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Abstract: The Japan Nurses’ Health Study (JNHS) is a prospective occupational cohort study
investigating the effects of lifestyle and healthcare practices on women's health. It was initiated in
2001, with a six-year entry period and a proposed ten-year follow-up. Participants comprise female
registered nurses, licensed practical nurses, public health nurses, and midwives, aged 25 yr or over
at the baseline survey. Participants were recruited in cooperation with the Japanese Nursing
Association and the Japan Menopause Society. A self-administered baseline questionnaire was
distributed, requesting demographic information, lifestyle factors, pharmaceutical drug use, physical
condition, reproductive health, and discase history. A total of 49,914 women from all 47 prefectures
in Japan responded to the baseline survey. Among them, approximately 18,000 agreed to he followed-
up, and returned signed informed-consent sheets, together with their completed baseline
questionnaires. Changes in lifestyle, healthcare, incidence of disease, and health outcomes over time
will now be studied. The cohort receives annual JNHS newsletters and biennial follow-up
questionnaires hy mail.
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Introduction

Relatively few biomedical and cpidemiological
investigations have targeted women, although many gender-
specific issues are associated with women'’s occupational
health. Some large-scale prospective cohort studies focused
on women'’s health between the 1970s and 1990s such as
the Nurses’ Health Study-I and -II* ?, the Women’s Health
Initiative Study®, and the Million Women Study®. These
investigations evaluated the effects of gender-specific and
non-specific exposure issues such as exogenous hormones
and cigarette smoke, respectively. Although these studies
highlighted important women’s health issues, many
controversial issues remain, such as the use of hormone
replacement therapy to prevent cardiovascular disease among
postmenopausal women. Despile decades of evidence from
observational epidemiological studies®, clinical trials in the
Women'’s Health Initiative Study generated adverse results®.
Such diversity indicates that the effectiveness of various
healthcares might diffcr among various populations.

Epidemiological studies that provide comparable evidence
of women’s health have not been implemented in Japan.
An epidemiological study is needed for Japanese wormen
who may have a differcnt lifestyle, working environment,
and healthcare practice from women in other countries. We
designed a prospective occupational cohort study of Japanese
women based on the design of the Nurses’ Health Study
(NHS) that has contributed the most to women's health
worldwide. We confirmed the feasibility of the research
strategy in the 1999 Gunma Pilot Study”, and we initiated
the Japan Nurses’ Health Study (JNHS) in 2001. This paper
describes the design of the JNHS and results obtained during
the recruitment phase.

Subjects and Methods

Study design and purposes

The Japan Nurses’ Health Study (IJNHS), the
Epidemiological Study of Lifestyle and Women’s Health,
is a prospective occupational cohort study that investigates

the health of Japanese women. The study was initiated in '

2001 and consists mainly of a cross-sectional baseline survey
and longitudinal follow-up. The entry and follow-up periods
are six and ten years, respectively. The primary purposes
of the JNHS are to describe the status of lifestyle, healthcare
practice, and physical status of Japanese women, to estimate
the effects of those factors on their health, and to establish
evidence regarding the risk-benefits of long-term
administration of women-specific health management such
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as exogenous hormones use. The secondary purposes of
the study are to investigate occupational health among
Japanese nurses, and to evaluate the effects of shift work
and work related stress on women’s health.

Recruitment

In order to protect personal information of their members,
the Japanese Nursing Association would not permit detailed
sampling based on a register of nurses, as had been employed
in the American NHS. Given these conditions, we announced
recruitment to the study at conferences of the Japanese
Nursing Association and the Japan Menopause Society, by
advertisements in newsletters sent to members of the Japanese
Nursing Association, by invitation letters to nurses in the
health/medical institutes in cooperation with the prefectural
Nursing Associations, and by invitation from the JNHS
Recruitment Committee (see Appendix). Interested medical
institutes or individual nurses requested baseline
questionnaire sets from the JINHS coordination center by
application postcard, facsimilc, e-mail, or telephone. At some
nurses’ conferences and hospitals, we distributed the baseline
questionnaire sets directly to individual nurses.

Inclusion criteria

The study population was designed for female registered
nurses, licensed practical nurses, public health nurses, and/
or midwives, who were at least 30 yr of age and resident in
Japan at the baseline survey. The age limit was rcduced to
25 yrin 2005. Although the participants were all licensed
to practice nursing in Japan, they were not necessarily
working full-time in this role.

Baseline survey

The baseline questionnaire was distributed with an
invitation letter, photographs of female hormonal drugs,
and a stamped self-addressed envelope. Respondents
completed their questionnaires, sealed the envelope, and
mailed them back to the JNHS coordination center.
Respondents who agreed (o be fotlowed-up for ten years
provided their name and address, signed the informed
consent sheet, and returned the information with their
completed baseline questionnaire.

The questionnaire acddressed personal information and
occupation (birth date, birth place, marital status, education,
nursing qualification. employment position, place of
employment, history of shift work), physical indicators
(current weight. weight at birth. weight at age 18, height,
blood pressure, total serum cholesterol., HDL-cholesterol,
FBS, HbA Ic), periodical medical examination (breast cancer
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mammography and self-examination, stomach cancer. uterine
cervical cancer, endometrial cancer), habit and lifestyle
(smoking, alcohol consumption, physical exercise, food),
history of reproductive health (menarche, stenility, pregnancy,
pregnancy-induced toxemia, childbirth, menstrual cycle,
menopause), use of female hormone agents (oral
contraceptives, hormone replacement therapy, with drug
identification from photographs), other drugs and
supplements, medical history and family history of diseases
(hypertension, diabetes, hypercholesterolemia, myocurdial
infarction, angina pectoris, stroke, transicnt cerebral ischemia,
endometriosis, uterine myoma, cervical carcinoma, uterine
cervical cancer, endometrial cancer, ovarian cancer, breast
cancer, gastric cancer, colon-rectal cancer, 0sleoporosis),
and so on.

