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1. Introduction

Advances in medicine and socioeconomic development 
have substantially improved life expectancy worldwide. 
According to estimates from the World Health 
Organization (WHO), the worldwide average life 
expectancy was 72.7 years for females (ranging from 59.0 
years in Africa to 82.0 years in high-income countries), 
and 68.1 years for males in 2012 (ranging from 56.3 years 

in Africa to 75.8 years in high-income countries) (Table 
1) (1,2). Typically, women in Japan have the longest life 
expectancy in the world at 87 years (2).
 There is no doubt that the increased longevity is one 
of the most remarkable success stories in human history. 
Coupled with decreased fertility rates, however, it is now 
ushering in unprecedented rapid aging of the population. 
Demographic projections suggest that the world's 
population aged 60 years and older is set to rise from 841 
million in 2013 to more than 2 billion by 2050 and exceed 
the number of children by 2047 (3,4). By 2050, 21.1% of 
the world population will be 60 years or older, and 80% 
of this demographic group will live in low-income and 
middle-income countries, compared to about two-thirds at 
present (4,5). 
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2. Burden of disease as a result of aging of the population

Aging of the population is poised to become the next 
global public health challenge (6). An analysis of data 
from the Global Burden of Disease study shows that 
23.1% of the total global burden of disease is attributable 
to disorders in people aged 60 years and older; 49.2% 
of the burden is found in high-income countries while 
19.9% is found in low-income and middle-income 
countries (7).
 The major causes of death and disability in older age 
(≥ 60 years) are non-communicable diseases, regardless 
of a country's income level (8,9). In addition, infectious 
disease morbidity and mortality in many low-income 
and middle-income countries increasingly affect older 
people because of the aging population and changes in 
the epidemiology of some diseases such as HIV/AIDS or 
tuberculosis (10,11). Globally, the leading contributors 
to disease burden in older people are cardiovascular 
diseases (30.3% of the total burden in people aged 60 
years and older), malignant neoplasms (15.1%), chronic 
respiratory diseases (9.5%), musculoskeletal diseases 
(7.5%), and mental and neurological disorders (6.6%) 
(Figure 1) (7,12).
 Aging of the population is the biggest driver of 
substantial increases in the prevalence of chronic 
conditions, such as dementia, stroke, chronic obstructive 
pulmonary disease, and diabetes, that are strongly 
associated with age (6). Furthermore, the prevalence 
of multi-morbidity is much higher in older age groups, 
with 65% of people aged 65-84 years and 82% of people 
aged at least 85 years affected (13). Therefore, the age-
appropriate care for chronic diseases and the complexity 
of integrating care for complex multi-morbidity are sharp 
exemplars of the challenges faced by health-care systems 
across the world in the 21st century (14).

3. Public health response to aging of the population

The Madrid International Plan of Action on Ageing 

called for the elimination of social and economic 
inequal i t ies  in  access  to  heal th  care  and the 
development of healthcare and long-term care to meet 
the needs of older people (15). Furthermore, the Post-
2015 Development Agenda indicates that the goal 
of ensuring healthy lives and promoting wellbeing 
for everyone at all ages cannot be achieved without 
attention to the health of older people (6).
 Over the past few decades, improvements in 
the effectiveness and coverage of health care and 
reduced exposure to environmental, behavioral, and 
biological risk factors have played a role in mitigating 
the disease burden posed by aging of the population. 
Data show that many behavioral changes and public 
policy responses to aging of the population have 
the potential to mitigate the disease burden (16,17). 
Smoking cessation, a reduction in excessive alcohol 
consumption, adherence to healthier diets, engagement 
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Table 1. Life expectancy (LE) and healthy life expectancy (HALE) by country-income group worldwide*

Country income group

High income countries

Low- and middle-income countries
    African Region
    Region of the Americas
    Eastern Mediterranean Region
    European Region
    South East Asian Region
    Western Pacific Region

Worldwide

2000

72.4

49.0
70.8
63.6
68.2
61.6
70.0

63.9
* Data are from WHO methods for life expectancy and healthy life expectancy 2014 (1), and WHO World Health Statistics 2014 (2).

