.82 to 2.29
 � Q3 (0.136 to <0.171) 64/92 1.48 0.87 to 2.53
 � Q4 (0.171 ≤) 7992 2.09 1.21 to 3.64
 � P for trend 0.008
n-3/n-6 Polyunsaturated fatty acid ratio
 � Q1 (<0.2139) 60/92 1.00
 � Q2 (0.2139 to <0.250) 49/92 0.75 0.45 to 1.24
 � Q3 (0.250 to <0.306) 78/92 1.26 0.78 to 2.04
 � Q4 (0.306 ≤) 62/92 1.01 0.62 to 1.65
 � P for trend 0.51
Cholesterol
 � Q1 (< 227.8) 48/92 1.00
 � Q2 (227.8 to <290.0) 51/92 0.99 0.59 to 1.68
 � Q3 (290.0 to <374.0) 70/92 1.42 0.85 to 2.37
 � Q4 (374.0 ≤) 80/92 1.78 1.04 to 3.05
 � P for trend 0.01

aAdjusted for age, sex, region of residence, pack-years of smoking, educational level, body mass 
index, dietary intake of vitamin E, iron, and alcohol.
bQuartile were based on intake in g/day (except for cholesterol: mg/day) for adjusted for energy 
intake using residual methods, except for quartiles for the ratio of n-3 to n-6 polyunsaturated fatty 
acids, which were based on crude intake in g/day.

Monoamine oxidase B (MAOB) is one of the primary enzymes regulating 
metabolism of neurotransmitters such as dopamine. Because the G allele of 
MAOB rs1799836 polymorphism is associated with lower activity of brain MAOB 
activity, the G allele may be involved in PD susceptibility. In the present case-
control study, there was a significant trend in decreasing risk with the number of 
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the G alleles of MAOB rs1799836 (p = 0.016) [22]. Catechol-O-methyltransferase 
(COMT) is an enzyme associated with metabolism of dopamine. There was a 
significant trend in increasing risk with the number of the A alleles of COMT 
rs4680 (p = 0.044) [22].

Previous studies showed that the LARK2 Gly2385Arg variant is a risk factor for 
PD.  In the present case-control study, compared with the GG genotype, the GA 
genotype had a significantly increased risk of PD in the multivariate model [21]. 
Furthermore, compared with subjects with the GG genotype, those with the GA 
genotype who had never smoked had a 5.8-fold increased risk of PD; however, the 
multiplicative interaction between the SNP and smoking was not statistically sig-
nificant. With respect to the additive interaction, the estimated attributable propor-
tion due to interaction (AP), but not relative excess risk due to interaction (RERI) or 
the synergy index (S), was statistically significant.

Table 5.12  The association between single nucleotide polymorphisms and PD

Gene SNPs
Genotype or 
model

Adjusted odds 
ratio

95% confidence interval 
or P value

LARK2 Gly2385Arg 
[21]

rs34778348 GA vs. GG 2.06 1.15 to 3.69

MAOB [22] rs1799836 AG vs. AA 0.61 0.37 to 0.99
Additive model 
(G)

Not shown (p = 0.016)

AA vs. 
AG + GG

1.70 1.12 to 2.58

COMT [22] rs4680 Additive model 
(A)

Not shown p = 0.044

SNCA [24] rs356220 CC + CT vs. 
TT

1.42 1.002 to 2.02

rs2736990 Additive model 
(G)

1.30 1.002 to 1.68

UCHL1 S18Y [25] CC vs. 
CA + AA

1.57 1.06 to 2.31

PARK16 [28] rs823128 AG vs. AA 0.64 0.42 to 0.97
Additive model 
(G)

0.64 0.44 to 0.93

AA vs. 
AG + GG

0.62 0.41 to 0.93

rs947211 GG vs. AA 3.06 1.83 to 5.12
Additive model 
(G)

1.76 1.36 to 2.28

AA vs. AG+ 
GG

1.99 1.29 to 3.07

rs823156 Additive model 
(G)

0.68 0.48 to 0.96

AA vs. 
AG + GG

0.67 0.46 to 0.98

VDR [29] rs2228570 Additive model 
(A)

0.77 0.60 to 0.997
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The α-synuclein protein (140 amino acid) is encoded by the SNCA gene. 
α-Synuclein protein is the major fibrillary component of Lewy neurites, suggesting 
the association with PD. SNCA SNPs rs356220 and 2736990, but not rs356229, 
rs356219, or rs7684318, were significantly associated with the risk of PD [24]. The 
significant additive interactions were observed between SNPs rs356219 and 
rs356220 and smoking with respect to PD, although the multiplicative interactions 
were not significant.

Ubiquitin carboxy-terminal hydrolase L1 (UCHL1) activity has been shown to 
be required for normal synaptic function. Compared with subjects with the CC or 
CA genotype of UCHL S18Y SNP, those with the AA genotype had a significantly 
increased risk PD [25].

PARK16 was identified as a new PD susceptibility locus in a genome-wide associa-
tion study in the Japanese. PARK16 SNPs rs823128, rs947211, and rs823156, but not 
rs16856139 or rs11240572, were significantly associated with the risk of PD 
(Table 5.12) [28]. Compared with subjects with the AA genotype of SNP rs823128 
who had ever smoked, those with the AG or GG genotype who had never smoked had 
a 3.3-fold increased risk of sporadic PD: the additive interaction between SNP rs823128 
and smoking affecting sporadic PD was significant because the 95% CIs of the RERI 
and AP values were >0, while the multiplicative interaction was not significant.

Previous studies showed that PD patients had lower mean levels of 
25-hydroxyvitamin D than healthy controls. Because the biological actions of the 
active form of vitamin D are mediated by the nuclear vitamin D receptor (VDR), 
SNPs in the VDR gene may have roles in the development of PD. VDR SNPs 
rs2228570, but not rs731236, rs7975232, or rs1544410, was significantly associated 
with the risk of PD [29].

In the study on APOE polymorphisms, compared with the APOE ε3/ε3 genotype, 
the 2/ε4 genotype was associated with an increased risk of PD (adjusted OR = 9.50, 
95% CI: 1.12 to 80.6) [23]. The presence of the ε3 allele was associated with a 
decreased risk of PD: adjusted OR in additive model = 0.08, 95% CI; 0.01 to 0.62).

No association was observed between GST [20], BST1 [26], or MDR1 [27] and 
the risk of PD.

5.4  �Discussion

The Fukuoka Kinki Parkinson’s Disease Study had methodological strengths. All 
PD patients were diagnosed by a neurologist according to established criteria, there-
fore, there is little reason to suspect that there was a serious misdiagnosis of PD. The 
response rate among cases was relatively high (84%). We took into consideration 
comprehensive information on potential confounders.

Important weaknesses of the present study should be considered. Information on 
lifestyle and environmental factors such as smoking habits, diet, and occupation was 
based on self-reports. Consequently, the possibility of inaccurate exposure data and 
resulting misclassification bias should be considered when interpreting our findings. 
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Another problem with retrospective case-control studies is recall bias. However, risk 
factors for PD are poorly characterized; therefore, study subjects have few system-
atic preconceived ideas regarding their disease etiology. We used the DHQ which 
was designed to assess dietary intake for 1 month prior to completing the question-
naire. Current rather than past dietary habits were assessed because retrospective 
estimation of past dietary consumption is generally difficult and the utility of our 
DHQ for dietary intake in the past is unknown. Therefore, our case-control study was 
inevitably based on the assumption that the patterns of relative food intake of cases 
and control subjects remained fairly stable over time. Pre-symptomatic and/or post-
symptomatic PD such as their food preferences in the preclinical stage and food 
choices affected by some of the non-motor symptoms could influence dietary habits 
in some cases which would lead to misclassification of their true long-term dietary 
exposure. The study size was rather small for a valid genetic association study. The 
lack of significant relationships between some SNPs which we examined and the risk 
of PD might be attributable to insufficient statistical power.

In order to establish evidence on preventive and risk factors for PD in Japanese, 
further case-control studies with a larger number of subjects and also by functional 
studies are needed.
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Abstract  The two pillars of descriptive and analytic epidemiological studies on 
intractable diseases are clarification of the number of patients showing symptoms 
and basic clinical features. This report introduces the importance of descriptive and 
analytic epidemiology of intractable diseases with regard to the significance, meth-
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odology, and points of attention through a nationwide survey of idiopathic normal 
pressure hydrocephalus (iNPH) that we experienced including specific survey 
methods, with introduction of reports from Japan and other countries.

iNPH manifests three features: gait disturbance, cognitive impairment, and uri-
nary incontinence. The cerebrospinal fluid pressure is within the normal range 
although ventricular enlargement occurs, and symptoms can be improved by cere-
brospinal fluid shunt treatment. It is more likely to develop in the elderly (60 years 
old or older), attracting attention as a geriatric disease of unknown cause with 
increasing number of patients. After the treatment guidelines were established, new 
epidemiological information has been accumulating in Japan. This nationwide 
hospital-based epidemiologic survey was performed based on patient’s background 
and clarified the presence of 13,000 patients treated for iNPH per year in Japan. In 
addition, comorbidities of iNPH included hypertension, diabetes, Alzheimer dis-
ease, and orthopedic diseases, and gender-specific characteristics were noted. Long-
term treatment effect can be obtained by appropriate diagnosis and proper 
cerebrospinal fluid shunt operation. Utilization of the data collected by previous 
studies on iNPH reported in Japan and other countries including this nationwide 
survey is expected to elucidate the fundamental mechanism related to the cause and 
pathology of iNPH as a treatable disease of the elderly.

Keywords  Nationwide hospital-based epidemiologic survey · Idiopathic normal 
pressure hydrocephalus · Prevalence · Incidence · Comorbidity

6.1  �Introduction

Descriptive and analytic epidemiology of intractable diseases has been attracting 
attention in the field of social medicine. The basic countermeasures against intrac-
table diseases are strengthening of diagnosis and treatment of each intractable dis-
ease, for which accurate summation of medical information, such as the total 
number of patients, morbidity, prevalence, and characteristic of age distribution in 
each disease, and preparation of information collected by descriptive and analytic 
epidemiological surveys to be utilized in actual medical practice are important. 
Utilizing the clinical survey registration forms of individuals or administrative-level 
hospital documents and medical prescription data of each disease, nationwide epi-
demiological surveys were performed mainly by the health and medical administra-
tions in each country and promoted development of various descriptive and analytic 
epidemiological methods for intractable diseases.

The pillars of descriptive and analytic epidemiological studies on intractable dis-
eases are clarification of the number of patients and basic clinical features. 
Specifically, various types of research and studies are performed to discover the 
disease early, identify preventive factors, and evaluate the outcomes of advanced 
treatments by analyzing the frequency of each intractable disease (including the 
total number of patients, morbidity, and prevalence), characteristics of the age dis-
tribution, and clinical background, for which the role of epidemiology liaison exerts 

N. Kuriyama et al.



85

in survey studies on intractable diseases are as important as that of clinical special-
ists actually registering individual patients in routine medical practice.

In this report, the significance, methodology, and points of attention of survey 
studies are introduced based on a hospital-based nationwide survey of an intractable 
disease, idiopathic normal pressure hydrocephalus (iNPH), that we experienced. In 
addition, the importance of descriptive and analytic epidemiology and the role of 
epidemiology liaison exerts are discussed while introducing reports on iNPH from 
Japan and other countries.

6.2  �Historical Background of Idiopathic Normal Pressure 
Hydrocephalus

In Japan entering the aged society, idiopathic normal pressure hydrocephalus 
(iNPH) has recently been attracting attention as a geriatric disease with an increase 
in the incidence in the elderly (60 years old or older), although the cause is still 
unclear, and how to perform early medical and nursing care interventions for a geri-
atric disease, iNPH, in upcoming super-aging society is an important theme of geri-
atric medicine.

Idiopathic normal pressure hydrocephalus (iNPH) causes three features: gait dis-
turbance, cognitive impairment, and urinary incontinence. The cerebrospinal fluid 
pressure is within the normal range although ventricular enlargement occurs, and 
symptoms can be improved by cerebrospinal fluid shunt operation. Hakim and 
Adams initially proposed it as an independent single disease concept in 1965 [1, 2]. 
iNPH is an important geriatric disease expected to increase patients as a treatable 
cognitive impairment in the aging society. Since all of the above symptoms nega-
tively influence ADL, accurate early discovery, diagnosis, and treatment are neces-
sary, and its clinical background and pathology have been attracting attention.

Although iNPH is a disease specific to the elderly, as shown by its name “idio-
pathic,” no preceding diseases develop, such as subarachnoid hemorrhage and men-
ingitis, and it chronically progresses slowly due to impaired absorption of 
cerebrospinal fluid [3, 4]. This disease is similar to normal aging and other dementia 
(such as Alzheimer disease and Binswanger’s disease) or may be complicated by 
these depending on cases, and causes nonspecific symptoms frequently observed in 
the elderly, being likely to be overlooked. However, it is possible to improve symp-
toms by appropriate cerebrospinal fluid shunt operation in elderly patients (60 years 
old or older), being known as a treatable disease, i.e., the treatment method was 
discovered before elucidation of the cause [3–5]. The fundamental cause and pathol-
ogy have not yet been elucidated as shown by its name, “idiopathic,” while an effec-
tive treatment method, shunt operation, was discovered beforehand, showing 
uniqueness and characteristics of this disease. Therefore, it has not been completely 
elucidated what step of the process of cerebrospinal fluid absorption is impaired in 
iNPH or whether ventricular enlargement results from this. However, the pathology 

6  Descriptive and Analytic Epidemiology of Idiopathic Normal Pressure



86

and clinical characteristics of iNPH suggest the presence of impaired cerebrospinal 
fluid absorption in the brain parenchyma or near the subarachnoid space, and the 
disease is considered an important research subject concerning cerebrospinal fluid 
circulation in basic medicine in the future. Fortunately, the clinical guidelines for 
iNPH have been formulated and a nationwide epidemiological survey has been per-
formed with support by the Ministry of Health, Labour and Welfare as a core dis-
ease under the Research on Measures for Intractable Diseases Project in Japan, and 
the disease has become widely known as an intractable disease with a curable treat-
ment method, with which pioneering reports leading to further elucidation of the 
pathology are needed. At the same time, further progression of clinical-
epidemiological, pathological, and physiological studies is expected.

Although the revised edition of the iNPH-related treatment guidelines [6–8] was 
formulated and a certain number of hospital-based or population-based studies have 
been reported (Table 6.1), from a descriptive and analytic epidemiological point of 
view, no accurate national-level epidemiological survey or study on iNPH has been 
sufficiently performed. No nationwide clinical epidemiology of iNPH, such as the 
total number of patients, morbidity, prevalence, clinical characteristics, and actual 
clinical state, has been reported in any country, not limited to Japan. Accordingly, 
accurate epidemiological information of iNPH has been needed, requiring a 
national-level epidemiological survey. In 2013, conditions for an epidemiological 
survey of iNPH, such as research staff and funding, became ready and we per-
formed the initial national-level hospital-based nationwide epidemiological survey 
of iNPH mainly led by epidemiology liaison exerts. The annual number of patients 
treated, estimated prevalence, clinical background, and risk factors were clarified, 
and a report written in English was published by the Ministry of Health, Labour and 
Welfare Research Group [9].

6.3  �History of Guideline Preparation for Idiopathic Normal 
Pressure Hydrocephalus and Accompanying Clinical 
Studies

Generally, to perform an epidemiological survey/study on intractable disease, for-
mulation of medical care measures and guidelines capable of providing accurate 
and appropriate information are required as prerequisites. Since recognition of 
iNPH largely varied among regions, facilities, and physicians, guidelines for treat-
ment of this disease were published in 2004, aiming at standardization of diagnosis 
and treatment of iNPH [10]. Subsequently, the second revised edition of the iNPH-
related treatment guidelines [7] was published in 2011 to promote the spread and 
understanding of the characteristics, importance, and aiming at latest knowledge on 
this disease. The first author (N.K.) and coauthors (M.M., M.N., T.T., T.K., and 
H.A.) participated in the formulation. The US iNPH treatment guidelines were also 
published in the same period [6, 8], but attention should be paid to that cases with 
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Table 6.1  Recent major reported epidemiological survey of iNPH in the literature

Author-year Country Subjects of investigation Epidemiological data

Hospital-based study

Vanneste et al. 
1992

Netherlands 166 shunt operation cases 
with iNPH among 2500,000 
residents in multiple 
hospital-based nationwide 
collaborative survey in 
Netherlands

Incidence rate of shunt-
responsive iNPH: 2.2/million/
year

Tisell et al. 
2005

Sweden 891 patients who underwent 
surgery for hydrocephalus in 
one the six university 
hospitals in Sweden during 
1996–1998

Incidence of iNPH surgery: 
1.6/100.000/year (47% of 
3.4/100.000/year)

Brean et al. 
2009

Norway 4,644,761 inhabitants of 
Norway in 2006.

Incidence of iNPH: 
1.09/100,000/year (> 65 years 
30.2/100,000/year)

Klassen et al. 
2011

USA 124,277 inhabitants in a 
community of Minnesota, 
USA

Incidence of clinically 
suspected iNPH:1.19/100,000/
year

Muangpaisan 
et al. 2012

Thailand 233 dementia patients of an 
outpatient geriatric clinic in a 
hospital

Prevalence rate of iNPH:0.9%

Kuriyama 
et al. 2017

Japan The residents who had a 
medical diagnosis as iNPH by 
hospital-based nationwide 
survey in Japan

Crude prevalence of iNPH in 
the whole Japanese 
population: 10.2/100,000/year 
estimated prevalence in over 
70-year-olds of iNPH: 
58/100,000/year

Population-based study

Brean et al. 
2008

Norway 220,000 inhabitants who had a 
medical examination by the 
health-promotive activity in a 
city.

Prevalence and incidence of 
probable iNPH: 21.9 and 5.5 
/100,000/year

Hiraoka et al. 
2008

Japan (Miyagi 
prefecture)

170 randomly selected local 
residents >65-year-olds out of 
2516 elderly inhabitants of the 
town Tajiri

Prevalence rate of MRI-
supported possible iNPH:2.9% 
patients ≥65 years

Tanaka et al. 
2009

Japan (Miyagi 
prefecture)

567 local residents who were 
randomly selected from the 
1654 local inhabitants 
≥65 years old

Prevalence rate of MRI-
supported possible iNPH: 
1.4%≥ of 65 years

Iseki et al. 
2009

Japan 
(Yamagata 
prefecture)

790 local residents (69.2%) 
who were 61 years old and all 
70–72-year-olds

Prevalence rate of MRI-
supported possible iNPH:0.5%

Iseki et al. 
2014

Japan 
(Yamagata 
prefecture)

271 local inhabitants who 
were all 70-year-olds

Incidence of possible iNPH: 
1.2/100(120/100,000) 
prevalence rate of possible 
iNPH:0.37%

(continued)
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delayed onset of congenital hydrocephalus symptoms may be included in the US 
iNPH guidelines because the onset age of iNPH symptoms is described as 40 years 
old or older [6, 8]. Actually, in studies investigating a large number of iNPH patients, 
the mean age was about 75 years old and the number of patients in their 40s was 
considered small [11, 12].

iNPH is now known worldwide and routine medical practice, diagnosis, exami-
nation, and treatment are performed based on standardized diagnostic criteria. Upon 
publication of the guidelines [6–8], a much greater understanding of the pathology 
and treatment of this disease has developed. In this context, the iNPH guidelines 
play a specific role in spreading clinical information of iNPH. The iNPH guidelines 
[7] specify three diagnosis levels (possible, probable, and definite) and the optimum 
medical care for each level. Application of cerebrospinal fluid shunt operation rap-
idly increased as awareness of iNPH markedly increased, and basic and clinical 
studies on iNPH have markedly progressed.

In Japan, iNPH was selected for Research on Measures for Intractable Diseases 
Project under the initiative by the Ministry of Health, Labour and Welfare, and a 
Research Group has been organized. In the process of guideline formulation 
described above, the necessity of transmitting high evidence-level research results 
became understood. A multicenter prospective cohort study: Study of Idiopathic 
Normal Pressure Hydrocephalus on Neurological Improvement (SINPHONI), was 
conducted mainly by this iNPH Research Group in Japan [13]. As a result of this 
study, application of cerebrospinal fluid shunt operation was approved regardless of 
the results of CSF exclusion test (cerebrospinal tap test) for cases clinically sus-
pected with iNPH showing the features of disproportionately enlarged subarachnoid-
space hydrocephalus (DESH) specified by the diagnostic criteria on brain MRI, i.e., 
ventricular enlargement with narrowing of the subarachnoid space in the high-
convexity area. Therefore, imaging diagnosis is important for treatment of iNPH, 
and morphological evaluation using brain CT and MRI became essential to diag-
nose iNPH.  As a result of the world’s initial randomized controlled study, 
SINPHONI-2 [14] have been reported from Japan, the efficacy of cerebrospinal 
fluid shunt operation for iNPH was ensured.

Table 6.1  (continued)

Author-year Country Subjects of investigation Epidemiological data

Jaraj et al. 
2014

Sweden 1238 residents >70 years old 
with brain CT and 
neuropsychological 
examination.

Prevalence rate of probable 
iNPH: 0.2% in 70–79-year-
olds, 5.9% in >80-year-olds.

Nakashita 
et al. 2016

Japan (Tottori 
prefecture)

607 local residents ≥65 years 
old with brain MRI and 
cognitive examinations

Prevalence rate of possible 
iNPH:2.8%

Health insurance-database based study

Lemcke et al. 
2016

Germany 7.5 million insurants of 
nationwide health insurance 
claim data

Incidence of iNPH: 
1.36/100,000/year prevalence 
rate of iNPH:0.01%
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While clinical information concerning iNPH is being accumulated, for example, 
which of the three features described above is frequently encountered at clinical 
practice sites depends on the department that patients visit first, for example, many 
patients visit the orthopedic department for gait disturbance. However, very few 
descriptive epidemiological studies accurately reflected the overall actual state of 
routine medical practice. Thus, international comparison of data concerning iNPH 
has not been performed with regard to the epidemiology and treatment effect. Many 
other unsolved tasks remain for iNPH with regard to the cause of disease, diagnosis, 
and treatment method. Selection of cerebrospinal fluid biomarkers useful to diag-
nose and differentiate iNPH, follow-up survey of asymptomatic iNPH, establish-
ment of severity classification applicable for evaluation of treatment, and medical 
economic investigation are planned, and interesting reports in these directions may 
come out in the future.

6.4  �Treatment of Idiopathic Normal Pressure Hydrocephalus

The main pathology of iNPH is impairment of cerebrospinal fluid circulation, and it 
has been reported that the cerebrospinal fluid turn-over rate decreases to 1/4 of that 
in healthy individuals [15]. Accordingly, the objective of iNPH treatment is correc-
tion of impaired cerebrospinal fluid circulation, and the main body of treatment is 
cerebrospinal fluid shunt operation [6–8]. Previously, ventriculo-peritoneal shunt 
(VP shunt) was performed as the first-line treatment in many cases. However, it had 
a risk of damaging the brain because a tube is inserted into the brain. Since a study 
demonstrating the efficacy of lumbo-peritoneal shunt (LP shunt) not damaging the 
brain was reported in 2015 [14], LP shunt has been frequently applied instead of VP 
shunt, becoming the first-choice. This clinical study [14] investigated the usefulness 
of lumbar subarachnoid peritoneal shunt of cerebrospinal fluid (LP shunt opera-
tion). It was an investigator-initiated multicenter clinical study and designated as 
Study of Idiopathic Normal Pressure Hydrocephalus on Neurological Improvement-2 
(SINPHONI-2) and performed at 20 medical institutions in Japan. Specifically, after 
registration of 93 iNPH patients, they were randomly divided into two groups: a 
group undergoing L-P shunt (early group comprised of 49 patients) and a group 
waiting for undergoing L-P shunt for 3 months with exercise along a program (wait-
ing group comprised of 44 patients). Changes in the symptoms after 3 months com-
pared with those at the time of registration were compared between the early and 
waiting groups, and the usefulness of L-P shunt operation, which does not damage 
the brain, was clarified initially in the world. When the results of this clinical study 
are clearly presented in the guidelines, L-P shunt may become the first-
recommendation level. However, it is still not described in the treatment guidelines. 
At present, the shunt method to be selected as the first-choice for individual cases is 
decided based on the physical condition of the patient and operator’s experience in 
consideration of the age, complications, and requests from patients [16, 17].
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6.5  �Nationwide Epidemiological Survey of Idiopathic 
Normal Pressure Hydrocephalus

Many iNPH patients live an inactive life because gait disturbance and cognitive 
impairment accompanied by loss of motivation develop at a high frequency [18]. 
These patients are suspected as having iNPH and visit the hospital for close exami-
nation, initially undergoing imaging of the head and cognitive function and gait 
tests. However, no national-level survey of epidemiological and clinical backgrounds 
useful for both patients and medical personnel has been previously reported. 
Moreover, confirmation of improvement of clinical symptoms by painful invasive 
examination, such as CSF removal test, is necessary to definitely diagnose the dis-
ease, and this is not easy for general internists to perform and likely to be over-
looked. Accordingly, previously reported hospital-based surveys were limited to 
hospitals where patients gathered, being the main trend (Table 6.1), i.e., these stud-
ies have limitations that it was performed in limited hospitals and thus limited the 
number of patients definitely diagnosed with iNPH.  There may have been many 
patients who did not visit the surveyed hospitals being not registered. Therefore, it is 
possible that the number of treated patients was far greater than previously expected.