Follow-up study

Participants to be followed-up for ten years comprised
those who provided written informed consent and who
legibly registered their namc and personal correspondence
address. They were then mailed the annual INHS newsletter
and biennial follow-up questionnaires. This newsletter
updates participants on the progress of the study and
includes new information about women’s health. Each
follow-up questionnaire inquired about changes in lifestyle,
healthcare practice, incidence of disease, and health over
the past two years. Participants who had changed their
name or address during the follow-up notified the INHS
coordination center of such using a sealed, stamped, self-
addressed postcard. Maintaining a response rate in each
follow-up survey is important. Individuals who did not
respond to the first mailed questionnaire received a second
mailing within 6 months. Subsequently, we mailed a third
and fourth questionnaire to those who still did not respond.
If the JNHS coordination center could not contact the
participants by mail, the JNHS Follow-up Committee
confirmed the migration and a new address with the resident
registry of the corresponding local district and sent a
questionnaire to the new address. The INHS Follow-up
Committee confirms any deaths through death certificates
retrieved from the National Vital Statistics.

Endpoints of the follow-up study

Primary endpoints of the follow-up study are the incidence
of breast cancer, endometrial cancer, ovarian cancer, colon-
rectal cancer, myocardial infarction, angina pectoris, stroke,
gallstone disease, and lung embolism according to participant
self-reports. All-cause death, death from cancers (breast,
uterine cervical, endometrial, colon-rectal, stomach,
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gallbladder, and lung). and death from cardiovascular diseases
(myocardial infarction, coronary heart disease, subarachnoid
hemorrhage, cerebral infarction, cerebral hemorrhage)
identified by the death certificates from the National Vital
Statistics are also primary endpoints. Secondary endpoints
are self-reported diabetes, bone fracture, other cancers,
endomelriosis, uterine myoma, benign breast tumor, venous
thrombosis, arterial thrombosis of the lower limbs,
hypertension, and hypercholesterolemia. We also
investigated the incidence of diseases such as osteoporosis,
intestinal polyp, cataract, theurnatoid arthritis, connective
tissue disease, hepatitis, thyroid disease, and systemic lupus
erythematosus.

Sample size and statistical power

The sample size of the baseline survey was established
at 50,000 women as described below. The statistical power
was updated using the interim results of the cumulative
incidence of target diseases in the baseline survey and has
been presented elsewhere®. Assuming 0.0015/person-years
as the incidence of target health events (breast cancer or
endometrial cancer), ten years as average follow-up duration,
20% as the exposure preportion of study population, 1.3 as
the relative risk, two-tailed alpha=0.05, and beta=0.20, then
the follow-up study population should comprise 39,750
women. We estimaled the proportion of followed-up women
as 80% of the baseline survey participants. Consequently,
the sample size was sel at 50,000 for the baseline survey.

Ethics, confidentiality and data management

This project proceeded in accordance with international
guidelines of Good Epidemiology Practice® and Japunese
Ethical Guidelines for Epidemiological Research'™.
Institutional review boards of the Gunma University and
the National Institute of Public Health reviewed and
approved the study protocol. The JNHS Study Monitoring
Commiltee that is independent of the JNHS research group
also reviewed the research strategy and periodically
monitors the study procedure (see Appendix). Participants
were informed of the purposes and procedures of the study
in the invitation letter at the time of the baseline survey.
All the signed consent sheets sent to the JNHS coordination
center were filed. Any participant can withdraw from the
study at any time during the follow-up period by sending
written notice to the coordination center. Completed
questionnaires and personal information such as name and
address are securely stored at the JNHS Coordination and
Data Center and confidentially handled only by the INHS
personnel designated by the principal investigator. The
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data for statistical analysis are stored by trained staff in
electronic files using a double-entry system, and are separate
from the personal information files. Only a number
identifies the participants in the data files used for statistical
analysis. Range, logical, and missing checks are performed
using the software SAS, according to the data management
manuals prepared by the JNHS Data Management and
Analysis Committee. If the automated check flags
inconsistent information, the data are manually verified
by trained data entry staff at the JNHS Data Center.

Validation of self-reported illnesses

The endpoints of the {ollow-up study are primarily sel{-
reported illness and health events. We send confirmation
questionnaires for selected diseases to women who report
such in the follow-up questionnaires to determine details of
diagnosis and treatment. The JNHS Validation Study
Committee then seeks written permission from the
participants to review medical records for specific diseases
or to ask their attending physician about the diagnosis and
administered treatment. The JNHS Validation Study
Committee provides sub-study protocols and confirmation
questionnaires for selected diseases.

Study organization

‘The INHS was initiated in collaboration with the Japan
Menopause Society, and a principal investigator with a
Steering Committee administers the study (See Fig. 1).
The organization presently (2007) comprises one center
and six committees. An ad hoc Protocol Review Committee
was struck during the protocol development phase. The
Coordination and Data Center is located at the
Epidemiological Research Office, School of Health
Sciences, Gunma Universily. The Data Management and
Analysis Committee control the data management
procedure with study coordinators, data entry staff, and
data analysts to ensure the data quality. The Follow-up
Committee searches for missing women during the follow-
up period by confirming the resident registry of the
corresponding local district and mortality in the National
Vital Statistics. The Validation Study Committee validates
self-reported illness and exposure, and finalizes the
incidence of diseases as endpoints of the follow-up study.
The Nurses Comimnittee supervises the recruitment and
counsels about the development of questionnaires,
especially from the viewpoint of the occupational health
of nurses. Our recruitment committee cooperated with the
47 prefectural Nursing Associations and with recruitment
advisers from the Japan Menopause Society for eight

K HAYASHI ez al.
JN Independent Study
HS Group H Monitoring Committee
o8
‘.“ i Advisory Group
Principal Investigator
Coordination & Data Steering Committee
Center
1 1 =
<
[
= 2
29 y g z H]
Eg g = g Fl
% 2 2 3 H g
w g £ i 3 g
o3 - z a 3
-4-] Q g g z
38 9
3 3 o H
EX 3 & 2, 3
23 = 3 E 3
2w Z 3 H ]
@ ? 8

Fig. 1. Organization of the JNHS Group.

geographic regions to invite nurses to participate in the
study. Independently of the study organization, the Study
Monitoring Committee periodically monitors the study
process, having a similar task force to the Data and Safety
Monitoring Committee in mega clinical trials. We also
have advisory group of researchers at the Harvard School
of Public Health that has run a Nurses’ Health Study’?
for 30 yr.

