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COMMENTARY

Have we Comprehensively Evaluated the Effectiveness of
Endoscopic Screening for Gastric Cancer?

Chisato Hamashima

Abstract

Endoscopy has been increasingly used in clinical practice and as a standardized examination procedure for
gastrointestinal diseases. However, only a few studies on endoscopic screening for evaluating mortality reduction
from gastric cancer have been carried out. Even if a high detection rate is obtained in clinical practice,such a rate
cannot be directly accepted as evidence providing the effectiveness of cancer screening. Endoscopic screening for
gastric cancer is not an exception of possibility to detect overdiagnosis. If detection rate is used for the evaluation
of the effectiveness of cancer screening, the possibility of overestimating the effectiveness of cancer screening
cannot be ruled out. To avoid the effect of overdiagnosis and confirm the effectiveness of endoscopic screening,
mortality reduction from gastric cancer must be carefully evaluated by conducting reliable studies. The burden
of gastric cancer remains real and this cannot be ignored in Eastern Asian countries. To determine the best
available method for gastric cancer screening, evaluation of its effectiveness is a must. Endoscopic screening
for gastric cancer has shown promising results, and thus deserves further comprehensive evaluation to reliably

confirm its effectiveness and how its optimal use can be strategically promoted.
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Endoscopy has been increasingly used in clinical
practice and as a standardized examination procedure
for gastrointestinal diseases. Notably, the uses of upper
gastrointestinal series with barium meal for diagnostic
examination have progressively decreased. This situation
has ushered the gradual introduction of endoscopic
screening in clinical settings. In fact, high detection rates
of gastric cancer have been reported with endoscopic
screening (Tashiro et al.,2006; Lu et al.,2014). Regarding
effectiveness, there is great expectation that endoscopic
screening has a high possibility of reducing mortality from
gastric cancer. However, only a few studies on endoscopic
screening for evaluating mortality reduction from gastric
cancer have been carried out. To evaluate the effectiveness
of cancer screening, the appropriate target population and
study design with final outcomes should be identified.
The European guidelines for quality assurance in cervical
cancer screening previously defined the ranking of study
designs and outcomes for the evaluation of cervical
cancer screening (International Agency for Research
on Cancer, 2006). The basic concept can be adopted for
the assessment of endoscopic screening. To confirm the
effectiveness of endoscopic screening, the following basic
requirements should be included in the evaluation points:
target population, outcome, and study design.

The target of cancer screening is an asymptomatic
individual with an average risk, which is different from
individuals presenting with symptoms. Even if a high

detection rate is obtained in clinical practice, such rate
cannot be directly translated as evidence providing the
effectiveness of cancer screening. The target subjects
are usually different between cancer screening and
clinical practice. In a previous Japanese study, although
the subjects of endoscopic screening were the selected
participants who were examined by multiphasic health
check-up, the comparators were selected from patients
in the hospital (Hosaokawa et al., 2008). To evaluate the
effectiveness of endoscopic screening, comparators should
also be chosen from the asymptomatic population. This
is because patients might have risks of gastric cancer
even if they did not have examination histories of upper
gastrointestinal series with barium meal and endoscopy.

The effectiveness of cancer screening should be
evaluated based on mortality reduction from cancer.
Although the detection rate is often reported as the
outcome measure in cancer screening, it is not a preferable
indicator for showing evidence regarding the effectiveness
of cancer screening. Cancers detected by screening include
early stages of gastric cancer which has a possibility to
progress to the death of the individual or overdiagnosis
cases. Overdiagnosis is defined as the detection of cancers
that might never progress to manifest symptoms during
a person’s life and it could not be the cause of death
(International Agency for Research on Cancer, 2002).
Since overdiagnosis leads to unnecessary examinations
and overtreatment, patients who are diagnosed as having
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indolent cancers do not have any benefit from cancer
screening. Endoscopic screening for gastric cancer is
not an exception. Endoscopy can detect cases of early
stage cancer which is often the target for endoscopic
surgical resection. Although there is currently no report
of overdiagnosis for gastric cancer screening, the numbers
of detected cancer by endoscopic screening were twice
the expected numbers (Hamashima et al., 2006). These
cases might be included in the overdiagnosis cases. If
detection rate is used for the evaluation of the effectiveness
of cancer screening, the possibility of overestimating
the effectiveness of cancer screening cannot be ruled
out. To avoid the effect of overdiagnosis and confirm
the effectiveness of endoscopic screening, mortality
reduction from gastric cancer must be carefully evaluated
by conducting reliable studies.

The most reliable method for evaluating mortality
reduction is a randomized controlled trial (RCT)
(International Agency for Research on Cancer, 2006).
In fact, the efficacies of mammographic screening and
colorectal cancer screening using fecal occult blood test
have been evaluated by RCTs. However, the previous
results related to such effectiveness of gastric cancer
screening were solely based on a few observational
studies (Hamashima et al., 2008). Recently, our group has
published the results of a community-based case-control
study to evaluate the effectiveness of endoscopic screening
for gastric cancer. The findings of this study suggest a
30% reduction in gastric cancer mortality by endoscopic
screening within 36 months before the date of gastric
cancer diagnosis (Hamashima et al., 2013). Interestingly,
a Korean study also reported a 57% mortality reduction
by endoscopic screening of a nested case-control study
based on the national database (Cho, 2014). These results
suggest a high possibility of achieving mortality reduction
from gastric cancer by endoscopic screening. However, the
results have been obtained from observational studies only.
Realistically, itis difficult to perform RCT for endoscopic
screening in Korea and Japan, countries that have already
established national programs for gastric cancer screening
(Oshima, 1994; Kim et al., 2011). Although case-control
and cohort studies are the second best methods, there is a
serious need for the accumulation of more valid evidence
from Asian countries if the introduction of endoscopic
screening to communities is to be realized.

The burden of gastric cancer remains real and this
cannot be ignored in Eastern Asian countries. To determine
the best available method for gastric cancer screening,
evaluation of its effectiveness is a must. Endoscopic
screening for gastric cancer has shown promising results,
and thus deserves further comprehensive evaluation to
reliably confirm its effectiveness and how its optimal use
can be strategically promoted.
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Abstract

Objective: The incidence of breast cancer has progressively increased, making it the leading cause
of cancer deaths in Japan. Breast cancer accounts for 20.4% of all new cancers with a reported age-
standardized rate of 63.6 per 100000 women.

Methods: The Japanese Guidelines for Breast Cancer Screening were developed based on a previ-
ously established method. The efficacies of mammography with and without clinical breast examin-
ation, clinical breast examination and ultrasonography with and without mammography were
evaluated. Based on the balance of the benefits and harms, recommendations for population-
based and opportunistic screenings were formulated.

Results: Five randomized controlled trials of mammographic screening without clinical breast
examination were identified for mortality reduction from breast cancer. The overall relative risk for
women aged 40-74 years was 0.75 (95% CI: 0.67-0.83). Three randomized controlled trials of
mammographic screening with clinical breast examination served as eligible evidence for mortality
reduction from breast cancer. The overall relative risk for women aged 40-64 years was 0.87 (95%
confidence interval: 0.77-0.98). The major harms of mammographic screening were radiation
exposure, false-positive cases and overdiagnosis. Although two case—control studies evaluating
mortality reduction from breast cancer were found for clinical breast examination, there was no
study assessing the effectiveness of ultrasonography for breast cancer screening.

Conclusions: Mammographic screening without clinical breast examination for women aged 40-74
years and with clinical breast examination for women aged 40-64 years is recommended for
population-based and opportunistic screenings. Clinical breast examination and ultrasonography
are not recommended for population-based screening because of insufficient evidence regarding
their effectiveness.