2010

75.8

56.3
73.5
66.1
72.4
65.7
73.9

68.1

2000

64.7

42.4
62.7
54.8
60.7
53.5
63.0

56.4

2010

67.5

48.8
64.9
57.4
64.2
57.4
66.6

60.1

2000

79.6

51.4
77.0
66.4
76.7
64.3
74.8

68.5

2010

82.0

59.0
79.3
69.7
79.6
69.4
78.1

72.7

2000

70.0

43.8
67.2
56.1
67.1
55.0
66.7

59.7

2010

72.0

50.4
69.1
59.2
69.6
59.7
69.8

63.4

                                Males
     LE at birth (years)    HALE at birth (years)

                             Females
     LE at birth (years)    HALE at birth (years)

Figure 1. Leading contributors to the burden of non-
communicable diseases in people aged 60 years and older in 
2010 (IHME GBD) (7,12). Disability-adjusted life years (DALYs) 
data based on global burden of disease (GBD) estimates from 
the Institute of Health Metrics and Evaluation (IHME). CVD, 
cardiovascular diseases; CRD, chronic respiratory diseases; MND, 
mental and neurological disorders.
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chronic care, rehabilitation, provision of assistive 
devices, and palliative care (26). 
 Many long-term care programs for aging in place 
have been implemented in high-income countries such 
as Australia, Canada, and the United States (27-29). 
Over the past decade, Japan's government-initiated, 
mandatory, public, long-term care insurance (LTCI) 
system has ushered in increased use of aging in place 
at a reduced cost to households (30). Unlike systems 
elsewhere that rely on cash allowances for long-term 
care of older people, the Japanese LTCI system only 
provides services and recipients can choose their 
services and providers, on the grounds that family 
caregivers benefit most from direct help with their 
tasks and that quality of care is best assured by relying 
on trained, licensed, and supervised caregivers. Many 
services are covered by the LTCI system in Japan 
(31): i) services in the home, including a home helper 
(housekeeping and personal care), a visiting nurse, 
bathing, remodelling to accommodate an elderly family 
member, and assistive devices; ii) services outside the 
home, including day care, day care with rehabilitation, 
and short-stay respite care; and iii) institutional services, 
including nursing homes, homes with more medical 
services, and chronic-care hospitals. Additionally, the 
costs of care in private nursing homes and group homes 
for individuals with dementia are covered.
 Launched in 2000, the Japanese LTCI system 
has been in place for more than a decade and now 
serves nearly 5 million people (32). The number of 
beneficiaries in institutions increased by 83%, but more 
notable has been the 203% increase in those receiving 
home and community-based services in the program's 
first 10 years (32). Largely on the basis of the Japanese 
approach, the South Korean Government started 
long-term care programs that essentially opted for a 
services-only strategy, and personnel in Taiwan hope to 
implement a similar system (33,34).

5. Information and communications technology to 
integrate clinical and public health information systems 
to provide support across the continuum of care

The goal of aging in place is to improve health 
outcomes in older people and to improve the 
personalization of services while reducing inequalities 
in both health outcomes and responsiveness. Data show 
that aging in place can be simple and cost-effective 
while simultaneously offering substantial benefits to 
the individual (24,35). This approach can also meet the 
increasing need for improved quality of life for older 
people by emphasizing home- or community-based care 
for patients in the interim stage after the completion 
of acute-stage treatment or for end-of-life care (36). 
However, the needs of older people frequently blur the 
lines between disease prevention and health promotion 
as defined by public health practices in previous eras 

in more physical activity, and taking advantage of adult 
vaccines such as those for influenza, pneumococcal 
disease, human papillomavirus, and shingles, are 
behavioral responses that should promote improved 
health in older people (18-21). Regardless of how 
effectively non-communicable chronic diseases and 
even some communicable diseases are prevented or 
delayed, however, many older people will inevitably 
be affected. Therefore, continuous monitoring and 
interventions are urgently needed for older people.
 Continuous monitoring and interventions for older 
people poses challenges for countries' economies and 
health systems. These approaches will place a large 
burden on health and long-term care systems since 
increased health-care spending at older ages is largely 
driven by much higher outlays in the final years of 
life (22). Health systems need to find cost-effective 
strategies to expand health care and to respond to the 
needs of older people. Health care that is effective, safe, 
efficient, and responsive and that avoids imposing an 
unbearable financial burden on older people will be 
central to achievement of the goal of universal health 
coverage. Additionally, older people are increasingly 
living alone or as part of a couple, rather than in the 
larger, multigenerational households of the past as 
a result of increased spatial mobility and changes 
in family structure. For example, in some European 
countries nearly 50% of women aged 65 years or older 
live alone (23). In addition, many older people want 
to continue to live in their home and their community 
where they have been living for a long time even if they 
are ill (24). These changes are stimulating increasing 
debate on the role of the government and family in 
providing long-term care to many older people who 
need it. Faced with this challenge, some high-income 
countries have been working to reduce institutional 
care while supporting home- or community-based care 
and other services that enable older people to remain 
in their own homes or a home-like environment. This 
approach is known as "aging in place".