Results

Recruitment of nurses

Subject recruitment including the collection of baseline
questionnaires began in November 2001 and was completed
in March 2007. A total of 49,914 women had responded
to the baseline survey from all 47 prefectures in Japan by
March 2007. We cannot characterize the response rate in
a general sense, because the precise source population of
the study is indefinable. Nevertheless, these 49,914
responses represent 45.4% of 110,000 copies of the baseline
questionnaire that were actually printed and mailed from
the JNHS Study coordination center, that is, 8.6% of
579,665 members of the Japan Nursing Association (Year
2005), or 0.104% of all 47.8 million Japanese females in
the general population aged over 25 yr. Data entry of the
bascline questionnaire, confirmation of signed acceptance
of follow-up study, and mailing JNHS newsletter and
follow-up questionnaires are currently in progress.
Approximately 18,000 women provided written informed
consent. Figure 2 shows the proportion of women registered
by August 2006 compared with the female population aged

Industrial Health 2007, 45, 679-686
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Proportion to female
population aged > 25 y
B4 0.0010 -
[E5} 0.0008 -
{ ¢+ 0.0006 -
{3 0.0004 - <0.0006
fZ} 0.0002 - <0.0004
i - <0.0002

<0,0010
<0.0008

Fig. 2. Proportion of participants registered for the Follow-up Study before

August 2006 compared to the female population aged >25 yr (including

Gunma Pilot Study participants in Gunma Prefecture).

over 25 in each prefecture.

Interim analysis of participant characteristics

Table 1 briefly summaries the characteristics of the
respondents sent the buseline questionnaire by March 2006
including age at the baseline survey, nursing certification,
history of shift work, and of smoking. The proportions of
age groups of the women were 30’s, 42.9%; 40’s, 40.0%,
and 50’s, 16.4%. Only a few women were aged <30 or 60+
yr. Most women (80%) functioned as registered nurses and
had worked rotating night shift work, and 16.9% women
were current smokers.

Discussion

The JNHS is the first nationwide prospective cohort study
to focus on the health of Japanese women. Since healthcare,
such as the administration of female hormone agents at
each stage of life and reproductive health problems are
gender-specific, the JNHS will provide valuable
epidemiological evidence of the risk-benefits of lifestyle
and healthcare among Japanese women. The Gunimna Pilot

Study has already examined the feasibility-of a prospective
study of Japanese nurses using a self-administered
questionnaire®. The nature of the study design has the
following potential limitations. For example, nurses
represent a unique occupational population that might be
relatively healthier, physically more active at work, and
have more understanding about health than the general
female population. Nurscs who voluntarily agree to long-
term participation might be healthier than those who do
not. Consequently, the prevalence of lifestyle exposure.
healthcare practice, or disease among the INHS population
may not necessarily be generalized to other populations.
However, the association between lifestyle/healthcare
factors and health outcome obtained by comparing women
who have been exposed or not to such factors in JNHS
population would be applicable to the general female

* population of Japan, because the observed association does
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not depend on the prevalence of exposure.

Most primary endpoints of the study rely profoundly on
self-reporting of the participants, which is another limitation.
Nurses were preferred as the study population because they
report medical information more accurately than broader
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Table 1. Characteristics of 48,158 respondents to the baseline
survey before March 2006

Characteristics Number of women  Percentage
Age at the baseline survey (yr)
-29 562 1.2
30-34 10,813 22.5
35-39 9,855 20.5
40-44 9,406 19.5
45-49 7,916 16.4
50-54 5,756 12.0
55-59 2,129 4.4
60+ 386 0.8
Missing 1,335 2.8
Nursing qualification
Registered nurse 39,132 81.3
Licensed practical nurse 5,006 10.4
Public health nurse 900 1.9
Midwife 2,736 5.7
Unknown 384 0.8
Shift work history (yr)
Never 8,602 17.9
1-2 1,341 2.8
3-5 2,657 55
6-9 6,092 127
10-14 10,353 215
15-19 7,958 16.5
20+ 9,933 20.6
Unknown 1,222 2.5
Smoking history
Never 33,656 69.9
Current smoker 8,136 16.9
Ex-smoker 5,427 11.3
Unknown 939 1.9

samples of women". They are more familiar with medical
terms and more easily understand questions about diseases
in the JNHS questionnaires. Moreover, for most diseases,
sell-reported information will be confirmed with additional
questionnaires and medical records by the sub-studies
implemented by the JNHS Validation Study Committee. The
JNHS Follow-up Committee will confirm deaths using data
from the National Vital Statistics. Such activities of the
JNHS group will preserve the accuracy of the self-reported
illness in the study.