Key words: breast cancer, cancer screening, mammography, clinical breast examination, ultrasonography, meta-analysis,
systematic review, guideline

Introduction in Japan. Breast cancer accounts for 20.4% of all new cancers in Japan
with an age-standardized rate of 63.6 per 100 000 women (1).

The incidence of breast cancer has progressively increased in many Most developed countries have provided mammographic screen-

countries and it has become one of the leading causes of cancer deaths ing mainly for women aged 50-69 years (2). Interestingly, although
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the incidence of breast cancer in western countries has increased ac-
cording to age (3), mammographic screening for women aged 40—
49 years has not been provided because it remains unclear whether
its benefits outweigh its harms in this particular age group (4-7). Com-
pared with western countries, the age distribution of breast cancer is
different in Japan, with the highest incidence rate observed in women
aged 45-49 years (1). Therefore, the burden of breast cancer for this
age group cannot be ignored in Japan despite the absence of studies
evaluating mortality reduction using mammography for Japanese
women aged 40-49 years. Admittedly, there has been insufficient dis-
cussion whether or not it is appropriate to include women in their 40s
as a target group for breast cancer screening in the Japanese program,
particularly from the perspective of the balance of benefits and harms.

In their evidence report in 2001, Hisamichi et al. (8) recommended
the combination of mammography and clinical breast examination for
breast cancer screening. However, their report did not clearly specify
the reason for the non-recommendation of mammographic screening
without clinical breast examination. Although clinical breast examin-
ation and ultrasonography have also been evaluated, these methods
were not recommended because of insufficient evidence regarding
their effectiveness. Since 2000, a combination of mammography and
clinical breast examination has been recommended as population-
based screening in Japanese communities. Notably, mammographic
screening without clinical breast examination was not recommended
as a breast cancer screening option even though it is the most common
method used in developed countries.

Since the publication of the previous reports by Hisamichi et al.,
new studies on mammographic screening including women aged
40-49 years and ultrasonography for the breast have been reported
worldwide. Nevertheless, evidence regarding the efficacy of mammo-
graphic screening has remained controversial, spurring ongoing dis-
cussion with regard to its application (3-6,9,10). Subsequently, a
new Japanese research group has established a standardized method
for developing the Japanese Guidelines for Cancer Screening (11).
Based on this method, the efficacy and effectiveness of mammography
with and without clinical breast examination, clinical breast examin-
ation alone and ultrasonography with and without mammography
for breast cancer screening were evaluated, and new guidelines were
developed.

Methods

The target audiences for the breast cancer screening guidelines include
the public, health professionals working in cancer screening programs,
providers of cancer screening programs and policy makers. The mem-
bers of the Japanese Research Group for Development of Breast Can-
cer Screening Guidelines were selected from various specialties,
including primary care physicians, breast surgeons, radiologists and
epidemiologists. The breast cancer screening guidelines were devel-
oped using the standardized method which was defined as the devel-
opment method for the Japanese guidelines for cancer screening (11).

Target screening methods

Mammography with and without clinical breast examination, clinical
breast examination and ultrasonography with and without mammog-
raphy were evaluated in terms of their efficacy and effectiveness for
breast cancer screening. In most developed countries, mammographic
screening without clinical breast examination has been the standard
method for breast cancer screening (2). However, in Japan, mammo-
graphic screening with clinical breast examination has been the
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method recommended and performed since 2000. Clinical breast
examination alone was used for breast cancer screening from 1987
to 2003 as population-based screening in Japan. Recently, ultrasonog-
raphy with and without mammography has been performed in a clin-
ical setting as opportunistic screening, particularly for women aged
40-49 years.

The primary issue regarding the guidelines was evaluation of the
efficacy of mammographic screening with and without clinical breast
examination. The secondary issue was evaluation of the efficacy of
mammographic screening for women aged 40 years.

Analytic framework

The target population for breast cancer screening was defined as
asymptomatic women with an average risk of breast cancer. To select
appropriate evidence, an analytic framework for breast cancer screen-
ing was developed (Fig. 1). For each stage of the analytic framework,
clinical questions based on the PICO (population, intervention, com-
parison and outcome) format were prepared. Direct evidence was de-
fined as evidence provided by a study that evaluated the efficacy and
effectiveness of cancer screening for reducing breast cancer incidence
and mortality (Fig. 1, arrow 1). Other studies that provided indirect
evidence were selected on the basis of clinical questions related to
other stages of the analytic framework (Fig. 1, arrows 2-8).

Systematic literature review

To select appropriate evidence for our clinical questions, a two-stage
review was performed: (i) the title and abstract were initially checked
and (ii) the text of the potentially relevant full papers was subsequently
reviewed (11). Two reviewers screened the abstracts individually. Sub-
sequently, they reviewed the full papers of potentially relevant studies.

The inclusion criteria for article selection were original articles
published after peer review (11). The study design and outcome
were defined differently among the screening methods, and the de-
tailed inclusion criteria were described in the screening method sec-
tion. The common exclusion criteria among all the screening
methods were as follows: (i) no abstract, (ii) study in which the target
screening group was composed of symptomatic persons ( patients), (iii)
economic evaluation study, (iv) guidelines, evidence reports and re-
views, and (v) official statistics, letters and personal communications.

To select appropriate evidence, a systematic review of the retrieved
articles was conducted using the checklist according to the study de-
sign, and the quality of the studies was defined. If the decision regard-
ing the full paper review was inconsistent, the appropriateness of these
studies was carefully discussed. Finally, adequate studies were selected
for evaluation of breast cancer screening.

The evidence for each screening method was summarized in an evi-
dence table based on the analytic framework’s clinical questions. The
body of evidence for each screening modality was determined accord-
ing to the level of evidence which was defined on the basis of the study
design, quality and consistency among the study results (11).

Mammographic screening

To identify the efficacy of mammographic screening with and without
clinical breast examination, PubMed, Web of Science, Igaku-Cyuo
zasshi and ] Dream were searched for studies using search terms
such as ‘breast cancer’, ‘mammography’, ‘clinical breast examination’,
‘physical breast examination’ or ‘mortality reduction’, from January
1985 to April 2012. Additional references recommended were identi-
fied and included as needed. If the result from a new result of a
large-scale randomized controlled trial (RCT) based on an extended
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Figure 1. Analytic framework and key questions for breast cancer screening. The numbers in the analytic framework refer to the following clinical questions. (1)
Compared with no screening (or other screening strategies), is there direct evidence that the mortality from breast cancer is reduced with the following
screening methods? (a) Clinical breast examination (CBE). (b) Mammography (MMG). (c) Mammography with clinical breast examination (MMG + CBE). (d)
Ultrasonography with and without mammography {US + MMG). To appropriately determinate the level of evidence, the primary outcomes of mortality from
breast cancer must be ascertained. (2) What age group was the preferable target for breast cancer screening? (3) Can the screening test accurately detect breast
cancer? What are the sensitivity and specificity rates of the screening test? (4) What are the potential harms of screening tests, and how often do they occur? (5) Can
the diagnostic test accurately detect the target women? (6) What are the potential harms of diagnostic tests, and how often do they occur? 7) (For breast cancer

patients, how are the efficacy and effectiveness of treatment?

follow-up was published, the study was included. Articles with revised
results based on an extended follow-up and other RCTs regarding
mammographic screening were also searched from April 2012 to De-
cember 2014 to evaluate mortality reduction from breast cancer. The
searches were limited to English-language or Japanese-language pub-
lications. The study design was limited to RCTs to evaluate mortality
reduction from breast cancer. The RCTs for mammographic screening
with and without clinical breast examination compared with a no
screening group or the usual care were selected. Modeling studies
were not included for evaluation of the studies to reduce mortality
from breast cancer. The meta-analysis results were published in
other articles and referred to for the guidelines development. In this
article, we reported detailed information regarding the evaluation of
study quality (11). Although the follow-up years varied among the
studies, the results of 13 years follow-up from the Cochrane review
(9) and original data from selected articles were cited. Meta-analysis
for RCTs of mammographic screening with and without clinical
breast examination was performed for women of different age groups
as follows: women aged 40-74 years (all age group), women aged 40—
49 years and women aged 50 years and over (12). For studies that re-
ported cumulative count data, we carried out a Mantel-Haenszel
fixed-effects meta-analysis to obtain the relative risk and risk differ-
ence with the corresponding 95% confidence interval (CI). The results
of the meta-analysis have been published in above-mentioned article.