After the guidelines were formulated, population-based surveys have recently 
been performed as shown in Table 6.1, increasing epidemiological information of 
iNPH, but consideration of the regional characteristics is necessary for all these 
surveys and the epidemiological description remains vague throughout the world.

Based on the situation that no national-level nationwide survey of iNPH has been 
performed, a nationwide epidemiological survey centering the total annual number 
of iNPH patients was performed in 2013 mainly by the iNPH Research Group sup-
ported by the Ministry of Health, Labour and Welfare [9], and the epidemiological 
features, clinical characteristics, background factors, and risk factors of iNPH were 
clarified by the hospital-based nationwide survey. The methods and the essence of 
the results are introduced below.

6.5.1  �Materials and Methods

The nationwide epidemiological survey consisted of two stages: the primary survey 
aiming at summation of the total number of patients and the secondary survey aim-
ing at collecting clinical information. The survey was carried out mainly by the 
Clinical Research Group and epidemiology liaison experts in cooperation with 
nationwide clinical hospitals. The method is specifically described below.

6.5.1.1  �Methods for Hospital-Based Nationwide Survey

This survey consisted of two epidemiological surveys. As a primary survey, the total 
number of patients who were diagnosed with NPH and received medical care in 
2012 (the estimated number of cases that meet the diagnostic criteria of iNPH) and 
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the number of patients who received shunt operation (the estimated numbers of 
cases performed shunt operation) were surveyed using postal mail. In the subse-
quent secondary survey, attending physicians reported the concrete clinical infor-
mation of the registered patients in the primary survey by filling the secondary 
survey form aiming at clarifying the clinical characteristics of this disease and sent 
it by postal mail.

6.5.1.2  �Diagnostic Criteria

For the diagnostic criteria of iNPH used in this survey, ‘2011 revised edition of the 
Guidelines for management of idiopathic normal pressure hydrocephalus’ [7] was 
used. In addition, based on the management guidelines, the numbers of patients 
classified into the three diagnostic levels: possible, probable, and definite, and out-
lines were also surveyed. Briefly, the main point of each diagnostic level is as fol-
lows: When the disease onsets at 60 years old or older with symptoms of one or 
more of gait disturbance, cognitive impairment, and urinary incontinence with no 
preceding disease, and ventricular enlargement is noted with normal cerebrospinal 
fluid pressure, the case is possible iNPH. When gait disturbance and disproportion-
ately enlarged subarachnoid space hydrocephalus (DESH) on imaging are addition-
ally present, or reactivity was noted on the cerebrospinal fluid exclusion test, the 
case is probable iNPH. Cerebrospinal fluid shunt operation is applied to treat prob-
able iNPH, and when the clinical symptoms improved, the case is definite iNPH [7].

6.5.1.3  �Target Departments and Medical Institutions of the Survey

Referring to previous nationwide surveys of other diseases, we performed the pri-
mary and secondary surveys to select the target departments, medical institutions, 
and special stratified hospitals following the method standardized by the Research 
Committee on Epidemiology of Intractable Diseases in Japan [19, 20].

The targets of the survey were selected by the number of beds using the random 
sampling method. For the department, neurosurgery, neurology, neuropsychiatry, 
and internal medicine were selected. The number of patients by the department in 
2012 was asked in the primary survey, then, description of the detailed patient infor-
mation was requested in the secondary survey. The number of patients treated for 
iNPH was estimated based on the primary survey, and the characteristics of the 
clinical epidemiology were investigated in the secondary survey. The target depart-
ment was specified to neurosurgery, neurology, neuropsychiatry, and internal medi-
cine, and the primary survey was conducted in January 2013.

Specifically, the medical institution list was prepared based on the electronic data-
base of Japanese Byoin-Yohran and list of university medical training institutions to 
train clinicians, and the institutions were selected for each department by the number 
of beds employing the stratified random sampling method. The lists are widely avail-
able in electronic database form and list all the hospitals from north to south in 
Japan. The percentages in the sampling method were determined corresponding to 
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the number of beds in hospitals following the procedure below: Stratification was 
conducted according to the number of hospital beds. Sampling fractions were as fol-
lows: general hospitals with 99 or fewer beds (5%); 100 to 199 beds (10%); 200 to 
299 beds (20%); 300 to 399 beds (40%); 400 to 499 beds (80%); 500 or more beds 
(100%); and university Hospitals (100%). For example, regarding a stratum of gen-
eral hospitals with 200 to 299 beds, we randomly selected one department and then 
selected the next one by a five-department interval, yielding 20% of the sampling 
fraction. As special stratified hospitals for iNPH, 75 departments that treated a large 
number of patients with idiopathic NPH were included by 100% sampling fractions 
[9]. Clinics with 19 or fewer beds were widely registered as the target in the present 
nationwide epidemiological survey conducted by us, which was a new attempt.

6.5.1.4  �Survey Items of the Survey Form and Analysis

Responses to the second questionnaire in the secondary survey on the detailed 
patient information were requested to the facilities and departments which responded 
that iNPH patients were present in the primary survey. The following items were 
asked in the primary survey: The presence or absence of patients meeting the diag-
nostic criteria in 2012 in each department, estimated number of iNPH patients seek-
ing medical care, and estimated number of patients treated with shunt operation. 
Based on the above primary survey, the annual number of patients seeking medical 
care, that were treated with shunt operation, and distribution of the age and gender 
of the patients were estimated.

In the subsequent secondary survey, the detailed clinical epidemiological fea-
tures of the registered iNPH patients were investigated.

The content of the secondary survey form was as follows: (1) patient attribution, 
(2) diagnostic level, (3) estimated onset date and age, (4) development in relatives 
or persons living with, (5) initial symptom, (6) complications, (7) clinical symptoms 
(throughout the course), (8) imaging findings (magnetic resonance imaging (MRI) 
of the head including the Evans index as an index of ventricular enlargement: the 
ratio of the maximum width of the frontal horns of the lateral ventricles and maxi-
mal internal diameter of skull at the same level employed in axial MRI images) 
[6–8, 21], (9) other test findings, (10) treatment (centering shunt operation: 
ventriculo-peritoneal shunt (VP shunt), ventriculo-atrial shunt (VA shunt), or 
lumbo-peritoneal shunt (LP shunt) when passage of cerebrospinal fluid is favor-
able), and (11) outcome.

Accounting for the selection rate and response rate to the survey, we estimated 
the total number of patients seeking medical care according to the following for-
mula: the estimated total numbers of patients (=reported number of patients/selec-
tion rate response rate)  =  reported number of patients/ (number of reporting 
departments/number of total departments). Additionally, the 95% confidence inter-
val (CI) was calculated with an assumption of multinominal hypergeometric distri-
bution [19, 20].
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6.5.2  �Results of the Nationwide Survey

In the primary survey, 4220 sites were extracted from a total of 14,089 sites (univer-
sity hospital: 459, regular hospital: 13,582, special stratified hospital: 48), and the 
epidemiological survey was performed using postal mail. Formal replies were sent 
from 1804 departments, and the response rate was 42.7%. This rate is not high, but 
similar to those in other reports [19, 20] securing the minimum level.

In the primary survey, 3079 patients met the diagnostic criteria of iNPH, and 
1815 patients were treated with shunt operation. As shown in Table 6.2, the values 
determined in the primary survey were applied in the formula introduced in 
Methods. The estimated number of iNPH patients who visited medical institution 
in 2012 was 12,900 (95% Confidence Interval (CI): 10,000–15,800). Based on this, 
the crude prevalence based on the population of Japanese in 2012 was estimated to 
be about 10.2 per 100,000 people. The crude prevalence of iNPH in 70–79-year-
old and 80-year-old or older people in 2012 were 51.3/100,000 and 50.7/100,000, 
respectively.

The number of iNPH patients treated with shunt operation in this survey was 
6700 (95% CI: 4800–8600). Not all patients were covered by this survey because it 
was a nationwide hospital-based study in which patients who did not visit a hospital 
throughout the year were not included, so that the values were estimates to the last, 
and the number of patients may be larger. Therefore, although the prevalence was 
lower than the reported prevalence of other neurodegenerative diseases, such as 
Parkinson disease (180 in 100,000 people) [22], the survey clarified the presence of 
a considerable number of patients. The onset age distribution peaked in the 70s in 
both sexes as shown in Fig. 6.1, showing that iNPH is a geriatric disease frequently 
noted in the golden aged population in their 70s or older. The second highest inci-
dence was above 30% in 80s, and the incidence was 15% or lower in 60s. Regarding 
sex difference, no particular difference was noted in the age, clarifying that subjec-
tive symptoms of iNPH develop in the mid-70s leading to visiting a medical 
institution.

Table 6.2  The estimated number of iNHP patients during 2013

The estimated number of cases that 
meet the diagnostic criteria of iNPH

The estimated numbers of 
cases performed shunt 
operation

Estimated number of 
patients (95% confidence 
interval)

12,900(10,000–15,800) 6700(4800–8600)
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Important findings of the attribution and clinical characteristics concerning clas-
sification of diagnostic levels, state of treatment, and shunt operation of the iNPH 
patients in the secondary survey are summarized in Table 6.3. The replies to the 
secondary survey of 1524 patients (897 males and 627 females) were valid 
(Table 6.3). Neurosurgery and neurology departments accounted for 90% of physi-
cians in charge of iNPH treatment, reflecting the disease characteristics of gait dis-
turbance and impaired cognitive function, but a specific number of patients were 
outpatients of neuropsychiatry and general internal medicine departments because 
mental symptoms and complaints related to geriatric internal medicine appear as the 
symptoms progress. Medical cooperation in consideration of comorbidities, accu-
rate diagnostic criteria, and activity enlightening the treatment guidelines may be 
necessary.

The most frequent diagnostic level was definite iNPH and 799 patients (52.4%) 
were classified in this level, followed by possible iNPH in 394 (25.8%) and proba-
ble iNPH in 267 (17.5%). Since definite iNPH was diagnosed in patients treated 
with shunt operation for iNPH based on the guidelines, more than half of the patients 
received active surgical treatment. The remaining half of the patients may have 
included patients in preparation for surgery or for whom surgical treatment was 
considered. A prospective survey including education activity, such as how to lead 
to appropriate selection of shunting, and improvement of treatment skill of attend-
ing physicians at outpatient clinics, may be necessary.

The most frequent initial symptom on the first examination was gait disturbance 
and it was observed in 49.5%, followed by cognitive impairment observed in 15.7%. 
However, all three features were noted only in 12.1%, clarifying that patients not 
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Fig. 6.1  Age distribution of the subjects at the time of diagnosis. The age distribution of registered 
iNPH patients at the time of definite diagnosis is presented. Analysis is based on the subjects 
whose age at the time of diagnosis was available. Patients in their 70s accounted for more than 50% 
of all registrants, being the peak of onset time of this disease. The number of patients in their 80s 
was the second highest, accounting for more than 30%, and the rate of onset time in 60s was lower 
than 15%. No characteristic or difference to be mentioned was noted in the age distribution 
between the sexes
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Table 6.3  Distribution of clinical background factors

variables All patients stratified by gender
Male Female

n = 1524 (100%) n = 897(58.5%) n = 627(40.7%)
n(%) n(%) n(%)

Average age during the prognosis in iNPH

Age at estimated onset (y.o.) 74.9 ± 7.0 y.o. 74.9 ± 6.7y.o. 74.8 ± 7.5 y.o.
Age at diagnosis (y.o.) 75.5 ± 8.6 y.o. 76.4 ± 6.9 y.o. 76.3 ± 7.3 y.o.
Age of shunt operation (y.o.) 76.4 ± 7.0 y.o. 76.8 ± 8.9 y.o. 76.9 ± 8.0 y.o.
Regular clinical departments in iNPH

Neurosurgery 1179(77.4%) 685(76.4%) 494(78.8%)
Neurology 262(17.2%) 168(18.7%) 94(15.0%)
Psychology 60(3.9%) 32(3.6%) 28(4.5%)
General medicine 19(1.2%) 10(1.1%) 9(1.4%)
Others 4(0.3%) 2(0.2%) 2(0.3%)
Diagnostic classification

Possible iNPH 394(25.8%) 223(24.9%) 171(27.3%)
Probable iNPH 267(17.5%) 165(18.4%) 102(16.3%)
Definite iNPH 799(52.4%) 475(53.0%) 324(51.7%)
Unknown 64(4.2%) 34(3.8%) 30(4.8%)
Initial symptoms at 1st visit(multiple answers allowed)

1. Gait disturbance 755(49.5%) 474(52.8%)b 281(44.8%)
2. Cognitive impairment 240(15.7%) 127(14.2%) 113(18.0%)a

3. Urinary incontinence 22(1.4%) 9(1.0%) 13(2.1%)
1 + 2 + 3. 185(12.1%) 112(12.5%) 73(11.6%)
Other, unknown 150(9.8%) 84(9.4%) 66(10.5%)
Comorbidity

Hypertension 609(40.0%) 383(42.7%)b 226(36.0%)
Diabetes mellitus 272(17.8%) 185(12.1%) 87(13.9%)b

Alzheimer disease 225(14.8%) 129(14.4%) 96(15.3%)
Hyperlipidemia 206(13.5%) 116(12.9%) 89(14.2%)
Lumbar spondylosis 154(10.1%) 85(9.5%) 69(11.0%)
Malignancy 82(5.4%) 54(6.0%) 28(4.0%)
Cervical spondylosis 49(3.2%) 31(3.5%) 18(2.9%)
Shunt treatment

Shunt operation(+) 1004(65.9%) 594(66.2%) 410(65.4%)
VP shunt (% of operation) 434(43.2%) 248(41.8%) 186(45.4%)
LP shunt (% of operation) 553(55.1%) 334(56.2%) 219(53.4%)
VA shunt (% of operation) 17(1.7%) 12(2.0%) 5(1.2%)
No shunting 464(30.4%) 271(30.2%) 193(30.8%)
Operation unknown, not filled in 56(3.7%) 32(3.6%) 24(3.8%)
Brain MRI evaluation

MRI finding(+) 1357(89.0%) 801(89.3%) 556(88.7%)

(continued)
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necessarily complained of subjective symptoms which were easy to be suspected as 
iNPH. Gait disturbance as an initial symptom was more frequently noted in males 
than females. In contrast, cognitive impairment was frequently noted in females, 
showing a significant difference (p < 0.05).

Comorbidities in iNPH have recently been attracting interest and considered 
important to improve morbidity and long-term outcomes of iNPH patients and con-
sider clinical treatment and management [23, 24]. As shown in Table 6.3, the most 
frequent comorbidity of iNPH was hypertension and it was noted in 40.0%, followed 
by diabetes in 17.8%, Alzheimer disease in 14.8%, and hyperlipidemia in 13.5%. 
Orthopedic diseases, lumbar and cervical spondylosis, were noted in 10.1% and 
3.2%, respectively, showing the concomitant presence of these diseases in a certain 
number of patients. The prevalence of hypertension and diabetes were similar to 
those in the general elderly population, and no specific characteristic was noted in 
lifestyle-related diseases in iNPH patients. However, high frequencies of hyperten-
sion in iNPH patients [25] and complication by secondary diabetes [26] have been 
reported. Periventricular hyperintensity reflecting cerebral arteriosclerosis and 
chronic ischemia were observed on MRI of the head in 60.5%. It is possible that 
lifestyle-related diseases are involved in iNPH as an aggravating or risk factor. The 
results of time-series surveys are awaited. In addition, many male iNPH patients 
were hypertensive compared with female patients, whereas many female iNPH 
patients were diabetic, and a significance difference was noted in both diseases 
(p < 0.05). No particular tendency to be mentioned was noted in the other lifestyle-
related diseases including sex difference. It was clarified that management of comor-
bidities is also important to treat and prevent aggravation of geriatric disease, iNPH.

Table 6.3  (continued)

variables All patients stratified by gender
Male Female

n = 1524 (100%) n = 897(58.5%) n = 627(40.7%)
n(%) n(%) n(%)

Characteristics of MRI findings

Evans index >0.3 1278(94.2%) 760(94.5%) 518(93.2%)
Periventricular hyperintensity 902(60.5%) 511(63.8%) 391(70.3%)
Chronic ischemic lesion 
(diameter > 1.5 cm)

142(10.5%) 103(12.9%)b 39(7.0%)

MRI not filled-in, unknown 157(11.0%) 96(10.7%) 71(11.3%)
Family history 7(0.5%) 6(0.7%) 1(0.2%)
Father 1 1 0
Mother 0 0 0
Brother 5 4 1
Sister 1 1 0

VP shunt Ventriculo-peritoneal shunt, LP shunt Lumbo-peritoneal shunt, VA shunt Ventriculo-
atrial shunt, PPV programmable pressure valves, DPV (fixed) differential pressure valve, y.o. years 
old
ap < 0.05
bp < 0.01
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Dementia and orthopedic diseases known to cause gait disturbance and 
impairment of cognitive function were also noted in relatively many iNPH 
patients in this survey, for which discussion on treatment to be selected and how 
to handle these comorbidities is necessary. For example, an increase in patients 
with concomitant mild cognitive impairment (MCI) and iNPH is expected, and 
a prospective follow-up survey may be necessary with regard to the indication 
of shunt operation for iNPH patients with concomitant MCI. In Japan, focusing 
on comorbidities of iNPH, especially, Alzheimer disease, a follow-up registra-
tion study (SINPHONI-3) on the efficacy of shunt operation for iNPH patients 
with Alzheimer disease compared with that for patients without Alzheimer dis-
ease is being prepared. It is planned to start in 2018 and the results will be paid 
attention to.

There are three treatment methods: ventriculo-peritoneal shunt (VP shunt), 
ventriculo-atrial shunt (VA shunt), or lumbo-peritoneal shunt (LP shunt) for cases 
with favorable passage of cerebrospinal fluid without spinal canal stenosis. As 
shown in Table 6.3, LP shunt (55.1%) was the first-choice for iNPH patients, and 
the second was VP shunt, applied in 43.2%. These shunt operations were the cur-
rent main treatments. Both VP and LP shunts were effective in more than 80%, and 
the course of patients treated with LP shunt was favorable in more than 90% (data 
not shown). Previously, V-P shunt operation was the main stream of iNPH treat-
ment, but it has a risk of damaging the brain because a tube is inserted into the 
brain. This survey clarified that LP shunt has been increasingly applied as the first-
choice because the shunt can be placed without puncturing the brain parenchyma 
in this procedure, being low-invasive. LP shunt may be increasingly selected for 
elderly iNPH patients in the future. These results may have reflected that consider-
ation of selecting either LP or VP shunt in the same line in consideration of the age, 
patient’s request, and presence or absence of concomitant spinal cord lesions will 
be generalized [14].

The finding of this survey especially worth mentioning is the presence of familial 
iNPH at a certain rate, as shown in the lowest row in Table 6.3. It has recently been 
reported that the clinical symptoms described above overlap, being likely to be pro-
moted and manifested in the early stage [27, 28]. It is possible that iNPH is a multi-
factorial disease including genes [29]. Genetic epidemiological research by 
genome-wide association study (GWAS) may be necessary.

6.6  �The Meanings Clarified by the Results 
of Epidemiological Survey: Comparison with Reports 
on iNPH from Japan and Other Countries

We performed world’s first nationwide epidemiologic survey of iNPH and clarified 
epidemiological information, sex, and clinical characteristics by the classification 
of diagnostic level of presumed patients. The cause of iNPH is regarded as idio-
pathic, but it is possible that new background factors will be identified. 
Comprehensive treatment strategy in consideration of the results of this 
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epidemiological survey is necessary for patients with iNPH characterized by devel-
opment at an elderly age in 70s or older, and utilization of the results of this survey 
as basic data for early discovery, treatment, and preventive measures is expected for 
this intractable disease. Revision of the guidelines for this disease including the 
survey findings is now underway.

Reports on main epidemiological studies on iNPH from Japan and other coun-
tries are listed in Table 6.2, in which the studies are roughly divided into hospital-
based and population-based based on the survey method. Although it is natural that 
the results and data vary depending on the method, target, and year of survey as 
shown in Table 6.2, reports describing the prevalence and incidence were selected. 
In Japan, a study on the frequency of iNPH based on several population-based stud-
ies has been reported. Hiraoka et  al. [30] reported that the prevalence of MRI-
supported possible iNPH (suspected iNPH) was 2.9%, Iseki et al. reported 0.4–0.5% 
[31, 32], Tanaka et al. reported 1.4% [29], and Nakashita et al. reported 2.8% [33], 
clarifying that iNPH is present at a specific rate, being not rare among geriatric 
diseases, and the frequency is relatively high. However, the data were collected 
within a specific region and limited in all these previous reports. Accordingly, the 
data varies among the reports and the findings do not represent nationwide epide-
miological information, such as the number of patients in Japan.

Regarding the annual number of treated patients, the incidence in hospital-based 
surveys was 1–10/100,000 [9, 34–38], and the prevalence was 10/100,000 [9], 
whereas in the population-based surveys, the incidence was 120/100,000 [32, 34], 
showing variation. In the percentage, the prevalence rate was 0.9% in a hospital-
based survey [39] and 0.2–2.9% in population-based surveys [29–33, 40], also 
showing variation.

Variation of the data among countries may have reflected the racial characteris-
tics and medical circumstances in the countries. In addition, various factors are 
considered, such as variation in the diagnostic criteria and the level of awareness in 
medical practice. Furthermore, the main body of the population-based surveys was 
MRI and consultation because it utilized medical check-ups of general residents in 
the communities, and many cases not examined by cerebrospinal fluid test, tap test, 
or shunt operation, which are necessary to make a definite diagnosis, may have been 
included. Thus, the prevalence and morbidity were higher in many population-based 
than hospital-based studies. It is desirable to utilize the data and values for 
epidemiological studies on iNPH in each country after fully understanding these 
conditions.

A retrospective study on iNPH using a health insurance-database has been 
reported from Germany in 2016 [41], in which the incidence of iNPH was 
1.36/100,000/year, being lower than those in the previous hospital-based and 
population-based studies. Although this was not closely discussed in the report, this 
may have reflected deviation between the number of actually treated patients and 
total number of iNPH patients because in diseases for which no internal medical 
treatment is available and treatment is either surgical shunt operation or course 
observation with conservative treatment, such as iNPH, patients followed at outpa-
tient clinics or overlooked are present in a certain number. Therefore, although 
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descriptive and analytic epidemiology through a nationwide epidemiological survey 
is useful, the data should be carefully interpreted because the values may vary 
among survey reports.

6.7  �Characteristics and Points of Attention of Hospital-
Based and Population-Based Epidemiological Surveys

Generally, the advantages of the national-level hospital-based epidemiological sur-
vey method include the following points: Nationwide tendency can be observed, the 
findings are not influenced by locality (understanding of disease and distribution of 
population), a large number of samples can be collected, and consideration of 
migration and characteristics of the population is not necessary. On the other hand, 
the points of attention are as follows: The measurement method and treatment stan-
dardization may not be completely the same among medical institutions, reducing 
the accuracy of registered cases, overlapping patients visiting several medical insti-
tutions are included, much labor is necessary, and comparison of the morbidity and 
prevalence with those in other epidemiological surveys should be carefully 
performed.

Previous surveys performed in many regions were population-based or 
community-based epidemiological studies, and the characteristic is sampling 
related to general population defined by the geopolitical boundary. Since the sur-
vey is community-based, the survey acceptance rate and follow-up rate increase, 
facilitating a highly accurate study. The points of attention are as follows: It is 
necessary to check whether the surveyed population is representative samples, 
i.e., whether samples are unbiased, in consideration of the characteristics of 
nationwide population (sociodemographic characteristics, such as the sex, age, 
and schooling history, health level, and characteristics of community-dwelling 
elderly), a sufficient number of registrants cannot be collected when the disease is 
rare, and accurate investigation of new development is difficult when the disease 
is not rare or acute.

6.8  �Conclusion

Through the survey of an intractable disease, iNPH, the importance of descriptive 
epidemiology and analytic epidemiology of intractable diseases was discussed with 
regard to the significance, methodology, and points of attention of the nationwide 
survey that we experienced, with introduction of reports from Japan and other coun-
tries. After the guidelines for treatment of iNPH were established, new epidemiologi-
cal information has been accumulated in Japan. In the present nationwide 
epidemiologic survey, 13,000 iNPH patients were treated per year in Japan. If iNPH 
is not overlooked and it is appropriately diagnosed and properly treated with 
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cerebrospinal fluid shunt operation, a long-term treatment effect can be achieved. 
The clinical characteristics of iNPH, current diagnostic method at medical practice 
sites, and selection of treatment were clarified, which may facilitate appropriate diag-
nosis and rapid designing of a treatment strategy. In addition, hypertension, diabetes, 
Alzheimer disease, and orthopedic diseases were observed as comorbidities of iNPH, 
and the characteristics due to sex differences were also observed. The data collected 
by this study are expected to be utilized to elucidate the mechanism related to the 
fundamental cause and pathology of iNPH as a treatable geriatric disease.

Finally, it should be emphasized that planning of guideline preparation aiming 
at standardization of diagnosis and treatment of iNPH greatly contributed to pro-
motion of subsequent epidemiological study. For various intractable diseases, not 
limited to iNPH, data accumulation by country and race is necessary, and return-
ing the descriptive and analytic epidemiological information of these to medical 
practice sites and patients may be important for the field of clinical 
epidemiology.