Nurses should also report accurate exposure information
of lifestyle and healthcare. For example, the general female
population may not easily identify their administered
pharmaceutical drugs in a community-based survey.
However, nurses can readily identify drugs used for oral
contraceptives or hormone replacement therapy, and the list

K HAYASHI et al,

of female hormonal agents with photographs should support
the accuracy of the answers in the JNHS baseline survey.
The study design of prospective observation should help to
avoid recall bias and misclassification of exposure to various
factors. The frequent observation of exposure by biennial
questionnaires in the follow-up study and the inconsistency
examination will reduce the misclassification of exposure
to elements that could affect health. Compared with
traditional community-based cohort studies in Japan, the
JNHS is characterized by comprising only women aged from
25 to > 60 yr from a geographic area that encompasses all
47 prefectures of Japan. The JNHS should generate
comprehensive current and useful information about the
status of women’s health in Japan.
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APPENDIX: The JNHS Investigators (2007)
Principal Investigator: Kunihiko Hayashi

Coordination & Data Center: Kozue Kurosaki (study coordinator) http://jnhs.umin.jp/
Epidemiological Research Office, School of Health Sciences, Gunina University, Japan

Steering Committee: Hideki Mizunuma (chair), Toshiharu Fujité, Takeshi Aso, Shosuke Suzuki, Toshiro
Kubota, Yasuhiro Matsumura

Follow-up Committec: Toshiharu Fujita (chair), Yasuhiro Matsumura, Kota Katanoda
Nurses Committee: Setsuko Imazeki (chair), late Chieko Sugishita, Keiko Okaya, Ariko Noji

Validation Study Committee: —Endpoints— Hiroyasu Iso (chair), Yutaka Kiyohara, Tomotaka Sobue, Hiroya
Okano, Osamu Chaki, Toshiyuki Yasui, Yukio Homma, Akira Taguchi; —Exposures— Jung Su Lee, Masao
Ichikawa :

Data Management & Analysis Committee: Yasuhiro Matsumura (chair), Toshiharu Fujita, Kota Katanoda,
Jung Su Lee, Hirofumi Takagi

Recruitment Committee (prefecture)

Noriko Nomura, Ginko Iwata (Hokkaido); Kayoko Nishino (Aomori); Toku Ishii (Iwate); Kineko Sato
(Miyagi); Miyoko Kushibiki, Takemni Watanabe (Akita); Miyako Takahashi (Yamagata); Kazuko Naito
(Fukushima); Mihoko Komatsu (Ibaraki); Kayoko Kawasaki (Tochigi); Setsuko Imazeki (chair, Gunma);
Hisako Watanabe, Sachiko Suzuki (Saitama); Emi Mori (Chiba); Toshiko Fukui (Tokyo); Midori Kuroda
(Kanagawa); Toshiko Endo (Yamanashi); Toyoko Yoshizawa, Kesarmni Sakaguchi (Nagano); Mitsuko Sayama
(Niigata); Kuniko Nagayama (Toyama); Emiko Kincfuchi (Ishikawa); Michiko Tanabe (Fukui); Masako
Nishimura, Yoko Noda (Gifu); Yoshiko Katano (Shizuoka); Setsuko Morita (Aichi); Junko Muramoto (Mie);
Keiko Okabe, Hisae Miyata (Shiga); Fumiko Miyanaka (Kyoto); Kiyomi Suehara (Osaka); Atsuko Kita
(Hyogo); Mariko Wakita (Nara); Yukiko Tani, Kayoko Ikeuchi (Wakayama); Takako Maeda (Tottori); Midori
Mishima (Shimane); Kiyomi Ono (Okayama); Kyoko Yokoo (Hiroshima); Mayumi Tanaka, Kumiko Kido
(Yamaguchi); Mieko Takeuchi, Mari Haku (Tokushima); Naoko Naito (Kagawa); Takae Toyota (Ehime});
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Abstract: The Japan Nurses’ Health Study (JNHS) is a long-term, large-scale cohort study
investigating the effects of various lifestyle factors and healthcare habits on the health of Japanese
women. Based on currently limited statistical data regarding the incidence of disease among Jupanese
‘women, our initial sample size was tentatively set at 50,000 during the design phase. The actual
number of women who agreed to participate in follow-up surveys was approximately 18,000. Taking
into account the actual sample size and new information on discase frequency obtained during the
baseline component, we established the prevalence of past diagnoses of target diseases, predicted
their incidence, and calculated the statistical power for JNHS follow-up surveys. For all diseases
except ovarian cancer, the prevalence of a past diagnosis increased markedly with age, and incidence
rates could be predicted based on the degree of increase in prevalence between two adjacent 5-yr
age groups. The predicted incidence rate for uterine myoma, hypercholesterolemia, and hypertension
was >3.0 (per 1,000 women, per year), while the rate of thyroid disease, hepatitis, gallstone disease,
and benign breast tumor was predicted to be 21.0. For these diseases, the statistical power to detect
risk factors with a relative risk of 1.5 or more within ten years, was 70% or higher.
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Introduction

Many large-scale epidemiological studies of women'’s
health have been conducted in various parts of the world,
such as the Nurses’ Health Study (NHS)" ?, the Iowa
Women’s Health Study®, the Women’s Health Initiative
Study(WHI)®, the Women’s Health Study?, the Million
Women Study(MWS)®, the Australian Longitudinal Study
on Women’s Health”, and the Shanghai Women’s Health
Study®. Nevertheless, large-scale research of this nature
has been comparatively rare in Japan. Among those
investigations previously conducted, the NHS incorporates
a unique occupational cohort and observes lifestyle and
health events by biennial questionnaires. Although the NHS
has greatly contributed to women'’s health worldwide by
reporting the findings on oral contraceptives, postmenopausal
use of hormones, smoking, food and shift work?, the
findings cannot necessarily be generalized for Japanese
women. Japanese women may have a different lifestyle,
working environment, and healthcare practice from women
in wesiern countries, and as such, it is important to consider
cultural and biological interactions during women'’s health
studies®.

