SEEEEEPFE 2011 130D 12229

[Special Article]

The Japanese version of the Toronto Charter for Physical Activity:
A Global Call for Action

Shigeru Inoue ?, Koichiro Oka?, Ai Shibata?, Takashi Arao®, Yukio Qida ¥,
Toshihito Katsumura ¥, Shuzo Kumagai ¥, Teruichi Shimomitsu ¥,
Takemi Sugivama ®, Shigeho Tanaka ”, Yoshihiko Naito ¥,

Yoshio Nakamura?, Yukio Yamaguchi”, and Jung Su Lee?

Abstract

“The Toronto Charter for Physical Activity: A Global Call for Action” was adopted at the Third International
Congress of Physical Activity and Public Health held in Toronto, Canada, in May, 2010. The Charter was
developed by the Global Advocacy Council for Physical Activity of the International Society of Physical Activity
and Health. The authors translated the Charter into Japanese. In this article, we explained the background, process
of translation, and contents of the Charter. The Japanese version was attached as appendix.

The Charter is a consensus of researchers, practitioners and policymakers involved in physical activity
promotion, and calls for the need for increased priority given to physical activity worldwide. It is an advocacy .
tool, discussing the rationale, nine guiding principles, and four key areas of action for promoting physical activity.
We expect the Charter to be used in various ways such as a checklist for existing and future policies and projects,
official document to be shared with policymakers, material that helps researchers to identify research directions,
and reference for journal articles.
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Physical activity promotes wellbeing, physical and mental health, prevents disease, improves social
cannectedness and quality of life, provides economic benefits and contributes to environmental
sustainability. Communities that support health enhancing physical activity, in a variety of accessible
and affordable ways, across different settings and throughout life, can achieve many of these benefits.
The Toronto Charter for Physical Activity outlines four actions based upon nine guiding principles and
is a call for all countries, regions and communities to strive for greater political and social
commitment to support health enhancing physical activity for all.

\Why a Charter on physical activity?

The Toronto Charter for Physical Activity is a call for action and an advocacy tool to create
sustainable opportunities for physically active lifestyles for all. Organisations and individuals
interested in promoting physical activity can use this Charter to influence and unite decision
makers, at national, regional and local levels, to achieve a shared goal. These organisations include
health, transport, environment, sport and recreation, education, urban design and planning as well
as government, civil society and the private sector.

Physical activity — a powerful investment in people,
health, the economy and sustainahility

Throughout the world, technology, urbanisation, increasingly sedentary work environments and
automobile-focused community design have engineered much physical activity out of daily life.
Busy lifestyles, competing priorities, changing family structures and [ack of social connectedness
may also be contributing to inactivity. Opportunities for physical activity continue to decline while
the prevalence of sedentary lifestyles is increasing in most countries, resulting in major negative
health, social and economic consequences.

For health, physical inactivity is the fourth leading cause of chronic disease mortality such as heart
disease, stroke, diabetes, cancers; contributing to over three million preventable deaths annually
worldwide. Physical inactivity also contributes to the increasing level of childhood and adult
obesity. Physical activity can benefit people of all ages. It leads to healthy growth and social
development in children and reduces risk of chronic disease and improved mental health in adults.
[t is never too late to start physical activity. For older adults the benefits inciude functional
independence, less risk of falls and fractures and protection from age related diseases.
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For sustainable development, promoting active modes of travel such as walking, cycling and public
transport can reduce harmful air pollution and greenhouse gas emissions, which are also known to
negatively impact health. Urban planning, design and redevelopment that aim to reduce
dependence on motor vehicles can alsa contribute to increased physical activity, particularly in
those developing countries experiencing rapid urbanisation and growth. Increasing investment in
active travel provides more equitable mobility options.

For the economy, physical inactivity contributes substantially to direct and indirect health care
costs and has a significant impact on productivity and healthy life-years. Policies and actions that
increase participation in physical activity are a powerful investment in preventing chronic diseases
and improving health, social connectedness and quality of life as well as providing benefits for
economic and sustainable development of countries throughout the world.

Guiding principles for a population hased approach
to physical activity

Countries and organisations working towards increasing participation in physical activity are
encouraged to adopt the following guiding principles. These principles are consistent with the Non
Communicable Disease Action Plan (2008) and the Global Strategy on Diet, Physical Activity and
Health (2004) of the World Health Organisation as well as other international health promotion
charters. To increase physical activity and decrease sedentary behaviour, countries and
organisations are encouraged to:

1. Adopt evidence based strategies that target the
whole population as well as specific population sub
groups, particularly those facing the greatest barriers;

2. Embrace an equity approach aimed at reducing social ¢
and heath inequalities and disparities of access to
physical activity;

3. Address the environmental, social and individual
determinants of physical inactivity;

4. Implement sustainable actions in partnership at
national, regional and local levels and across multiple
sectors to achieve greatest impact;

5. Build capacity and support training in research,
practice, policy, evaluation and surveillance;

6. Use a life-course approach by addressing the needs
of children, families, adults and older adults;

7. Advocate to decision makers and the general .
community for an increase in political commitment to
and resources for physical activity;

8, Ensure cultural sensitivity and adapt strategies to
accommodate varying ‘'local realities’, contexts and
resources;

9. Facilitate healthy personal choices by making the
physically active choice the easy choice.
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A framework for action

This Charter calls for concerted action across four key areas. This action should involve govern-
ments, civil society, academic institutions, professional associations, the private sector, and other
organisations within and outside the health sector, as well as communities themselves. These four
action areas are distinct, yet complementary, building blocks for successful population change.