4. Aging in place (home- or community-based care) to 
provide coordinated and informed geriatric services

An extension of basic packages of cost-effective 
interventions to match the needs of older people with 
appropriate technologies, effective treatment of chronic 
diseases is needed to reduce disability. To optimize 
their functioning, health systems could be redesigned 
to better provide coordinated and informed geriatric 
services that enable older people to age in place (e.g., 
at home or in the community) to the extent possible 
(25). Ideally, these services would be seamlessly linked 
with social and long-term care to provide a continuum 
of care that extends from home or community to 
institutional care (24,26). Core services would include 
prevention and early detection of disease, acute and 
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(37,38). In addition, older people, family caregivers, 
clinicians, system designers, public health practitioners, 
and policymakers have different technology and 
information needs (24). Accordingly, the pressing 
issue is to use modern technology to deliver healthcare 
services. Specifically, this means developing systematic 
data gathering to integrate clinical and public health 
information systems to provide support across the 
continuum of care.
 Advances in information and communications 
technology (ICT),  ass is t ive devices ,  medical 
diagnostics, and interventions offer many ways of more 
efficiently providing long-term care as part of aging in 
place. For example, the advent of wearable devices that 
can continuously monitor physical activity may rapidly 
transform our understanding of functional trajectories 
and their determinants. Other innovations use low-cost 
laptop computers with sensors to read vital signs and 
perform electrocardiograms, allowing images to be 
sent to trained physicians at other locations, and create 
electronic health records; this could avoid the need 
for travel and dealing with long and uncertain waiting 
times (26,39).
 Furthermore, integrated platforms have been 
created with the aid of ICT in recent years to provide 
comprehensive health services to older people. For 
example, the Australian e-Health Research Centre 
and Queensland Health have developed an innovative 
Care Assessment Platform, an ICT-enabled home-care 
cardiac rehabilitation program (40). With the aid of 
mobile phones and the Internet, the Care Assessment 
Platform can provide all the elements of traditional 
cardiac rehabilitation for patients recovering from a 
myocardial infarction, including education, mentoring, 
goal-setting, personal feedback, and counseling over a 
6-week period. Based on the latest advances in research 
on big data, a program named the Intelligent Aging-
in-place Home care Web Services Platform is being 
implemented in Taiwan (41). This program has a cloud 
computing setting to offer personalized healthcare 
services everywhere to facilitate the most desirable and 
cost-efficient provision of care as part of aging in place.

6. Use of big data as a double-edged sword: Information 
sharing, standardized data gathering, and the security 
of personal information

The use of big data on a web services platform to 
facilitate aging in place should promote systematic 
data gathering to integrate clinical and public health 
information systems to provide support across the 
continuum of care. However, aging in place is a 
comprehensive system including public health, 
medical treatment, nursing care, and welfare work. 
Given that the availability of medical care resources 
varies considerably in different regions, an effective 
collaborative system should be established, and this 

system should be tailored to the region in order to 
capitalize on local characteristics. A point worth noting, 
however, is that such a collaborative system is a double-
edged sword. The use of big data in a collaborative 
system also brings challenges in terms of information 
sharing, standardized data gathering, and the security of 
personal information. 
 In light of this challenge, Japan drafted "The 
Guideline to Promote the Appropriate Use of 
Information Systems in Care for the Elderly in 
Conjunction with At-home Care" in 2014 (42). The 
Guideline is intended to foster an effective information 
network with standardized data gathering and 
management to integrate health services for the elderly 
in public health, medical care, nursing care, and welfare 
work (Figure 2). This information network seeks to 
collect 237 pieces of information in the 5 categories 
of "patient attributes", "residence and family", 
"medical treatment", "nursing care and lifestyle," and 
"diagnosis, treatment and care". The aforementioned 
guideline has standardized data entry, changes to data, 
data use, and personnel responsible for the system. 
Such a collaborative system based on big data with 
standardized data gathering and management should 
promote clinical and public health information systems 
to provide support for the elderly across the continuum 
of care.

7. Conclusion

Age-appropriate care for chronic diseases in the elderly 
and the complexity of integrating care for complex 
multi-morbidity are sharp exemplars of the challenges 
faced by health-care systems across the world in the 
21st century. Data show that aging in place could be a 

Figure 2. Exploration on an effective information network 
with standardized data gathering and management to 
integrate health services for the elderly in public health, 
medical treatment, nursing care, and welfare work in Japan.
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simple and cost-effective approach that simultaneously 
offers substantial benefits to the individual. An 
example of that approach, the Japanese LTCI system 
was designed to help family caregivers by having the 
government handle some aspects of care. The LTCI 
system has ushered in the increased use of aging in 
place at a reduced cost to households. 
 Effective collaborative systems based on big data are 
now being examined and put into practice through the 
use of modern technology to deliver healthcare services 
and the development of systematic data gathering to 
integrate clinical and public health information systems 
to provide support across the continuum of care. 
However, the use of big data in a collaborative system is 
a double-edged sword. To cope with challenges in terms 
of information sharing, standardized data gathering, 
and the security of personal information, Japan drafted 
the guideline for creation of an effective information 
network with standardized data gathering and 
management. The resulting network should integrate 
health services for the elderly in hospitals, home-based 
care, community-based care, and institutional care.
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