Other methods and harms
To identify the effectiveness of clinical breast examination and ultra-
sonography, PubMed, Web of Science, Igaku-Cyuo zasshi and

&9

J Dream were searched for studies from January 1985 to April 2012
using search terms such as ‘breast cancer’, ‘clinical breast examin-
ation’, ‘physical breast examination’, ‘ultrasonography’ or ‘mortality
reduction’. Observational studies were included for the evaluation of
clinical breast examination and ultrasonography. Studies that ana-
lyzed sensitivity and specificity were also included. Additional refer-
ences recommended were identified and included as needed.

Articles related to overdiagnosis, false-positive cases, radiation
exposure of mammographic screening and adverse effects of needle
biopsy were also searched using the same method, and evidence
from RCTs and observational studies was identified. Modeling studies
were included for the evaluation of overdiagnosis, false-positive cases
and radiation exposure.

Translation into recommendations

To compare the benefits and harms, number needed to invite (NNI)
was calculated on the basis of the mortality rate from breast cancer
in Japanese women. The results of NNI calculation published in
other articles (12) were referred to for the guidelines development.
NNI refers to the number needed to avoid one breast cancer death.
NNI can show the impact of the benefits of cancer screening as well
as harms, as unnecessary examinations increase with increasing
NNI. A high recall rate for diagnostic examination can also be consid-
ered harms for mammographic screening participants owing to an
increase in unnecessary examinations. The number needed for diagnos-
tic examination to avoid one breast cancer death was also calculated on
the basis of the recall rate of mammographic screening in communities
(12). These results were compared between mammographic screening
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with and without clinical breast examination divided into different age
groups from 40 to 70 years.

Considering the balance of benefits and harms, five grades of re-
commendations were determined for population-based and opportun-
istic screenings (10). As theses grades are supported by sufficient
evidence and the benefits outweigh the harms, both Grades A and B
recommendations could be conducted as both population-based and
opportunistic screening programs. However, a method with a Grade D
recommendation should not be used for either population-based or
opportunistic screening programs because the harms outweigh the
benefits. A grade C recommendation implies that the method should
not be used for population-based screening. Even if there are benefits,
we can give a Grade C recommendation when the benefits and harms
are nearly equal. However, a Grade C recommendation implies that
the method could be used in clinical settings if both adequate risk man-
agement and informed consent with respect to the harms were as-
sured. Screening methods that have insufficient evidence related to
mortality reduction from breast cancer are graded as I; such methods
are not recommended for population-based screening or as routine
screening methods in clinical settings, although the decision to un-
dergo screening could be made at the individual level based on proper
information provided by health professionals in clinical settings.

Formulating the guidelines

A draft of the guidelines has been written and uploaded on the ‘Promot-
ing Evidence-based Cancer Screening’ website (http:/canscreen.ncc.go.
jp/). To improve and confirm the guidelines, comments from the public
were collected. In addition, major issues identified during the review of
the draft were discussed at a guidelines forum open to the public. Taking
into account the comments received from external reviewers and the
guidelines forum, the appropriateness of the recommendation and its
language were re-discussed and the guidelines were refined. After the
consultations were completed, the guidelines were approved by the
National Cancer Center and published on the ‘Promoting Evidence-
based Cancer Screening’ website (http:/canscreen.nce.go.jp/).

Findings

Evidence of the efficacy and effectiveness of breast
cancer screening methods

There were 5270 articles identified from the literature search using
PubMed and other databases. After a two-stage review, 110 English
articles and 8 Japanese articles were selected (Fig. 2). From these
110 articles, 6 RCTs for mammographic screening without clinical
breast examination were identified as follows: Malmé study (13,14),
Canadian study II (15-17), Swedish Two-County study (18-24),
Stockholm study (25,26), Goteborg study (27,28) and UK Age
trial (29). Three RCTs for mammographic screening with clinical
breast examination were also identified as follows: New York HIP
study (30), Edinburgh study (31) and Canadian study I (32,33). The
RCTs which evaluated mortality reduction from breast cancer were
limited to eight studies worldwide. Although there were several pro-
blems in these studies, we adopted all the RCTs to resolve the primary
issues for Japanese women. Canadian studies consisted of two groups
with different targets: women aged 50-59 years for Canadian study II
(15-17), and women aged 40-49 years for Canadian study I (32,33).
In Canadian study II, the screening method for the intervention group
was mammography with clinical breast examination; clinical breast
examination was also provided for the control group with the same
frequency as that for the intervention group (15-17). In Canadian
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study 1, the screening method for the intervention group was mam-
mography with clinical breast examination; clinical breast examin-
ation was provided for the control group only at the first screening
(32). Based on the inclusion criteria related to a comparator, Canadian
study II was excluded from the evidence of mammography without
clinical breast examination, and Canadian study I was included as
the evidence of mammography with clinical breast examination.
From April 2012 to December 2014, although the revised results
were reported in a Canadian study, there were no additional studies
evaluating mortality reduction from breast cancer (17).

Although two case—control studies evaluating mortality reduction
from breast cancer were found for clinical breast examination, there
was no study evaluating the effectiveness of ultrasonography for

breast cancer.

Body of evidence related to mortality reduction from
breast cancer

Mammographic screening without clinical breast examination (level
of evidence: 1+)

Five RCTs of mammographic screening without clinical breast exam-
ination were identified for mortality reduction from breast cancer
(Table 1) (13,14,18-29). The starting years of these studies were
around the 1980s except the UK Age trial which commenced in
1991. Randomized allocation was individual-based except the Swed-
ish Two-County study. Although the screening method was the same
in these studies, the randomized allocation, target age group, screening
interval, radiographic view and follow-up periods were different

English articles Japanese articles

PubMed 3860
Web of Science 1007

Igaku-Chuo-Zasshi 325
J Dream 78

Abstract review

Candidate abstracts
16

Candidate abstracts
315

Candidate articles
10

Candidate articles
184

Discussion in
the committee

Adopted articles 110

Adopted articles
8

Figure 2. Flowchart of literature search. To identify evidence of breast cancer
screening in the literature, PubMed, Web of Science, Igaku-Cyuo zasshi and
J Dream were searched. A total of 5270 articles were identified from the
literature search using PubMed and other databases. After a two-stage
review, 110 English articles and 8 Japanese articles were selected.
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Table 1. RCTs for evaluation of mammographic screening without clinical breast examination

Malmé I and I Swedish Two Stockholm Goteborg UK Age trial
County
Starting year of the study 1976 1977 1981 1982 1991
Randomization Individual Cluster Birthday Birthday Individual
Number 60076 133065 (45) 60 800 52922, 160921
Target age 45-69 years/43-49 years  38-75 years 39-65 years 39-59 years 3941 years
Screening method MMG MMG + SBE MMG MMG MMG
View First : two view One view One view First: two view First: two view
Subsequent: one view Subsequent: one view  Subsequent: one view
oI twWo view Or two View Or two View
Screening interval (months)  18-24 24 (40s) -33(50s)  24-28 18 12
Screening frequency 6-8 24 2 4-5 8-10
Screening periods (years) 12 7 4 7 8
Participation rate (%) 74% 85% 82% 84% 81%

Relative risk (95% CI) 0.81 (0.61-1.07)

0.68 (0.57-0.81)

0.73 (0.50-1.06)  0.75 (0.58-0.97) 0.83 (0.66-1.04)

MMG, mammography; SBE, self-breast examination; CBE, clinical breast examination.