1. IMPLEMENT A NATIONAL POLICY AND ACTION PLAN

A national policy and action plan provides direction, support and coordination of the many sectors
involved. It also assists in focusing resources as well as providing accountability. A national policy
and action plan is a significant indicator of political commitment. However, the absence of a
national policy should not delay the efforts of state, provincial or municipal organisations to
enhance physical activity in their jurisdictions. Policy and action plans should:

« Gain input from a broad constituency of relevant stakeholders;

s |dentify clear leadership for physical activity, which may come from any government sector,
other relevant non government agencies or from a cross sector collaboration;

= Describe the roles and actions that government, not-for-profit, volunteer and private sector
organisations at national, regional and local levels should take to implement the plan and
promote physical activity;

» Provide an implementation plan that defines accountability, timelines and funding;

» Include combinations of different strategies to influence individual, social, cultural and built
environment factors that will inform, motivate and support individuals and communities to be
active, in ways that are safe and enjoyable;

» Adopt evidence based guidelines on physical activity and health.

2. INTRODUCE POLIGIES THAT SUPPORT PHYSICGAL AGTIVITY

A supportive policy framework and regulatory environment are
required to achieve sustainable changes in government and society.
Policies that support health enhancing physical activity are needed at
national, regional and local levels. Examples of supportive policy and
regulations include:

» Clear national policy with objectives for increasing physical activity
that state by how much and by when. All sectors can share
common goal(s) and identify their contribution;

+ Urban and rural planning policies and design guidelines that
support walking, cycling, public transport, sport and recreation with
a particular focus on equitable access and safety;

» Fiscal policies such as subsidies, incentives and tax deductions that
may support participation in physical activity or taxation to reduce
obstacles. For example, tax incentives on physical activity
equipment or club membership;

* Workplace policies that support infrastructure and programs for
physical activity and promote active transport to and from work;
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* Education policies that support high quality compulsory physical education, active travel to
school, physical activity during the school day and healthy school environments;

+ Sport and recreation policy and funding systems that prioritise increased community
participation by all members of the community;

= Advocacy to engage the media to promote increased political commitment to physical activity.
For example, ‘Report Cards’ or civil society reports on the implementation of physical activity
action to increase accountability;

« Mass communication and social marketing campaigns to increase community and stakeholder
support for physical activity action.

3. REORIENT SERVICES AND FUNDING TO PRIORITISE PHYSICAL ACTIVITY

In most countries, successful action to promote physical activity will require a reorientation of
priorities in favour of health enhancing physical activity. Reorienting services and funding systems
can deliver multiple benefits including better health, cleaner air, reduced traffic congestion, cost
saving and greater social connectedness. Examples of actions underway in many countries include:

In education:

= Education systems that priorifise high-quality compulsory physical education curriculum with an
emphasis on non competitive sports in schools and enhancing physical education training for all
teachers;

» Physical activity programs that focus on a range of activities that maximise participation
regardless of skill level and that focus on enjoyment;

» Opportunity for students to be active during class, in breaks, at lunch time and after school.
in transportation and planning:

= Transport policies and services, that prioritise and fund, walking, cycling and public transit
infrastructure;

» Building codes that encourage or support physical activity;
» Trails in national parks and preserved areas to increase access.
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In planning and environment:
« Evidence based urban design that support walking, cycling and recreational physical activity;

+ Urban design that provides opportunities for sport, recreation and physical activity by increasing
access to public space where people of all ages and abilities can be physically active in urban and
rural settings.

in workplace: )
» Workplace programs that encourage and support employees and their families to lead active lifestyles;

= Facilities that encourage participation in physical activity;
+ Incentives for active commuting to work or by public transport rather than by car,

In sport, parks and recreation:
= Mass participation and sports for all, including those least likely to participate;

s Infrastructure for recreational activities across the life-course;
= QOpportunities for individuals with disabilities to be physically active;
« Building capacity among those who deliver sport through increased training on physical activity.

In health;
+ Greater priority and resourcing of prevention and health promation including physical activity;

« Screening of patients/clients for levels of physical activity at every primary care consultation, and
provision of brief, structured counselling and referral to community programs for insufficiently
active patients;

« For patients with diseases/conditions such as diabetes, cardiovascular disease, some cancers or
arthritis, screening by health and exercise professionals for contraindications and advice on
physical activity as part of treatment, management and review plans.