Funding Information  The Ministry of Health, Labour and Welfare of Japan (2014-Nanchi- 
General-052).

References

	 1.	Adams RD, Fisher CM, Hakim S, Ojemann RG, Sweet WH.  Symptomatic occult hydro-
cephalus with "normal" cerebrospinal-fluid pressure. A treatable syndrome. N Engl J Med. 
1965;273:117–26. https://doi.org/10.1056/NEJM196507152730301.

	 2.	Hakim S, Adams RD. The special clinical problem of symptomatic hydrocephalus with normal 
cerebrospinal fluid pressure. Observations on cerebrospinal fluid hydrodynamics. J Neurol Sci. 
1965;2:307–27.

	 3.	Collmann H, Sorensen N, Krauss J. Hydrocephalus in craniosynostosis: a review. Childs Nerv 
Syst. 2005;21:902–12. https://doi.org/10.1007/s00381-004-1116-y.

	 4.	Gallia GL, Rigamonti D, Williams MA.  The diagnosis and treatment of idiopathic normal 
pressure hydrocephalus. Nat Clin Pract Neurol. 2006;2:375–81. https://doi.org/10.1038/
ncpneuro0237.

	 5.	Bakker SL, Boon AJ, Wijnhoud AD, Dippel DW, Delwel EJ, Koudstaal PJ. Cerebral hemo-
dynamics before and after shunting in normal pressure hydrocephalus. Acta Neurol Scand. 
2002;106:123–7. https://doi.org/10.1034/j.1600-0404.2002.01329.

	 6.	Marmarou A, Black P, Bergsneider M, Klinge P, Relkin N.  Guidelines for management 
of idiopathic normal pressure hydrocephalus: progress to date. Acta Neurochir Suppl. 
2005;95:237–40.

	 7.	Mori E, Ishikawa M, Kato T, Kazui H, Miyake H, Miyajima M, Nakajima M, Hashimoto M, 
Kuriyama N, Tokuda T, Ishii K, Kaijima M, Hirata Y, Saito M, Arai H. Guidelines for manage-
ment of idiopathic normal pressure hydrocephalus: second edition. Neurol Med Chir (Tokyo). 
2012;52:775–809. https://doi.org/10.2176/nmc.52.775.

	 8.	Relkin N, Marmarou A, Klinge P, Bergsneider M, Black PM. Diagnosing idiopathic normal-
pressure hydrocephalus. Neurosurgery. 2005;57(3 Suppl):S4–16.

	 9.	Kuriyama N, Miyajima M, Nakajima M, Kurosawa M, Fukushima W, Watanabe Y, Ozaki E, 
Hirota Y, Tamakoshi A, Mori E, Kato T, Tokuda T, Urae A, Arai H. Nationwide hospital-based 

N. Kuriyama et al.

https://doi.org/10.1056/NEJM196507152730301
https://doi.org/10.1007/s00381-004-1116-y
https://doi.org/10.1038/ncpneuro0237
https://doi.org/10.1038/ncpneuro0237
https://doi.org/10.1034/j.1600-0404.2002.01329
https://doi.org/10.2176/nmc.52.775


101

survey of idiopathic normal pressure hydrocephalus in Japan: epidemiological and clinical 
characteristics. Brain Behav. 2017;7:e00635. https://doi.org/10.1002/brb3.635.

	10.	 Ishikawa M, Hashimoto M, Kuwana N, Mori E, Miyake H, Wachi A, Takeuchi T, Kazui H, 
Koyama H. Guidelines for management of idiopathic normal pressure hydrocephalus. Neurol 
Med Chir (Tokyo). 2008;48(Suppl):S1–23. https://doi.org/10.2176/nmc.48.S1.

	11.	Marmarou A, Young HF, Aygok GA, Sawauchi S, Tsuji O, Yamamoto T, Dunbar J. Diagnosis 
and management of idiopathic normal-pressure hydrocephalus; a prospective study in 151 
patients. J Neurosurg. 2005;102:987–97.

	12.	Woodworth GF, McGirt MJ, Williams MA, Rigamonti D. Cerebrospinal fluid drainage and 
dynamics in the diagnosis of normal pressure hydrocephalus. Neurosurgery. 2009;64:919–25. 
https://doi.org/10.1227/01.NEU.0000341902.44760.10.

	13.	Hashimoto M, Ishikawa M, Mori E, Kuwana N.  Diagnosis of idiopathic normal pressure 
hydrocephalus is supported by MRI-based scheme: a prospective cohort study. Cerebrospinal 
Fluid Res. 2010;7:18. https://doi.org/10.1186/1743-8454-7-18.

	14.	Kazui H, Miyajima M, Mori E, Ishikawa M. Lumboperitoneal shunt surgery for idiopathic nor-
mal pressure hydrocephalus (SINPHONI-2): an open-label randomised trial. Lancet Neurol. 
2015;14:585–94. https://doi.org/10.1016/S1474-4422(15)00046-0.

	15.	Johanson C, McMillan P, Tavares R, Spangenberger A, Duncan J, Silverberg G, et  al. 
Homeostatic capabilities of the choroid plexus epithelium in Alzheimer's disease. Cerebrospinal 
Fluid Res. 2004;3:1. https://doi.org/10.1186/1743-8454-1-3.

	16.	Klinge P, Hellstrom P, Tans J, Wikkelso C. One-year outcome in the European multicentre study on 
iNPH. Acta Neurol Scand. 2012;126:145–53. https://doi.org/10.1111/j.1600-0404.2012.01676.x.

	17.	Klinge PM. Idiopathic normal pressure hydrocephalus--neurosurgical management of demen-
tia! Med Health R I. 2012;95:86–7.

	18.	Kito Y, Kazui H, Kubo Y, Yoshida T, Takaya M, Wada T, Nomura K, Hashimoto M, Ohkawa 
S, Miyake H, Ishikawa M, Takeda M. Neuropsychiatric symptoms in patients with idiopathic 
normal pressure hydrocephalus. Behav Neurol. 2009;21:165–74. https://doi.org/10.3233/
BEN-2009-0233.

	19.	Fukushima W, Fujioka M, Kubo T, Tamakoshi A, Nagai M, Hirota Y.  Nationwide epide-
miologic survey of idiopathic osteonecrosis of the femoral head. Clin Orthop Relat Res. 
2010;468:2715–24. https://doi.org/10.1007/s11999-010-1292-x.

	20.	Nakamura Y, Matsumoto T, Tamakoshi A, Kawamura T, Seino Y, Kasuga M, Yanagawa H, 
Ohno Y.  Prevalence of idiopathic hypoparathyroidism and pseudohypoparathyroidism in 
Japan. J Epidemiol. 2000;10:29–33. https://doi.org/10.2188/jea.10.29.

	21.	Sasaki M, Honda S, Yuasa T, Iwamura A, Shibata E, Ohba H. Narrow CSF space at high convex-
ity and high midline areas in idiopathic normal pressure hydrocephalus detected by axial and 
coronal MRI. Neuroradiology. 2008;50:117–22. https://doi.org/10.1007/s00234-007-0318-x.

	22.	Yamawaki M, Kusumi M, Kowa H, Nakashima K. Changes in prevalence and incidence of 
Parkinson's disease in Japan during a quarter of a century. Neuroepidemiology. 2009;32:263–
9. https://doi.org/10.1159/000201565.

	23.	Andren K, Wikkelso C, Tisell M, Hellstrom P. Natural course of idiopathic normal pressure 
hydrocephalus. J Neurol Neurosurg Psychiatry. 2014;85:806–10. https://doi.org/10.1136/
jnnp-2013-306117.

	24.	Malm J, Graff-Radford NR, Ishikawa M, Kristensen B, Leinonen V, Mori E, Owler BK, 
Tullberg M, Williams MA, Relkin NR. Influence of comorbidities in idiopathic normal pres-
sure hydrocephalus - research and clinical care. A report of the ISHCSF task force on comor-
bidities in INPH. Fluids Barriers CNS. 2013;10:22. https://doi.org/10.1186/2045-8118-10-22.

	25.	Krauss JK, Regel JP, Vach W, Droste DW, Borremans JJ, Mergner T. Vascular risk factors and 
arteriosclerotic disease in idiopathic normal-pressure hydrocephalus of the elderly. Stroke. 
1996;27:24–9. https://doi.org/10.1161/01.STR.27.1.24.

	26.	Jacobs L. Diabetes mellitus in normal pressure hydrocephalus. J Neurol Neurosurg Psychiatry. 
1977;40:331–5. https://doi.org/10.1136/jnnp.40.4.331.

6  Descriptive and Analytic Epidemiology of Idiopathic Normal Pressure

https://doi.org/10.1002/brb3.635
https://doi.org/10.2176/nmc.48.S1
https://doi.org/10.1227/01.NEU.0000341902.44760.10
https://doi.org/10.1186/1743-8454-7-18
https://doi.org/10.1016/S1474-4422(15)00046-0
https://doi.org/10.1186/1743-8454-1-3
https://doi.org/10.1111/j.1600-0404.2012.01676.x
https://doi.org/10.3233/BEN-2009-0233.
https://doi.org/10.3233/BEN-2009-0233.
https://doi.org/10.1007/s11999-010-1292-x
https://doi.org/10.2188/jea.10.29
https://doi.org/10.1007/s00234-007-0318-x
https://doi.org/10.1159/000201565
https://doi.org/10.1136/jnnp-2013-306117
https://doi.org/10.1136/jnnp-2013-306117
https://doi.org/10.1186/2045-8118-10-22
https://doi.org/10.1161/01.STR.27.1.24
https://doi.org/10.1136/jnnp.40.4.331


102

	27.	McGirr A, Cusimano MD. Familial aggregation of idiopathic normal pressure hydrocephalus: 
novel familial case and a family study of the NPH triad in an iNPH patient cohort. J Neurol 
Sci. 2012;321:82–8. https://doi.org/10.1016/j.jns.2012.07.062.

	28.	Takahashi Y, Kawanami T, Nagasawa H, Iseki C, Hanyu H, Kato T. Familial normal pressure 
hydrocephalus (NPH) with an autosomal-dominant inheritance: a novel subgroup of NPH. J 
Neurol Sci. 2011;308:149–51. https://doi.org/10.1016/j.jns.2011.06.018.

	29.	Tanaka N, Yamaguchi S, Ishikawa H, Ishii H, Meguro K. Prevalence of possible idiopathic 
normal-pressure hydrocephalus in Japan: the Osaki-Tajiri project. Neuroepidemiology. 
2009;32:171–5. https://doi.org/10.1159/000186501.

	30.	Hiraoka K, Meguro K, Mori E. Prevalence of idiopathic normal-pressure hydrocephalus in the 
elderly population of a Japanese rural community. Neurol Med Chir. 2008;48:197–9. https://
doi.org/10.1186/1743-8454-7-18.

	31.	 Iseki C, Kawanami T, Nagasawa H, Wada M, Koyama S, Kikuchi K, Arawaka S, Kurita K, 
Daimon M, Mori E, Kato T. Asymptomatic ventriculomegaly with features of idiopathic nor-
mal pressure hydrocephalus on MRI (AVIM) in the elderly: a prospective study in a Japanese 
population. J Neurol Sci. 2009;277:54–7. https://doi.org/10.1016/j.jns.2008.10.004.

	32.	 Iseki C, Takahashi Y, Wada M, Kawanami T, Adachi M, Kato T. Incidence of idiopathic normal 
pressure hydrocephalus (iNPH): a 10-year follow-up study of a rural community in Japan. J 
Neurol Sci. 2014;339:108–12. https://doi.org/10.1016/j.jns.2014.01.033.

	33.	Nakashita S, Wada-Isoe K, Uemura Y, Tanaka K, Yamamoto M, Yamawaki M, Nakashima 
K.  Clinical assessment and prevalence of parkinsonism in Japanese elderly people. Acta 
Neurol Scand. 2016;133:373–9. https://doi.org/10.1111/ane.12472.

	34.	Brean A, Eide PK.  Prevalence of probable idiopathic normal pressure hydrocepha-
lus in a Norwegian population. Acta Neurol Scand. 2008;118:48–53. https://doi.
org/10.1111/j.1600-0404.2007.00982.x.

	35.	Klassen BT, Ahlskog JE. Normal pressure hydrocephalus: how often does the diagnosis hold 
water? Neurology. 2011;77:1119–25. https://doi.org/10.1212/WNL.0b013e31822f02f5.

	36.	Tisell M, Höglund M, Wikkelsø C.  National and regional incidence of surgery for 
adult hydrocephalus in Sweden. Acta Neurol Scand. 2005;112:72–5. https://doi.
org/10.1111/j.1600-0404.2005.00451.x.

	37.	Vanneste J, Augustijn P, Dirven C, Tan WF, Goedhart ZD. Shunting normal-pressure hydro-
cephalus: do the benefits outweigh the risks? A multicenter study and literature review. 
Neurology. 1992;42:54–9.

	38.	Brean A, Fredø HL, Sollid S, Müller T, Sundstrøm T, Eide PK. Five-year incidence of surgery 
for idiopathic normal pressure hydrocephalus in Norway. Acta Neurol Scand. 2009;120:314–
6. https://doi.org/10.1111/j.1600-0404.2009.01250.

	39.	Muangpaisan W, Petcharat C, Srinonprasert V.  Prevalence of potentially reversible condi-
tions in dementia and mild cognitive impairment in a geriatric clinic. Geriatr Gerontol Int. 
2012;12:59–64. https://doi.org/10.1111/j.1447-0594.2011.00728.x.

	40.	Jaraj D, Rabiei K, Marlow T, Jensen C, Skoog I, Wikkelso C.  Prevalence of idiopathic 
normal-pressure hydrocephalus. Neurology. 2014;82:1449–54. https://doi.org/10.1212/
WNL.0000000000000342.

	41.	Lemcke J, Stengel D, Stockhammer F, Guthoff C, Rohde V, Meier U. Nationwide incidence 
of normal pressure hydrocephalus (NPH) assessed by insurance claim data in Germany. Open 
Neurol J. 2016;10:15–24. https://doi.org/10.2174/1874205X01610010015.

N. Kuriyama et al.

https://doi.org/10.1016/j.jns.2012.07.062
https://doi.org/10.1016/j.jns.2011.06.018
https://doi.org/10.1159/000186501
https://doi.org/10.1186/1743-8454-7-18.
https://doi.org/10.1186/1743-8454-7-18.
https://doi.org/10.1016/j.jns.2008.10.004
https://doi.org/10.1016/j.jns.2014.01.033
https://doi.org/10.1111/ane.12472
https://doi.org/10.1111/j.1600-0404.2007.00982.x
https://doi.org/10.1111/j.1600-0404.2007.00982.x
https://doi.org/10.1212/WNL.0b013e31822f02f5
https://doi.org/10.1111/j.1600-0404.2005.00451.x
https://doi.org/10.1111/j.1600-0404.2005.00451.x
https://doi.org/10.1111/j.1600-0404.2009.01250
https://doi.org/10.1111/j.1447-0594.2011.00728.x
https://doi.org/10.1212/WNL.0000000000000342
https://doi.org/10.1212/WNL.0000000000000342
https://doi.org/10.2174/1874205X01610010015


103© Springer Nature Singapore Pte Ltd. 2019 
M. Washio, G. Kobashi (eds.), Epidemiological Studies of Specified Rare and 
Intractable Disease, Current Topics in Environmental Health and Preventive 
Medicine, https://doi.org/10.1007/978-981-13-1096-6_7

Chapter 7
Case-Control Study of Idiopathic  
Pulmonary Fibrosis in Japan

Yoshihiro Miyake

Abstract  With regard to risk factors for idiopathic pulmonary fibrosis (IPF), the 
results from a case-control study of a Japanese population were shown. Included in 
the study were 104 patients of IPF, aged 40 years or over, who had been diagnosed 
within the previous 2 years, in accordance with the most recent criteria. Control 
subjects, aged 40 years or over, consisted of 56 hospitalized patients diagnosed as 
having acute bacterial pneumonia and four outpatients with the common cold. 
Exposure to metal dust was related to an approximately tenfold increased risk of 
IPF. A significant increased risk of IPF was observed for smokers with 20.0–39.9 
pack-years. Intake levels of saturated fatty acids and meat were independently 
related to an increased risk of IPF. Consumption of fruit in the second and third 
quartiles was associated with a statistically significant reduced risk of IPF. Having 
a child with a history of allergic rhinitis was significantly related to an increased risk 
of IPF.  Epidemiological investigations regarding gene–environment interaction 
affecting the risk of IPF are required.

Keywords  Case-control study · Japan · Idiopathic pulmonary fibrosis · Risk factor

7.1  �Introduction

Idiopathic pulmonary fibrosis (IPF) is characterized by progressive scarring of the 
lung parenchyma, which leads to dyspnea and declining pulmonary function and 
eventually to respiratory failure. The median survival after diagnosis of IPF is 
3–5 years [1]. The heterogeneity in radiological and histopathological appearances, 
rate of progression, and treatment response observed in individuals with IPF sug-
gests that fibrosis arises as a consequence of multiple co-activated pathogenic 
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pathways, all of which are influenced by complex interactions between endogenous 
and environmental factors [2]. Smoking has long been described as a prevalent risk 
factor for the development of IPF [2]. Some other environmental and occupational 
exposures, including wood, mineral, and metal dusts, agriculture, and livestock, 
have also been associated with IPF [2].

In this chapter, using data from the Japan Idiopathic Pulmonary Fibrosis Study, 
the results from a case-control study of a Japanese population were shown [3–6].

7.2  �A Case-Control Study in Japan

7.2.1  �Study Population

Eligible cases aged 40 years or over who were within 2 years of having been diag-
nosed with IPF were identified among 21 collaborating hospitals and their 29 affili-
ated hospitals during the period from 1 June to 30 November 2001. The diagnosis of 
IPF by the collaborating respiratory disease specialists was based on clinical history, 
clinical examination, and high-resolution computerized tomography (HRCT) of the 
chest. Results of video-assisted thoracoscopic lung biopsy transbronchial lung 
biopsy and/or bronchoalveolar lavage, corresponding to the international consensus 
statement on IPF of the American Thoracic Society and the European Respiratory 
Society [7], were also used when available, either alone or in combination, to assist 
diagnosis. All cases had basal fine crackles through auscultation and predominantly 
peripheral, subpleural, bibasal fine reticular shadows and/or honeycombing, occa-
sionally with traction bronchiectasis and bronchiolectasis on HRCT. There was no 
evidence of either coexisting collagen-vascular disease or history of known occupa-
tional exposure to agents that might produce a clinical picture similar to that of IPF 
in any of the cases. The physicians in charge asked eligible patients to participate in 
this study, and 104 patients were cooperative in answering the questionnaires while 
three patients refused. Control subjects, aged 40 years or over and without prior 
respiratory diseases, were prospectively selected from individuals who received 
treatment at the respiratory ward of the 21 collaborating hospitals and their 29 affili-
ated hospitals during the same time period as the cases. Potential control subjects 
consisted of 56 hospitalized patients diagnosed as having acute bacterial pneumonia 
and four outpatients with common colds. Only one eligible control subject who was 
asked to take part in this study by a physician refused to answer the questionnaire.

Controls were not, individually or in larger groups, matched to cases. Few 
patients with acute infectious or common diseases receive treatment at a specialized 
medical institution. Of the 21 collaborating hospitals, 14 were university hospitals 
with doctors who exclusively treated patients with serious illnesses. Thus, 95 of the 
104 cases were recruited from the 21 collaborating hospitals and 34 of the 60 con-
trols were selected from 29 hospitals that were affiliated to the collaborating hospi-
tals. Hypertension, hyperlipidemia, coronary heart disease, diabetes mellitus, 
tuberculosis, asthma, atopic dermatitis, and allergic rhinitis (including cedar polli-
nosis) were defined as present when subjects had been under drug treatment, or, in 
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the case of diabetes mellitus, if they were receiving dietary therapy. Hepatitis C 
virus was considered present if the subject had been diagnosed by a physician as 
having hepatitis C virus or being its carrier. A child’s history of asthma, atopic der-
matitis, and allergic rhinitis (including cedar pollinosis) was considered to be con-
firmed if one or more children of the study subject had been treated for these 
conditions with medications at some time since birth. Occupational exposure was 
defined as present if the subject had been exposed to any of eight specific occupa-
tional agents (metal, wood, asbestos, coal, stone and sand, solvents, pesticide, or 
chalk) ten or more hours per week for more than 1 year. All study subjects gave their 
fully informed consent in writing.

The study subjects were originally restricted to males, but included in the analy-
sis were 10 female cases and five female controls whose treatment was provided at 
six of the collaborating hospitals and one affiliated hospital.

7.2.2  �Measurement

A set of two self-administered questionnaires was handed to cases and controls by 
physicians. The subjects filled out the questionnaires and mailed them to the data 
management center. A telephone interview was conducted by a trained research 
technician to complete missing or illogical data. One of the self-administered ques-
tionnaires elicited information on age, sex, type of job held for the longest period of 
time, exposure to 13 specific occupational agents, smoking habits, molds in the 
house, indoor domestic pets, and residential municipality. Employment data focused 
on type of job held for the longest period of time during the subject’s work life and 
years of exposure were requested regarding the job and occupational agents, respec-
tively. Occupational agents were defined as present if the subject reported >10 h of 
exposure per week. Neither the questionnaire nor a telephone interview requested a 
full occupational history or gave any information to help responders recall possible 
exposures to occupational agents that they may otherwise have overlooked in rela-
tion to their particular occupation.

The other self-administered questionnaire was a validated self-administered 
dietary history questionnaire that was used to assess dietary habits over a period of 
1 month [8, 9]. The structure and validity of the questionnaire are described in detail 
elsewhere [8, 9]. Energy-adjusted intake by the residual method was used for the 
analyses [10].

7.2.3  �Statistical Analysis

Jobs held for the longest period of time were coded using the Japanese Standard 
Occupational Classification and stratified into 11 major groups (professional and 
technical; managers and officials; clerical and related fields; sales; service; protec-
tive service; farming, fishing and forestry; transport and communication; production; 
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materials handling; and construction and extraction). Included in this analysis were 
eight specific occupational agents to which three or more subjects had been exposed 
for more than a year. Intake of foods and nutrients under study was categorized at 
quartile points. Age was classified into four categories (<50, 50–59, 60–69, and 70+ 
years); region into five (Kanto-Koshinetsu, Tokai, Kinki, Chugoku-Shikoku, and 
Kyushu); cigarette smoking into three (never smoked, former smoker, and current 
smoker); pack-years of smoking into five (none, 0–19.9, 20.0–39.9, 40.0–59.9, and 
60.0+); and residential municipality into two (city and town or village). Multiple 
logistic regression analysis was used to estimate the adjusted ORs and 95% confi-
dence intervals (CIs) of IPF for single factors with adjustment for age, sex, and 
region. The reference category for all occupational factors, molds in the house, and 
indoor domestic pets was based on the comparison of those exposed to a single agent 
with all those unexposed, including potential subjects who were exposed to other 
etiologic factors. All computations were performed using version 8.2 of the SAS 
software package (SAS Institute, Inc., Cary, NC, USA).

7.3  �Results

Dyspnea on exertion was present at enrollment in 84 of the 104 cases (80.8%). The 
median (90% central range) of arterial O2 pressure was 80.2 mmHg (57.2–98.0) and 
of vital capacity expressed as percent predicted values was 78.0% (42.1–113.5) in 
cases (Table 7.1).

About 90% of both cases and controls were male (Table 7.2). In comparison with 
controls, cases were older and had a lower prevalence of residence in Chugoku-
Shikoku and never smoking and a higher prevalence of high employment status, 
occupational exposure, and being overweight.

Table 7.3 presents adjusted ORs and 95% CIs for IPF in relation to occupational 
factors after controlling for age, sex, and region. None of the occupational groups 
was related to the risk of IPF with statistical significance, although at least a twofold 
increase in OR was observed among managers and officials and production workers 
while there was a less than 0.5-fold decrease in OR among those in clerical and 
related fields, protective service, and materials handling. Further adjustment for 
pack-years of smoking slightly strengthened associations with the following two 
major occupational groups: managers and officials and clerical and related occupa-
tions (adjusted ORs were 6.06, 95% CI: 0.97 to 118.6 and 0.42, 95% CI: 0.18 to 

Table 7.1  Clinical features of idiopathic pulmonary fibrosis cases

Lung function Mean SD Minimum Median Maximum

Arterial O2 pressure (mmHg) 79.6 11.4 50.0 80.6 102.0
Vital capacity (%, predicted) 77.4 22.0 19.8 77.6 128.0

Arterial O2 pressure: missing = 8
Vital capacity: missing = 5
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0.95, respectively). Exposure to any of the eight kinds of dust under study was sig-
nificantly associated with an increased risk of IPF. In particular, exposure to metal 
dust was related to an approximately tenfold increased risk of IPF.

Results for environmental factors are shown in Table 7.4. More cases than con-
trol subjects were former smokers while current smoking was more prevalent in 
controls than in cases although differences between groups were not statistically 
significant. Adjusted OR for comparison of having smoked with never having 
smoked was 1.91 (95% CI: 0.71 to 5.15). A significant increased risk of IPF was 
observed for smokers with 20.0–39.9 pack-years, but there was no dose-response 
association with cumulative consumption of cigarettes. Although not statistically 
significant, molds in the living room and the presence of indoor hamsters were asso-
ciated with more than a 50% decreased risk of IPF.