Reference (12).

The relative risk was based on the results of 13 years of follow-up based on the following references: (8) and (16).

(Table 1) (12). Based on the results of the meta-analysis for mammo-
graphic screening without clinical breast examination programs, the
overall relative risk for all the age groups was 0.75 (95% CI: 0.67—
0.83) (Table 2) (12). When the target age group was divided into
two groups, the relative risks were 0.81 (95% CI: 0.68-0.96) for
women aged 40-49 years and 0.71 (95% CI: 0.62-0.81) for women
aged 50-74 years. Since the selected studies covered women aged 40—
74 years, the efficacy of mammographic screening could be confirmed
for women of this age group.

Mammographic screening with clinical breast examination (level of
evidence: 1+)

Three RCTs of mammographic screening with clinical breast examin-
ation served as eligible evidence for mortality reduction from breast
cancer (Table 3) (17, 30-33). Compared with the studies related to
mammographic screening without clinical breast examination, the
starting years of these studies were early and detailed information
was insufficient. The New York HIP study was the first RCT started
in 1963 to evaluate the efficacy of mammographic screening (30). The
other studies were commenced at around the 1980s. In the Edinburgh
study, inappropriate randomization was suggested because of the dif-
ferent socio-economic classes between the intervention group and the
control group (31). Although the screening method was the same in
these studies, the control group in Canadian study I was initially pro-
vided clinical breast examination (32,33). Three studies were selected
to evaluate the efficacy of mammographic screening with clinical
breast examination (Table 3). Based on the meta-analysis results, the
overall relative risk for all the age groups was 0.87 (95% CI:
0.77-0.98) (Table 2) (12). When the target age group was divided
into two groups, the relative risks were 0.87 (95% CI: 0.72-1.04)
for women aged 40-49 years and 0.83 (95% CI: 0.70-0.99) for
women aged 50-64 years. Since the selected studies covered women
aged 40-64 years, the efficacy of mammographic screening could be
confirmed for women of this age group.

Clinical breast examination (level of evidence: 2—)

In a previous Japanese study, the odds ratio of mortality reduction
from breast cancer for women who have had at least one clinical breast
examination within 1 year was 0.93 (95% CI: 0.48-1.79) and that for
women who have had clinical breast examination within 5 years was
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0.59 (95% CI: 0.48-1.79) (34). However, after excluding symptomat-
ic women, the odds ratio for women who have had at least one clinical
breast examination within 1 year was 0.56 (95% CI: 0.27-1.18) and
that for women who have had clinical breast examination within
S year was 0.45 (95% CI: 0.22-0.89). In a case—control study con-
ducted in the USA, the odds ratio of mortality reduction from breast
cancer for average-risk women who have had one clinical breast ex-
amination within 3 years was 0.94 (95% CI: 0.79-1.12) and that
for high-risk women was 0.80 (95% CI: 0.59-1.08) (35). Similar
odds ratios were obtained for mammographic screening in this study.

Although RCTs has been mainly conducted in some developing
countries, intermediate results have been reported. In these studies,
screening was provided annually and interval cancers were identified
from follow-up studies and cancer registries. A study in India reported
a sensitivity of 51.7% (95% CI: 38.2-65.0) and a specificity of 94.3%
(95% CI: 94.1-94.5) for clinical breast examination (36). A study
based on the Breast and Cervical Early Detection Program reported
a sensitivity of 58.8% and a specificity of 93.4% (37). In the results
of a meta-analysis that included an HIP New York study and a Can-
adian study, the sensitivity was 54.1% (38). Japanese studies reported
similar results based on local cancer registries and the sensitivity was
different among local areas (39-41). Since clinical breast cancer exam-
ination has been performed annually, interval cancer was defined as
negative results at the first screening and diagnosed until the next
year screening. In a study in Yamagata, Japan, Shibata et al. (39) re-
ported a sensitivity of 46.6% (95% CI: 33.3-60.1) and a specificity of
97.3%. In a study in Miyagi, Japan, the differences in the sensitivities
among the target age groups were as follows: 62.4% for women in
their 40s, 59.1% for women in their 50s and 59.9% for women
their 60s (40). However, the sensitivity was lower in a study conducted
in Tochigi, Japan than in other studies based on follow-up using a
local cancer registry (41). Based on these studies, although there was
a difference among individual skills, clinical breast examination shows
a sensitivity of 50% and a specificity of 95% and over.

There are only two studies that have evaluated mortality reduction
from breast cancer and their study designs were case—control studies.
In addition, the results of these studies were not same. Because of in-
consistent results, a definitive confirmation as to whether or not clin-
ical breast examination could reduce mortality from breast cancer
could not be made
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Table 2. Meta-analysis of mammographic screening with and without clinical breast examination

Attribute risk difference (95% CI)

Relative risk (95% CI)

Target age

years

>50

40-49 years

>50 years All age

40-49 years

All age

group of RCTs

~0.0015 (~0.0009— —0.0021)
~0.0014 (=0.0027— —5.36E-5)

~0.0005 (~0.0009— —0.0001)
~0.0007 (~0.0015— —0.0002)

—0.0010 (~0.0013~ —0.0006)
~0.0009 (—0.0016- —0.0001)

0.71 (0.62-0.81)
0.83 (0.70-0.99)

0.75 (0.67-0.83) 0.81 (0.68-0.96)
0.87 (0.72-1.04)

0.87 (0.77-0.98)

40-74 years

Mammography

40-64 years

Mammography with clinical

breast examination

RCT, randomized controlled trial: CI, confidence interval.
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Ultrasonography with and without mammography (level of evidence: 3)
Based on the results of systematic review, there is still no study evalu-
ating mortality reduction from breast cancer using ultrasonography
with and without mammography. Although several studies have re-
ported on test accuracy, the sensitivity of ultrasonography was always
higher in studies performed in Japan than in studies conducted in
western countries (41—44). In a study conducted in Tochigi, Japan,
the sensitivity was 53.8% and the specificity was 95.4% based on
follow-up using a local cancer registry (41).

Harms of mammographic screening

The major harms of mammographic screening were radiation expos-
ure, false-positive cases, and overdiagnosis (3-7). The risk of radiation
exposure was calculated by modeling and this predicted the incidence
and mortality of radiation-induced cancer (45-52).

False-positive cases
False-positive cases results in unnecessary diagnostic examinations
and occasionally produce psychological effects including anxiety,
fear and depression (53-61). Although cumulative false-positive
rates were reported in several studies using the modeling approach,
the results varied (62-66). In a US study using mammographic screen-
ing alone, the reported 10-year cumulative rates for biannual screening
were 41.6% (95% CI: 40.6-42.5) for women who started cancer
screening from 40 years of age and 42.0% (95% Cl: 40.4-43.7) for
women who started cancer screening from 50 years of age (63).
Although there was no study which predicted the cumulative false-
positive rate in Japan, the study in Tochigi, Japan reported a false-
positive rate of 7.9% (41).

Despite the similar false-positive rates in the USA and Japan, the
invasive biopsy rates for all age groups were lower in Japan (67).