4, DEVELOP PARTNERSHIPS FOR ACTION

Actions aimed at increasing population-wide participation in physical activity should be planned and
implemented through partnerships and collaborations involving different sectors, and communities
themselves, at national, regional and local levels. Successful partnerships are developed by identifying
common values and program activities and by sharing responsibilities, accountabilities and
information. Examples of partnerships that support the promotion of physical activity are:

« Cross-government working groups at all relevant levels to
implement action plans;

» Community initiatives involving different government departments ¥
and non government agencies (for example: transport, urban
planning, arts, conservation, economic development,
environmental development, education, sport and recreation, and
health) working in collaboration and sharing resources;

« Coalitions of non government organisations formed to advocate
to governments for the promotion of physical activity,

» National, regional or local partnership forums with key agencies
from multiple sectors, and public and private stakeholders to
promote programs and policies;

s Partnerships with population sub groups including indigenous
peoples, migrants and socially disadvantaged groups.
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A call to action

A strong body of science supports the benefits of physical activity for health, the economy and the
environment. To achieve a greater commitment to increasing physical activity around the world there
is an urgent need for clear direction and strong advocacy. The Toronto Charter for Physical Activity
outlines four actions based upon nine guiding principles. Implementation of the Toronto Charter will
provide a solid foundation and direction for health enhancing physical activity in all countries.

We encourage all interested stakeholders to support the adoption and implementation of the
Toronto Charter for Physical Activity and to engage in one or more of the following actions:

1. Show your agreement with the four areas for action and nine guiding principles by registering your
support of the Toronto Charter for Physical Activity,

2. Send a copy of the Toronto Charter for Physical Activity to at least five of your colleagues and
encourage them to do the same;

3. Meet with decision makers in different sectors to discuss how national plans and policy action
following the guiding principles of the Torento Charter for Physical Activity might positively
influence action across sectors;

4, Mobilise networks and partnerships all sectors to support and implement the Toronto Charter.

I turn, members of the Global Advocacy Council for Physical Activity commit to the following actions:

= Translate the final version of the Toronto Charter for Physical Activity into French, Spanish and
possibly other languages;

= Disseminate the final version of the Toronto Charter for Physical Activity widely;

= Work with physical activity networks and other stakeholder organisations to further mobilise
governments and decision makers throughout the world to increase commitment towards the
promotion of health enhancing physical activity;

= Continue to partner with other groups and organisations in order to advocate for health enhancing
physical activity throughout the world.

For links to supporting resources and to directly forward
the Toronto Charter for Physical Activity to colleagues please visit:
www.globalpa.org.uk

Global Advocacy Council for Physical Activity,

international Society for Physical Activity and Health,

The Toronto Charter for Physical Activity: A Global Call to Action.
www.globalpa.org.uk '

May 20, 2010.
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Abstract

Aims Risk scoring methods are effective for identifying persons at high risk of Type 2 diabetes mellitus, but such approaches
have not yet been established in Japan.

Methods A total of 1935 subjects of a derivation cohort were followed up for 14 years from 1988 and 1147 subjects of a
validation cohort independent of the derivation cohort were followed up for 5 years from 2002. Risk scores were estimated
based on the coefficients (B) of Cox proportional hazards model in the derivation cohort and were verified in the validation
cohort.

Results In the derivation cohort, the non-invasive risk model was established using significant risk factors; namely, age, sex,
family history of diabetes, abdominal circumference, body mass index, hypertension, regular exercise and current smoking. We
also created another scoring risk model by adding fasting plasma glucose levels to the non-invasive model (plus-fasting plasma
glucose model). The area under the curve of the non-invasive model was 0.700 and it increased significantly t0 0.772 (P < 0.001)
in the plus-fasting plasma glucose model. The ability of the non-invasive model to predict Type 2 diabetes was comparable with
that of impaired glucose tolerance, and the plus-fasting plasma glucose model was superior to it. The cumulative incidence of
Type 2 diabetes was significantly increased with elevating quintiles of the sum scores of both models in the validation cohort
(P for trend < 0.001).

Conclusions We developed two practical risk score models for easily identifying individuals at high risk of incident Type 2
diabetes without an oral glucose tolerance test in the Japanese population.

Diabet. Med. 29, 107-114 (2012)

Keywords community-dwelling Japanese subjects, oral glucose tolerance test, risk models, Type 2 diabetes