In Table 7.5, adjusted ORs for associations between specific types of dietary fat 
and IPF are presented. Intake of saturated fatty acids was independently related to 
an increased risk of IPF after multivariate adjustment: the OR for comparison of the 
highest with the lowest quartile was 6.26 (95% CI: 1.79 to 24.96; p for trend = 0.01). 

Table 7.2  Characteristics of study population

n (%) or mean (SD)
Variable Cases (n = 104) Controls (n = 60) p value

Sex (% male) 94 (90.4) 55 (91.7) 0.78
Age (% years) 0.10
<50 3 (2.9) 2 (3.3)
50–59 16 (15.4) 19 (31.7)
60–69 56 (53.9) 25 (41.7)
70+ 29 (27.9) 14 (23.3)
Region (%) 0.21
Kanto-Koshinetsu 57 (54.8) 27 (45.0)
Tokai 12 (11.5) 10 (16.7)
Kinki 14 (13.5) 5 (8.3)
Chugoku-shikoku 4 (3.9) 7 (11.7)
Kyushu 17 (16.4) 11 (18.3)
Pack-years of smoking (%) 0.26
Never 20 (19.2) 15 (25.0)
0 < −19.9 10 (9.6) 11 (18.3)
20.0–39.9 30 (28.9) 10 (16.7)
40.0–59.9 29 (27.9) 15 (25.0)
60.0+ 15 (14.4) 9 (15.0)
High employment status (%)a 18 (17.3) 8 (13.3) 0.50
Occupational exposure (%)b 33 (31.7) 5 (8.3) 0.0006
Body mass index (kg/m2) 23.3 (3.1) 21.9 (3.0) 0.005

aSubjects considered to have a high employment status were those who were professionals, techni-
cal workers, managers or officials for the longest period within their working years
bExposure to metal, wood, asbestos, coal, stone and sand, solvents, pesticide, or chalk 10 or more 
hours per week for more than 1 year
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We observed a clear positive association for monounsaturated fatty acids (multivari-
ate OR for comparison of the highest with the lowest quartile = 3.19, 95% CI: 1.06 
to 10.14; p for trend = 0.02). For n-6 polyunsaturated fatty acids, a significant posi-
tive association was found when comparing the third with the first quartile, but the 
OR for comparison of the highest with the lowest quartile was slightly above unity 
(p for trend = 0.20). Intake of n-3 polyunsaturated fatty acids and cholesterol was 
not statistically significantly associated with the risk of IPF.

We then evaluated the risk of IPF based on intake of high-fat foods (Table 7.6). 
After adjustment for sex, age, region, pack-years of smoking, employment status, 
occupational exposure, fruit intake, and body mass index, compared with meat 
intake in the first quartile, consumption of meat in the second and fourth quartiles 

Table 7.3  Adjusted odds ratios for idiopathic pulmonary fibrosis in relation to occupational 
factors

Factor n (%)
Adjusted odds 
ratioa

95% confidence 
interval

Cases 
(n = 102)

Controls 
(n = 59)

Job held for the longest period of time
Professional or technical 9 (8.8) 7 (11.9) 0.71 0.23 to 2.25
Manager or official 9 (8.8) 1 (1.7) 4.26 0.74 to 80.88
Clerical or related 
occupation

18 (17.7) 18 (30.5) 0.49 0.22 to 1.08

Sales 11 (10.8) 6 (10.2) 1.29 0.44 to 4.18
Service 6 (5.9) 3 (5.1) 1.02 0.23 to 5.46
Protective service 2 (2.0) 3 (5.1) 0.33 0.04 to 2.19
Farming, fishing, or 
forestry

7 (6.9) 7 (11.9) 0.55 0.16 to 1.89

Transport or 
communication

4 (3.9) 2 (3.4) 1.10 0.19 to 8.73

Production 18 (17.7) 5 (8.5) 2.56 0.91 to 8.54
Materials handling 2 (2.0) 2 (3.4) 0.46 0.05 to 4.34
Construction or 
extraction

11 (10.8) 5 (8.5) 1.37 0.42 to 4.44

Occupational agents
Any dustb 33 (32.4) 5 (8.5) 5.61 2.12 to 17.89
Metal 12 (11.8) 1 (1.7) 9.55 1.68 to 181.12
Wood 5 (4.9) 0 (0.0)
Asbestos 3 (2.9) 0 (0.0)
Coal 3 (2.9) 0 (0.0)
Stone or sand 11 (10.8) 4 (6.8) 1.75 0.52 to 7.01
Solvents 4 (3.9) 0 (0.0)
Pesticides 6 (5.9) 2 (3.4) 1.46 0.30 to 10.61
Chalk 4 (3.9) 0 (0.0)

aAdjusted for age (<50, 50–59, 60–69, or 70+), sex, and region (Kanto-Koshinetsu, Tokai, Kinki, 
Chugoku-Shikoku, and Kyushu)
bEight cases and 2 controls were exposed to two or more occupational agents
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was associated with a 5.9- and 7.2-fold increased risk of IPF, respectively, while 
meat consumption in the third quartile had no such statistically significant 
relationship.

Table 7.7 shows the relation between vegetable, fruit, and cereal consumption and 
IPF risk. Consumption of fruit in the second and third quartiles was associated with 
a statistically significant reduced risk of IPF. Although not statistically significant, a 
beneficial association between soluble fiber intake and IPF was found (Table 7.8).

In Table 7.9, adjusted ORs for associations between selected medical histories 
and IPF are presented. There was a tendency for an inverse association between 

Table 7.4  Adjusted odds ratios for idiopathic pulmonary fibrosis in relation to environmental 
factors

Factor n (%)
Adjusted odds 
ratioa

95% confidence 
interval

Cases 
(n = 102)

Controls 
(n = 59)

Smoking status
Never smoked 18 (17.6) 14 (23.7) 1.00
Former smoker 80 (78.4) 34 (57.6) 2.21 0.82 to 6.04
Current 
smoker

4 (3.9) 11 (18.6) 0.50 0.10 to 2.24

Pack-years of smoking
None 18 (17.7) 14 (23.7) 1.00
0.6–19.9 10 (9.8) 11 (18.6) 0.87 0.25 to 3.10
20.0–39.9 30 (29.4) 10 (17.0) 3.23 1.01 to 10.84
40.0–59.9 29 (28.4) 15 (25.4) 2.22 0.70 to 7.23
60.0+ 15 (14.7) 9 (15.3) 1.59 0.46 to 5.64
Molds
Any placeb 56 (54.9) 36 (61.0) 0.98 0.48 to 2.01
Living room 5 (4.9) 8 (13.6) 0.36 0.10 to 1.20
Bathroom 51 (50.0) 28 (47.5) 1.38 0.69 to 2.82
Kitchen 12 (11.8) 11 (18.6) 0.61 0.24 to 1.57
Closets 17 (16.7) 9 (15.3) 1.25 0.50 to 3.30
Indoor domestic pets
Any petsc 40 (39.2) 25 (42.4) 0.94 0.47 to 1.86
Birds 17 (16.7) 9 (15.3) 1.16 0.47 to 3.03
Cats 14 (13.7) 8 (13.6) 1.24 0.45 to 3.58
Dogs 15 (14.7) 10 (17.0) 0.85 0.33 to 2.26
Hamsters 2 (2.0) 3 (5.1) 0.27 0.03 to 1.80
Residential municipality
Village or 
town

15 (14.7) 12 (20.3) 1.00

City 87 (85.3) 47 (79.7) 1.35 0.56 to 3.28
aAdjusted for age (<50, 50–59, 60–69, or 70+), sex, and region (Kanto-Koshinetsu, Tokai, Kinki, 
Chugoku-Shikoku, and Kyushu)
bTwenty-two cases and 13 controls were exposed to molds in two or more places
cEight cases and 3 controls had two or more types of indoor domestic pets
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Table 7.5  Odds ratios for idiopathic pulmonary fibrosis by quartiles of specific types of dietary fat

n (%) Sex and age adjusted Multivariatea

Variablesb Cases Controls Odds ratio 95% CI Odds ratio 95% CI

Total fat
Q1 (31.7) 22 (21.2) 19 (31.7) 1.00 1.00
Q2 (44.8) 23 (22.1) 18 (30.0) 0.96 0.38 to 2.39 1.00 0.32 to 3.11
Q3 (52.3) 31 (29.8) 10 (16.7) 2.33 0.89 to 6.35 2.59 0.79 to 8.85
Q4 (65.5) 28 (26.9) 13 (21.7) 2.02 0.79 to 5.34 2.79 0.93 to 8.69
p for trend 0.05 0.02
Saturated fatty acids
Q1 (8.5) 23 (22.1) 18 (30.0) 1.00 1.00
Q2 (12.4) 22 (21.2) 19 (31.7) 0.79 0.32 to 1.96 0.64 0.20 to 2.03
Q3 (15.3) 24 (23.1) 17 (28.3) 0.92 0.36 to 2.32 0.66 0.22 to 1.93
Q4 (18.9) 35 (33.7) 6 (10.0) 5.50 1.84 to 18.64 6.26 1.79 to 24.96
p for trend 0.007 0.01
Monounsaturated fatty acids
Q1 (9.7) 21 (20.2) 20 (33.3) 1.00 1.00
Q2 (14.8) 25 (24.0) 16 (26.7) 1.37 0.55 to 3.43 1.52 0.50 to 4.71
Q3 (17.5) 30 (28.9) 11 (18.3) 2.49 0.97 to 6.62 4.29 1.30 to 15.20
Q4 (22.9) 28 (26.9) 13 (21.7) 2.38 0.92 to 6.34 3.19 1.06 to 10.14
p for trend 0.04 0.02
n-3 polyunsaturated fatty acids
Q1 (1.5) 24 (23.1) 17 (28.3) 1.00 1.00
Q2 (2.4) 29 (27.9) 12 (20.0) 1.49 0.57 to 3.92 2.14 0.67 to 7.12
Q3 (2.9) 25 (24.0) 16 (26.7) 1.08 0.43 to 2.68 1.74 0.59 to 5.23
Q4 (4.0) 26 (25.0) 15 (25.0) 1.17 0.47 to 2.97 1.72 0.60 to 5.09
p for trend 0.92 0.41
n-6 polyunsaturated fatty acids
Q1 (6.1) 25 (24.0) 16 (26.7) 1.00 1.00
Q2 (9.0) 21 (20.2) 20 (33.3) 0.72 0.29 to 1.79 1.10 0.34 to 3.58
Q3 (10.9) 33 (31.7) 8 (13.3) 2.59 0.96 to 7.44 5.15 1.42 to 20.46
Q4 (14.1) 25 (24.0) 16 (26.7) 1.06 0.42 to 2.72 1.39 0.44 to 4.47
p for trend 0.35 0.20
Cholesterol
Q1 (139.2) 24 (23.1) 17 (28.3) 1.00 1.00
Q2 (220.0) 26 (25.0) 15 (25.0) 1.06 0.41 to 2.72 1.46 0.48 to 4.51
Q3 (290.3) 25 (24.0) 16 (26.7) 0.89 0.35 to 2.29 1.11 0.38 to 3.28
Q4 (418.1) 29 (27.9) 12 (20.0) 1.52 0.59 to 4.01 2.58 0.86 to 8.07
p for trend 0.48 0.15

CI confidence interval
aAdjusted for age, sex, region, pack-years of smoking, employment status, occupational exposure, 
soluble fiber intake, and body mass index
bQuartile medians in grams (except for cholesterol; milligrams) per day adjusted for energy intake 
using residual methods are given in parentheses
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asthma and the risk of IPF: the multivariate OR was 0.22 (95% CI: 0.04 to 1.09). 
The multivariate OR for a child’s history of asthma was 1.82 (95% CI: 0.54 to 7.04), 
of atopic dermatitis was 0.91 (95% CI: 0.30 to 2.77), and of allergic rhinitis was 
2.49 (95% CI: 1.01 to 6.54).

Table 7.6  Odds ratios for idiopathic pulmonary fibrosis by quartiles of intake of selected foods 
high in fat

n (%) Sex and age adjusted Multivariatea

Variablesb Cases Controls Odds ratio 95% CI Odds ratio 95% CI

Meat
Q1 (15.4) 21 (20.2) 20 (33.3) 1.00 1.00
Q2 (32.7) 31 (29.8) 10 (16.7) 2.98 1.16 to 8.06 5.90 1.76 to 21.70
Q3 (44.7) 22 (21.2) 19 (31.7) 1.25 0.51 to 3.08 2.11 0.71 to 6.56
Q4 (79.9) 30 (28.9) 11 (18.3) 3.65 1.38 to 10.35 7.19 2.15 to 27.07
p for trend 0.06 0.02
Eggs
Q1 (5.4) 24 (23.1) 17 (28.3) 1.00 1.00
Q2 (14.8) 24 (23.1) 17 (28.3) 0.84 0.32 to 2.15 1.11 0.36 to 3.42
Q3 (25.5) 26 (25.0) 15 (25.0) 1.03 0.40 to 2.65 1.08 0.37 to 3.15
Q4 (47.9) 30 (28.9) 11 (18.3) 1.55 0.58 to 4.22 2.38 0.74 to 8.10
p for trend 0.32 0.19
Dairy products
Q1 (14.7) 24 (23.1) 17 (28.3) 1.00 1.00
Q2 (74.1) 25 (24.0) 16 (26.7) 1.09 0.43 to 2.74 0.83 0.27 to 2.55
Q3 (161.7) 27 (26.0) 14 (23.3) 1.27 0.51 to 3.22 0.80 0.26 to 2.48
Q4 (237.2) 28 (26.9) 13 (21.7) 1.33 0.52 to 3.46 1.32 0.43 to 4.11
p for trend 0.51 0.62
Fish
Q1 (34.7) 24 (23.1) 17 (28.3) 1.00 1.00
Q2 (64.1) 27 (26.0) 14 (23.3) 1.41 0.56 to 3.63 2.38 0.76 to 7.74
Q3 (85.6) 26 (25.0) 15 (25.0) 1.30 0.51 to 3.32 1.62 0.54 to 4.93
Q4 (123.5) 27 (26.0) 14 (23.3) 1.29 0.51 to 3.33 2.12 0.71 to 6.56
p for trend 0.64 0.32

CI confidence interval
aAdjusted for age, sex, region, pack-years of smoking, employment status, occupational exposure, 
fruit intake, and body mass index
bQuartile medians in grams per day adjusted for energy intake using residual methods are given in 
parentheses
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Table 7.7  Odds ratios for idiopathic pulmonary fibrosis by quartiles of vegetable, fruit, and cereal 
intake

n (%) Sex and age adjusted Multivariate adjusteda

Variablesb Cases Controls
Odds 
ratio

95% confidence 
interval

Odds 
ratio

95% confidence 
interval

Green and yellow vegetables
Q1 (32.6) 22 (21.2) 19 (31.7) 1.00 1.00
Q2 (63.3) 33 (31.7) 8 (13.3) 3.56 1.32 to 10.33 7.06 2.00 to 27.91
Q3 (95.3) 22 (21.2) 19 (31.7) 0.87 0.35 to 2.14 1.02 0.34 to 3.09
Q4 (162.8) 27 (26.0) 14 (23.3) 1.35 0.53 to 3.52 1.62 0.48 to 5.59
p for trend 0.82 0.68
Other vegetables
Q1 (81.9) 28 (26.9) 13 (21.7) 1.00 1.00
Q2 (134.9) 25 (24.0) 16 (26.7) 0.65 0.25 to 1.67 0.61 0.20 to 1.78
Q3 (175.4) 26 (25.0) 15 (25.0) 0.65 0.25 to 1.69 0.59 0.18 to 1.91
Q4 (256.8) 25 (24.0) 16 (26.7) 0.62 0.24 to 1.60 0.77 0.25 to 2.35
p for trend 0.36 0.72
Fruit
Q1 (37.9) 33 (31.7) 8 (13.3) 1.00 1.00
Q2 (108.5) 23 (22.1) 18 (30.0) 0.29 0.10 to 0.80 0.17 0.05 to 0.56
Q3 (181.5) 23 (22.1) 18 (30.0) 0.24 0.08 to 0.66 0.13 0.03 to 0.44
Q4 (312.5) 25 (24.0) 16 (26.7) 0.26 0.08 to 0.75 0.28 0.07 to 1.01
p for trend 0.02 0.06
Cereals
Q1 (361.3) 28 (26.9) 13 (21.7) 1.00 1.00
Q2 (470.5) 29 (27.9) 12 (20.0) 1.00 0.38 to 2.65 0.96 0.30 to 3.02
Q3 (540.7) 27 (26.0) 14 (23.3) 0.75 0.28 to 1.97 0.99 0.31 to 3.12
Q4 (668.5) 20 (19.2) 21 (35.0) 0.42 0.16 to 1.07 0.75 0.21 to 2.64
p for trend 0.06 0.70

aOdds ratios were separately calculated for each dietary variable adjusted for age, sex, region, 
pack-years of smoking, employment status, occupational exposure, saturated fatty acid intake, and 
body mass index
bQuartile medians in grams per day adjusted for energy intake with the residual methods given in 
parentheses
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Table 7.8  Odds ratios for idiopathic pulmonary fibrosis by quartiles of beta-carotene, vitamins C 
and E, and fiber intake

n (%) Sex and age adjusted Multivariate adjusteda

Variablesb Cases Controls
Odds 
ratio

95% confidence 
interval

Odds 
ratio

95% confidence 
interval

Beta-carotene
Q1 (637.3) 28 (26.9) 13 (21.7) 1.00 1.00
Q2 (1417.8) 26 (25.0) 15 (25.0) 0.74 0.28 to 1.91 0.93 0.31 to 2.85
Q3 (2258.4) 22 (21.2) 19 (31.7) 0.46 0.17 to 1.16 0.59 0.19 to 1.78
Q4 (3485.8) 28 (26.9) 13 (21.7) 0.81 0.30 to 2.16 1.03 0.32 to 3.32
p for trend 0.46 0.85
Vitamin C
Q1 (65.8) 27 (26.0) 14 (23.3) 1.00 1.00
Q2 (111.6) 28 (26.9) 13 (21.7) 0.77 0.28 to 2.07 1.05 0.32 to 3.38
Q3 (158.7) 25 (24.0) 16 (26.7) 0.54 0.20 to 1.44 0.62 0.19 to 1.97
Q4 (220.9) 24 (23.1) 17 (28.3) 0.49 0.18 to 1.33 0.69 0.20 to 2.40
p for trend 0.13 0.42
Vitamin E
Q1 (5.9) 25 (24.0) 16 (26.7) 1.00 1.00
Q2 (8.0) 28 (26.9) 13 (21.7) 1.28 0.50 to 3.32 1.23 0.38 to 4.04
Q3 (9.3) 26 (25.0) 15 (25.0) 1.05 0.41 to 2.70 0.80 0.23 to 2.70
Q4 (12.0) 25 (24.0) 16 (26.7) 0.93 0.37 to 2.35 0.69 0.21 to 2.19
p for trend 0.78 0.38
Soluble fiber
Q1 (1.3) 28 (26.9) 13 (21.7) 1.00 1.00
Q2 (1.9) 27 (26.0) 14 (23.3) 0.68 0.25 to 1.80 0.54 0.17 to 1.71
Q3 (2.5) 25 (24.0) 16 (26.7) 0.55 0.20 to 1.47 0.56 0.17 to 1.83
Q4 (3.6) 24 (23.1) 17 (28.3) 0.43 0.15 to 1.15 0.36 0.10 to 1.15
p for trend 0.09 0.11
Insoluble fiber
Q1 (6.9) 26 (25.0) 15 (25.0) 1.00 1.00
Q2 (9.4) 28 (26.9) 13 (21.7) 1.16 0.44 to 3.05 0.96 0.31 to 2.90
Q3 (11.4) 25 (24.0) 16 (26.7) 0.68 0.26 to 1.77 0.72 0.22 to 2.24
Q4 (14.5) 25 (24.0) 16 (26.7) 0.61 0.22 to 1.67 0.62 0.18 to 2.05
p for trend 0.22 0.37

aOdds ratios were separately calculated for each dietary variable adjusted for age, sex, region, 
pack-years of smoking, employment status, occupational exposure, saturated fatty acid intake, and 
body mass index
bQuartile medians in grams (except for beta-carotene and vitamins C and E; milligrams) per day 
adjusted for energy intake with the residual methods given in parentheses
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7.4  �Discussion

The present case-control study had methodological advantages. Cases were selected 
according to the most recent diagnostic criteria and extensive information on poten-
tial confounding factors was incorporated. Weaknesses of this study should be 
borne in mind. Although selection bias in the choice of cases was not likely to have 
occurred because of the high response rate (only three eligible patients refused), 
control subjects may not have been representative of the general population from 
which the cases arose because almost all controls were hospitalized patients with 
acute bacterial pneumonia. In fact, the prevalence values of hypertension and diabe-
tes mellitus were relatively high in the present study. In a population-based case-
control study of acute myocardial infarction in Fukuoka, Japan, the proportions of 
persons with hypertension and diabetes mellitus, which were considered to be pres-
ent by the same definition as in this study, were 13% and 10%, respectively, among 
260 male controls below 65 years of age, and 21% and 8%, respectively, in 212 
male controls aged 65 years or over [11]. The corresponding figures in this study for 
hypertension and diabetes mellitus were 27% and 10%, respectively, in 30 male 
controls below 65 years old, and 28% and 16%, respectively, in 25 male controls 

Table 7.9  Odds ratios for idiopathic pulmonary fibrosis in relation to selected items from personal 
and child’s medical history

n (%) Sex and age adjusted Multivariate adjusteda

Variable Cases Controls
Odds 
ratio

95% confidence 
interval

Odds 
ratio

95% confidence 
interval

Personal history
Hypertension 28 (26.9) 15 (25.0) 1.00 0.48 to 2.14 0.56 0.23 to 1.35
Hyperlipidemia 10 (9.6) 4 (6.7) 1.63 0.50 to 6.37 1.35 0.34 to 6.39
Coronary 
disease

10 (9.6) 3 (5.0) 1.58 0.45 to 7.39 1.31 0.32 to 6.76

Diabetes 
mellitus

13 (12.5) 7 (11.7) 0.95 0.36 to 2.74 1.43 0.46 to 4.76

Hepatitis C 
virus

7 (6.7) 4 (6.7) 0.85 0.22 to 3.60 0.80 0.15 to 4.27

Tuberculosis 7 (6.7) 9 (15.0) 0.35 0.12 to 1.03 0.58 0.17 to 1.94
Asthma 4 (3.9) 6 (10.0) 0.39 0.09 to 1.48 0.22 0.04 to 1.09
Atopic 
dermatitis

2 (1.9) 1 (1.7) 1.31 0.12 to 29.99 1.76 0.12 to 46.06

Allergic rhinitis 12 (11.5) 4 (6.7) 1.96 0.62 to 7.58 2.00 0.53 to 9.19
Child’s history
Asthma 12 (11.5) 5 (8.3) 1.56 0.53 to 5.33 1.82 0.54 to 7.04
Atopic 
dermatitis

9 (8.7) 9 (15.0) 0.56 0.20 to 1.56 0.91 0.30 to 2.77

Allergic rhinitis 30 (28.9) 11 (18.3) 1.94 0.89 to 4.49 2.49 1.01 to 6.54
aAdjusted for age, sex, region, pack-years of smoking, employment status, occupational exposure, 
and body mass index

Y. Miyake



115

aged 65 years or over. Our control subjects may have been likely to have had histo-
ries of medical conditions such as hypertension and diabetes mellitus. Such a 
hypothesis would give rise to an underestimation of our results. If acute bacterial 
pneumonia shared risk factors with IPF, the reported OR would have been underes-
timated. Eligible control subjects with acute bacterial pneumonia were not likely to 
arise during the summer months because of seasonal variation in this disease. The 
ratio of controls to cases was below 1:1 and our investigation did not have a substan-
tial statistical power.

Data on genetic factors were not available in the present case-control study. 
Common variants (defined as minor allele frequency of >5%) appear to play a role 
in FIP risk. The most widely replicated risk variant (rs35705950), located in the 
promoter region of MUC5B, was initially identified in a genetic association study 
and has been strongly associated with IPF [12]. Several common variants such as 
TERT at 5p15, the 3q26 region near TERC, FAM13A (4q22), DSP (6q24), OBFC1 
(10q24), ATP11A (13q34), and DPP9 (19q13) have been identified [13].

Epidemiological investigations regarding gene–environment interaction affect-
ing the risk of IPF are required.
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Chapter 8
Epidemiology of Ulcerative Colitis in Japan

Satoko Ohfuji

Abstract  In Japan, the prevalence of ulcerative colitis (UC) has been increasing 
over the past four decades, with the number of patients reaching approximately 
170,000 as of 2014. This increase can be partly explained by the broader percep-
tion of the disease, improved diagnostic techniques such as endoscopy, and 
improved disease prognosis resulting from more advanced therapeutic techniques. 
However, some concerns remain regarding the possibility that a number of envi-
ronmental factors could be contributing to the increase in the number of UC 
patients.