The Japan Nurses’ Health Study (JNHS), was designed
to be comparable with the NHS, and is a large-scale
epidemiological cohort study investigating women'’s lifestyle
habits and health, that is planncd to follow female nurses
aged 25 yr and over for at least ten years!®. The objectives
of the INHS are to monitor the occurrence of various diseases
prospectively, including female-specific diseases, and to
assess the effects of various lifestyle factors and healthcare
habits on the health of Japanese women. The JNHS consists
mainly of a cross-sectional baseline survey and longitudinal
follow-up surveys. The baseline survey was completed in
2007, during which responses were received from 49,914
women from 47 prefectures all over Japan. Among the
respondents, approximately 18,000 women agreed to
participate in the follow-up surveys.

Calculating the sample size of a study population is
indispensable for clinical trials. Even in an observational
epidemiological study, it is essential that the study protocol
describes sample size and adequate statistical power. For
example, the Women’s Health Initiative (WHI) study
described its statistical power calculations for an
observational study as well as for clinical trials conducted
by the WHI?. If an association between a lifestyle factor
and a disease truly exists, the possibility to detect statistical
significance of the association greatly depends on the Strcngth
of the association and incidence rates of this disease in the
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population. Nevertheless, we were unable to find any reliable
statistical data on the incidence rate of diseases among
Japanese women, except for population-based cancer
registries'?. The initial sample size of the INHS baseline
survey was tentatively set at 50,000 based on the population-
bascd cancer registries, 1.e. the incidence rates of breast cancer
and endometrial cancer in the Japanese general female
population at the study design phase. Therefore, it is
important to examine the statistical power for long-term
studies, based on more reliable information of the INHS
population which may be obtained after initiation of the study.
For example, in a paper describing the design of the Million
Women’s Study®, it was reported that the statistical power
was updated during the study entry period. These revisions
were based on information obtained from new studies
indicating that mortality in women taking hormonal agents
is likely to be 20% lower than that of the general female
population.

In the INHS, it was considered essential to examine the
statistical power of follow-up surveys, as the actual sample
size of participants, who consented to the follow-up, was
approximately 18,000. The present study investigated the
prevalence of a past diagnosis of various diseases among 5-
yr age groups based on the JNHS cross-sectional baseline
survey. We also predicted the incidence rates of these
diseases, and examined the statistical pawer to detect risk
factors for diseases in the INHS.

Materials and Methods

The present study analyzed data obtained from a total of
44,139 women who participated in the JNHS cross-sectional
baseline survey in 2001-2004. These women were divided
into S5-yr age groups as follows: 30-34 yr (n=10,471); 35—
39 yr (n=9,466); 40~44 yr (n=9,060); 45-49 yr (n=7,572);
50-54 yr (n=5,542); and 55~59 yr (n=2,018). The study
design of the JNHS and characteristics of the respondents
at the baseline survey have been described in detail
elsewhere'”. The following diseases were studied:
hypertension, myocardial infarction, angina pectoris,
subarachnoid hemorrhage, cerebral hemorrthage, cerebral
infarction, transient ischemic attack, vein thrombosis/
pulmonary embolism, artery thrombosis of lower limbs,
diabetes mellitus, thyroid disease, hypercholesterolemia,
gallstone disease, hepatitis, endometriosis, uterine myoma,
uterine cervical cancer, endometrial cancer, ovarian cancer,
benign breast tumor, breast cancer, stomach cancer, colorectal
cancer, and osteoporosis.

The prevalence of a past diagnosis, which refers to the
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proportion of women who had been diagnosed at the lime
of the baseline survey, was calculated for each of these
diseases. The Cochran-Armitage test for trend was used to
examine whether the prevalence of past diagnosis increased
monotonously with age among the six 5-yr age groups.
Analyses were performed on Statistical Analysis System
Software (Ver 8, SAS Institute, Cary, NC), and the level of
significance was set at a two-sided 5%. When the prevalence
of past diagnosis of a disease increased monotonously with
age, it was assumed that women developed the disease
between adjacent age groups, and the incidence rate of the
disease was predicted based on the degree of increase between
the two adjacent age groups. For example, for one 5-yr age
group (i) and the next 5-yr age group (i+1), the incidence
rate of a rare disease between the two groups was calculated
using the following formula:

(Pin = P)
(AGE;. - AGE)

L=

where, N; and N,,, represent the numbers of subjects, D;
and Dy,, are the numbers of individuals diagnosed with
the disease, P; and Py, are the prevalence of past diagnosis
(P;=DyN)), and AGE,; and AGE;,, are the average ages.

i= 1:30-34 yr
2:35-30 yr
3:40-44 yr
4:45-49 yr
5:50-54 yr
6: 55-59 yr

As shown by the following formula, the inverse of the
variance in each incidence rate between two adjacent age
groups (e.g., between 30-34-yr-olds and 35-39-yr-olds) was
weighed in order to calculate the overall incidence rate from
30-59 yr of age, [, for cach disease.

3
E 1|—>i+lxwf
i=1
[=a—— W=

ZW“ {

i=l

(AGEi, - AGEY
Pi (1—P.) + Piﬂ (]_PM)}

n; Risy

We also examined how many years of follow-up would
be needed in the INHS in order to detect the statistical
significance of an association. When observing the
occurrence of a disease by following 18,000 participants
while setting the level of significance (two-sided 0)) at 5%
and the proportion of exposure to a specific factor among
the survey participants (exposed group) at 20%, statistical
power (1-f) was calculated with the minimum relative risks
of 1.5 and 2.5 to be detected at 2, 4, 6 and 10 yr after the
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baseline survey, according to the following formula'":

iy Xpo(-R) =2 x J 3 00-1)

JPOR (1-Rpo)+Pe (I‘PO)K

21-p=

where, Z1.an and Z, g refer to the unit normal deviates
corresponding to level of significance (o), and statistical
power (1-); nis the sample size (18,000); R is the minimum
relative risk to be detected; K is the ratio of the sample size
of the unexposed to that of exposed groups (4, because the
proportion of participants who had ever used femalc hormone
agents (oral contraceptivcs and/or postmenopausal use of
hormones) was about 20% at the baseline survey); I is the
predicted overall incidence rate of each disease among the
surveyed population; and ps is the cumulative incidence rate

(sl

of each disease up to “y” years among the unexposed group.