Introduction

The number of individuals with Type 2 diabetes mellitus is
rapidly growing worldwide [1], probably because population
growth, ageing and urbanization are progressing, and the
prevalence of obesity and physical inactivity is also increasing
[2]. Thus, the burden of Type 2 diabetes and its complications,
including macro- and microvascular diseases, is an important
concern in global healthcare systems. A practical and effective
scheme for the prevention of Type 2 diabetes should be
established without delay. Two randomized clinical trials in
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Clinical Science, Graduate School of Medical Sciences, Kyushu University,
3-1-1 Maidashi, Higashi-ku, Fukuoka 812-8582, Japan.
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Europe and the USA have demonstrated that Type 2 diabetes can
largely be prevented through diet and lifestyle modifications in
individuals at high risk [3,4]. Similar results were also reported in
different ethnic populations, such as Japanese [5], Chinese [6]
and Asian Indians [7]. In these researches, the estimation of a
person’s future risk of Type 2 diabetes has depended primarily
on identifying impaired glucose tolerance [3~7]. However, the
75-g oral glucose tolerance test integral to a diagnosis of impaired
glucose tolerance is relatively costly and inconvenient, and its
reliability has been questioned [8]. These facts have stimulated
the development of simple scoring methods involving readily
available clinical information capable of predicting Type 2
diabetes with equal or better diagnostic properties than impaired
glucose tolerance. To date, risk score models have been derived
from several Caucasian populations [9-16] and a few Asians
populations [17-19] but none have been developed in Japanese.

—173—



DIABETICMedicine

The aim of the present study was to develop and evaluate risk
score models for the Japanese population to identify individuals
at high risk for incident Type 2 diabetes without an oral glucose
tolerance test.

Subjects and methods

Setting and participants

Derivation cohort survey

A population-based prospective study of cardiovascular disease
and its risk factors has been underway since 1961 in the town of
Hisayama, a suburb of the Fukuoka metropolitan area on
Kyushu Island, Japan. The age and occupational distributions
and nutritional intake of the population were almost identical to
those of Japan as a whole based on data from the national census
and nutrition survey [20]. In 1988, a derivation cohort survey
was performed in the town. A detailed description of this survey
was published previously [20]. Briefly, of the 3227 residents aged
40-79 years based on the town registry, a total of 2587 residents
(participation rate, 80.2%) consented to take part in a
comprehensive assessment. After excluding 82 subjects who
had already had breakfast, 10 who were on insulin therapy and
15 because of complaints of nausea or general fatigue during the
ingestion of glucose, a total of 2480 subjects completed the oral
glucose tolerance test. Among these, 297 subjects with diabetes,
52 for whom there was no measurement of waist circumference
and two who died before the start of follow-up, were excluded;
the remaining 2129 subjects (894 men and 1235 women) were
enrolled in the baseline examination.

The baseline subjects were followed up prospectively from
December 1988 to November 2002 by vyearly health
examinations. Of the baseline subjects, 1935 subjects (793 men
and 1142 women) who underwent re-examinations were finally
selected for the present study (follow-up rate, 90.9%; mean
follow-up period, 11.8 years).

Validation cohort survey

A validation cohort survey was conducted in the same town and
in a similar fashion in 2002. The study design of the survey has
been described in detail elsewhere [21]. In brief, of the 3896
residents aged 40-79 years, 3000 (participation rate, 77.0%)
consented to participate in the examination and underwent a
comprehensive assessment. Among them, 178 participants were
not administered the oral glucose tolerance test: 100 subjects
refused the test, 46 had already taken breakfast and another 32
were receiving insulin therapy for diabetes. Consequently, 2822
subjects completed the oral glucose tolerance test. After further
excluding 485 subjects with diabetes, one for whom there was no
measurement of waist circumference, one who had no
information of family history of diabetes and 1044 who were
participants of the derivation cohort, the remaining 1291
subjects (550 men and 741 women) were determined to
constitute a validation cohort independent of the derivation
cohort.

Two diabetes risk score models in Japan e Y. Doi et al.

The subjects were followed up prospectively from December
2002 to November 2007 by yearly health examinations. Of the
baseline subjects of the validation cohort, 1147 (473 men and
674 women) who underwent re-examinations were finally.
selected for the present study (follow-up rate, 88.8%; mean
follow-up period, 4.7 years).

Clinical evaluation and laboratory measurements

In both the 1988 and 2002 surveys, clinical evaluation and
laboratory measurements were performed in a similar manner.
The study subjects underwent the oral glucose tolerance tests
between 08.00 and 10.30 h after an overnight fast of at least
12 h. Blood for the glucose assay was obtained by venipuncture
into tubes containing sodium fluoride at fasting and at 2-h post-
load and was separated immediately into plasma and blood cells.
The glucose tolerance levels were defined by the American
Diabetes Association criteria in 2003 as follows [§]—impaired
glucose tolerance: fasting plasma glucose concentrations of
< 7.0 mmol/1 and 2-h post-load glucose concentrations of 7.8—
11.0 mmol/]; diabetes fasting plasma glucose
concentrations of 2 7.0 mmol/l and/or 2-h post-load glucose
concentrations of 2 11.1 mmol/l and/or the use of anti-diabetic

mellitus:

medications. At the baseline of each survey, waist circumference
was measured by a trained staff member at the umbilical
level with the subject standing. Body height and weight
were measured in light clothing without shoes and the BMI
(kg/m?) was calculated. Blood pressure was obtained three times
using a sphygmomanometer in 1988 and an automated
sphygmomanometer (BP-203RV III; Colin, Tokyo, Japan) in
2002 with the subject in a sitting position; the average values
were used in the analyses. Hypertension was defined as systolic
blood pressure = 140 mmHg and/or diastolic blood pressure
2 90 mmHg and/or current treatment with anti-hypertensive
agents.