To date, numerous studies have been conducted to identify disease risk fac-
tors worldwide; however, such studies are faced with the difficulty of showing 
firm conclusions because of limitations in study designs and statistical power 
owing to small sample sizes. Therefore, although several factors have been sug-
gested as being associated with UC, the actual burden against disease develop-
ment remains unclear. Nonetheless, recent improvements in treatment techniques 
have helped to successfully decrease disease mortality by enabling maintenance 
of remission in the long-term and prevention of developing colorectal cancers in 
UC patients.

From a public health perspective, it is important to identify disease risk factors 
and construct strategies for well-controlling clinical course in UC patients, in 
order to prevent further new cases and achieve the more improving their 
prognosis.
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8.1  �Introduction

In Japan in 1975, ulcerative colitis (UC) was officially designated as one of 
“Nanbyo” (i.e., specified rare intractable diseases) and a subsidy system for medical 
expenses was launched [1]. UC patients who had specific disease symptoms that 
matched the disease criteria were then approved to receive aid for their medical 
expenses by a committee and issued certificates for specific disease treatment. To 
date, the number of certificates issued for specific disease treatment has increased 
from 965 in fiscal year 1975, reaching 170,781 throughout Japan as of fiscal year 
2014 [1]. This increase can be partly explained by the broader perception of the 
disease, improved diagnostic techniques such as endoscopy, and improved disease 
prognosis resulting from more advanced therapeutic techniques. However, some 
concerns remain regarding the possibility of unknown risk factors contributing to 
the increase in the number of UC patients.

Here I described the incidence and prevalence of UC from the perspective of 
descriptive epidemiology, and then focus on the suggested risk and protective fac-
tors regarding the development of UC and its prognosis from the perspective of 
analytic epidemiology.

8.2  �Incidence and Prevalence of Ulcerative Colitis

As shown in Table 8.1, the prevalence of UC continues to increase in Japan. In 1984, 
the prevalence was 7.85 per 100,000 person-years [2]. After sustained increases [3, 
4], currently, over 30 years later, the prevalence stands at 134.4 per 100,000 persons 
[5], which is approximately 20 times higher than that in 1984.

Regarding the incidence and prevalence in the other countries, they are highest 
in Northern Europe, the United Kingdom (UK), North America, and New Zealand 
[6]. The incidence and prevalence in these locations have changed dramatically over 
the past several decades. Research in the USA found the incidence of UC to be 0.6 
per 100,000 person-years in the 1940s before surging in the 1970s and reaching 8.3 
per 100,000 person-years in the late 1980s, with no substantial increases thereafter. 
In the early 2000s, UC had a prevalence of 238 per 100,000 persons in the USA and 
243 per 100,000 persons in the UK [7]. The figures are two- to sevenfold greater in 
Western countries than in Japan.

Table 8.1  Incidence and prevalence of ulcerative colitis in Japan

Year Incidence (per 100,000 person-years) Prevalence (per 100,000 persons) References

1984 Not specified 7.85 [2]
1991 1.95 18.1 [3]
2005 Not specified 63.6 [4]
2014 Not specified 134.4 [5]
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UC has traditionally been considered to be prevalent in Western countries and 
unusual in Eastern countries. The incidence, however, began increasing in Japan, 
as well as in China, South Korea, and India, in the 1980s [6]. An investigation of 
Indians immigrating to the UK found that first- and second-generation immi-
grants had a higher incidence of UC than native Indians, and an incidence similar 
to that of citizens in the UK [8]. Moreover, the incidence of UC was higher in 
second- than in first-generation immigrants [9]. These findings suggest that 
Westernized lifestyles and more hygienic environments could contribute to UC 
onset.

Regarding age distribution, the number of UC patients in Japan peaks among 
patients in their early 30s, with a second peak in the 50s [4]. This figure is similar to 
that in Western countries [7]. These observations seem to suggest the possibility that 
early-onset UC patients are affected by genetic susceptibility, and that late-onset 
UC patients are affected by a number of lifestyle habits [10].

8.3  �Suggested Risk Factors and Preventive Factors 
for the Development of UC

Between September 2008 and March 2014, we conducted a multicenter case-control 
study at 38 collaborating hospitals in Japan to investigate risk factors for the devel-
opment of UC [11]. Newly diagnosed UC patients were recruited as cases, and their 
lifestyle habits and hygienic environments were compared with those of age- and 
sex-matched hospital controls. The major results, along with a summary of results 
from previous studies, are shown in Table 8.2.

In our study [11], the positive association with the development of UC was sug-
gested in patients with family history of inflammatory bowel diseases, past smoker 
(i.e., quit smoking), higher intake of sweets, peaches or isoflavones, and stressful 
events, whereas the inverse association was suggested in patients with history of 
appendicitis, higher intake of particular fruits, and some hygiene factors such as 
history of acute gastroenteritis and brushing teeth (Table 8.2). In the light of previ-
ous studies, I discussed the accumulating results of these suggested factors in the 
following section.

8.3.1  �Family History of UC

To date, several studies have consistently indicated that a family history of UC is 
associated with a higher risk of developing UC [13–20]. Individuals with a family 
history of UC have been shown to have a 2.3- to 12.5-fold higher risk of developing 
UC than those without [13–20]. The positive association of family history was 
reported from not only Japan [11], but also other countries including Greece [13], 
France [14, 18], Canada [15, 16], China [17], New Zealand [19], and Australia [20]. 
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The consistency of the results seemed to indicate the probable association of genetic 
susceptibility for UC.

All of the previous studies used a case-control study design [11, 13–20], in which 
only three studies [11, 13, 20] applied incident cases (i.e., newly diagnosed UC 
patients) as opposed to prevalent cases (i.e., newly diagnosed UC patients and 
patients who had been diagnosed with UC in the past). However, the studies focus-
ing on family history were not likely to suffer from reverse causality because a fam-
ily history of UC was considered an inherent characteristic. Thus, even if the results 
were derived from case-control studies using prevalent cases, their reliability 
remained high.

Table 8.2  Risk factors and preventive factors for the development of ulcerative colitis (UC)

Factor
Finding in our 
study [11, 12]

Association with the 
development of UC References

Family history of inflammatory 
bowel diseases

OR = 3.33a Positive [13–20]

History of appendicitis OR = 0.30b Inverse [13, 14, 17–31]
Past smoker (quit smoking) OR = 2.36b Positive [13, 15–17, 19–21, 

23, 32–41]Current smoker OR = 0.60 Inversec

Dietary factors
Sugars OR = 0.71 Positivec [21, 33, 38, 42–44]
Japanese sweets OR = 2.33b

Western sweets OR = 2.22b

Protein OR = 0.81 Positivec [15, 44]
Fats, fatty acids OR = 0.63 Positivec [43, 45]
Fruits OR = 0.91 Inversec [21, 38, 42]
Mandarin oranges OR = 0.51a –
Strawberries OR = 0.41a –
Peaches OR = 2.05b –
Vegetables – Inversec [21, 46]
Green/yellow vegs OR = 0.76 –
Other vegs OR = 0.73 –
Isoflavones OR = 2.06b – [12]
Estrogen, oral contraceptives OR = 1.42 Inversec [47, 48]
Breast milk OR = 1.11 Inverse [19, 21, 32, 37]
Hygiene hypothesis
Socioeconomic status OR = 1.32 Inversec/positivec [19]/ [23]
History of acute gastroenteritis OR = 0.30b Positivec [35, 36]
Oral hygiene (brushing teeth) OR = 0.55a No association [38]
Stressful events OR = 1.69b Positivec [33]

OR odds ratio
ap < 0.1
bp < 0.05
cMeans possible association because of the limited evidences or the inconsistent results
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Recently, some researches regarding genes related to inflammatory bowel dis-
ease have been implementing [16, 49, 50]. I hope to clarify factors determining 
genetic predisposition and prevent disease onset in the near future.

8.3.2  �History of Appendectomy

In our study [11], patients with a history of appendicitis had a significantly decreased 
risk for developing UC, with odds ratios (ORs) of approximately one-third com-
pared with those without appendicitis history (Table 8.2). Previous Japanese case-
control study in 1999–2000 also indicated that patients with appendectomy has 
about one-third of OR for developing UC [24]. In the other countries, Chinese case-
control study also reported that appendectomy was a preventive factor for UC 
(OR = 0.24) [17]. The inverse association was reported from New Zealand [19] and 
several European countries including Greece [13], France [14, 18], Denmark [21, 
28, 29], the UK [22, 25–27], Spain [23], and Sweden [30].

From the perspective of study design, the inverse association has been reported 
from not only case-control studies [13, 14, 17–27], but also prospective cohort stud-
ies [28–30]. In addition, a meta-analysis concluded that a history of appendectomy 
was negatively associated with UC onset; the overall OR of appendectomy was 
0.307 (95% confidence interval. 0.249–0.377) [31]. Therefore, the inverse associa-
tion between a history of appendectomy and the development of UC seems to be 
highly reliable. The risk appears to be particularly low in those who receive an 
appendectomy before the age of 20 years [22, 28, 30].

Some hypotheses regarding the mechanism underlying this association have 
been proposed. One hypothesis is that an infection of the appendix might be associ-
ated with UC development, because a lower risk has been observed in patients who 
have had an appendectomy due to appendicitis [22, 28–30]. Another is that an 
appendectomy may affect the immune system in the colon, because the appendix is 
an important organ that involves lymphoid tissue that generates IgA-secreting cells 
to control the composition of microbiota in the colon [51].

8.3.3  �Habitual Smoking

Most previous studies have indicated that past smokers (i.e., quit smoking) had 
higher ORs, whereas current smokers had lower ORs for UC development [13, 15–
17, 19–21, 23, 32–41]. Specifically speaking, previous two Japanese case-control 
studies showed the positive association of past smokers and the inverse association 
of current smokers for UC [40, 41]. The studies from Australia [20] and New 
Zealand [19] also suggested these associations, whereas in other Asia-Pacific lesion, 
one Chinese case-control study reported these associations of smoking habit [17] 
but another Chinese case-control study failed to show these associations [33]. 
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Besides, a population-based case control study in nine countries of Asia-Pacific 
revealed that past smokers had an increased OR for UC development but no associa-
tion of current smokers [32]. In the Western countries, several studies have reported 
the positive association of past smokers or the inverse association of current smok-
ers from Greece [13], Canada [15, 16], Denmark [21], Spain [23, 34, 35], Sweden/
Denmark [36], Italy [37], and the Netherlands [38]. The accumulation of these 
results has led to the clinical belief that habitual smoking has a protective effect on 
UC and quit smoking has a harmful effect on UC.

Scrutiny of these studies, however, shows that such findings often originate from 
case-control studies that used prevalent cases (i.e., newly diagnosed UC patients 
and patients who have been diagnosed with UC in the past), which may be easily 
affected by so-called reverse causality [13, 15–17, 19, 23, 36–41]. These studies 
could be criticized for possibly including UC cases who had quit smoking because 
of gastrointestinal symptoms prior to diagnosis. If large numbers of such patients 
were included in UC cases, the observed association between UC and past smokers 
(i.e., quit smoking) could be biased to be higher, while that between UC and current 
smokers could be biased to be lower resulting from the reverse causality induced by 
the study design. To minimize the possibility of reverse causality, the use of incident 
cases (i.e., newly diagnosed UC patients) has been recommended when conducting 
case-control studies. To date, the results from case-control studies using incident 
UC cases have been accumulated [11, 20, 21, 32–35]. These studies similarly found 
an increased risk of UC onset in past smokers, but the protective effect of current 
smoking was somewhat obscure in their findings. Therefore, the reported associa-
tion between current smoking and UC may be apparent because of the reverse cau-
sality owing to the study design, although the clinical belief that past smoking (i.e., 
quit smoking) is a risk factor for the development of UC may be supported.

Why past smoking (i.e., quit smoking) is associated with an increased risk of UC 
remains unclear. Quit smoking might act as a trigger for the disease onset in a 
genetically susceptible individual, or might bring about some stresses to the indi-
vidual, which result in the disease onset. Further studies would be needed to clarify 
the mechanism of quit smoking for the development of UC.

8.3.4  �Dietary Habits

Diet is an important factor because it directly affects the mucosal tissue of the colon. 
However, there has been limited evidence regarding the association between dietary 
factors and UC onset. One of the reasons for this lack of evidence is that research on 
the relationship between diet and UC onset generally faces many challenges, includ-
ing poor recall of dietary habits and the possibility that participants may uncon-
sciously change their dietary habits before being diagnosed with UC because of its 
gastrointestinal symptoms. Thus, the results of case-control studies that use preva-
lent cases are particularly more difficult to interpret.

In our case-control study [11] using incident cases, to consider potential changes 
in dietary habits owing to disease symptoms, we collected information about the 

S. Ohfuji



123

participants’ dietary habits during the previous 1 month and 1 year before recruit-
ment. As a result, we found a positive association between a higher consumption of 
Japanese and Western sweets at 1 year before recruitment and UC onset (Table 8.2). 
Previous Japanese case-control study also showed the positive association between 
higher consumption of sweets and the risk of UC [42]. The positive association was 
also reported from China [33], Israel [43], and European countries such as Denmark 
[21], the Netherlands [38], and Italy [44]. Although the mechanism is unclear, a 
higher consumption of sugar might affect the composition of the microbiota in the 
colon.

Besides, according to previous studies, UC onset could be associated with higher 
consumption of protein [15, 44] or fats [43, 45]. Although our study failed to detect 
these associations [11], a Canadian case-control study showed that a high frequency 
of eating chicken or pork has a higher risk of UC development [15]. A population-
based case-control study in Italy supported the result by showing that total protein 
consumption was significantly higher in UC patients [44]. In addition, a case-
control study in Israel indicated that a high fat diet, particularly animal fat and 
cholesterol, was associated with an increased risk for UC [43]. A case-control study 
in the Netherlands also reported that high consumption of monounsaturated fat, 
polyunsaturated fat, and vitamin 6 was associated with an increased risk to develop 
UC [45].

On the other hand, fruits and vegetables contain antioxidants such as vita-
min C, suggesting that a higher consumption of these foods might have a pro-
tective effect on UC onset. Although evidence from previous studies is limited 
[21, 38, 42, 46], our case-control study revealed decreasing ORs in relation to 
the higher consumption of some fruits such as oranges and strawberries [11]. 
Previous Japanese case-control study showed the inverse association between 
high intake of vitamin C and development of UC [42]. A Canadian case control 
study also indicated that citrus fruit consumption has a decreasing effect for the 
risk of UC [38]. Regarding the vegetables, a population-based case-control 
study in Sweden reported that daily intake of vegetables was associated with a 
decreasing risk of UC [46], and a Danish case-control study also showed that 
daily intake of fruits and vegetables had a decreasing OR for development of 
UC [21].

At the present time, however, it is too early to conclude that the abovemen-
tioned dietary habits are related to UC onset because very few studies have reported 
such an association, and no consistent results have been obtained. Further studies 
are needed to support the relationship between dietary factors and the development 
of UC.

8.3.5  �Effects of Estrogen

Some studies have suggested that oral contraceptives and hormone replacement 
therapy may increase the risk of UC [47]. A meta-analysis also found that users 
of an oral contraceptive have a 1.53-fold higher risk of developing UC [48].
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Isoflavones have a similar structure to 17b-estradiol; this structural similarity 
has led some to call the former “dietary estrogen.” Our case-control study that 
investigated the association between isoflavones and UC found that dietary isofla-
vone consumption was associated with an increased risk of developing UC. This 
association was pronounced in females, but obscured in males [12]. Therefore, 
estrogen-mediated pathways might act to promote the development of intestinal 
inflammation, among females specifically. Further epidemiological and experimen-
tal studies including prospective cohort studies are needed to confirm these 
findings.

8.3.6  �Hygiene Hypothesis

According to its descriptive epidemiology, both the incidence and prevalence of 
UC are higher in Europe and the USA than in other countries. In addition, increas-
ing evidence supports that events early in life may have long-term effects on 
health and disease. These observations produced the “hygiene hypothesis,” which 
states that exposure to poor hygiene or an increased potential for infection during 
childhood can confer protection against the development of UC later in life. 
Although several studies have been conducted to investigate the effect of hygiene 
on the development of UC [14, 19–21, 23, 25, 27, 32–38], its actual role remains 
unclear.

In exploring the hygiene hypothesis, various hygiene indicators in child-
hood have been identified, including breastfeeding, a higher number of sib-
lings, birth order, domestic pets, living place, viral and bacterial infection, 
vaccination, and sociodemographic factors such as educational level and fam-
ily income. However, limitations such as poor recall regarding childhood expo-
sure complicate the interpretation of study results. In addition, some hygiene 
factors are positively associated with UC, whereas others are negatively associ-
ated with UC, which makes the role of hygiene on UC development difficult to 
interpret.

In our case-control study [11], we failed to detect an association between UC and 
breastfeeding, number of siblings, domestic pets, or family income; however, sig-
nificantly decreasing ORs were found for history of acute gastroenteritis, and oral 
hygiene (Table 8.2). A recent animal study indicated that infection with a specific 
type of Streptococcus mutans (i.e., oral bacteria) might confer a risk of UC [52]. 
Thus, oral hygiene might be important in preventing the development of 
UC. However, to clearly identify the role of hygiene in relation to the development 
of UC, more evidence needs to be accumulated in epidemiological and biological 
studies.
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8.4  �Prognosis of UC

8.4.1  �Mortality

According to one study in Japan, among 778 UC patients who had visited eight 
hospitals from 1973 to 1990, 10-year survival was 96.2%, and no deaths occurred in 
the 11–18 years after onset [53]. The risk of death was higher in patients with total 
colitis or in those with acute fulminant colitis. No significant difference was 
observed in mortality based on age at disease onset (≤29  years, 30–49  years, 
and ≥ 50 years). Deaths from UC accounted for only about one-sixth of all deaths.

Since treatment modalities, including new medication for UC, have been devel-
oping, mortality in the present state might be rapidly improving. Based on a world-
wide report from 21 countries, UC mortality showed about a one-fifth decrease 
from 1951 to 2005, with mortality at 0.12 per 100,000 people in 2000 [54]. Similarly, 
mortality among UC patients in Japan decreased from 1972 to 2004, and reached 
0.10 (men) and 0.07 (women) per 100,000 people in 2004 [55].

Standardized mortality ratios (SMRs) can be used to determine whether mor-
tality among patients with UC is higher than that among the general population, 
standardized by sex and age. A meta-analysis of mortality among UC patients 
compared with the general population found that the overall pooled estimate of 
SMRs was 1.1 (95% confidence interval: 0.9–1.2), suggesting no difference in 
mortality among UC patients compared with the general population [56]. However, 
a higher risk of death was reported during the first years of follow-up and in 
patients with total colitis, where UC-related mortality accounted for 17% of all 
deaths. Thus, to decrease UC mortality, controlling disease activity in such 
patients seems to be important.

8.4.2  �Remission and Relapse of Disease Activity

To improve the long-term prognosis of UC patients, it is important to induce disease 
activity to the remission state as soon as possible and to maintain the remission state 
as long as possible. Several treatments have been developed, including 5-aminosalicylic 
acid products, immunomodulators (azathioprine, 6-mercaptopurine), infliximab infu-
sion, and adalimumab subcutaneous injection, and several studies have investigated 
their clinical effects in terms of prognosis [57–61].

Table 8.3 summarizes the results of studies in Japan. Remission could be main-
tained in approximately 60–80% of UC patients within 1 year after medical treat-
ment [57–59]. However, some patients showed a relapse of disease activity during 
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their clinical course [60, 61]. According to the studies from other countries, the 
proportions of relapse varied in different studies, but were in the ranges of about 
30–50% within 1 year, 40% within 2 years, and 60–70% within 5 years after diag-
nosis [62–68]. However, these proportions were likely affected by age, disease 
severity, and disease location at the time of diagnosis, as well as adherence or 
response to treatment, which resulted in the variety seen in the proportion of relapse 
among the studies.

8.4.3  �Onset of Colon Cancer

Patients with UC are widely known to have an increased risk of developing colorec-
tal cancer. A Japanese population-based study reported that an excess mortality 
from colorectal cancers was observed in the UC patients, especially in males [69]. 
Western studies have shown that 3.7% of UC patients develop colorectal cancer dur-
ing their clinical course. The overall incidence was 3/1000 person-years, whereas 
the risk seemed to be higher in patients with a longer duration of disease. The inci-
dence was 2/1000 person-years during the first decade, 7/1000 during the second, 
and 12/1000 during the third. The cumulative incidence in patients with UC was 2% 
by 10 years, 8% by 20, and 18% by 30 [70]. Similar results were also reported in a 
Japanese study that evaluated the outcomes of 289 UC patients from 1979 to 2014. 
The cumulative incidence of colorectal cancer was 0.7% by 10 years, 3.2% by 20, 
5.2% by 30, and 5.2% by 40, while the cumulative incidence of dysplasia was 3.3% 
by 10 years, 12.1% by 20, 21.8% by 30, and 29.1% by 40 [71] A meta-analysis, 
however, showed a decreasing risk of colorectal cancer in UC patients over the past 
60  years. The incidence was 4.29/1000 person-years in studies published in the 

Table 8.3  Remission and relapse of ulcerative colitis in Japan

Study design/
recruitment period Study subjects

Follow-up 
period

Proportion of 
remission 
maintenance

Proportion 
of relapse Reference

Prospective 
cohort/2012–2013

4677 patients with 
5-aminosalicylic acid 
products

52 weeks 80.2% Not 
specified

[57]

Retrospective 
cohort/2010–2012

314 patients in 
remission at 2 weeks 
after 
leukocytapheresis

1 year 63.6% Not 
specified

[58]

Prospective 
cohort/2009

99 patients in 
remission with 
aminosalicylates

1 year Not specified 23.1% [60]

Retrospective 
cohort/2001–2006

90 patients after 
leukocytapheresis

Mean 
4.6 years

Not specified 69% [61]
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1950s, but only 1.21/1000 person-years in studies published in the last decade [72]. 
Improved techniques for medical treatment may have helped to maintain disease 
remission longer, thereby exerting a positive effect in regard to the prevention of 
colorectal cancer in UC patients.

8.5  �Conclusion

Although the number of UC patients has been increasing in Japan, similar to Western 
countries, the risk factors underlying disease onset remain largely unknown. Several 
epidemiological studies have indicated that a combination of genetic and environ-
mental factors affect the risk for developing UC. However, the results of associated 
studies have not been consistent, and thus a number of suggested factors remain 
controversial. However, recent improvements in treatment techniques have 
decreased disease mortality and helped to maintain disease remission in long-term 
patients and prevent the development of colorectal cancers.

These findings suggest that from a public health perspective, it is important to 
identify disease risk factors and construct strategies for well-controlling clinical 
course in UC patients, in order to prevent further new cases and achieve the more 
improving their prognosis.
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Chapter 9
Epidemiology of Crohn’s Disease in Japan

Koji Uchiyama, Mitsumasa Umesawa, Yasuo Haruyama, Toshimi Sairenchi, 
and Gen Kobashi

Abstract  Crohn’s disease (CD) is a chronic inflammatory condition of the gastro-
intestinal tract that most commonly affects the small intestine and colon. Recent 
data indicate a growing incidence and prevalence of CD worldwide, and CD has 
become more common in Japan. This report aimed to review the epidemiology of 
CD in Japan. Japanese genome-wide association studies on CD revealed important 
race-specific results, such as lack of association with the nucleotide-binding oligo-
merization domain-containing protein 2 (NOD2) locus. Moreover, CD has been 
considered a multifactorial disease of both genetic and environmental etiology. 
Therefore, studies on environmental factors and gene–environment interaction anal-
yses are warranted in Japan.

Keywords  Crohn’s disease · Epidemiological studies · Genetic factors   
Environmental factors · Westernization · Elemental diets · Pregnancy outcome   
Japanese

9.1  �Introduction

Crohn’s disease (CD) is one of main disease phenotypes of inflammatory bowel 
disease (IBD), often characterized by discontinuous lesions with inflammation that 
can involve the affected portion of the bowel from the mucosa to the serosa. 
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It mainly affects the small intestine and colon but can involve any portion of the 
gastrointestinal tract.

Recently, the incidence and prevalence rates of IBD have increased globally, 
with CD becoming more common in Asian countries with traditionally low inci-
dence, such as Japan, Korea, and China [1]. In Japan, the prevalence rate of CD has 
more rapidly increased in children than in young adults [2]. This present report 
aimed to review the recent progress of epidemiological studies on CD in Japan.

9.2  �Incidence and Prevalence

The Japanese nationwide CD registry with a public financial aid was launched in 
1976, within the framework of measures against intractable diseases compiled in 
1972 [3]. Data from the registry, which are accessible to the public, show the num-
ber of recipient certificates by age class (in 10-year increments), including recur-
rence after long-term remission, as shown in Fig.  9.1 [4]. However, additional 
details are not available. The recently estimated age-standardized registration rate 
from the registry in 2005–2015 was 1.7 per 100,000 individuals [4], although the 
recent incidence rates of CD in Japan are unclear. This recent registration rate may 
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indicate that the incidence rates rapidly increased during the last decade, from 0.51 
per 100,000 in 1991 [5], as experienced by other Asian countries [1]. In 2015, the 
Intractable Disease Health Care Act was initiated in Japan [6]. As the act requires a 
definite diagnosis by designated doctors to register the patient, the characteristics of 
registrants might have changed before and after 2015. Thus, the recent registration 
rate may be underestimated. In 2015, a total of 41,279 CD patients were registered, 
and 1307 (3.2%) were aged ≤19 years. By prefecture, the number of registrants was 
3869 (9.4%) in Tokyo, 2986 (7.2%) in Osaka, 2859 (6.9%) in Kanagawa, and 2498 
(6.1%) in Aichi. These prefectures were categorized as urban areas in Japan. The 
order was not changed after adjusting the prefecture’s population, making the preva-
lence rates likely to be higher in urban areas. The prevalence rate increased to 32.5 
per 100,000 in 2015, from 30.1 per 100,000 in 2013 [1]. Therefore, the prevalence 
rate had increased by 8% in just 2 years.