Overdiagnosis

Although there is agreement regarding the basic concept of overdiag-
nosis, a method of estimating the rate of overdiagnosis has not been
standardized to date (5). Therefore, the reported rates of overdiagnosis
ranged from 5 to 50% and over (68-82). Pulti et al. (83) reviewed ob-
servational studies that provided an estimate of the rate of overdiagno-
sis in European countries, and reported a range of 1-10%. Although
studies on calculating overdiagnosis are still lacking, the reported
excess rate of mammographic screening was 141% (69). This rate in-
cluded overdiagnosis cases, but early cancers that had the possibility
of progressing into invasive cancers were also included.

The most reliable estimates of overdiagnosis come from RCTs. In
the Malmo study, the rate of overdiagnosis was 10% based on 15
years of follow-up (82). A Canadian study reported an overdiagnosis
rate of 22% based on 25 years of follow-up (17). An independent UK
panel estimated the rate of overdiagnosis using four types of denom-
inator based on the results of the Malmé study and Canadian studies
(5). The panel considered that the data included overdiagnosis in the
range of S—~15% from the population perspective and 15-25% from
the individual woman's perspective.

Balance of benefits and harms of mammographic
screening

The NNI and the number needed for diagnostic examination to avoid
one breast cancer death were calculated for mammographic screening
with and without clinical breast examination for women aged 40-70
years (Table 4) (12). The NNI was consistently lower in mammo-
graphic screening without clinical breast examination than in
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Table 3. RCTs for evaluation of mammographic screening with physical examination

New York HIP Canada I Edinburgh

Starting year of the study 1963 1980 1978
Randomization Individual Individual Cluster
Subjects

Number 62000 89835 54654

Target age 40-64 years 40-49 years 45-64 years
Screening method MMG + CBE MMG + CBE + SBE MMG + CBE
Mammography

View Two view Two view First: two view

Subsequent: one view or two view

Screening interval (months) 12 12 24

Screening frequency 4 4-5 2-4

Screening periods (years) 3 N 6

Participation rate (%) 65% 88% 65%

Relative risk (95% CI) 0.83 (0.70-0.99)

0.97 (0.74-1.27)

0.85 (0.68-1.05)

Reference (12).

The relative risk was based on the results of 13 years of follow-up for the NY HIP study and Canada I study, and 14 years of follow-up for the Edinburgh study.

References (9) and (31).

Table 4. Comparison of benefits and harms between mammographic screening with and without clinical breast examination

Screening method Target age
40 years 45 years 50 years 55 years 60 years 65 years 70 years
Mammographic screening Per 1000 women screened
without clinical breast Number of recall 77 77 67 67 53 53 53
examination Per single death prevented
Number needed to invite 2530 1713 864 777 782 807 833
Number of recall 195 132 58 52 41 43 44
Mammographic screening Per 1000 women screened
with CBE Number of recall 99 99 76 76 62 62 62
Per single death prevented
Number needed to invite 3698 2504 1474 1325 1334 1376 1420
Number of recall 366 248 112 101 83 85 88

Number needed to invite are expressed per thousand women invited for 13 years of follow-up.
CBE, clinical breast examination.
Reference (12).

Table 5. Recommendation of breast cancer screening

Screening method Recommendation ~ Target age Recommendations language
grade group Population-based Opportunistic screening
screening
Mammography B 40-74 years Recommend Recommend
Mammography with clinical breast examination B 40-64 years Recommend Recommend
Clinical breast examination (alone) 1 Not recommend® Decision-making at the individual®
Ultrasonography with and without mammography I Not recommend?® Decision-making at the individual®

2There is insufficient evidence to recommend for or against.
b1f required, the health professional should explain that the evidence regarding mortality and incidence reduction by cancer screening is unclear. In addition,
information about the harms is required. In such situations, the decision regarding cancer screening should be made at the individual level.

mammographic screening with clinical breast examination. In both Discussion

screening methods, the NNI was higher in women aged 40 years In the Japanese guidelines, evidence pointing to the efficacy of mammo-

graphic screening with and without clinical breast examination was
confirmed. In Japan, the combination method of mammography and
clinical breast examination has been performed as the recommended
procedure for breast cancer screening. Although mammographic
screening without clinical breast examination has not been

than in women aged 50-70 years. Similar results were obtained for
the number needed for recall of diagnostic examination to avoid one
breast cancer death. These results suggest that mammographic screen-
ing without clinical breast examination could provide higher benefits
for women aged 50 years and over.
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recommended in Japan, this procedure is the standard method for
breast cancer screening in the USA and European countries (5). With
the dissemination of only mammographic units, mammography alone
has been anticipated to be introduced in Japanese communities because
of the lack of physicians who can correctly perform clinical breast exam-
ination. The efficacy of mammography alone could be identified from
the results of meta-analysis, and its impact was found to be higher than
in the combination method of mammography and clinical breast exam-
ination (12). Since the accuracy of mammographic units has been con-
tinuously improved, mammography can therefore be used individually
without clinical breast examination. In fact, the number of recall to
avoid one breast cancer death was lower in mammography alone than
in mammography with clinical breast examination (12). Based on the
balance of benefits and harms, mammographic screening with and with-
out clinical breast examination is recommended. In addition to improv-
ing the screening methods, more opportunities to improve access to
mammographic screening in local municipalities should be provided.

However, the original issue remains as to whether Japanese
women in their 40s should be included in the target group for mam-
mographic screening. Although most RCTs have included women in
their 40s in the target age group, it is insufficient to evaluate the effi-
cacy of mammographic screening according to individual studies ex-
cept the UK Age trial which targeted women in their 40s. The
results of our meta-analysis to clarify the efficacy of mammographic
screening without clinical breast cancer screening suggested a 19%
mortality reduction from breast cancer (0.81, 95% CI; 0.68-0.96)
(12). However, there were gaps in the number needed to invite
women to avoid one death from breast cancer and the number needed
to recall women to avoid one death from breast cancer between
women in their 40s and 50s and above. The net benefits were smaller
in women in their 40s than in women in their 50s and above. Ideally, it
is preferable to make a recommendation based on evidence evaluated
from the guideline developers’ own countries because evidence ob-
tained in other countries might not be adopted into other ethnic
groups. As there are no RCTs and observational studies evaluating
the efficacy and effectiveness of mammographic screening in Japan,
a comprehensive assessment of the actual impact of mammographic
screening in Japan could not be made. Nevertheless, despite the lim-
ited net benefits, we recommend mammographic screening with and
without clinical breast examination considering the higher incidence
of breast cancer in women in their 40s in Japan.

Although the peak incidence of breast cancer was observed in
women aged 40-49 years (1), the sensitivity of mammography was
lower in women in their 40s than in women in their 50s and above be-
cause of their dense breast (40). However, even if clinical breast exam-
ination is added in mammography, the sensitivity cannot always be
improved owing to the technical gaps among physicians who have ex-
perience and physicians who have no experience. Ultrasonography has
been shown to have a higher sensitivity than clinical breast examination
(41), and it can detect small tumors in a dense breast without radiation
exposure. To increase the magnitude of mortality reduction from breast
cancer screening for women aged in their 40s, evaluation of the efficacy
of mammographic screening with ultrasonography has been started
(84). However, studies conducted in the US have reported a not so
high sensitivity as well as the possibility of an increased false-positive
rate (7,43,44). As studies evaluating mortality reduction from breast
cancer by ultrasonography with and without mammography remain
lacking, we could not accurately evaluate whether or not ultrasonog-
raphy can be an alternative method for clinical breast examination.

