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ABSTRACT 
 
 

Older adults, people with disabilities, and those who provide services and supports 
to these individuals utilize a variety of aging services technologies (ASTs) to achieve 
and maintain maximum physical function, to live as independently as possible, to study 
and learn, and to participate in and contribute to society.  The potential benefits offered 
by these technologies are of great interest because of the aging of the U.S. population 
and the accompanying increase in caregiving responsibilities among family and friends, 
and because of the stresses being placed on the health-care system as a result of the 
increase in the number and complexity of chronically ill and disabled adults.  This report 
presents findings from the Aging Services Technology Study, which was mandated in 
Section 13113(c) of the American Recovery and Reinvestment Act of 2009 (ARRA) 
(Public Law 111-5) as “a study of matters relating to the potential use of new aging 
services technology to assist seniors, individuals with disabilities, and their caregivers 
throughout the aging process.”  It provides a detailed discussion of ASTs related to 
eight care issues; a discussion of the interplay of ASTs with health information 
technology; and an exploration of barriers to the development and adoption of ASTs, 
including a discussion of potential strategies that can be implemented to address these 
barriers.  The report provides a systematic framework for considering the existing 
evidence supporting the effectiveness of a diverse array of ASTs, information pertaining 
to ASTs that are under development, and those that are available outside of the U.S., 
thereby fulfilling the legislative mandates stipulated in ARRA. 
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EXECUTIVE SUMMARY 
 
 

Introduction 
 
Technology has become an indispensable aspect of modern life.  In addition to 

common technologies such as computers and cellular phones that improve the 
efficiency and quality of our lives, technology can also support older adults and people 
of all ages with disabilities, as well as those who provide services and supports to these 
individuals.  The potential benefits of these technologies are of particular relevance 
because of the aging of the U.S. population and the corresponding increase in the 
caregiving responsibilities among family and friends, and because of the stresses on the 
health-care system resulting from the increase in the number and complexity of 
chronically ill and disabled adults.  Aging Services Technologies (ASTs) hold promise 
for addressing a number of key care issues that affect the elderly and individuals with 
disabilities, and their formal and informal providers of services and supports.  The 
purpose of this report is to present findings from the Aging Services Technology Study, 
mandated in Section 13113(c) of the American Recovery and Reinvestment Act of 2009 
(ARRA) as “a study of matters relating to the potential use of new aging services 
technology to assist seniors, individuals with disabilities, and their caregivers throughout 
the aging process.”    

 
For the purposes of Section 13113(c) of ARRA, ASTs are defined as any “health 

technology that meets the health-care needs of seniors, individuals with disabilities, and 
the caregivers of such seniors and individuals.”  This is a very broad definition that could 
include potentially thousands of technologies that are currently available or in 
development.  To ensure that the Aging Services Technology Study is both 
comprehensive and systematic in addressing the legislative requirements for the study 
for different potential audiences, a framework for the study was developed that builds 
upon previous studies and utilizes a selected set of care issues. The care issues 
included in this study were chosen based on a review of published literature, input from 
experts in aging, disability, and technology, and feedback from a Technical Advisory 
Group that was convened for this study.  This process resulted in a list of care issues 
that affect a significant number of people, are associated with significant costs, and 
have the potential to be improved through the use of non-pharmaceutical ASTs.  For 
each care issue, the study reviews its prevalence and the magnitude of its associated 
personal, financial, and caregiving costs.  Each chapter also reviews currently available 
ASTs that address problems associated with the care issue (including a synthesis of the 
evidence of their effectiveness in addressing these problems), examines ASTs that are 
under development, and analyzes the extent to which ASTs are available in other 
developed countries but not in the United States. The study also presents a separate 
discussion of the interplay of ASTs with health information technologies.  In addition, it 
details barriers to development and adoption of ASTs and potential strategies for 
addressing them that are applicable to all care issues covered in this study. 
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Summary of Overall Findings 
 
This study explores application of ASTs to a number of care issues that are highly 

relevant to older adults and people with disabilities.  Like the care issues they address, 
these ASTs are numerous and varied.  Some technologies that are currently available 
have single, straightforward functions, such as detecting falls; others, like activity 
monitoring systems, perform multiple functions.  Further, although some ASTs are 
designed to support a single user (e.g. consumers, caregivers, providers), others have 
design features that support multiple users and help facilitate communication among 
them.  Some ASTs, such as technology-enhanced wheelchairs and canes are variations 
on common appliances or assistive devices, while others are complex systems in which 
multiple technologies are integrated into a suite of supportive services aimed at 
preserving multiple aspects of independence.   