Each participant completed a self-administered questionnaire
covering medical history, anti-diabetic and anti-hypertensive
treatments, alcohol intake and smoking habits. Diabetes mellitus
in first- or second-degree relatives was taken to indicate a family
history of diabetes. Subjects engaging in sports at least three times
per week during their leisure time were defined as the regular
exercise group.

Follow-up survey of derivation and validation cohorts

An oral glucose tolerance test was performed every year in the
follow-up examinations. Subjects from the derivation cohort
participated in the follow-up examinations an average of 6.9
times and subjects of the validation cohort an average of 3.2
times. In the follow-up examinations, the diagnosis of incident
diabetes was made in a similar way in both cohorts based on the
aforementioned American Diabetes Association criteria. During
the follow-up, Type 2 diabetes occurred in 286 subjects (145
men and 141 women) in the derivation cohort and 89 subjects
(53 men and 36 women) in the validation cohort.

® 2011 The Authors.
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Statistical analysis

SAS version 9.2 (SAS Institute, Cary, NC, USA) and Stata
version 10.0 (StataCorp, College Station, TX, USA) software
packages were used to perform all statistical analyses. A P-value
< 0.05 was considered statistically significant in all analyses.
The Student ¢-test and y*-test were used for the comparison of
baseline clinical characteristics between the derivation and
validation cohorts. In this study, we used non-invasive risk
factors, which were defined as factors that could be measured
without taking a blood sample; namely, age (40-44, 45-54,
55-64 and > 65 years), sex, family history of diabetes, central
obesity (abdominal circumference > 90 ¢m in men and 2 80 cm
in women), BMI (£21.9, 22.0-24.9 and >25.0 ke/m?),
hypertension, smoking habits (non-smoking, 1-9 and 2 10
cigarettes per day), alcohol intake (0, 1-39 and 240 g of
alcohol per day) and regular exercise. Adjusted hazard ratios
(HR) and their 95% confidential intervals (CI) were estimated by
using the stepwise backward elimination method of Cox
proportional hazards model. In the multivariate analysis, we
selected independent risk factors for the development of Type 2
diabetes at P < 0.05 and composed a non-invasive risk model
from these variables. In addition, we created a ‘plus-fasting
plasma glucose model’ in which fasting plasma glucose levels
(£5.5, 5.6-6.0 and = 6.1 mmol/l) were added to the
non-invasive model. By the use of each scoring model, risk
scores for the risk levels of each variable were determined as
integral values based on the coefficients (B) of the Cox
proportional hazards model, and the sum of the scores was
calculated. The probability (P) of incident diabetes for both
models was estimated by the following formula: P = 1 — {Sp
) where P was the
probability of developing diabetes within time # So(z) was
diabetes-free survival probability at the time # in individuals with
the profiles corresponding to the means of the explanatory
variables; b1, b2 and bn were coefficients estimated by the model

Table 1 Characteristics of subjects in the derivation and validation cohorts
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for risk factors, such as x1, x2 and xn; mx1, mx2 and mxn were
given as the means. The probability was calculated over a 10-year
time frame. In addition, a receiver operating characteristic curve
was plotted based on the sum of the scores and the probability of
incident Type 2 diabetes by each model, and the area under the
curve, which indicates the predictive ability of incident Type 2
diabetes, was estimated for each model. The optimal cut-off
points of the sum of the scores for predicting Type 2 diabetes
were defined as the maximum combination of sensitivity and
specificity. The difference in the area under the curve of the
receiver operating characteristic curve between models was
estimated using DeLong’s method [22]. In the derivation cohort,
subjects were divided into deciles of the sum scores and predicted
risk derived from each model was compared with observed risk.
The goodness of fit, which was assessed by the Hosmer—
Lemeshow test [23] was calculated according to a y2 distribution
with eight degrees of freedom.

Ethical considerations

This study was conducted with the approval of the Kyushu
University Institutional Review Board for Clinical Research and
written informed consent was obtained from all the participants.

Results

Table 1 shows the baseline clinical characteristics of subjects in
the derivation and validation cohorts. The derivation cohort was
older than the validation cohort, but the proportion of men was
not different between the two. The mean values of abdominal
circumference and systolic blood pressure, and the frequency of
hypertension were higher in the derivation cohort than in the
validation cohort, whereas the mean values of fasting plasma
glucose and frequencies of family history of diabetes, smoking
habits and alcohol intake were higher in the validation cohort.
Other variables did not differ between the cohorts.