(K+1)
=1- — I x=—_2
Do exp X(K+R) Xy
U = Kpot PR
K+1
Results

Prevalence of a past diagnosis and the predicted incidence
rate of each disease

The prevalence of a past diagnosis of uterine myoma,
hypercholesterolemia, endometriosis and hypertension
exceeded 5% (Table 1). Becausc the weight of young
participants was relatively high in the baseline survey, the
prevalence of past diagnosis of gynecological diseases that
are often seen in women aged 30-34 yr was high. As the
results of the Cocliran-Armitage test for trend, the prevalence
of past diagnosis of all diseases increased monotonousty
according to age, excluding ovarian cancer. This tendency
was particularly marked for hypercholesterolemia, uterine
myoma, didbetes, gallstone disease, hepatitis, osteoporosis,
angina pectoris, and hypertension. Figure I shows the
prevalence of past diagnosis for the three most frequent diseases
among 55-59-yr-old women (i.e., hypercholesterolemia,
hypertensiaon, and uterine myoma) for each 5-yr age group.
The prevalence of past diagnosis increased markedly with
age, thus suggesting disease occurrence. Based on the degree
of increase in the prevalence of past diagnosis between two
adjacent 5-yr age groups, overall incidence rates were
predicted from 30 to 59 yr of age. The predicted overall
incidence ratc was 3.0 (per 1,000 women per year) for
uterine myoma, hypercholesterolemia, and hypertension, and
>1.0 for thyroid disease, hepatitis, gallstone disease, and
benign breast tumor (Table 2). Among all age groups, the
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Table 1. Prevalence of a past diagnosis of each disease by age group during the baseline survey
Prevalence of past diagnosis Cachran-Armitage test
Total 30-34yr 35-39yr 40-44yr 45-49yr S50-S4yr S55-59yr Yvalie  pvalue
n=44,129 n=10,471 n=9466 n=9,060 1n=7,572 0=5,542 0n=2,018
Hypertension 5.06% 0.48% 1.50% 3.26% 745% 13.86%  2047% 22227 <0.001
Myocardial infarction 0.06% 0.00% 0.02% 0.03% 0.09% 0.20% 0.25% 33.31 <0.001
Angina pectoris ’ 0.52% 0.07% 0.18% 0.26% 0.66% 1.44% 2.58% 260.38 <0.001
Subarachnoid hemorrhage 0.10% 0.03% 0.05% 0.09% 0.11% 0.20% 0.50% 29.93 <0.001
Cerebral hemorrhage 0.06% 0.03% 0.03% 0.07% 0.08% 0.13% 0.10% 6.97 0.008
Cerebral infarction 0.20% 0.07% 0.03% 0.14% 0.22% 0.54% 0.84% 77.08 <0.001
Transicnt ischemic attack 0.45% 0.18% 0.24% 0.39% 0.58% 0.70% 1.88% 91.41 <0.001
Vein thrombosis/pulmonary embolism 0.28% 0.13% 0.20% 0.36% 037% 0.40% 0.40% 15.31 <0.001
Artery thrombosis of lower limbs 0.17% 0.10% 0.10% 0.13% 0.28% 0.29% 0.30% 16.12 <0.001
Diabetes mellitus 1.17% 0.17% 0.38% 0.86% 1.68% 2.87% 491% 475.86 <0.001
Thyroid disease 4.22% . 2.32% 3.32% 4.69% 5.53% 5.94% 6.54% 209.55 <0.001
Hypercholesterolemia 8.23% 2.66% 4.05% 6.36% 9.60% 19.29%  29.68%  2358.86 <0.001
Gallstone disease 2.08% 0.46% 1.24% 2.25% 3.08% 3.88% 5.00% 378.50 <0.001
Hepatitis 3.40% 1.62% 2.22% 3.29% 4.38% 6.17% 7.28% 374.66 <0.001
Endometriosis 5.29% 4.18% 4.85% 5.70% 6.50% 5.65% 5.70% 37.35 <0.001
Uterine myoma 10.08% 2.67% 6.24% 10.58% 15.65% 18.82% 19.33% 1672.37 <0.001
Uterine cervical cancer 0.91% 0.59% 0.92% 1.05% 1.11% 0.96% 0.94% 8.68 0.003
Endometrial cancer 0.16% 0.03% 0.12% 0.11% 0.25% 0.16% 0.84% 41.52 <0.001
Ovarian cancer 0.20% 0.11% 0.22% 0.20% 0.34% 0.16% 0.20% 3.03 0.082
Benign breast tumor 3.48% 2.23% 3.12% 3.63% 4.70% 4.19% 4.36% 81.51 <0.001
Breast cancer 0.77% 0.16% 032% 0.68% 1.23% 1.68% 223% 206.00 <0.001
Stomach cancer 0.39% 0.06% 0.17% 0.43% 0.54% 0.96% 0.89% 99.18 <0.001
Colorectal cancer 0.22% 0.00% 0.05% 0.12% 0.36% 0.69% 0.79% 116.30 <0:001
Osteoporosis 0.93% 0.32% 0.36% 0.65% 0.82% 2.24% 4.81% 335.94 <0.001

predicted incidence rate of gynecological diseases such as
uterine myoma, endometriosis, uterine cervical cancer, and
benign breast tumor increased from the 30’s to the early
40’s, while the incidence of so-called ‘lifestyle-related’
diseases such as hypertension, angina pectoris, cerebral
infarction, diabetes, hypercholesterolemia, and osteoporosis
increased from the late 40°s to the 50's.