A detailed epidemiological analysis of pediatric IBD using data from the 
Japanese nationwide registry was performed in 2010 [2]. The study revealed sig-
nificant differences in sex distribution, family history, and disease severity and 
extent between adults and children. Men were 1.8 times more likely to have CD 
than women among adults, compared with 2.6 times higher prevalence in boys 
than in girls who were ≤16 years in 2005. Among CD children, the proportion of 
those having a family history of CD was 3.0%; for CD adults, the proportion was 
1.7%. Regarding disease severity and extent, the scores at the first registration of 
pediatric CD, based on the International Organization for the Study of 
Inflammatory Bowel Diseases, were significantly higher than those of adult CD, 
and ileum and upper gastrointestinal involvement was observed more commonly 
in pediatric CD.

9.3  �Epidemiology of Clinical Aspects

Another Japanese nationwide database, the Diagnosis Procedure Combination 
(DPC), was used in a descriptive study of children hospitalized for IBD [7]. Data on 
1999 CD and 1560 ulcerative colitis (UC) admissions of 1038 CD and 1137 UC 
patients aged ≤18 years, who were registered in the DPC database from 2007 to 
2010, revealed that 66.4% of admissions were not treated by pediatricians or pedi-
atric surgeons. The admissions included 272 (7.6%) admissions for IBD-related 
complications, which comprised intestinal (126 admissions of 72 patients), extrain-
testinal (113 admissions of 88 patients), and other complications (33 admissions of 
22 patients). The median duration of hospital stay for CD patients was 6 days (inter-
quartile range [IQR], 2–23 days), shorter than that for UC patients (16 days; IQR, 
6–31 days).

In a Japanese cohort study from 1965 to 1998, CD patients with colitis type 
showed a better clinical course and had significantly different clinical features com-
pared with those with ileitis and ileocolitis types [8].
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In a study from medical records of 294 CD patients treated between 1989 and 
2009, 13 cancers (6 colorectal, 2 stomach, 2 uterine, 1 small bowel, 1 biliary, and 1 
unknown primary site) developed in 12 patients in 4248 person-years [9]. In another 
study between July 1985 and August 2010, 19 cases of cancer were discovered in 
770 CD patients in 10,552 person-years [10].

The reoperation rates after initial surgery in 476 CD patients who were diag-
nosed between 1963 and 2008 were 31.4% within 5 years and 61.2% within 10 years 
[11]. It was reported that the onset of CD after 2002, when the antitumor necrosis 
factor-alpha (TNF-α) antibody drug infliximab was available in Japan, had a protec-
tive effect on postoperative recurrence of CD compared with the onset before 2002. 
Additionally, in the study, postoperative medication of infliximab or immunosup-
pressant drugs (azathioprine [AZA] and 6-mercaptopurine [6MP]) were risk factors 
of postoperative recurrence. However, recent studies have reported on the protective 
effect of the postoperative use of anti-TNF-α antibody drugs, such as the recent 
introduction of infliximab and adalimumab [12]. The details have not been 
described, but anti-TNF-α antibody and immunomodulator drugs, when used post-
operatively, were reported as protective factors of postoperative recurrence [13]. 
Moreover, infliximab therapy was associated with improved nutritional status in CD 
patients [14]. Therefore, the postoperative use of anti-TNF-α drugs may reduce the 
risk of reoperation; however, further studies are necessary to support such 
conclusion.

The immunosuppressant drugs AZA and 6MP are thiopurines, which cause seri-
ous adverse effects such as leukopenia and hair loss. In a recent study, the homoge-
neous thymine (T/T) genotype of nudix hydrolase 15 (NUDT15) R139C was 
strongly associated with early (<8  weeks) leukopenia and severe hair loss in 
Japanese IBD patients [15].

9.4  �Genetic Factors

Over the past decade, a meta-analysis of genome-wide association studies (GWASs) 
has identified over 160 loci associated with IBD in European populations [16]. The 
loci included not only several IBD general loci, but also some disease phenotype-
specific loci.

The nucleotide-binding oligomerization domain-containing protein 2 (NOD2/
CARD15) locus was one of the CD-specific loci, which was first implicated by link-
age analysis [17]. Interestingly, a few studies identified novel NOD2 mutations, 
such as P268S mutation in Han Chinese [18] and Zhuang Chinese populations [19] 
and JW1 and P268S/SNP5 mutations in Malaysian populations [20]. However, sig-
nificant associations between NOD2 variants and CD have never been clearly con-
firmed in Japanese [21] and Korean populations [22]. NOD2 plays a role in the 
immune response to intracellular bacterial lipopolysaccharides and subsequently 
acts as an activator of NF-κB [23]. Therefore, some environmental factors may have 
ethnic differences through gene–environment interactions.
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In 2005, a large-scale case–control study using gene-based single-nucleotide 
polymorphism (SNP) markers identified that the TNF superfamily member 15 
(TNFSF15) locus is associated with Japanese CD [24]. TNFSF15, which is related 
to the development of chronic mucosal inflammation by enhancing T-helper type 1 
and 17 effector functions [25], was identified as an IBD general locus in European 
populations [16]. In contrast to NOD2, the risk of SNP in TNFSF15 transcends race, 
even though an ethnic difference was found in the effect size [26]. Additionally, 
host–microbiome interaction was proposed as a possible explanation for the ethnic 
difference in effect size [27].

In 2013, a GWAS compared the genetic characteristics of CD between the 
European and Japanese populations [28]. In 71 loci, 27 showed at least nominal 
association, among which 11 remained to show significance even after Bonferroni 
correction. A meta-analysis of Japanese IBD susceptibility loci was conducted in 
2014 [29]. The study identified two CD susceptibility loci in major histocompatibil-
ity complex, class II, DR beta 1 (HLA-DRB1*0405) and TNF-α (rs1799964 and 
rs1800630), and two common IBD loci in NK2 transcription factor-related locus 3 
(NKX2-3, rs10883365) and TNFSF15 (rs3810936). Recently, a GWAS also com-
pared the genetic characteristics of IBD between the European and Japanese popu-
lations [30]. The CD cases were the same as in the previous study [29]; however, a 
greater number of controls were used. Consequently, five common IBD susceptibil-
ity loci, including two East Asian-specific loci, were originally identified. 
Furthermore, eight CD-specific, four UC-specific, and six common IBD loci from 
158 of 163 SNPs reported by European GWASs were confirmed. The results are 
summarized in Table 9.1.

The human leukocyte antigen (HLA), the major histocompatibility complex in 
humans, is one of the most polymorphic loci. In a haplotype-based analysis of 
Japanese GWAS data, distinct effects on CD and UC were reported [31]. The 
study identified that the HLA-Cw*1202-B*5201-DRB1*1502 haplotype reduces 
the risk of CD but increases the risk of UC, which has never been reported in 
European populations. A few years later, two Japanese CD susceptibility loci, in 
uncharacterized LOC105374410 gene (rs1487630) and E74-like ETS transcrip-
tion factor 1 (ELF1, rs7329174), which have never been reported in European CD 
patients, were identified [32]. These functional and/or ethnic differences between 
genetic factors and the risk of CD may represent important facets of the etiology 
of CD.

Generally, the X chromosome is not included in GWASs; meanwhile, as 
described in Sect. 9.2, significant gender differences were observed in general. As 
females have two X chromosomes, susceptibility loci for CD on the X chromosome 
could cause the gender differences. Indeed, Saruta et  al. identified both risk 
(rs4830806) and protective (rs3764879) Toll-like receptor 8 (TLR8) haplotypes and 
clearly showed the association between gender and the risk of American CD through 
various combinations of these haplotypes [33]. Moreover, an SNP (rs2427870) on 
the X chromosome was reported as a susceptibility locus in the Korean population 
[34]. However, no study was ever performed in Japanese CD patients.
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9.5  �Environmental Factors

Studies on environmental factors in Japan are relatively scarce, although several 
nutritional investigations, especially regarding CD treatment, have been 
conducted.

9.5.1  �Diet

A high intake of sugars and sweeteners, sweets, fats and oils, and fish and shellfish 
has been positively associated with an increased risk of CD in Japanese populations 
[35]. Regarding nutrients, a study also reported that intakes of total fat, 

Table 9.1  Recently reported IBD susceptibility loci from the Japanese GWAS [30]

East Asian specific (common IBD)
Chromosome Positiona SNP Key genes

11 72533536 rs11235604 ATG16L2

13 41602462 rs61300271 ELF1

CD specific
2 61204856 rs7608910 PUS10

5 72551134 rs7702331
6 167373547 rs1819333
9 117553249 rs4246905 TNFSF15

10 81032532 rs1250546 ZMIZ1

17 57963537 rs1292053 TUBD1

19 46849806 rs4802307 PPP5C

21 45615741 rs7282490
IBD shared
2 27635463 rs1728918
4 38335067 rs73243351
5 158826792 rs6871626
6 32804414 rs241427 TAP2

9 117558703 rs6478108 TNFSF15

10 35295431 rs11010067
10 101284237 rs4409764
14 88472595 rs8005161 GPR65

17 40527544 rs12942547 STAT3

CD Crohn’s disease, GWAS genome wide association study, IBD inflammatory bowel disease, SNP 
single nucleotide polymorphism
ATG16L2 autophagy related 16 like 2, ELF1 E74 like ETS transcription factor 1, GPR65 G-protein 
coupled receptor 65, TAP2 transporter 2, adenosine triphosphate binding cassette subfamily B 
member, TNFSF15 tumor necrosis factor superfamily member 15, PPP5C protein phosphatase 5 
catalytic subunit, PUS10 pseudouridylate synthase 10, STAT3 signal transducer and activator of 
transcription 3, TUBD1 tubulin delta 1, ZMIZ1 zinc finger MIZ-type containing 1
aThe position was relative to the NCBI Genome Reference Consortium human build 37 (GRCh37)
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monounsaturated and polyunsaturated fatty acids, vitamin E, and n-3 and n-6 fatty 
acids are positively associated with the risk of CD.  According to the European 
Crohn’s and Colitis Organisation’s Epidemiological Committee study [36], 
“Westernization” of lifestyle, such as an increased consumption of refined sugar, 
fatty acids, and fast food and a reduced consumption of fruits, vegetables, and fibers, 
might be commonly linked to an increased risk of CD.

To identify food antigens involved in CD, interleukin (IL)-10 knockout (KO) 
mice experiments and human serological analyses have been performed [37]. One 
study examined the seroreactivity to immunoglobulin G (IgG) as anti-Saccharomyces 
cerevisiae antibody (ASCA) status was thought to be associated with the risk of CD; 
indeed, the human serological analyses showed an ASCA IgG-positive rate of 
60–70% in CD patients in Western countries [38–41]. In mice experiments, IL-10 
KO mice with a C57BL/6 background were used; these mice are well-established 
animal models for CD [42, 43]. The IL-10 KO mice experiments showed a signifi-
cant association between food antigens and IgG levels, and the elimination of food 
antigens improved the IgG levels. However, in a study of 98 Japanese CD patients 
and 52 Japanese health controls, no significant difference between the number of 
IgG-positive food items and ASCA IgG levels was found. In contrast, at around the 
same time, a significant association between the number of positive food antigens 
and serum IgG values was reported in Chinese CD patients [44]. Typical food items 
that were significantly associated with increased IgG levels in these studies are sum-
marized in Table 9.2, together with the results of the case–control study in Japan 
[35] for reference. As can be seen in Table  9.2, no meaningful relationship was 
found. Meanwhile, a study reported that ASCA positive rates in Japanese CD 
patients are lower than those in Western CD patients [45]. Recently, food-specific 
IgG subclasses were found to be not associated with food intolerance and were not 
altered in German IBD patients [46].

Elemental diets have a relatively long history of use in treating CD worldwide. 
Elemental diets can be used not only in treating acute CD [47] but also in maintain-
ing remission [48]. After a controlled trial found that using elemental diets in treat-
ing acute CD is more effective than using prednisolone [49], elemental diets became 
one of the established remission-induction therapies for both adult and pediatric CD 
in Japan [50]. It was also reported that elemental diets reduce mucosal cytokine 
production, such as IL-1β, IL-1Ra, IL-6, IL-8, and TNF-α, and correct an imbalance 
between proinflammatory and anti-inflammatory cytokines in CD [51]. In contrast, 
although exclusive enteral nutrition is the induction therapy of choice for pediatric 
CD due to its excellent safety profile [52], enteral nutrition for adult CD is not com-
mon in other countries, possibly because no significant improvement in efficacy 
was found, according to a systematic review [53]. However, the role of exclusive 
enteral nutrition in adult CD is being reexamined [54], and this could be pioneered 
by the epidemiological studies and clinical experiences in Japan.

A “half-elemental diet” was proposed for the nutritional treatment of CD patients 
in Japan [55]. This diet can be used as an alternative nutritional maintenance therapy 
for CD patients who are intolerant or resistant to thiopurines, such as patients with 
the T/T genotype of NUDT15 R139C. A half-elemental diet is composed of an ele-
mental diet and usual meals. That is, CD patients take half of their daily allowance 
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Table 9.2  The relative increasing IgG levels according to food items in CD patients compared 
with in healthy controls from Japanese and Chinese studies [37, 44], and the odds ratios of CD 
prevalence according to food items [35]

Food items
IgG level studies

Food items
Case–control study

Japanese Chinese Japanese

Almond ↑ – Nuts and seeds →
Lima bean ↑ –
Peanut ↑ –
Pecan ↑ –
Rice ↑ ↑ Rice →
Clam ↑ – Fish and shellfish ↑
Asparagus ↑ – Green-yellow vegetables →
Broccoli ↑ –
Carrot ↑ –
Green pepper ↑ –
Spinach ↑ –
Tomato ↑ ↑
Cabbage ↑ – Other vegetables →
Celery ↑ –
Cucumber ↑ –
Lettuce ↑ –
Onion ↑ –
Avocado ↑ – Fruits →
Grape ↑ –
Grapefruit ↑ –
Orange ↑ –
Mushroom → ↑ Mushrooms →
Potato, white ↑ – Potatoes →
Beef → ↑ Meats and poultry →
Chicken → ↑
Egg → ↑ Eggs →
Milk → ↑ Milk and dairy products →
Yeast ↑ – Breads →
Cane sugar ↑ – Sugars and sweeteners ↑
Buckwheat ↑ – –
Corn ↑ ↑
Oat ↑ –
Pinto bean ↑ –
Soy ↑ ↑
Wheat → ↑
Alfalfa ↑ –
Beets ↑ –

The symbols “↑” and “→” indicates significantly increased and not found influenced the IgG levels 
in CD patients (left) or the risk of CD (right), compared to the healthy controls; whereas the sym-
bol “-” means not examined
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of calories from an elemental diet and take the remaining half from usual unre-
stricted meals. A randomized trial reported that the recurrence rate of CD in a half-
elemental diet group was significantly lower than that in the control group [55]. 
Moreover, the half-elemental diet was found as effective as the elemental diet in 
inducing and maintaining remission of CD [56].

9.5.2  �Intestinal Microflora

An abnormal response to the gut microbiota is thought to be associated with CD 
pathogenesis [57]. In several studies performed in Japan [58–61], an increased num-
ber of Lactobacillales was commonly observed in Japanese CD patients, whereas no 
association between Bacteroides bacteria and risk of CD occurred. Recently, fecal 
microbiota transplantation (FMT) has been receiving increased attention as a novel 
treatment option for IBD. So far, FMT is a safe but variably efficacious treatment 
for IBD [62]. Thus, FMT could improve the gastrointestinal microbiota ecosystems. 
However, the mechanisms remain to be elucidated.

9.5.3  �Breastfeeding

Breastfeeding was reported to be associated with a lower risk of pediatric CD in 
Japan [63], as has been believed in Western countries [64]. However, two reports 
from France in 2005 and Italy in 2017 suggested that breastfeeding is associated 
with an increased risk of pediatric CD [65, 66]. As the investigation in Japan was 
conducted from 1979 to 1993 [63], new studies should be carried out to confirm the 
findings.

9.5.4  �Cigarette Smoking

It is well established that active smoking is an independent risk factor of CD [67]. 
Similarly, it was confirmed that the risk of CD was increased in Japanese smokers 
[68].

9.6  �Pregnancy Outcomes

As described in Sect. 9.2, the onset of CD often occurs during adolescence, affect-
ing individuals during their reproductive years. Thus, CD patients and their families 
need to know whether disease activity and drug exposures will affect fertility and 
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pregnancy outcomes. A study reported that adverse outcomes such as Caesarean 
operation and low birth weight were more frequently observed in Japanese women 
with CD who had a history of surgery for perianal lesions and bowel resection [69]. 
In another study, exposure to anti-TNF-α treatment or thiopurines during pregnancy 
was not related to a higher incidence of adverse pregnancy outcomes in Japanese 
women with IBD without surgery, except for spontaneous abortion [70]. Therefore, 
further comprehensive studies to reduce such adverse pregnancy outcomes are 
necessary.

9.7  �Summary

An increase in CD prevalence is of concern, and further epidemiological studies are 
required to reveal the etiology of CD. Despite being the same condition affecting 
both Western and Japanese populations, CD has been associated with several sig-
nificant variations in genetic and environmental factors. Hence, more comprehen-
sive epidemiological studies in different races are warranted.
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Chapter 10
The Role of Gene–Environment Interaction 
in the Etiology of SLE

Chikako Kiyohara and Masakazu Washio

Abstract  Cigarette smoking may be associated with an increased risk of systemic 
lupus erythematosus (SLE). SLE results from a complex interaction between envi-
ronmental and genetic risk factors. To evaluate modifying effect of the genetic poly-
morphisms involved in the metabolism of tobacco smoke on the association of 
cigarette smoking with SLE risk could be important for understanding of the patho-
genesis of SLE. We investigated the relationship of four genetic polymorphisms 
(cytochrome P450 (CYP) 1A1 rs4646903, glutathione S-transferase (GST) M1 dele-
tion and N-acetyltransferase 2 (NAT2)) to SLE risk with attention to interaction with 
cigarette smoking. CYP1A1 rs4646903 and NAT2 polymorphisms were significantly 
associated with SLE risk. The multiplicative interaction between any one of the 
three genetic polymorphisms and smoking were far from significant. There were 
significant additive interactions between smoking and either rs4646903 or NAT2. 
Specifically, the attributable proportion due to the interaction was estimated to be 
approximately 0.50. Future studies involving larger control and case populations, 
precisely and uniformly defined clinical classification of SLE and better smoking 
exposure histories will undoubtedly lead to a more thorough understanding of the 
role of various genes in SLE development.
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10.1  �Introduction

Despite thorough investigation, the etiology of systemic lupus erythematosus (SLE) 
remains less well-defined. Many environmental exposures, including smoking, 
alcohol use, ultraviolet light, medications, infectious agents, hair dyes, and dietary 
factors, have been reported to be associated with the risk of developing SLE [1–5], 
although the strength of the evidence implicating each of these factors varies. A 
recent review reported that established environmental risk factors are silica expo-
sure (occupational exposure), Epstein Barr virus exposure, and smoking while less 
established environmental risk factors are exposures to metals such as mercury, 
pesticides, halogenated organic compounds, industrial substances, and personal 
care products [5]. Our studies [6–8] indicated that smoking and alcohol use were 
possible/probable risk factors for SLE. Smoking has been also suggested to increase 
the risk of SLE in Western countries [9–12] as well as in Japan [6, 7, 13]. The first 
meta-analysis of nine epidemiological studies examining this relationship revealed 
a small but significantly increased risk for the development of SLE among current 
smokers compared with that among nonsmokers (pooled odds ratio (OR) = 1.50, 
95% CI = 1.09–2.08) [3]. The second meta-analysis of 13 epidemiological studies 
also showed that current smoking increased the risk of SLE (pooled OR = 1.56, 
95% CI = 1.26–1.95) [14]. Cigarette smoke affects a wide range of immunological 
functions in humans [15, 16]. As reactive oxygen species (ROS) promote the auto-
immune response [17], exposure to ROS via cigarette smoking may be associated 
with increased risk of SLE. In contrast to smoking, a meta-analysis reported that no 
association between moderate alcohol consumption and SLE (summary OR = 0.78, 
95% CI = 0.49–1.24) was found when limited to SLE patients treated for less than 
5 years while moderate alcohol consumption had a significant protective effect on 
SLE risk (pooled OR = 0.72, 95% CI = 0.55–0.95) when limited to patients treated 
for less than 10 years [18]. Ethanol or its metabolites, rather than specific substances 
in alcoholic beverages, may modulate cytokine release, which in turn will decrease 
SLE risk [19–23]. The biological mechanisms whereby alcohol may affect SLE 
remain speculative, however. Taken together, it is plausible that cigarette smoking is 
associated with SLE risk.

A twin concordance study is commonly used in epidemiology to estimate the 
role of genetics and the influence of environmental exposures on disease suscepti-
bility. The concordance rate is much higher in monozygotic twins (24–57%) than in 
dizygotic twins (2–5%), suggesting a genetic contribution to SLE [24, 25]. However, 
identification of these genetic factors has been slow. The genetic basis of SLE is 
very complex and it has been estimated that over 100 genes may be involved in the 
susceptibility to SLE [26].

SLE, like other common multifactorial diseases such as cancers, diabetes, obe-
sity, mental disorder, and cardiovascular disease, results from a complex interaction 
between environmental and genetic risk factors. However, the disease-provoking 
factors may include many environmental exposures [27]. In humans, it has been 
reported that cigarette smoke affects a wide range of immunological functions [15, 
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16]. In analogy with SLE, rheumatoid arthritis (RA) is autoimmune disease charac-
terized by altered inflammatory and impaired immune responses causing immune-
mediated destruction of tissues and organs. In a meta-analysis of 15 studies, current 
smoking was associated with an increased risk of RA (OR = 1.35 95% CI = 1.17–
1.55) [28]. The result of the meta-analysis on RA supports the previous findings that 
smoking contributes to an increased risk of SLE

It is widely accepted that SLE development requires environmental factors act-
ing on a genetically predisposed individual. Studying gene–environment interac-
tions in relation to SLE risk may be valuable, as positive findings would clearly 
implicate the substrates with which the gene interacts as disease-causing expo-
sures, clarifying SLE etiology and pointing to environmental modifications for 
disease prevention. Metabolism of carcinogens related to cigarette smoke is regu-
lated by a balance of a number of steps that involve production and detoxification 
of ROS. ROS bind covalently to DNA that leads to somatic mutation or disruption 
of cell cycle. ROS is also considered to promote the autoimmune response [17]. 
The activities of phase I drug-metabolizing enzymes such as cytochrome P450 
(CYP)1A1 and phase II drug-metabolizing (conjugative) enzymes such as 
S-transferase (GST) M1 are critical for the functionalization of xenobiotics, such 
as polycyclic aromatic hydrocarbons (PAHs) in cigarette smoke. CYP1A1 con-
tributes to the metabolic activation and formation of ROS, whereas GSTM1 plays 
a critical role for the detoxification of activated carcinogens or ROS [29, 30]. The 
enzyme of N-acetyltransferase (NAT) is involved in the metabolism and detoxifi-
cation of cytotoxic and carcinogenic compounds as well as ROS [31]. It has been 
suggested that N-acetylation of PAHs by NAT2 may be associated with ROS pro-
duction [32]. Many researchers have extensively investigated the associations 
between polymorphisms of CYP1A1, GSTM1, and NAT2, and cancer susceptibil-
ity [33–36]. CYP1A1 rs464903, GSTM1 deletion, and NAT2 genotypes determined 
by NAT2*4, *5B, *6A, or *7B allele are representative functional polymorphisms. 
Considering that exposure to cigarette smoking may contribute to the develop-
ment of SLE, it is important to study the association between SLE and the poly-
morphisms involved in metabolism of tobacco smoke. In this chapter, we 
summarized based on our recent studies on interaction between smoking and the 
genetic polymorphisms involved in metabolism of tobacco smoke in SLE [7, 8, 
37, 38].

10.2  �Materials and Methods

10.2.1  �Study Subjects

The Kyushu Sapporo SLE (KYSS) study was a case–control study to evaluate risk 
factors for SLE among females [6]. SLE patients (n = 129) were recruited from 
outpatients of Kyushu University Hospital, Saga University Hospital and their 

10  The Role of Gene–Environment Interaction in the Etiology of SLE



150

collaborating hospitals in Kyushu from 2002 to 2005, while 51 SLE patients were 
recruited from outpatients of Sapporo Medical University Hospital and its collabo-
rating hospital in Hokkaido from 2004 to 2005. All patients (n = 180) fulfilled the 
American College of Rheumatology 1982 revised criteria for SLE [39]. Controls 
were recruited from nursing college students and care workers in nursing homes in 
Kyushu (n = 325), while in Hokkaido, controls were recruited from participants at a 
health clinic (n = 188). Only females who agreed to donate blood samples were 
included in this study (151 cases and 421 healthy controls). Details of the study 
subjects have been documented elsewhere [6, 40].