To date, mammographic screening has been widely recommended
and implemented in developed countries (5). In fact, most guidelines
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recommend mammographic screening for women aged 50-69 years
every 2 or 3 years (3-7). Although the efficacy of mammographic
screening has been evaluated by RCTs, there has been a long discus-
sion regarding its efficacy since the publication of the Cochrane review
in 2000. In the Cochrane review, questions about the efficacy of mam-
mographic screening and the imbalance of benefits and harms have
been raised (9). Moreover, the unconfirmed estimation method adds
another layer of confusion in the evaluation of the net benefits of
mammographic screening (5). Since the net benefits might be de-
creased in cases of overestimation, the range of overdiagnosis showed
a large variation from 5 to 50% (68-84). In most influential guidelines
and evidence reports, the efficacy of mammographic screening was re-
evaluated on the basis of the results of RCTs and was reconfirmed.
However, with much weight placed on the results of the Cochrane re-
view, mammographic screening has not been recommended in some
guidelines such as those of the Swiss Medical Association (10). For
guidelines development, although the balance of benefits and harms
based on valid evidence is a priority issue, the overall background
should also be considered (85). To identify and confirm the best avail-
able method for breast cancer screening in Japan, original studies
evaluating the actual impact of mammographic screening are war-
ranted. We aim to revise and further improve the Japanese guidelines
for breast cancer screening based on the results of new research studies
after 5 years.

Recommendations

Based on the balance of benefits and harms, recommendations were
formulated for population-based and opportunistic screenings
(Table 5). Benefits were defined as evidence that mortality from a spe-
cific cancer was reduced by a cancer screening program.
Mammographic screening without clinical breast examination for
women aged 40-74 years is recommended for population-based and
opportunistic screenings as its benefits outweighs its harms (Recom-
mendation grade B). Mammographic screening with clinical breast
examination for women aged 40-64 years is recommended for
population-based and opportunistic screenings as its benefit out-
weighs its harms (Recommendation grade B). As there remains insuf-
ficient evidence of mortality reduction from breast cancer, clinical
breast examination and ultrasonography are not recommended for
population-based screening (Recommendation grade I). With respect
to opportunistic screening, if individuals request these screenings, they
should be given appropriate information with the decision made at the

individual level.
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Abstract

Purpose The purpose of this study was to measure the
population norms for the Japanese versions of preference-
based measures (EQ-5D-3L, EQ-5D-5L, and SF-6D). We
also considered the relations between QOL score in the
general population and socio-demographic factors.
Methods A total of 1143 adult respondents (aged >
20 years) were randomly sampled from across Japan using
data from the Basic Resident Register. The health status of
each respondent was measured using the EQ-5D-3L, EQ-
5D-5L, and SF-6D, and responses regarding socio-demo-
graphic data as well as subjective diseases and symptoms
were obtained. The responses were converted to a QOL
score using Japanese value sets.

Results The percentages of respondents with full health
scores were 68 % (EQ-5D-3L), 55 % (EQ-5D-5L), and
4 % (SF-6D). The QOL score measured using the SF-6D
was significantly lower than those measured using either
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EQ-5D score. The QOL score was significantly lower
among respondents over the age of 60 years, those who had
a lower income, and those who had a shorter period of
education. Intraclass correlation coefficient showed a poor
agreement between the EQ-5D and SF-6D scores. The
differences in QOL scores between respondents with and
those without any disease were 0.064 for the EQ-5D-3L,
0.061 for the EQ-5D-5L, and 0.073 for the SF-6D; these
differences are regarded as between-group minimal
important differences in the general population.
Conclusion The Japanese population norms of three
preference-based QOL measures were examined for the
first time. Such information is useful for economic evalu-
ations and research examining QOL score.

Keywords EQ-5D - SF-6D - Health-related quality of
life - Population norms - QALY - Japan

Introduction

When economic evaluations of healthcare technologies are
performed, the incremental cost-effectiveness ratio (ICER)
is regarded as a standard calculation. Various outcomes can
be used as the denominator of ICER, but quality-adjusted
life year (QALY) is widely applied for various areas of
cost-effectiveness analysis. One reason is that quality of
life (QOL) is one of the most important outcomes for not
only medical interventions, but also healthcare policies. To
calculate the QALY, the QOL score must be measured on a
scale of 0 (death) to 1 (full health). Preference-based
measures, such as the EuroQol 5-dimension (EQ-5D) [1,
2], the Health Utilities Index (HUI) [3-5], and the Short
Form 6-dimension (SF-6D) [6-8], have been developed to
calculate QOL scores. These measures were originally
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developed in English but have been translated into many
languages. Japanese value sets for the EQ-5D (3L [9] and
5L [10]) and the SF-6D [11] have also been developed.

The mean QOL score in the general population is nor-
mally <1 because some people will have a less than full
health score. People with diseases or symptoms are likely
to continue living in their local community. Others may not
report their health state as full health even if they do not
have any diseases. Such reductions in QOL should be
reflected in QALY calculations for economic evaluations.
In addition, to interpret QOL scores obtained through a
survey, it is important to be compared with the score for the
general population as a reference value. Therefore, the
population norms, which have been previously defined as
“population reference data... for a specific country or
international region” [12], used for preference-based
measures are essential for both researchers and policy-
makers. The norms for these measures, especially for the
EQ-5D-3L, have already been reported in many countries,
including the UK [13], USA [14, 15], six European coun-
tries (Belgium, France, Germany, Italy, Netherlands and
Spain) [16, 17], Spain (Catalonia) [18], Switzerland
(French-speaking population) [19], Finland [20], Denmark
[21], Portugal [22], Poland [23], Canada (Alberta) [24],
Australia (Queensland) [25], China [26], Taiwan [27],
Singapore [28, 29], Sri Lanka [30], and Brazil [31]. The
population norms for the SF-6D have also been investi-
gated in some countries, including the UK [32], USA [15],
Australia [33], Portugal [34], and Brazil [35]. However, the
Japanese population norms for QOL scores do not currently
exist, with the exception of surveys performed in three
areas [12] that were originally performed to obtain a value
set [9]. Few standard norms for the EQ-5D-5L, a newly
developed measure by the EuroQol Group, have been
reported across the world.

The population in Japan was about 12.5 million in 2015,
and almost all of the population speaks Japanese. Therefore,
Japanese versions of the EQ-5D-3L, EQ-5D-5L, and SF-6D
are widely used for calculating QOL scores in Japan, and
Japan’s economic evaluation guideline [36] recommends the
use of measures with value sets developed in Japan. The
Ministry of Health, Labour and Welfare (MHLW) of Japan
has collected data on these measures based on our concept.
They also collected responses to a questionnaire included in
the National Livelihood Survey, which Japan’s MHLW
performs annually. This questionnaire includes questions
regarding disease types and subjective symptoms.

Therefore, the objective of this study was to analyze
data to obtain the population norms for the Japanese ver-
sions of three preference-based measures: the EQ-5D-3L,
EQ-5D-5L, and SF-6D. The second objective was to
examine the characteristics of each measure and the rela-
tions among measures. We also aimed to present the
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relation between the QOL score for the general population
and characteristics such as sex, age, diseases, symptoms,
and other socio-demographic factors.

Methods

Sampling

Data in this study came from MHLW’s survey, which took a

representative sample. In the survey, a total of 1000 adult
respondents (aged > 20 years) were targeted in a random
sampling from 100 sites (municipalities). The method used
to select the 100 sites was as follows: First, the number of
sites in each region (8 regions) was determined in proportion
to the population of each region. Then, in every region, the
number of sites belonging to each stratum (prefecture x size
of municipalities) was calculated based on the populations of
the stratum. The surveyed district (Cho-me, in Japanese) was
randomly determined in a manner corresponding to the
allocated number of sites in each stratum. Respondents were
also randomly sampled from each selected district, stratified
according to sex and age. People in a hospital or a nursing
home were not included.