Calculation of the statistical power to detect a risk factor
Sfor a particular disease

Table 3 shows the slatistical power for diseases listed in
decreasing order of the predicied incidence rate in relation
to the follow-up period. When following 18,000 women
aged 30-59 yr, the statistical power for uterine myoma (7.72/
1,000 women per yeur) after 2 yr of follow-up was 81%
with a relative risk of 1.5 or more. With regard to other
diseases, the statistical power exceeded 70% after 4 yr for
hypercholesteroleniia and hypertension, after 6 yr for thyroid
disease. after 8 yr for hepatitis and gallstone disease, and
after 10 yr for benign breast tumor. For diseases where the
statistical power did not reach 70% after 10 yr of follow-up
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Table 2. Predicted incidence rate of each disease by age group

Predicted incidence rate*

Overall incidence rate
(95% confidence interval)

Hypertension
Myocardial infarction
Angina pectoris

3.60 (3.17,4.04)
0.05 (0.00, 0.10)
0.35 (0.20, 0.50)

Subarachnoid hemorrhage
Cerebral hemorrhage

0.07 (0.00, 0.15)
0.03 (0.00, 0.10)
0.08 (0.00,0.17)
0.27 (0.09, 0.44)
0.14 (0.00, 0.29)
0.07 (0.00, 0.18)

Cerebral infarction

‘Transient ischemic attack

Vein thrombosis/pulmonary embolism
Artery thrombosis of lower limbs

Diabetes mellitus
Thyroid disease
Hypercholesterolemia
Gallstone disease
Hepatitis
Endometriosis
Uterine myoma

Uterine cervical cancer

Endornetrial cancer
Ovarian cancer
Benign breast tumor
Breast cancer
Stomach cancer
Colorectal cancer
Osteoporosis

0.82 (0.59, 1.05)
1.96 (1.38,2.54)
5.59 (4.90, 6.27)
1.72(1.35,2.09)
191(1.41,2.41)
0.93(0.28, 1.59)
7.72(6.92, 8.53)
0.25(0.00, 0.54)
0.12 (0.02, 0.22)
0.07 (0.00, 0.20)
1.18 (0.65, 1.72)
0.56 (0.35,0.77)
0.31 (0.17, 0.46)
0.15(0.07, 0.23)
0.50 (0.28, 0.72)

3034yr  3539yr  40-4dyr 4549yt SO-54yr

35-39 yr 4044 yr 45-49 yr 50-54 yr 55-59 yr
2.06 354 8.39 13.31 13.33
0.04 0.02 0.12 0.22 0.10
0.23 0.17 0.79 1.63 2.29
0.05 0.07 0.03 0.19 0.60
0.01 0.07 0.03 0.10 -0.05

~0.07 023 0.16 0.66 0.61
0.12 029 0.39 0.25 238
0.14 033 0.01 0.06 0.00
0.00 0.08 0.29 0.02 0.02
0.42 097 1.63 2.48 4.11
201 277 1.69 0.84 122
2.78 4.65 6.49 20.12 2097
1.57 2.05 1.65 1.67 227
1.20 2.16 2.19 371 225
134 170 1.60 -1.77 0.10
7.19 8.74 10.13 6.58 1.02
0.66 0.26 0.12 -0.32 -0.03
0.18 ~0.01 0.28 -0.18 1.37
0.24 -0.05 0.29 038 0.07
178 1.04 2.14 -1.07 035
031 0.74 1.09 093 111
0.23 0.53 0.22 0.86 013
0.11 0.14 0.47 0.68 0.22
0.07 0.59 0.34 295 5.18

# per 1,000 women per year.

A negative value for the incidence rate means that the prevalence of a past diagnosis of one 5-yrage group was higher than that of the next 5-yr age group.

with a relative risk of 1.5 or more, the statistical power was
recalculated with a relative risk of 2.5 or more. The statistical
power exceeded 70% after 4 yr for endometriosis, diabetes,
and breast cancer, after 6 yr for osteoporosis; after 8 yr for
angina pectoris and stomach cancer, and after 10 yr for
transient ischemic attack and uterine cervical cancer.

Discussion

The present study identified marked increases with age
in the prevalence of past diagnosis for all diseases, excluding
ovarian cancer. We proposed a simple method for predicting
an incidence ralc based on the degree of age-related increase
in the prevalence of past diagnosis. The incidence rate of
each disease was also predicted. Nevertheless, there are
several assumptions and limitations associated with the
prediction of incidence rates. Firstly, we assumed the lack
of a cohort cffect on disease occurrence. In other words,
we assumed that the disease incidence rate among 5-yr age
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groups was the same for all cohorts. While it is possible
that changes in lifestyle habits bring about systemic changes
in disease occurrence among cohorts, this point was not taken
into account. For example, it is uncertain whether an observed
increase in the prevalence of hepatitis is affected by aging,
such as the duration of occupational hazard exposure, or by
a cohort effect. The incidence rates of gynecological diseases
such as endometriosis, benign breast tumor, ovarian cancer
and endometrial cancer between 45-49-yr-old and 50-54
yr-old were negative in value (Table 2). This might be
influenced by a cohort effect related to reproductive health.