10.2.2  �Questionnaire Survey

Cases were asked to complete a self-administered questionnaire about their life-
styles before the diagnosis of SLE while controls completed the questionnaire about 
their current lifestyles. Subjects were considered current smokers if they smoked or 
had stopped smoking less than 1  year before either the date of diagnosis (SLE 
patients) or the date of completion of the questionnaire (controls). The relevant ages 
would be age at diagnosis (SLE patients) and age at time of questionnaire (con-
trols). Never smokers were defined as those who had never smoked in their lifetime. 
Former smokers were those who had stopped smoking 1 year or more before either 
the date of diagnosis (SLE patients) or the date of completion of the questionnaires 
(controls).

Similarly, subjects were considered current drinkers if they consumed alcohol 
before either the date of diagnosis of SLE (SLE patients) or completion of the ques-
tionnaire (controls). Details of the health examination and the self-administered 
questionnaire have been documented elsewhere [6, 40].

10.2.3  �Genetic Analysis

The CYP1A1 rs4646903 polymorphism was classified into three genotypes; major 
genotype (TT), heterozygous genotype (TC), and minor genotype (CC). GSTM1 
genotypes are divided into two categories according to enzymatic activity: null gen-
otype and non-null genotype. The NAT2 genotypes were classified by this genotyp-
ing into three groups: homozygous for the major allele *4/*4 (rapid acetylator), 
heterozygous for the major and minor alleles *4/*5B, *4/*6A, and *4/*7B (inter-
mediate acetylator), and homozygous for the minor alleles *5B/*5B, *5B/*6A, 
*5B/*7B, *6A/*6A, *6A/*7B, and *7B/*7B (slow acetylator).

For genotyping quality control, we retyped randomly selected samples (10% of 
previously typed samples) with the same method and confirmed the complete agree-
ment of genotyping.
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10.2.4  �Statistical Analysis

Unconditional logistic regression was used to compute the odds ratios (ORs) and 
their 95% confidence intervals (CIs) with adjustments for several covariates (age, 
region of residence, smoking status, alcohol consumption). Age was treated as a 
continuous variable. The remaining covariates were treated as categorical vari-
ables. Region of residence fell into two categories (Kyushu and Hokkaido), as did 
smoking status (current and former smokers combine and never smokers), and 
alcohol drinking status (current and former drinkers combined and 
non-drinkers).

The interaction between the genotypes of the four polymorphisms and smok-
ing on the risk of SLE was statistically evaluated based on the likelihood ratio test, 
comparing the logistic models with and without (multiplicative scale) terms 
reflecting the product of the genotype and smoking for interaction [41]. In a logis-
tic regression model, interaction refers to a departure from multiplicativity. 
Rothman has argued that interaction estimated as departure from additivity better 
reflects biologic interaction [42]. Three measures for biologic interaction as 
departure from additivity, namely the relative excess risk due to interaction 
(RERI), attributable proportion (AP), and synergy index (SI) were calculated by 
the method described by Andersson et al. [43]. Biological interaction was absent 
if RERI and AP are equal to zero and SI and multiplicative interaction term are 
equal to one.

All statistical analyses were performed using the computer program STATA 
Version 12.1 (STATA Corporation, College Station, TX). p Values were two-sided, 
with those less than 0.05 considered statistically significant.

10.3  �Results

Table 10.1 shows the association between the polymorphisms involved in the 
metabolism and detoxification of tobacco smoke and risk of SLE. When adjusted 
for age, region, smoking status, and alcohol consumption, the CC genotype of 
CYP1A1 rs4646903 was significantly associated with an increased risk of SLE 
(adjusted OR = 2.47, 95% CI = 1.28–4.78) compared with at least one T allele. 
There was no association between the GSTM1 deletion polymorphism and SLE 
risk. As for the NAT2 acetylator genotypes, the adjusted OR of the intermediate 
acetylator and slow acetylator genotypes combined was 2.34 (95% 
CI = 1.36–4.02).

Ever smoking (current and former smokers were combined) was associated with 
an increased risk of SLE (adjusted OR  =  2.86; 95% CI  =  1.78–4.60) (data not 
shown). To achieve adequate statistical power, the genotypes were also categorized 
into two groups. As significantly higher CYP1A1 enzyme induction was observed 
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in subjects with the CC genotype compared with the TT or TC genotype (there was 
no significant difference in enzymatic activity between the TT genotype and TC 
genotype) by exposure to smoking [44], the T allele may appear to act in a dominant 
fashion. The NAT2 genotypes were classified as rapid acetylator genotype and non-
rapid acetylator genotype. Table 10.2 shows the modifying effect of the CYP1A1 
rs4646903 genotypes on the association of smoking with SLE risk. Subjects with 

Table 10.1  Association between the polymorphisms involved in the metabolism and detoxification 
of tobacco smoke and risk of SLE [8, 37]

Genetic polymorphism Crude OR (95% CI) Adjusted ORa (95% CI)

CYP1A1 rs4646903
 � TT genotype 1.00 (reference) 1.00 (reference)
 � TC genotype 0.96 (0.64–1.43) 0.92 (0.58–1.46)
 � CC genotype 1.94 (1.07–3.49) 2.37 (1.18–4.78)
 � CC genotype vs. TT + TC genotypes
 � Combined

1.98 (1.14–3.43) 2.47 (1.28–4.78)

GSTM1 deletion
 � Non-null genotype 1.00 (reference) 1.00 (reference)
 � Null genotype 1.21 (0.84–1.75) 1.13 (0.74–1.73)
NAT2 genotypeb

 � Rapid acetylator genotype 1.00 (reference) 1.00 (reference)
 � Intermediate acetylator genotype 2.43 (1.46–4.04) 2.18 (1.24–3.85)
 � Slow acetylator genotype 2.51 (1.41–4.48) 2.34 (1.21–4.52)
 � Non-rapidc genotype vs. rapid
 � Genotype

2.45 (1.50–4.00) 2.34 (1.36–4.02)

CI confidence interval, OR odds ratio
aAdjusted for age, region, smoking status, and alcohol consumption
bRapid, *4/*4; Intermediate, *4/*5B, *4/*6A, *4/*7B; Slow, *5B/*5B, *5B/*6A, *5B/*7B, 
*6A/*6A*6A/*7B, *7B/*7B
cIntermediate acetylator and slow acetylator genotypes combined

Table 10.2  Interaction between smoking and CYP1A1 rs4646903 genotypes [8]

TT + TC genotypes combined CC genotype

Adjusted ORa (95% CI) p value
Adjusted ORa (95% 
CI) p value

Smoking status Never 1.00 (reference) 2.13 (0.98–4.63) 0.055
Ever 2.73 (1.64–4.54) <0.0001 9.72 (2.73–34. 6) <0.0001

Adjusted ORa (95% CI) p value
Multiplicative interaction measure 1.68 (0.37–7.44) 0.503
Additive interaction measure
 � Relative excess due to interaction 5.85 (−6.33–18.0) 0.347
 � Attributable proportion due to interaction 0.60 (0.08–1.13) 0.025
 � Synergy index 3.04 (0.67–13.9) 0.151

CI confidence interval, OR odds ratio
aAdjusted for age, region, and alcohol consumption
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the CC genotype (adjusted OR = 9.72, 95% CI = 2.73–34.6) presented a higher risk 
of SLE than those with at least one T allele (adjusted OR = 2.73, 95% CI = 1.64–
4.54) in smokers relative to never smokers with at least one T allele. The multiplica-
tive interaction between the CYP1A1 rs4646903 genotypes and smoking was not 
significant. For assessment of additive interaction, adjusted measures (95% CI) of 
RERI and SI were 5.85 (−6.33–18.0) and 3.04 (0.67–13.9), respectively. These val-
ues suggested no significant biologic (additive) interactions. Meanwhile, the 
adjusted AP due to interaction between the CYP1A1 rs4646903 genotypes and 
smoking was estimated to be 0.60 (95% CI = 0.08–1.13; p = 0.025), indicating that 
60% of the excess risk for SLE in smokers with the CC genotype was due to addi-
tive interaction.

Table 10.3 shows the modifying effect of the GSTM1 genotypes on the associa-
tion of smoking with SLE risk. Smokers with the GSTM1 non-null genotype 
(adjusted OR = 2.32, 95% CI = 1.19–4.52) and smokers with the GSTM1 null geno-
type (adjusted OR = 3.35, 95% CI = 1.76–6.39) had a significantly increased risk of 
SLE.  All interaction measures (multiplicative and additive) between the GSTM1 
genotypes and smoking were far from significant, however.

Table 10.4 shows the modifying effect of NAT2 genotypes on the association of 
smoking with SLE risk. Individuals with the non-rapid acetylator genotype 
(adjusted OR = 6.44, 95% CI = 3.07–13.52) presented a higher risk of SLE than 
those with the rapid acetylator genotype (adjusted OR = 2.16, 95% CI = 0.76–6.15) 
in smokers, relative to never smokers with the rapid acetylator genotype. The mul-
tiplicative interaction between the NAT2 genotypes and smoking was far from sig-
nificant. For assessment of additive interaction, adjusted measures (95% CI) of 
RERI and SI were 3.29 (−0.47–7.05) and 2.40 (0.83–7.00), respectively. These 
values suggested no significant biologic (additive) interactions. Meanwhile, the 
adjusted AP due to interaction between the NAT2 genotypes and smoking was esti-
mated to be 0.50 (95% CI = 0.12–0.88), indicating that 50% of the excess risk for 
SLE in smokers with the non-rapid acetylator genotype was due to additive 
interaction.

Table 10.3  Interaction between smoking and GSTM1 genotypes [8]

Non-null genotype Null genotype
Adjusted ORa (95% CI) p value Adjusted ORa (95% CI) p value

Smoking status Never 1.00 (reference) 0.98 (0.59–1.65) 0.947
Ever 2.32 (1.19–4.52) 0.013 3.35 (1.76–6.39) <0.0001

Adjusted ORa (95% CI) p value
Multiplicative interaction measure 1.47 (0.58–3.69) 0.415
Additive interaction measure
 � Relative excess due to interaction 1.04 (−1.17–3.25) 0.356
 � Attributable proportion due to interaction 0.31 (−0.24–0.86) 0.269
 � Synergy index 1.79 (0.48–6.69) 0.386

CI confidence interval, OR odds ratio
aAdjusted for age, region, and alcohol consumption
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10.4  �Discussion

The CYP1A1 rs4646903, GSTM1 deletion, and NAT2 polymorphisms, which are 
involved in the metabolism and detoxification of tobacco smoke, were genotyped 
in 151 females with SLE and 421 healthy females in this study. CYP1A1 
rs4646903 and NAT2 polymorphisms were significantly associated with SLE risk 
while there was no association between the GSTM1 deletion polymorphism and 
SLE risk.

The association between CYP1A1 polymorphisms and SLE has been reported 
[45–49]. The CYP1A1 rs4646903 polymorphism located in the 3′ untranslated 
region of the CYP1A1 gene might be involved in the augmented expression of 
CYP1A1 mRNA [50]. Moreover, the CC genotype of this polymorphism was asso-
ciated with increased CYP1A1 inducibility [44]. It is possible that CYP1A1 
rs4646903 is involved in formation of ROS, thereby culminating in inflammation as 
well as modification of antigens that increases their antigenicity [17]. One Japanese 
study reported that the CYP1A1 rs4646903 polymorphism was significantly associ-
ated with SLE risk (OR = 1.98, 95% CI = 1.14–3.43) [45] although four studies 
[46–49] reported no associations.

As enzymatic deficiency in the GSTM1 isoform is correlated with increased risk 
of certain diseases associated with oxidative damage, it is also possible that there is 
an association between the GSTM1 polymorphisms and SLE risk. Glutathione 
detoxifies ROS, reduces peroxides, and detoxifies multiple compounds through 
GST conjugation [51, 52]. The GSTM1 null genotype would be associated with 
higher ROS.  The GSTM1 null genotype was significantly associated with an 
increased risk of SLE among Chinese (OR = 1.66, 95% CI = 1.19–2.32) [48] while 
the recent large GWAS performed in another Chinese population did not detected a 
significant association [53]. The GSTM1 null genotype was marginally associated 

Table 10.4  Interaction between smoking and NAT2 genotypes [37]

Rapid acetylator genotypea Non rapid acetylator genotypeb

Adjusted ORc (95% CI) p value Adjusted ORc (95% CI) p value

Smoking status Never 1.00 (reference) 2.07 (1.07–4.00) 0.055
Ever 2.16 (0.76–6.15) 0.151 6.44 (3.07–13.52) <0.0001

Adjusted ORc (95% CI) p value
Multiplicative interaction measure 1.44 (0.45–4.62) 0.536
Additive interaction measure
 � Relative excess due to interaction 3.29 (−0.47–7.05) 0.086
 � Attributable proportion due to interaction 0.50 (0.12–0.88) 0.010
 � Synergy index 2.40 (0.83–7.00) 0.108

CI confidence interval, OR odds ratio
aRapid acetylator genotype, *4/*4
bNon-rapid acetylator genotype, intermediate acetylator (*4/*5B, *4/*6A and *4/*7B) and slow 
acetylator (*5B/*5B, *5B/*6A, *5B/*7B, *6A/*6A, *6A/*7B and *7B/*7B) genotypes combined
cAdjusted for age, region, and alcohol consumption
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with a decreased risk of SLE among Italian [49]. Other studies found no significant 
associations [45, 54–57].

As NAT2 is an important xenobiotic-metabolizing enzyme and theoretically the 
non-acetylated xenobiotics may induce an autoimmune mechanism, the genetic 
polymorphism of NAT2 may play a role in susceptibility to SLE. The first study 
reported a predominance of individuals with slow acetylation activity (slow acetyl-
ators) among patients with hydralazine-induced lupus [58]. Furthermore, 
procainamide-induced lupus appeared to be more common and to develop more 
rapidly after a smaller cumulative dose in slow acetylators than in rapid acetylators 
[59]. Hydralazine and procainamide are arylamine drugs. The observation that 
xenobiotics can cause a drug-induced SLE especially in slow acetylators suggests 
that non-acetylated xenobiotics may accumulate and convert into reactive metabo-
lites. N-Acetylation is generally accepted as a detoxifying reaction because acetyla-
tion indirectly blocks the oxidation of arylamines [60]. Tobacco smoke is a source 
of the carcinogenic arylamines. Toxic intermediate metabolites of tobacco smoke-
derived arylamines are detoxified by NAT2. Therefore, the slow acetylator status is 
associated with a decreased N-acetylation ability to detoxify toxic compounds, 
thereby increasing SLE risk. It is hypothesized that these toxic compounds might 
alter self-proteins presented to the immune system and thus stimulate T-cells which 
induce pathological and clinical signs of autoimmunity by different effector mecha-
nisms. Furthermore, ROS can be often detoxified by phase II drug-metabolizing 
enzymes, such as NAT2 [61]. It is plausible that the NAT2 slow acetylator status is 
associated with an increased risk of SLE.  The genetic polymorphism of hepatic 
NAT2 enzyme causes interindividual variation in response to a variety of amine 
drugs and potential carcinogens [62, 63]. NAT2*4 is the major allele. The principal 
minor alleles that led to a reduction in NAT2 activity are *5B, *6A, and*7B. NAT2 
genotypes are classified as rapid acetylator genotype (two *4 allele (major allele)), 
intermediate acetylator genotype (one *4 allele), and slow acetylator genotype (no 
*4 allele). Our previous study found that the NAT2 slow acetylator status may be a 
determinant in susceptibility to SLE [37]. The role of the acetylator genotype in the 
determination of susceptibility to idiopathic SLE is controversial in subsequent 
studies. Some studies indicated an increased frequency of the slow acetylator phe-
notype or genotype in SLE patients [46, 64–68], while other studies found no asso-
ciation [69–76]. As ethnic differences in the NAT2 allele frequencies are striking 
[63], it has been suggested that the role of the NAT2 polymorphism on SLE may 
differ with ethnic group.

Understanding the genetic basis of complex diseases has been increasingly 
emphasized as a means of achieving insight into disease pathogenesis, with the 
ultimate goal of improving preventive strategies, diagnostic tools, and therapies. 
Case–control genetic association studies such as ours aim to detect association 
between genetic polymorphisms and disease. Although case–control genetic asso-
ciation studies can measure statistical associations, they cannot test causality. 
Determining genetic causation of disease is a process of inference, which requires 
supportive results from multiple association studies and basic science experiments 
combined. Furthermore, a concern with respect to genetic association studies has 
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been lack of replication studies, especially contradictory findings across studies. 
Additional studies are warranted to replicate our and others’ findings from case–
control genetic association studies.

It is widely accepted that SLE development requires environmental factors act-
ing on a genetically predisposed individual. Studying gene–environment interac-
tions in relation to SLE risk may be valuable, as positive findings would clearly 
implicate the substrates with which the gene interacts as disease-causing exposures, 
clarifying SLE etiology and pointing to environmental modifications for disease 
prevention. Case–control genetic association study can be useful in investigating 
gene–environment interactions. Ever smoking was significantly associated with 
2.86-fold increased risk of SLE. Substrates for and inducers of CYP1A1 include 
PAHs such as benzo(a)pyrene in tobacco smoke while GSTM1 detoxifies the 
metabolites of PAHs. Heterocyclic amines are present in cigarette smoke and are 
potential substrates for NAT2 activation. Several studies have investigated that 
smoking was associated with an increased risk of SLE [3]. Cigarette smoking has 
been proposed to be a trigger for the development of SLE, and the association has 
been examined in several studies, with conflicting results. Although the biologic 
pathway through which cigarette smoking acts to increase the instantaneous risk of 
SLE is not known, several potential mechanisms exist. Exposure to cigarette smok-
ing may be associated with increased risk of SLE. A common method for quantify-
ing interactions is based on the calculation of the two risk factors’ product term in a 
logistic-regression model (multiplicative). A gene–environment interaction was 
suggested, with “at-risk” genotype and smoking conferring significantly higher 
risk, compared with no “at-risk” genotype and never smoking in the present study. 
For example, smokers with “at-risk” genotype of CYP1A1 rs4646903 was strongly 
associated with increased risk of SLE (adjusted OR = 9.72, 95% CI = 2.73–34.6). 
The observed high ORs were attributed largely to the effect of ever-smoking, how-
ever. The multiplicative interaction between the genetic polymorphisms and smok-
ing was far from significant, however. Studies of interaction among risk factors in 
the epidemiological studies have classically been performed using a departure from 
the additivity model originally described by Rothman, where a term is used to quan-
tify the contribution of interaction to a disease risk, as compared with the contribu-
tion of each of the two risk factors added to each other [42, 43]. There were 
significant additive interactions between smoking and any one of the following: 
CYP1A1 rs4646903 or NAT2 genotypes. Specifically, about 50% of the excess risk 
for SLE in smokers with the “at-risk” genotype was due to the additive interaction. 
Thus, the results suggest evidence for additive but not multiplicative interaction. No 
studies have reported the studies on risk modification by the genetic polymorphisms 
such as CYP1A1 rs464903, GSTM1 deletion, and NAT2 genotypes determined by 
NAT2*4, *5B, *6A, or *7B allele, in the association of cigarette smoking and 
SLE. Despite the growing awareness of the relevance of gene–environment interac-
tions in human disease, true progress in the identification of common genetic altera-
tions that by themselves may not substantially impact risk, but in concert with 
environmental exposures may lead to disease development, has been limited. Some 
genetic variants may exert population-specific effects that are independent of the 
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other genetic profile of the individual and environmental exposures, while other 
population-specific effects may be generated under differential gene–gene interac-
tions in different populations, differential gene–environment interactions, or both 
[77]. Sample sizes for adequate power to detect interactions are prohibitively large 
when the frequencies of interacting variants and exposures are small [77]. In addi-
tion, assessment of gene–environment interaction also depends upon the proper sta-
tistical evaluation of interaction on the multiplicative and additive models.

Several limitations of this study warrant mention. Our study may have included 
a bias due to the self-reporting of smoking habits (misclassification bias). However, 
discrepancies between self-reported smoking habits and biochemical verification 
are minimal among the general population [78, 79]. Similary, the validity of con-
sumption of coffee and tea using a self-administered questionnaire is relatively high 
[80, 81]. Recall bias, which occurs when cases and controls recall exposures differ-
ently, is also a well-recognized potential problem in case–control studies. SLE 
patients may be more likely to report their prior exposures than healthy controls 
because they think they might be related to their disease. The purported link between 
smoking and SLE is not common knowledge, however. The possibility of recall bias 
in reporting smoking habit may be minimized, because SLE patients are unlikely to 
be aware that smoking habit may be associated with SLE risk. Inaccuracies in recall 
and reporting were possible and, as they were likely nondifferential, could cause 
dilution of a true association. Population-based case–control studies may have 
underestimated slightly the true association due to recall bias [82]. Case–control 
studies tend to be susceptible to selection bias, particularly in the control group. 
Selection bias may occur if the decision to participate is affected by smoking habit. 
In many cases, selection bias is not extreme enough to have an impact on inference 
and conclusions [83]. As the possibility of recall and selection biases could not be 
completely excluded in case–control studies, our findings should be interpreted 
with caution. A fundamental conceptual issue selection of controls is whether the 
controls should be similar to the cases in all respects other than status of the disease 
in question. As controls were not selected to match SLE patients on confounding 
factors, there were significant differences between them, such as age. Although 
matching is one approach to control for confounding bias in the design of the study, 
the confounding bias can be also controlled for by using statistical modeling 
approach in the analysis, as was carried out in our study.

In the present study, CYP1A1 rs4646903 and NAT2 genotypes were significantly 
associated with SLE risk. There were significant additive interactions between 
smoking and any one of the following: CYP1A1 rs4646903 or NAT2. Findings from 
gene–environment interaction analyses must be interpreted with caution due to 
reduced numbers of observations in the subgroups. Replication of findings is very 
important before any causal inference can be drawn. Testing replication in different 
populations is an important step. Future studies involving larger control and case 
populations, precisely and uniformly defined clinical classification of SLE and bet-
ter exposure histories will undoubtedly lead to a more thorough understanding of 
the role of the genetic polymorphisms involved in the metabolism and detoxifica-
tion of tobacco smoke in SLE development.
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Chapter 11
Epidemiological Studies of Specified Rare 
and Intractable Disease

TNF Receptor-Associated Periodic Syndrome (TRAPS)

Naoyasu Ueda and Takahiko Horiuchi

Abstract  Tumor necrosis factor receptor-associated periodic syndrome (TRAPS) 
is a representative of autoinflammatory diseases. We conducted a nationwide survey 
for patients with TNFRSF1A variants in Japan. We obtained clinical and genetic 
features of 51 patients from 33 independent families. The most common variant was 
T61I (appearing in 49% of patients), and it was identified in 7 of 363 healthy con-
trols. The common clinical features of Japanese patients were fever of >38  °C 
(100% of patients), arthralgia (59%), and rash (55%). The prevalence of abdominal 
pain (36%), myalgia (43%), and amyloidosis (0%) was significantly lower in 
Japanese patients than in Caucasian patients. Patients with TNFRSF1A variants are 
very rare in Japan, as in other countries, but there are a number of clinical and 
genetic differences between Japanese and Caucasian patients.

Keywords  Tumor necrosis factor receptor-associated periodic syndrome 
(TRAPS) · TNFRSF1A · Japan · Japanese · T61I

11.1  �Introduction

Tumor necrosis factor receptor-associated periodic syndrome (TRAPS) is a repre-
sentative of autoinflammatory diseases. It is a rare disease, and has been reported 
mainly in Caucasians [1]. However, as reports in Japanese also increased, the 
Ministry of Health, Labor, and Welfare (MHLW) of Japan organized a study group 
for TRAPS chaired by Professor Horiuchi of Kyushu University. A nationwide sur-
vey revealed that there are at least 33 families of TRAPS in Japan [2]. In this 
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chapter, we first describe the disease concept and pathophysiology of TRAPS. Next, 
the results of the nationwide survey and characteristics of TRAPS in Japan which 
the nationwide survey revealed are described. TRAPS has been certified as 
“Nanbyo” (intractable disease) on January 1, 2015.

11.2  �Disease Concept

TRAPS is an autosomal dominant inherited autoinflammatory disease caused by 
mutations of the TNF receptor super family 1A (TNFRSF1A) gene encoding type 1 
TNF receptor (TNFR1). Representative diseases of autoinflammatory diseases 
involve familial Mediterranean fever (FMF), mevalonate kinase deficiency (MKD), 
cryopyrin-associated periodic syndrome (CAPS) in addition to TRAPS, each of 
which is characterized by recurrent inflammatory episodes with fever and various 
organ involvements. The term autoinflammation was made to denote a group of 
diseases without the usual features of autoimmunity (high-titer autoantibodies and 
autoreactive T cells), which were subsequently recognized as disorders of the innate 
immune system [3]. TRAPS was originally reported as familial perireticular amy-
loidosis, familial Hibernian fever (FHF), and autosomal dominant familial periodic 
syndrome. In 1998, genome-wide association study revealed that both disease sus-
ceptibility loci of FHF and autosomal dominant familial periodic syndrome are 
located on chromosome 12p3 [4, 5]. In 1999, mutations in the TNFRSF1A gene 
were identified and led to the naming of TRAPS [6]. TRAPS is characterized clini-
cally by recurrent inflammatory episodes such as fever, myalgia, joint pain, rash, 
periorbital edema, conjunctivitis, and serositis. Severe cases complicate amyloido-
sis. Although it often occurs in childhood, adult onset cases are also seen [1].