The Basic Resident Register can be used to select
respondents living on each street in a random manner. In
Japan, each municipality has its own Basic Resident
Register data, which includes information on the name,
sex, address, and date of birth of all residents. Each
municipality has permitted the use of such data for public
surveys. A door-to-door survey was performed from Jan-
uary to March in 2013. Investigators visited the registered
addresses and distributed the questionnaire. They then
collected the questionnaires a few days later and checked
for any apparent errors (placement method). These visits
continued until the planned number of responses was col-
lected for each district. The investigators obtained the
informed consent of all the respondents.

Measures

Health status was measured using the EQ-5D-3L, EQ-5D-
5L, and SF-6D. The respondents were presented with the
EQ-5D-5L, EQ-5D-3L, and SF-6D (SF-36) in a fixed order.
In addition, socio-demographic data for the respondents,
such as sex, age, education, marital status, employment,
and household income, were also collected.

The EQ-5D was developed by the EuroQol Group. The
original version of the EQ-5D (now called the EQ-5D-3L)
is comprised of five items: “mobility,” “self-care,” “usual
activities,” “pain/discomfort,” and “anxiety/depression”
assessed at three levels of description. To improve the lack
of a sufficient sensitivity and the ceiling effect of the EQ-
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5D-3L, the newly developed EQ-5D-5L [37] has increased
the number of levels for each health dimension from three
to five.

The SF-6D is a measure for converting responses to the
SF-36 (or SF-12 [38]) to a preference-based QOL score for
economic evaluation. The SF-36 [39—41] is the most
widely used measure for assessing health states in the
world. Responses to selected items of the SF-36 can be
classified according to descriptions of the SF-6D system,
which consists of six dimensions [physical functioning
(PF), role limitation (RL), social functioning (SF), bodily
pain (BP), mental health (MH), and vitality (VT)] with five
or six levels (defining a total of 22,500 health states). As
the direct use of the SF-6D questionnaire is not recom-
mended, we used the Japanese SF-36, version 2 [42].

The questionnaire also included a part of the National
Livelihood Survey, which Japan’s MHLW performs annu-
ally. The questionnaire asks respondents whether they have
any diseases for which they consult a doctor or not and
whether they have any subjective symptoms or not. If they
answer “yes,” they must then select the most important
diseases and symptoms that they exhibit from a list of forty
symptoms (having a fever, feeling sluggish, sleeplessness,
etc.) and diseases (diabetes, obesity, hyperlipidemia, etc.).

Statistical analysis

The responses obtained for the EQ-5D-3L, EQ-5D-5L, and
SFE-6D were first converted to QOL scores based on the
Japanese value sets. Summary statistics for the QOL scores
were calculated according to sex and age category (20-29,
30-39, 40-49, 50-59, 60-69, and 70 years and older). The
percentage of people reporting any problem in each
dimension was calculated after stratifying the subjects
according to sex and age category. Chi-square tests (or the
Fisher exact test if the expected frequency was low) were
applied to determine the significance between the fre-
quency of respondents with any problem and sex or age.
The McNemar test was performed to confirm the fre-
quencies of respondents with any problem in the EQ-5D-
3L and the EQ-5D-5L. The intraclass correlation coeffi-
cient (ICC) was used for reliability between the three
measures in addition to the Bland—Altman plot [43]. In the
Bland-Altman plot, the average of the two measures was
plotted on the x-axis, and the difference between the two
measurements on the y-axis was used to check for sys-
tematic errors.

To detect the influence of socio-demographic factors
and diseases/symptoms on the QOL scores, these variables
were added (in addition to sex and age) to an analysis of
variance (ANOVA). Diseases and symptoms for which
more than 10 respondents had responded positively or that
had a significant influence on the QOL score were included

in the above statistical model. The influence of each dis-
ease and symptom was estimated using an ANOVA that
included all the pertinent variables. The significance level
was set at 0.05. Statistical analyses were performed using
SAS 9.4, .

We compared the QOL scores of the respondents
between those with any subjective diseases/symptoms and
those without using an ANOVA model. The difference was
interpreted as the between-group minimal important dif-
ference (MID) of each preference-based measure in the
general population. The MID, which corresponds to the
smallest improvement considered to be worthwhile by a
patient, is normally measured using a distribution-based or
anchor-based method. Reportedly, “anchor-based differ-
ences can be determined either cross-sectionally at a single
time point or longitudinally across multiple time points”
[44]. The former cross-sectional anchor-based method was
applied to our data, as the diseases and subjective symp-
toms were regarded as the anchors for the between-group
MID.

This analysis was approved by the Ethics Committee of
the National Institute of Public Health.

Results
Socio-demographic factors

Table 1 shows the socio-demographic factors of the sam-
pled respondents. In total, the responses of 1143 respon-
dents were randomly collected. In 2013, 4.3 % of the
Japanese population lived in Hokkaido region, 7.1 % lived
in Tohoku, 33.5 % lived in Kanto, 16.9 % lived in Chubu,
17.8 % lived in Kinki, 5.9 % lived in Chugoku, 3.1 %
lived in Shikoku, and 11.4 % lived in Kyushu. The actual
Japanese median household income was JPY 4.3 million,
while the average was JPY 5.4 million in 2012. Married
and unmarried people accounted for 61.1 and 22.8 % of the
population, respectively. Overall, 19.1 % had graduated
from university. Note that this statistic reflects the actual
distribution of the population, but we sampled the same
number of respondents from each age category. This means
that the percentage among younger people was higher than
that of the entire Japanese population. Based on the
responses to the National Livelihood Survey, 48.2 % of the
respondents had some disease for which they were con-
sulting a doctor, while 48.6 % had some symptoms.

QOL score and relation to socio-demographic
factors

Table 2 shows the mean scores of the EQ-5D-3L, EQ-5D-
SL, and SF-6D in the general population classified
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Table 1 Socio-demographic characteristics of respondents

N %
Age
20-29 198 17.3
30-39 162 14.2
40-49 183 16.0
50-59 190 16.6
60-69 202 17.7
>70 208 18.2
Sex
Male 558 48.8
Female 585 51.2
Region
Hokkaido 40 35
Tohoku 84 74
Kanto 383 335
Chubu 193 16.9
Kinki 205 17.9
Chugoku 64 5.6
Shikoku 34 3.0
Kyushu 140 12.3
Household income (JPY 10,000)
<100 42 42
100-200 84 8.5
200-400 245 24.7
400-600 232 234
600-1000 257 25.9
1000-1500 101 10.2
1500-2000 18 1.8
>2000 13 1.3
Employment
Full-time worker 429 37.8
Part-time worker 164 14.4
Self-employed or manager 114 10.0
Housemaker 231 20.3
Retired 126 11.1
Others 27 . 2.4
Education
Elementary or junior high school 128 11.3
High school 468 41.2
College 237 20.9
University or graduate 291 25.6
Current student 11 1.0
Marital status
Married 753 66.1
Unmarried 251 22.0
Divorced/bereaved 136 11.9
@ Springer

according to sex and age category. The QOL score mea-
sured using the SF-6D was significantly lower than those
measured using the EQ-5D scores. The ICC was 0.802
between EQ-5D-3L and EQ-5D-5L, 0.249 between EQ-
5D-3L and SF-6D, and 0.234 between EQ-5D-5L. and SF-
6D, respectively. The Bland—Altman plot between EQ-5D-
5L and SF-6D is shown in Fig. 1. This plot indicates that
outliers (SF-6D scores that are higher than the EQ-5D
scores) exist for lower QOL scores.

In Table 3, the results of the ANOVA, including socio-
demographic factors, are presented. The measured QOL
scores of people older than 60 years of age were signifi-
cantly lower than those of younger people when calculated
using all three measures. The QOL scores of women tended
to be slightly lower than those of men. Considering other
socio-demographic factors, a lower household income (<2
million JPY) was associated with a lower QOL score, even
after adjustments for sex and age. A shorter education
period also influenced the QOL score, but the QOL scores
did not differ among people who had received an education

>beyond high school. Marital status and employment pattern

(full time, part time or self-employment) were not corre-
lated with the QOL score.