Secondly, data from women who died due to diseases were
not included in the JNTIS. The prevalence of past diagnosis
of ovarian cancer was highest among women aged 45~49
yr, and did not indicate a monotonous statistical increase
(Table 1). This might be influenced by a higher fatality rate
of ovarian cancer compared with that of uterine cervical
cancer or endometrial cancer. Thirdly, most participants
were working. They had past diagnoses of diseases but were
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Table 3. Calculated statistical power for each disease in the J. apan Nurses’ Heaith Study

Minimum relative risk to be detected = 1.5

Overall incidence rate

Statistical power (%)

Years after the baseline survey

(per 1,000 women, per year) 2yt 4yr 6yr 8yr i0yr
Uterine myoma 1.72 81 98 100 100 100
Hypercholesterolemia 5.59 68 92 99 100 100
Hypertension 3.60 51 78 92 97 99
Thyroid disease 1.96 32 54 70 82 89
Hepatitis 1.91 31 53 69 81 88
Gallstone disease 1.72 29 49 65 77 85
Benign breast turnor 1.18 22 37 50 61 71
Endometriosis 0.93 19 31 42 52 61
Diabetes mellitus 0.82 17 28 38 47 56
Breast cancer 0.56 14 21 29 35 42
Osteoporosis 0.50 13 20 26 32 38
Angina pectoris 0.35 11 16 20 25 29
Stomach cancer 031 10 15 19 23 27
Transient ischemic attack 0.27 9 13 17 21 24
Uterine cervical cancer 0.25 9 13 16 20 23
Colorectal cancer Q.15 7 10 12 14 16
Vein thrombosis/pulmonary embolism 0.14 7 10 12 14 16
Endometrial cancer 0.12 7 9 11 13 14
Cerebral infarction 0.08 6 7 9 10 11
Subarachnoid hemorrhage 0.07 6 7 8 10 11
Artery thrombosis of lower limbs 0.07 6 7 8 10 It
Ovarian cancer 0.07 6 7 8 10 11
Myocardial infarction 0.05 6 6 7 8 9
Cerebral hemorrhage 0.03 5 6 7 7 7

Alpha = 0.05 (two-tailed), total sample size =18,000, unexposed-exposed ratio = 4:1.

Minimum relative risk to be detected = 2.5

Overall incidence rate

Statistical power (%)

Years after the baseline survey

(per 1,000 women, per year) 2yr 4 yr 6yr 8yr 10yr
Endometriosis 0.93 63 88 97 99 100
Diabetes mcllitus 0.82 58 84 95 98 100
Breast cancer 0.56 45 71 85 93 97
Osteoporosis 0.50 42 66 81 90 95
Angina pectoris 0.35 32 53 68 79 87
Stomach cancer 0.31 30 49 64 75 83
Transient ischemic attack 0.27 27 44 57 69 77
Uterine cervical cancer 0.25 26 42 56 67 75
Colorectal cancer 0.15 19 29 39 47 55
Vein thrombosis/pulmonary embolism 0.14 18 28 38 46 34
Endometrial cancer 0.12 16 25 33 41 48
Cerebral infarction 0.08 13 19 24 29 34
Subarachnoid hemorrhage 0.07 12 18 23 28 33
Artery thrombosis of lower limbs 0.07 12 18 23 28 33
Ovarian cancer 0.07 12 18 23 28 33
Myocardial infarction 0.05 11 15 19 22 26
Cerebral hemorrhage 0.03 9 12 15 17 19

Alpha = 0.05 (two-tailed), total sample size = 18,000, unexposed-exposed ratio = 4:1.
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able to work, thus they had diseases with relatively favorable
prognoses. Itis possibie that severe outcomes were excluded,
which could have resulted in an underestimate of the
prevalence of past diagnoses. Nevertheless, the prediction
of an incidence rate might not be greatly influenced, because
this underestimate may share similar tendencies between
5-yr age groups, and that non- severe outcomes occur more
frequently than severe ones.

Few reliable statistical data are available regarding the
incidence rate of diseases among Japanese women, except
for an estimated incidence rate of cancer based on population-
based cancer registries!®. According to these cancer
registries, the incidence rate of breast cancer is 0.170 (per
1,000 women per year) among women aged 30-34 yr, 0.419
among wormen aged 35-39 yr, 0.810 among women aged
4044 yr, 1.264 among women aged 45-49 yr,. 1.122 among
women aged 50-54 yr, and 1.012 among women aged 55—
59 yr. These incidence rates are consistent with the predicted
incidence rates of breast cancer for corresponding age groups
in Table 2. With regard to uterine cervical cancer, uterine
cancer, ovarian cancer, stomach cancer, and colorectal cancer,
there were marked variations in each incidence rate among
the age groups due to sample size limitations. However,
the predicted overall incidence rate from ages 30 to 59 was
mostly comparable with that of the cancer registries. We
believe that the predicted incidence rate can be a reference
for the incidence rate of each disease investigated in our
study population of the JNHS.

Based on the predicted overall incidence rate, the statistical
power for each disease was examined. For diseases with
high incidence rates, such as uterine myoma,
hypercholesteralemia, and hyperiension, the statistical power
was able to assess an increase of 1.5 or more in relative risk
for factors with an exposure prevalence of 20% within 4 yr.
With regard to diseases with an overall incidence rate of
21.2 (per 1,000 women per year), such as thyroid disease,
hepatitis, and gallstone disease, it was possible to investigate
an increase of about 1.5 or more in relative risk within 10
yr. Furthermore, with an increase of about 2.5 or more in
relative risk, it was possible to investigate diseases with an
overall incidence rate of 20.25, such as endometriosis,
diabetes mellitus, osteoporosis, stomach cancer, and uterine
cervical cancer, within 10 yr.

The incidence rate of diseases was predicted in the present
study when the age composition of the survey population
was the same as that of the baseline survey. However, as
the follow-up surveys continue, the age distribution of the
survey population will gradually shift towards higher ages.
Therefore, the overall incidence rate of the entire population
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group will be higher, even if it is assumed that the incidence
rate for each age group does not change. Itis expected that
the JNHS will have greater statistical power to detect a risk
factor for each disease. On the other hand, a loss of follow-
up reduces statistical power. However, the U.S. Nurses’
Health Study had maintained a high follow-up rate of >90%
during more than 10 yr”. Maintenance strategies {or our
JINHS cohort are described in detail elsewhere'®.

Conclusion

Qverall, we conclude that even with the current samplc
size, it is possible to achieve the stated goal of the JNHS; to
clarify gynecological health problems in Japan and establish
epidemiological evidence of health care at various life stages
among Japanese women.
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