Derivation cohort

Validation cohort

(n = 1935) (n = 1147) P-value
Age (years) 57.2 (10.2) 52.2 (8.6) < 0.001
Men (%) 41.0 41.2 0.89
Fasting plasma glucose (mmol/l) 5.5 (0.5) 5.7 (0.5) < 0.001
Two-hour post-load glucose (mmol/1) 6.6 (1.6) 6.7 (1.6) 0.07
Family history of diabetes mellitus (%) 7.4 13.8 < 0.001
Abdominal circumference (cm) 81.4 (9.1) 80.5 (9.4) 0.008
BMI (kg/m?) 22.9 (3.0) 23.0 (3.3) 0.43
Systolic blood pressure (mmHg) 131 (20) 126 (19) < 0.001
Diastolic blood pressure (mmHg) 78 (11) 77 (12) 0.051
Hypertension {%) 37.0 26.5 < 0.001
Current smoking (%) 232 26.9 0.02
Current drinking (%) 33.4 50.6 < 0.001
Regular exercise (%) 10.6 8.6 0.08

All values are given as the mean (standard deviation) or as percentages.

© 2011 The Authors.
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As shown in Table 2, in the derivation cohort, the univariate
analysis showed that all non-invasive risk factors—namely, age,
sex, family history of diabetes, central obesity, BMI,
hypertension, smoking habits, alcohol intake and regular
exercise—as well as the fasting plasma glucose levels were
significantly associated with incident Type 2 diabetes. In the
stepwise backward elimination analysis, non-invasive risk
factors other than alcohol intake remained significant, and we
constructed the non-invasive model from these risk factors. In the
plus-fasting plasma glucose model, fasting plasma glucose was a
significant and independent risk factor for Type 2 diabetes, and
its risk score was higher than that of other variables. Both models
showed no significant difference between predicted and observed
Type 2 diabetes incidence, indicating a reasonable fit by the
Hosmer-Lemeshow test (non-invasive model: goodness of fit, y*
value = 5.76, P-value = 0.67; plus-fasting plasma glucose
model: goodness of fit, ¥ value = 6.71, P-value = 0.57).

Figure 1 provides a visual presentation of the receiver
operating characteristic curves based on the sum of the scores
and the probability of incident Type 2 diabetes for the non-

Two diabetes risk score models in Japan e Y. Doi et al.

invasive and plus-fasting plasma glucose models as well as fasting
blood sugar and 2-h post-load glucose values in the derivation
cohort. The curve of the sum of the scores was in approximate
accordance with that of the probability of incident Type 2
diabetes over 10 years in each model. The area under the curve
for the sum of the scores was 0.700 (95% CI 0.667-0.732) and
that for the probability of incident Type 2 diabetes was 0.700
(95% CI 0.668-0.733) in the non-invasive model. The optimal
cut-off point for the sum of the scores defined by maximizing the
sensitivity and specificity to find future Type 2 diabetes was 14
(sensitivity = 62.6% and specificity = 66.5%). In the plus-
fasting plasma glucose model, the area under the curve for the
sum of the scores and for the probability of incident Type 2
diabetes increased significantly to 0.772 (95% CI 0.742-0.802)
and 0.772 (95% C10.741-0.802), respectively. The optimal cut-
off point for the sum of the scores was 16 (sensitivity = 71.0%
and specificity = 69.6%). The area under the curve for the sum
scores of the non-invasive model did not significantly differ from
that for fasting plasma glucose (AUC = 0.721, P = 0.33) and 2-h
post-load glucose values (AUC = 0.677, P = 0.35), while the

Table 2 Risk scores based on non-invasive and plus-fasting plasma glucose (FPG) models for diabetes incidence in the derivation cohort

Univariate model

Non-invasive model Plus-FPG model

Hazard Hazard
Hazard ratio ratio
Factors ratio P B (95% CI) Score B (95% CI) Score
Age (years) 40-44 1 1 0 1 0
45-54 1.48 0.04 041 1.51(1.03-2.22) 4 0.38 1.47(0.99-2.17) 4
55-64 1.57 0.02 0.32 1.38 (0.94-2.04) 3 0.30  1.35(0.91-2.01) 3
265 1.1 0.58 0.14  1.15 (0.72~1.84) 1 -0.09 0.92 (0.57-1.48) -1
Sex Women 1 1 0 1 0
Men 1.59 <0.001 035 1.42(1.04-1.93) 4 0.16 1.17(0.86-1.60) 2
Family history of diabetes® - 1 1 0 1 0
+ 217 <0.001  0.73 2.08(1.48-2.91) 7 0.70 2.01 (1.43-2.83) 7
Central obesityt - 1 1 0 1 0
+ 1.54 <0.001  0.32 1.38(1.01-1.89) 3 0.26 1.30(0.94-1.78) 3
BMI (kg/m?) <21.9 1 1 0 1 0
22.0-24.9 1.55 0.004  0.25 1.28(0.93-1.76) 3 0.19 1.21(0.88-1.66) 2
>25.0 2.85 < 0.001 0.67 1.95(1.36-2.81) 7 0.53 1.69(1.17-2.46) S
Hypertension} - 1 1 0 1 0
+ 2.23 <0.001  0.68 1.98(1.55-2.53) 7 0.51 1.66(1.30-2.13) 5
Smoking (/day) 0 1 1 0 1 0
1-9 1.23 0.51 0.16 1.17(0.63-2.18) 2 0.16 1.17(0.63-2.17) 2
> 10 1.79 <0.001  0.46 1.58(1.16-2.16) 5 0.45 1.56 (1.15-2.96) §
Alcohol intake (g/day) 0 1
1-39 1.40 0.01
2 40 1.82 0.001
Regular exercise§ - 1 1 0 1 0
+ 0.59 0.02  -0.51 0.60(0.37-0.96) -5 -0.38 0.69 (0.43-1.10) -4
FPG levels (mmol/l) <5.6 1 1 0
5.6-6.0 2.31 < 0.001 0.68 197 (1.46-2.65) 7
2 6.1 8.17 < 0.001 1.89  6.61 (4.89-8.94) 19