A comparison with the population norms for the EQ-5D-
3L and SF-6D in other countries is shown in Fig. 2. The
figure shows the relation between the mean QOL score of
both sexes and the median age category based on published
reports [EQ-5D-3L (country-specific value set): Szende
et al. [12] except Singapore [29], SF-6D: already shown in
the Introduction section]. The Japanese population norms
for the EQ-5D tended to be lower than those in some
countries (China, Korea, Singapore, and Germany) and to
be higher than others (USA, UK, France, and Thailand). On
the other hand, the SF-6D score was the lowest among the
other countries (USA, UK, Australia, Portugal, and Brazil)
for which population norms are available.

Percentage of respondents reporting full health

The percentages of respondents reporting full health were
68 % when measured using the EQ-5D-3L (80 % for
subjects in their 20 s, 78 % in their 30's, 75 % in their
40 s, 74 % in their 50 s, 60 % in their 60 s, and 47 % in
their 70 s or older) and 55 % when measured using the EQ-
5D-5L (70, 64, 55, 59, 47, and 38 % for the respective age
categories); however, 4 % (8, 3, 4, 6, 3, and 2 % for the
respective age categories) reported full health when mea-
sured using the SF-6D (Fig. 3). Table 4 shows the per-
centages of respondents with any problem in each
dimension of the EQ-5D-3L, the EQ-5D-5L, and the SF-
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Table 2 Summary statistics of

QOL scores Age (years) Male Female
EQ-5D-3L EQ-5D-5L SE-6D EQ-5D-3L EQ-5D-5L SE-6D
20-29
N 100 100 95 98 98 98
Mean 0.947 0.945 0.731 0.946 0.950 0.727
SD 0.114 0.102 0.136 0.112 0.084 0.133
30-39
N 76 76 76 85 86 86
Mean 0.957 0.950 0.729 0.933 0.937 0.695
SD 0.098 0.080 0.125 0.121 0.089 0.114
4049
N 88 88 88 95 95 93
Mean 0.948 0.941 0.704 0.917 0.914 0.688
SD 0.129 0.088 0.124 0.134 0.102 0.128
50-59
N 88 88 87 102 102 98
Mean 0.936 0.936 0.741 0.921 0.928 0.704
SD 0.121 0.101 0.135 0.130 0.092 0.129
60-69
N 101 101 98 100 101 101
Mean 0.896 0.911 0.691 0.881 0.899 0.658
SD 0.156 0.158 0.141 0.144 0.105 0.112
>70
N 105 104 101 103 102 99
Mean 0.853 0.866 0.674 0.808 0.828 0.635
SD 0.164 0.155 0.137 0.202 0.202 0.129
° correspond to physical and/or social function. When both
7 . sexes were compared, the percentage of women with any
AN problem in the pain/discomfort dimension was significantly
& | 5% upperimi=0.450 Y higher than that for men regardless of age. In addition, the
h ° EQ-5D-5L detected more health problems than the 3L in
@ almost all the dimensions independently of the sex and age
EJ? S| mean diference=0218 categories. Respondents chose a not-full state on the SF-6D
9; more frequently than on the EQ-5D. For example, in
@ o o ° almost all the sex and age categories, approximately
g S BRI JAP 50-70 % of respondents reported a problem in the pain
§ ° @ . dimension, 60-80 % in the mental health dimension, and
g:_’ o % 80-90 % in the vital dimension.
el
« ] ° Influence of diseases and symptoms on QOL score
< T T T T T
0.2 04 0.8 0.8 1.0 Table 5 shows the relations between the QOL scores and

Average of QOL score
Fig. 1 Bland-Altman plot between EQ-5D-5L and SF-6D
6D. Among younger people’s responses for the EQ-5D, the

percentages of pain/discomfort and anxiety/depression
were higher than those of other dimensions, which mainly

both the diseases and symptoms that the respondents felt
were the most important to them. Among the diseases,
“depression or mental diseases,” “stroke,” and “rheuma-
toid arthritis” had the largest influence on the QOL score.
These diseases decreased the QOL by 0.15-0.2. On the
other hand, “dyslipidemia,” “hypertension,” and “tooth
disorder” had a minimal impact on the QOL score,
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Table 3 Relation between

QOL scores and socio- Model 1 Model 2
demographic characteristics EQ-5D-3L EQ-5D-5L  SF-6D EQ-5D-3L.  EQ-5D-5L SF-6D
Intercept 0.9574 0.9551 0.7430 0.8516 0.8434 0.6535
Age (years)
20-29 - - - - - -
30-39 —0.0018 —0.0041 —-0.0177  0.0019 —0.0024 —0.0142
40-49 —0.0146 —0.0201 -0.0336* —0.0205 —0.0236 —0.0353*
50-59 —0.0182 —0.0150  —0.0076  —0.0234 —0.0186 —0.0115
60-69 —0.0581* —0.0426* —0.0552* —0.0566* —0.0432* —0.0493*
>70 —0.1160*  —0.1000* —0.0752* -—0.0915* —0.0743* —0.0618*
Sex
Male - — - — - -
Female —0.0218* —-0.0156* -0.0273* -0.0211* —0.0147 —0.0268*
Household income (JPY 10,000)
<100 - - -
100-200 0.0060 0.0269 0.0071
200-400 0.0547* 0.0652* 0.0582*
400-600 0.0616* 0.0731* 0.053488*
600-1000 0.0577* 0.0774* 0.0603*
1000-1500 0.0613* 0.0716* 0.0586*
1500-2000 0.0904* 0.0942%* 0.1106*
>2000 0.0934* 0.1095* 0.0747
Education
Elementary or junior high - - -
High school 0.0531* 0.0499* 0.0402*
College 0.0518* 0.0438%* 0.0393*
University or graduate 0.0675* 0.0493* 0.0396*
* P value < 0.05
although their prevalence was relatively high. Considering  Discussion

the prevalence of diseases (decrease in the QOL score
multiplied by the number of respondents), “depression or
mental diseases,” “lumbago,” and “diabetes” were the top
three diseases, decreasing the QOL score at the general
population level. The QOL scores of respondents with
some symptoms, such as “sleeplessness,” “arthritic pain,”
and “having trouble moving limbs,” were lower than those
of respondents reporting other symptoms.

The differences in the QOL scores between respondents
with and those without any diseases were 0.064 for mea-
surements based on the EQ-5D-3L, 0.061 for measure-
ments based on the EQ-5D-5L, and 0.073 for
measurements based on the SF-6D, which is regarded as
the between-group MID in the general population. If
symptoms were used in the same analysis, the differences
were 0.093 for both the EQ-5D-3L and EQ-5D-5L and
0.112 for the SF-6D. Considering our results, the between-
group MID can be estimated to range between 0.05 and 0.1
for all three measures.

‘2_3 Springer

To our knowledge, this is the first study to examine the
Japanese population norms of three preference-based
QOL measures: the EQ-5D-3L, EQ-5D-5L, and SF-6D.
Sampling was based on the Basic Resident Register data
for each municipality. This sampling is regarded as one
of the most rigid and reliable methods in Japan. The
reason for the differences in the QOL scores, compared
with the population norms in other countries, is unclear;
however, the differences may be influenced by (a) dif-
ferences in actual health states, (b) differences in the
value sets used in each country, and/or (c) differences in
the degree of the ceiling effect or other characteristics.
The ceiling effect of the EQ-5D-3L (especially for pain/
discomfort among younger respondents) may be higher in
the present study than in western countries [12]. Of note,
the difference in the population norms does not neces-
sarily indicate a difference in the respondents’ health
states.
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