11.3  �Pathophysiology

TNFR1 is a transmembrane protein consisting of 455 amino acid (Fig. 11.1). The 
extracellular domain of TNFR1 consists of four cysteine-rich domains (CRD1-4), 
each of which contains three cysteine–cysteine disulfide bonds [7]. CRD1, also 
known as the pre-ligand assembly domain (PLAD), mediates self-assembly in the 
absence of ligand [8]. The ligand binding domains are made up of CRD2 and CRD3. 
The intracellular region includes a death domain (DD) that can initiate signaling 
cascades for both inflammation and apoptosis. Soluble TNFR1, corresponding to 
TNFR1 extracellular domain, is shed by proteolytic cleavage. The major TNFR1 
cleavage site is in the spacer region adjacent to the transmembrane domain between 
Asn-172 and Val-173, with a minor site between Lys-174 and Gly-175 [9]. 
TNFRSF1A consists of 10 exons. For example, the latter half of exon 2 and the first 
half of exon 3 encode CRD1. Figure 11.1 shows the location of TNFRSF1A vari-
ants. TNFRSF1A variants seen in TRAPS patients are concentrated in exon 2, 3, and 
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4 encoding CRD1, CRD2, and CRD3. The numbering of the amino acids for 
TNFRSF1A has not followed the general rule of starting with the translation initiator 
methionine, as most publications have started numbering after the leading sequence, 
i.e., leucine at residue 30. Also in this chapter numbering is done as such. The list of 
variants of the genes responsible for autoinflammatory diseases, including TRAPS, 
is maintained and updated in the Infevers database (http://fmf.igh.cnrs.fr/infevers).

Currently, the leading hypothesis of pathological mechanisms of TRAPS is the 
defect of intracellular trafficking of mutated TNFR1 [10, 11]. The TNFRSF1A 
mutation causes misfolding of the TNFR1 protein structure. The misfolding TNFR1 
is not transported to the secretory pathway after the Golgi apparatus by the protein 
quality control mechanism, resulting in intracellular retention of mutated TNFR1 in 
the endoplasmic reticulum (ER). Because of autophagic abnormality, mutated 
TNFR1 is not degraded, and accumulates in the ER [12]. Accumulation of mutated 
TNFR1 enhances the production of reactive oxygen species (ROS) from mitochon-
dria. Mitochondrial ROS activates mitogen-activated protein kinase (MAPK) 
through suppression of MAPK dephosphorylation [13]. Accumulation of mutated 
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Fig. 11.1  Schematic representations of TNFR1 protein, TNFRSF1A gene and TNFRSF1A 
sequence variants. TNFR1 is a transmembrane protein consisting of 455 amino acid. The extracel-
lular domain of TNFR1 consists of four cysteine-rich domains (CRD1–4). The intracellular region 
includes a death domain (DD). The TNFRSF1A gene consists of 10 exons. The locations of 
TNFRSF1A variants are shown. The numbering of the amino acids for TNFRSF1A has not fol-
lowed the general rule of starting with the translation initiator methionine, as most publications 
have started numbering after the leading sequence, i.e., leucine at residue 30
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TNFR1 causes ER stress response and increases expression of ER stress-related 
proteins such as Spliced X-box binding protein 1 (sXBP1). sXBP1 enhances inflam-
matory cytokine production induced by Toll-like receptor (TLR) stimulation in 
ROS dependence [14]. By these mechanisms, inflammatory cytokine production 
such as TNF-α, IL-6, and pro-IL-1β is induced against a small amount of lipopoly-
saccharide (LPS) stimulation that normally does not react.

The TNFRSF1A mutations causing functional abnormalities such as intracellular 
trafficking defect in TNFR1 are referred to as “structural mutations” [11]. 
Representatives of “structural mutations” are mutations of cysteine residues that 
form disulfide bonds and the T50M mutation which is a mutation of threonine resi-
due that form hydrogen bonds that are presumed to have a major influence on the 
structure of TNFR1. TNFRSF1A mutations such as defects in cysteine residues and 
the T50M mutation have not been found in patients other than TRAPS patients and 
asymptomatic patient relatives, whereas the R92Q and P46L variants are found in 
allele frequencies of about 1% in the Caucasian general population. The R92Q and 
P46L variants are associated with low penetrance and a mild TRAPS phenotype. A 
few patients with R92Q and P46L develop amyloidosis [15]. Functional abnormali-
ties such as intracellular trafficking defect are not observed in the R92Q and P46L 
TNFR1. The R92Q and P46L variants are referred to as “nonstructural” [11].

It is a matter of debate whether the P46L and R92Q variants really have a patho-
genic effect. In West African individuals without TRAPS-like symptoms, the allele 
frequency of the P46L variant is as high as 9.8% [16]. The allele frequency of the 
R92Q variant in children with periodic fever (2.45%) did not differ significantly 
from the allele frequency in healthy subjects (2.25%) in Italy [17]. It has been sug-
gested that the R92Q variant might be a susceptibility factor in other inflammatory 
diseases. The frequency of the R92Q variant tended to be higher in patients with 
early arthritis, but this finding is a subject of controversy [18, 19]. The R92Q variant 
was also significantly more frequent in patients with Behçet’s disease, atherosclero-
sis, and idiopathic recurrent endocarditis than in healthy controls [20–22]. Genome-
wide association studies identified the R92Q variant as a genetic risk factor for 
multiple sclerosis [23].

11.4  �Diagnosis

TRAPS is diagnosed by genetic testing. Hull and colleagues have proposed 
“Diagnostic indicators of TRAPS” composed of items including symptoms and 
family history [1]. It should be noted that this is not a diagnostic criteria but a guide-
line for judging the indication of genetic testing. It is difficult to diagnose TRAPS 
only by clinical findings. Clinical findings such as age of onset, clinical symptoms, 
frequency and duration of inflammatory attack, severity of disease, and therapeutic 
response vary considerably among patients [24]. There is a possibility of TRAPS 
even in cases where symptoms such as myalgia and abdominal pain are main symp-
toms and fever is not observed or patients in whom disease course is continuous 
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rather than periodic (recurrent). Atypical case was reported who was completely 
asymptomatic until the development of amyloidosis [25]. Additionally, the 
TNFRSF1A variants are often not identified in patients who are clinically consistent 
as TRAPS. It was reported that TNFRSF1A variants were identified in 10 families 
among 18 families in which multiple members had symptoms compatible with 
TRAPS and only 4 of 176 subjects with sporadic TRAPS-like symptoms [26]. In 
patients with recurrent inflammatory episodes, if etiologies such as infections, neo-
plasms, and other rheumatic conditions are unlikely, genetic testing of TNFRSF1A 
should be considered.

11.5  �Treatment

If inflammatory attack is mild and infrequent, you can treat only symptomatic relief 
with NSAIDs alone. Colchicine and immunosuppressive agents such as methotrex-
ate and cyclosporin are considered ineffective [1].

The most common therapeutic agents are corticosteroids. After terminating the 
attack using high dose corticosteroids, you should promptly taper and discontinue 
corticosteroids. In some cases, it is difficult to taper and discontinue corticosteroids 
because the required amount increases during the course or severe attacks occur 
frequently. Corticosteroid complications such as osteoporosis are a major problem 
in cases requiring high doses and long-term corticosteroid administration. For such 
cases the use of biological agents should be considered [27, 28].

Currently, IL-1 inhibition is a first-line biological agent. A phase-II clinical study 
demonstrated clear efficacy for canakinumab, leading to US Food and Drug 
Administration (FDA) approval of the drug for the treatment of TRAPS [29]. Also 
in Japan, canakinumab received approval for the treatment of TRAPS in December 
2016.

Etanercept, one of TNF inhibitors, can be effective in some patients. However, 
the response is partial and loss of efficacy occurs in most cases [30]. The use of 
infliximab and adalimumab, which are TNF inhibitors, are associated with exacer-
bation of TRAPS and should be avoided [31–33]. Etanercept is a type 2 TNF recep-
tor-Fc fusion protein, while infliximab and adalimumab are a monoclonal antibody. 
This structural difference may cause a difference in clinical effect.

11.6  �Epidemiological Findings of TRAPS Before Our 
National Survey

From Germany, an epidemiological national survey of pediatric patients was 
reported in 2009 [34]. Monthly inquiries were sent to 370 children’s hospitals and 
pediatric rheumatological outpatient clinics and to all 23 laboratories performing 
genetic analyses for Hereditary periodic fever. In July 2003 to June 2006, they 

11  Epidemiological Studies of Specified Rare and Intractable Disease



168

found 23 new patients. The incidence of TRAPS in German children was estimated 
to be ~5.6 per 107 person-years, and it was concluded that TRAPS is a rare disease 
in Caucasians. 19 (83%) of 23 cases had the R92Q variant, which is a variant of 
uncertain pathogenic significance. If we consider only TNFRSF1A mutations with 
clearly pathogenic significance, the incidence is even lower.

Case series of 158 patients was reported in 2013 from the Eurofever/ 
EUROTRAPS international registry, which is a web-based registry collected retro-
spective data on patients with TNFRSF1A sequence variants and inflammatory 
symptoms [24]. The median age at which symptoms began was 4.3 years but 9.1% 
of patients presented after 30 years of age. The most common TNFRSF1A variant 
was R92Q (34% of cases), followed by T50M (10%). Defect of cysteine residues 
were found in 27% of cases. A family history was present in 19% of patients with 
R92Q and 64% of those with other variants.

The first confirmed case of TRAPS in Japan was a female patient with the C70S 
mutation and was reported in 2003 [35]. She was also the first case in an eastern 
Asian population. Before our national survey, the number of Japanese patient with 
genetically confirmed TRAPS were 18 patients from 9 independent families [36]. A 
national survey for FMF was conducted twice in 2006 and 2009 and this revealed 
that a significant number of patients with FMF exist in Japan and Japanese FMF 
patients were clinically or genetically different from Mediterranean patients [37, 
38]. With these backgrounds, our national survey was conducted.

11.7  �Primary Survey

The MHLW study group for TRAPS conducted a national survey. In 2010, we 
mailed a questionnaire to all 1718 internal medicine departments and 1182 pediatric 
departments in hospitals with more than 200 beds, asking whether they had patients 
in whom TRAPS was suspected from January to December 2009. Contacting hos-
pitals with more than 200 beds was determined to be enough to find patients with 
undiagnosed TRAPS, because it was presumed that patients with undiagnosed 
TRAPS are referred to large hospitals as patients with recurrent fever of unknown 
cause. The criteria for TRAPS were not set and were left up to each doctor’s judg-
ment in order to widely screen patients in whom TRAPS was suspected. However, 
to assist physicians with finding TRAPS patients, we advised recruiting into the 
study patients who either (1) fulfilled Hull’s classification criteria for TRAPS [1] or 
(2) presented atypical symptoms of juvenile idiopathic arthritis (JIA) or adult-onset 
Still’s disease (AOSD). “Atypical disease” was defined as disease without chronic 
arthritis or with recurrent inflammatory attacks. It is noteworthy that a number of 
TRAPS patients were misdiagnosed as having atypical systemic JIA [39]. A total of 
826 of 1718 internal medicine departments (48.1%) and 981 of 1182 pediatrics 
departments (83.0%) responded to our questionnaire (Table 11.1). There were 263 
patients in whom TRAPS was clinically suspected. The number of patients in whom 
TRAPS was clinically suspected nationwide was estimated in units of institutions, 
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assuming that there was a random response regardless of the number of patients. 
That is, we weighted by the reciprocal of the response rate and estimated the total 
number of patients by Stata version 11 (Stata Coop., Texas USA). As a result, it was 
estimated that there were 423 patients in whom TRAPS was clinically suspected 
nationwide.

11.8  �Secondary Survey

We then asked the departments that replied that they had patients in whom TRAPS 
was clinically suspected to provide detailed clinical information and a blood sample 
for genetic testing. A total of 169 patients underwent genetic analysis in our study. 
Genetic testing of a total of 359 healthy controls was also conducted. All individuals 
were Japanese. The study was approved by the ethics committee of Kyushu 
University. Written informed consent was obtained from each enrolled patient. 
Screening for mutations of all the coding exons of the TNFRSF1A (exons 1–10), 

Table 11.1  Results of mailed questionnaire survey to 2900 departments in the hospitals with more 
than 200 beds

No. of 
departments

Response 
rate (n) %

No. of 
departments 
reporting
Suspected 
TRAPS 
patients

No. of 
reported 
patients

Estimated 
patient 
number

Internal 
medicine

University 
hospitals

97 63 64.9 16 32 49.3

≥500 beds 304 155 50.9 18 42 82.4
400–499 
beds

239 131 54.8 13 24 43.8

300–399 
beds

490 216 44.3 16 33 74.9

200–299 
beds

588 261 44.3 11 13 29.3

Total 1718 826 48 74 144 279.6
Pediatrics University 

hospitals
97 76 80.8 21 35 43.3

≥500 beds 262 212 80.9 16 24 29.7
400–499 
beds

197 181 91.8 13 18 19.6

300–399 
beds

335 291 86.8 19 27 31.1

200–299 
beds

294 221 75.1 11 15 20

Total 1182 961 82.9 80 119 143.6
Total 2900 1807 62.3 154 263 423.2
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MEFV (exons 1–10), and MVK (exons 2–11) genes was performed by direct 
sequencing. TNFRSF1A variants were identified in 10 patients from 10 independent 
families. The T61I variant was found in 8 patients, while the V136M and S321I 
variants were found in 1 patient each. All the patients were heterozygous for the 
variants. Among the healthy controls, 7 of 363 individuals were heterozygous for 
the T61I variant. There was no significant difference in the allele frequency of the 
T61I variant between the patient group and the control group; however, there was a 
trend toward an increased frequency of the T61I variant in the patient group 
(p = 0.071). TNFRSF1A variants other than the T61I variant were not identified in 
healthy individuals. The R92Q and P46L variants, which are associated with low 
penetrance and a mild TRAPS phenotype and are present in about 1% of the 
Caucasian general population, were not observed in our patients or controls.

Although MEFV variants/polymorphisms were found in many patients and 
healthy individuals, mutations in exon 10, which are considered most pathogenic, 
were found in only 2 of the 159 patients without any TNFRSF1A variants. One 
patient was heterozygous for the Y688C MEFV mutation, but the patient was clini-
cally diagnosed as having AOSD. The other was heterozygous for the M694I MEFV 
mutation and satisfied the Tel Hashomer criteria for FMF [40]. Therefore, this 
patient was diagnosed as having FMF. Heterozygous V109 L and D386N MVK vari-
ants were found in 1 patient each. One healthy individual was carrying the V109L 
variant. The 2 patients with these MVK variants were not carrying any TNFRSF1A 
variants. As MKD is an autosomal-recessive inherited disease, the MVK mutation 
needs to be homozygous to cause the disease. Therefore, the pathogenic role of 
these 2 variants is not clear.

In this study, we found 10 patients with TNFRSF1A variants, from 10 indepen-
dent families. In addition, we collected information on 17 patients from 13 indepen-
dent families with TNFRSF1A variants and symptoms of inflammation who had not 
been described in the literature. A total of 27 patients from 23 families were shown 
in Table 11.2. The C15Y, V125 M, V136 M, and S321I variants were novel variants 
found in this study. A literature search revealed that 24 additional cases from 11 
families with TNFRSF1A variants and symptoms of inflammation had been reported 
from Japan [35, 39, 41–48]. In total, clinical and genetic features of 51 patients from 
33 independent families were obtained (Table 11.3).

11.9  �Genetic Features of Patients with TNFRSF1A Variant 
in Japan

Defects in cysteine residues and the T50M variant referred to as “structural muta-
tions” were found in 33% of the 51 patients with TNFRSF1A variant. T61I was the 
most common variant, found in 19 families, followed by the C30Y and T50M vari-
ants in two families each. The sporadic cases included 14 patients with the T61I 
variant and 1 patient each with the C15Y, N101K, V136M, and S321I variants. 
Among the sporadic cases, the parents of five patients with the T61I variant and the 
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parents of 1 patient each with the C15Y and S321I variants underwent genetic anal-
ysis. Both parents of 1 patient with the T61I variant was found to carry the variant, 
and 1 parent each of the other 6 patients carried the variant. De novo mutations were 
not found. The C15Y, N25D, T61I, C70S, N101K, V125M, V136M, and S321I 
variants were reported exclusively in Japan.

11.10  �Clinical Features of Patients with TNFRSF1A Variant 
in Japan

The main clinical findings in Japanese patients with TNFRSF1A variants are a fever 
of 38  °C (100% of patients), abdominal pain (36%), myalgia (43%), skin rash 
(55%), conjunctivitis (18%), periorbital edema (9%), chest pain (14%), arthralgia 
(59%), and headache (23%). No patient had amyloidosis. None of the Japanese 
patients underwent any abdominal operation because of misdiagnosis. When we 
classified the C15Y, T50M, and C70S variants as “structural mutations,” N25D, 
T61I, N101K, V125M, V136M, and S321I variants as other mutations, there was no 
significant difference in clinical manifestations between patients carrying “struc-
tural mutations” and others, except for family history and age at onset. A positive 
family history of recurrent inflammatory episodes of unknown cause and a disease 
onset at age <20 years were significantly more frequent in patients carrying “struc-
tural mutations” than others (94.1% vs. 29.2% and 87.5% vs. 58.1%, each).

We compared clinical characteristics between patients in Japan and those regis-
tered in the Eurofever/EUROTRAPS international registry, the largest cohort of 

Table 11.3  Genotype of patients with TNFRSF1A variants in Japan

TNFRSF1A variant Family Cases Sporadic cases

C15Ya 1 1 1
N25Da 1 1 0
C30Y 2 3 0
C30R 1 3 0
T50M 2 3 0
T61Ia 19 25 14
C70G 1 3 0
C70Sa 1 3 0
C88Y 1 1 0
N101Ka 1 1 1
V125Ma 1 5 0
V136Ma 1 1 1
S321Ia 1 1 1
Total 33 51 18

Adapted from Clinical and genetic features of patients with TNFRSF1A variants in Japan: Findings 
of a nationwide survey. Arthritis Rheumatol. 2016;68:2760–2771.
aTNFRSF1A variants that had not been reported outside Japan.
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patients carrying TNFRSF1A, with patients from six European countries participat-
ing [24]. All of the patients in Japan showed a fever of 38 °C, which was signifi-
cantly more prevalent than the case in Europe (100% vs. 84%). In contrast, a number 
of clinical symptoms were significantly less frequent in Japanese patients, including 
abdominal pain (36% vs. 70%), myalgia (43% vs. 70%), and amyloidosis (0% vs. 
10%). Clinical symptoms may be milder in Japanese patients than in Caucasian 
patients. Interestingly, a national survey of FMF in Japan revealed that Japanese 
FMF patients had a lower prevalence of abdominal pain and amyloidosis than 
Mediterranean FMF patients [38]. The low prevalence of abdominal pain and amy-
loidosis in autoinflammatory diseases may be an ethnic characteristic of Japanese.

11.11  �The Pathogenic Significance of the TNFRSF1A 
Variants in Japan

Although the most prominent genetic characteristic in Japanese patients with 
TNFRSF1A variants is the presence of the T61I variant, the most common variant in 
Japanese patients, the pathogenic significance of this variant remains unclear. In our 
16 patients carrying the T61I variant, two patients had the M694I mutations of 
MEFV. Their inflammatory symptoms were explained with the M694I mutations of 
MEFV. We considered the possibility that patients carrying the T61I variant had 
other autoinflammatory disease-related gene mutations. We conducted genetic anal-
ysis of NLRP3, NOD2, PSTPIP1, PLCG2, NLRP12, IL1RN, NLRC4, and PSMB8 in 
addition to TNFRSF1A, MEFV, and MVK. These additional eight genes are sup-
posed to cover almost all of the genes responsible for autoinflammatory diseases 
[49–53]. In our 16 patients carrying the T61I variant (patients 4–19 in Table 11.2), 
we identified some additional variants. All variants except 1 were supposed to be 
common variants according to the Exome Aggregation Consortium database (http://
exac.broadinstitute.org). Only patient 11 was carrying a rare NLRC4 variant, 
L70F. Although NLRC4 mutations that have been reported to cause autoinflamma-
tion are located in the nucleotide-binding oligomerization domain coding region, 
L70F is located in the caspase recruitment domain coding region [50–52]. Therefore, 
the pathogenic role of L70F is not clear. In our 16 patients carrying the T61I variant, 
except for two patients having the M694I mutations of MEFV, we identified no 
other pathogenic variants in a total of 11 autoinflammatory disease-related genes, 
which might support a possible pathogenic role of the T61I variant.

Two-thirds of the patients carrying the T61I variant had sporadic illness. There 
was no significant difference in the allele frequency of the T61I variant between 
patients and controls; however, there was a trend toward an increased frequency of 
the T61I variant in patients (p = 0.071). Considering that the sister of patient 6 was 
homozygous for the T61I variant but was asymptomatic (Table  11.2), it may be 
certain that the T61I variant does not have a potent pathogenic effect seen with 
“structural mutations.” It is interesting that two patients having a combination of 
heterozygous T61I and heterozygous M694I mutations of MEFV had inflammatory 
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episodes for up to 14  days, which is long compared to the typical FMF course, 
which terminates within 3 days. It is possible that the T61I variant influences the 
phenotype of the M694I mutation.

A small number of patients and none of healthy controls had the C15Y, N25D, 
N101K, V125M, V136M, and S321I variants. Therefore, their pathogenic signifi-
cance could not be deduced from the penetrance level. We thought that it would be 
useful to examine the cell surface and intracellular expression of variant TNFRI 
proteins to assess their contribution to disease. We examined the effect on TNFRI 
trafficking of variants by using the same experimental procedures as those described 
previously [10]. We transfected expression vectors encoding wild-type or variant 
TNFRI into human embryonic 293T cells. We assessed the cell surface expression 
of receptors by using FACS analysis. Consistent with a previous observation, cells 
transfected with C33Y or T50M TNFRI showed less cell surface expression than 
cells transfected with wild-type or R92Q TNFRI. Cells transfected with the C15Y 
variant showed decreased cell surface expression, in the same manner as the C33Y 
and T50M variants. In contrast, cells transfected with N25D, T61I, N101K, V125M, 
V136M, and S321I receptors showed cell surface expression at levels as high as 
those in cells with the wild-type or R92Q receptor. This result suggests that the 
C15Y variant has the same pathogenic significance as the other “structural muta-
tions.” In contrast, the N25D, T61I, N101K, V125M, V136M, and S321I variants 
should be distinguished from “structural mutations.”

11.12  �Diagnostic Indicators of Japanese TRAPS

Because the rate of mutation detection is low (<20%) among patients having symp-
toms consistent with autoinflammatory diseases, A diagnostic score to predict the 
probability of a positive genetic test result for any of the TNFRSF1A, MEFV, and 
MVK genes has been proposed by Gattorno et al. [54]. Most of the patients in that 
study were children age < 18 years and of Italian origin, which is a different popula-
tion from that of our patients. In addition, abdominal pain, which was less frequent 
in Japanese patients with TNFRSF1A variants, was included in the calculation as an 
important predicting factor. We therefore considered that this scoring system was 
not applicable to our patients.

In order to identify sensitive and specific markers for detecting TNFRSF1A 
mutations in our Japanese patients, the clinical features of the patients carrying 
TNFRSF1A “structural mutations” (n  =  17) and those without any TNFRSF1A 
mutations/variants (n  =  146) were compared to elucidate variables for obtaining 
positive results by genetic analysis of TNFRSF1A. Using univariate analyses, we 
identified a positive family history of recurrent inflammatory episodes of unknown 
cause and a disease onset at age <20 years as clinical parameters predicting positive 
results of genetic analysis. Multivariate logistic regression analysis showed that 
only a positive family history of recurrent inflammatory episodes was strongly asso-
ciated with the possibility of obtaining a positive result for “structural mutation” of 
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the TNFRSF1A gene. There were no significant differences in symptoms such as 
fever, abdominal pain, myalgia, and skin rash. In our Japanese cohort, when the 
patient had a family history of recurrent inflammatory episodes, the sensitivity was 
94.1% and the specificity was 89.7% for the probability of carrying TNFRSF1A 
“structural mutations.” Further validation of this finding is needed with another 
patient cohort.

On the basis of these results, TRAPS diagnostic criteria, which are conditions for 
certification of designated intractable diseases “Nanbyo” and chronic specific dis-
eases for children, were created. By satisfying this, patients can receive public med-
ical expense subsidies. Repeated symptoms of inflammation more than 6 months 
are essential conditions and genetic testing is recommended when satisfying supple-
mentary items such as family history. The final diagnosis is by genetic testing. 
Interpretation of genetic test results requires consultation with experts.

11.13  Conclusion 

We conducted a nationwide survey for TRAPS for the first time in Japan or Asia 
overall. The incidence of patients with TNFRSF1A variants in Japan was rare, as in 
other European countries, but a number of clinical and genetic features of Japanese 
patients were different from those of Caucasian patients.

Many of the TNFRSF1A variants identified in Japan, including the T61I variant, 
have an uncertain pathogenic significance. It is considered essential for the under-
standing of Japanese TRAPS to clarify the pathogenic significance of these 
variants.
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