*Family history of diabetes was defined as diabetes in first- or second-degree relatives.

tCentral obesity was determined by an abdominal circumference of 90 cm or more in men and 80 cm or more in women.
{Hypertension was defined as blood pressure > 140/90 mmHg and/or current treatment with anti-hypertensive agents.
§Regular exercise was determined as engaging in sports at least three times per week during leisure time.
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FIGURE 1 Receiver operating characteristics curves of the non-invasive and
plus-fasting plasma glucose (FPG) models in the derivation cohort. The cross
() indicates sensitivity and 1-specificity for impaired glucose tolerance
(IGT). The non-invasive model: area under the curve (AUC) for the sum of
the scores 0.700 (95% CI0.667-0.732); AUC for the probability of incident
Type 2 diabetes 0.700 (95% CI 0.668-0.733). The plus-FPG model: AUC
for the sum of the scores 0.772 (95% CI 0.742-0.802); AUC for the
probability of incident Type 2 diabetes 0.772 (95% CI 0.741-0.802).
Fasting plasma glucose values: AUC for the probability of incident Type 2
diabetes 0.721 (95% CI0.687-0.755). Two-hour plasma glucose values:
AUC for the probability of incident Type 2 diabetes 0.677 (95% CI0.687-
0.755). The AUGs for the sum of the scores and for the probability of
incident Type 2 diabetes of the plus-FPG model increased significantly
compared with those of the non-invasive model (both P < 0.001).
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area under the curve for the sum scores of the plus-fasting plasma
glucose model was significantly larger than that for fasting
plasma glucose and 2-h post-load glucose values (P < 0.001 for
both). For impaired glucose tolerance, the sensitivity was 44.8%
and the specificity was 82.8%. These findings indicate that the
ability of the non-invasive model to predict incident Type 2
diabetes was comparable with that of impaired glucose
tolerance, fasting plasma glucose and 2-h post-load glucose
values, and the ability of the plus-fasting plasma glucose model
was superior to them.

To validate the non-invasive and plus-fasting plasma glucose
models of the derivation cohort, the scoring methods were
ascertained by applying the scores to the validation cohort. The
score distribution of the non-invasive model in the derivation
cohort (median 11, interquartile range 7-16) was not
significantly different from that in the validation cohort
(median 11, interquartile range 7-17) (P = 0.74), while the
score distribution of the plus-fasting plasma glucose model was
shifted significantly to higher levels in the validation cohort
(median 15, interquartile range 9-23) than in the derivation
cohort (median 12, interquartile range 6-19) (P < 0.001). As
shown in Fig. 2, the S-year cumulative incidences of Type 2
diabetes increased significantly with elevating quintiles of the
sum scores of the non-invasive and plus-fasting plasma glucose
models in the validation cohort (both P for trend < 0.001). In this
cohort, the area under the curve for the sum scores of the plus-
fasting plasma glucose model for incident Type 2 diabetes
(AUC = 0.777; 95% CI 0.727-0.827) was significantly larger
than that of the non-invasive model (AUC = 0.691; 95% CI
0.633-0.749) (P < 0.001), but did not significantly differ from
that for fasting plasma glucose (AUC = 0.777; 95% CI 0.720-
0.833) (P = 0.99) or 2-h post-load glucose values (AUC = 0.843;

(%)
(b)

0
n 225 219 228 241 234

<7 8-12 13-17 1825 226

Scores in the non-invasive model

Scores in the plus-FPG model

FIGURE 2 Fstimated 5-year cumulative incidence of Type 2 diabetes by quintile of prediction scores of the (a) non-invasive and (b) plus-fasting plasma glucose

(FPG) models in the independent validation cohort. *P for trend < 0.001.

© 2011 The Authors.
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95% CI 0.800-0.886) (P =0.07). For impaired glucose
tolerance, the sensitivity was 70.8% and the specificity was
80.9%.

Discussion

In the present study, we developed two practical risk scoring
methods, the non-invasive and plus-fasting plasma glucose
models, for prediction of incidence of Type 2 diabetes in
Japanese subjects. The variables included in the non-invasive
model were age, sex, family history of diabetes, central obesity,
BMI, hypertension, smoking and regular exercise, and the plus-
fasting plasma glucose model was composed of these factors and
fasting plasma glucose levels. The ability of the non-invasive
model to predict Type 2 diabetes was comparable with that of
impaired glucose tolerance, and the plus-fasting plasma glucose
model was superior to the non-invasive model and impaired
glucose tolerance as well as fasting plasma glucose and 2-h post-
load glucose values. Furthermore, both scoring models were
tested in the validation cohort established at a different time, and
their utility for identifying persons at high risk of Type 2 diabetes
was confirmed. These models could provide an innovative
approach for detecting Japanese subjects at high risk of
developing Type 2 diabetes in clinical and public health settings.

There are a number of important requirements which must be
met by any potential risk assessment model for Type 2 diabetes.
First, the risk score model must be appropriately matched to the
lifestyle of the ethnic group being studied. The reported risk
prediction models for Type 2 diabetes were almost all developed
in Caucasians [9-16], with only a few being developed for Asians
[17-19] and none being designed specifically for Japanese. Our
risk scoring methods are thus the first risk prediction models for
incident Type 2 diabetes for Japanese. Second, the scoring
method should be appropriate for a primary medical care setting
and should allow a non-professional person to perform self-
assessment. Some of the reported models have not met this
requirement, as the scoring methods were not simplified by using
integer point values [10,14,17]. Our two scoring models are easy
to use and their scoring methods are simple enough to be
calculated using only a pencil and paper through the adoption of
integer point scores.

A non-invasive risk prediction model is attractive because it is
more convenient and less expensive compared with models that
rely on blood tests. Some risk score models for Type 2 diabetes
have required the values of biomarkers other than glucose
[12,17,19,24]. However, the inclusion of blood test data might
not be practical in some situations, as such tests are not easily
affordable. Furthermore, it is noteworthy that the ability of our
non-invasive model without laboratory tests was almost as good
as that of impaired glucose tolerance in predicting the 10-year
risk of diabetes. Recent randomized controlled trials have shown
that the incidence of diabetes can be decreased significantly by
interventions in individuals at high risk of developing Type 2
diabetes; namely, those with impaired glucose tolerance [3-7].
Our non-invasive model would easily identify individuals at high
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risk of incident Type 2 diabetes without an oral glucose tolerance
test in community healthcare and clinical practice.

The predictive performance and discriminative ability of our
non-invasive model estimated by the receiver operating
characteristic curve was relatively inferior or comparable with
those developed among Caucasians (AUC in Caucasian cohorts
0.71-0.85; AUC in our cohort 0.70), although the factors
making up the model were similar among these scoring models
[9,11-13,16]. It is not clear why the area under the curve in our
non-invasive model was smaller than that in the other studies, but
the disparity may be related to differences in the aetiology of
Type 2 diabetes among races. An epidemiological study has
shown that the levels of insulin secretion and resistance differ
among various ethnic groups in the USA [25]; Asians had lower
levels of insulin secretion compared with other ethnic groups,
while Caucasians were more insulin-resistant than Asians. In
addition, Japanese individuals with diabetes were found to have
lower BMI levels compared with Western individuals with
diabetes [26]. Thus, it is speculated that impaired insulin
secretion, rather than insulin resistance, plays an important
role in the development of Type 2 diabetes among Asian
populations. In our risk score models, most of the included
factors were predominantly proxy of insulin resistance, and the
data on insulin secretion, which is known to be determined
mainly by genetic factors [27], were limited. Additionally, the
differences in definition of diabetes, distribution of risk factors
and changes in risk factors and their distributions over time may
contribute to the disparity in the area under the curve among
races.

In our study, combining the information on fasting plasma
glucose levels with the non-invasive model significantly increased
the predictive ability of incident Type 2 diabetes and the fasting
plasma glucose concentrations at baseline were the single largest
contributor to the risk of diabetes mellitus. Other reports have
similarly shown that fasting plasma glucose was a strong
predictor of incident Type 2 diabetes [12,16,28]. It is expected
that people whose fasting plasma glucose concentration is
already close to the diagnostic threshold for Type 2 diabetes
are likely to cross the threshold in the near future. Thus, it may be
recommended that individuals with higher risk scores in the non-
invasive model undergo fasting plasma glucose measurement.
However, to date, there is no clear evidence to suggest which
strategies are most effective at identifying individuals at high risk
and at preventing diabetes in these individuals. Further research
into cost-effectiveness for identifying and treating individuals at
high risk of diabetes is needed, considering the stepwise strategies
incorporating non-invasive risk scores.

Our findings also help to clarify the pathogenesis of incident
Type 2 diabetes in Japanese individuals. First, in our study, both
BMI and waist circumference independently contributed to risk
discrimination for Type 2 diabetes. BMIis an indicator of overall
adiposity, whereas waist circumference is highly correlated with
visceral adipose tissue, which actively secretes adipocytokines
and other vasoactive substances that are associated with the risk
of developing Type 2 diabetes [29,30]. Thus, BMI and waist

© 2011 The Authors.