 
In addition to the wide variety of existing ASTs, there are new technologies under 

development that are applicable to all of the care issues discussed in this report.  Many 
of these emerging technologies offer improvements to existing products and 
technology-enhanced services.  These improvements often involve modifications to 
functionality, design, or the interface between the technology and caregivers or 
providers.  In contrast, many other ASTs under development are entirely new products 
that approach the provision of services and supports in novel, innovative ways.  

 
There is substantial heterogeneity in the amount and quality of the available 

evidence supporting the efficacy and cost-effectiveness of the ASTs examined in this 
report.  Some ASTs lack compelling evidence of their benefits simply because they are 
too new to have undergone thorough investigation.  Other technologies have been 
studied more extensively, but with mixed results.  A number of factors may be 
responsible for these mixed results, including an actual lack of efficacy, inadequate or 
inappropriate testing procedures, and small sample sizes.  In addition, many of these 
studies approach cost-effectiveness simplistically, do not engage payers or involve 
aspects related to financial incentives. There are, however, a number of ASTs that have 
been studied with robust, reproducible results. For a great majority of ASTs, these 
results provide strong evidence of both clinical and economic benefits, suggesting that 
specific ASTs can help improve health outcomes, preserve individuals’ ability to 
continue living independently in the community, improve care coordination, and reduce 
the cost of care.  In some cases, ASTs can also improve the quality of life of informal 
caregivers by relieving certain physically and emotionally burdensome caregiving 
duties, and improve quality of care by increasing providers’ access to accurate, timely, 
and relevant health information.    

 
This study also examines the availability and use of ASTs outside of the United 

States.  ASTs that are currently available in other countries are often similar or identical 
to those available in the U.S., but enjoy broader acceptance and penetration abroad, 
particularly in the European Union.  This is due in large part to government initiatives to 
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encourage AST adoption and use, such as increasing public awareness and available 
incentives, as well as efforts to build and maintain the infrastructure to support them. 

 
The interface between health information technology (health IT) and ASTs that 

collect and can transmit important heath data offers additional promise for improved 
care that has the potential to benefit consumers, caregivers, and providers alike.  Health 
IT ensures that the data can be properly shared and leveraged in the context of other 
health information.  For example, when data generated by ASTs are incorporated into 
an electronic health record, the result is a permanent medical record that can be shared 
among providers and that offers a more complete view of patients’ health and treatment 
history.  Thus, the interplay of health IT and ASTs can facilitate communication, support 
clinical decision-making, and enhance quality of patient care, regardless of geographic 
location or institutional setting.  Although this potential has been recognized by 
providers, AST developers, and other stakeholders, there are challenges associated 
with the AST-health IT interplay, mostly related to challenges associated with health IT 
development and implementation.  

 
Development and adoption of ASTs is hampered by various important barriers.  An 

important barrier is the widespread lack of awareness of ASTs, which results in 
underutilization among consumers, caregivers, and providers.  Among those who are 
aware of these technologies, AST use is limited by concerns about evidence of 
effectiveness, stigma, privacy and security, usability, impact on workflow, difficulties with 
interoperability, liability, and affordability.  Despite these challenges, all of these issues 
are being addressed gradually as ASTs garner increased attention among consumers, 
researchers, payers, and policy-makers alike.  Indeed, this study finds a range of 
potential strategies that can address these barriers, spark AST innovation, and 
encourage adoption.  These strategies include focused efforts to increase awareness 
and expand the AST consumer base and improve alignment of existing programs and 
incentives to encourage AST development and adoption.  

 
 

Summary of Care Issues Findings 
 

Falls 
 
Falls often result from an unfavorable combination of physical, behavioral, and 

environmental factors.  As a result, fall-related technologies address multiple fall risk 
factors.  These include tools for fall risk assessment, prevention, and detection.  ASTs 
are effective in fall assessment and prevention functions and, when combined with 
health IT solutions, they facilitate clinical decision-making and the planning of clinical 
interventions.  Many fall detection devices successfully detect falls, but some are more 
effective and reliable than others in that they can generate alarms that can be acted 
upon by providers and caregivers.  Fall-related technologies under development include 
canes and shoe insoles that collect data to assess fall risk, improved algorithms for 
calculating fall risk, sensory stimulation devices to improve balance, wireless devices 
that transmit fall alerts and the patient’s location to a call center, smart phone 
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applications for fall detection and alert transmission, and devices that detect falls in the 
home through vibrations in the floor.  Although many European countries use 
technologies similar to those employed in the U.S., these devices have been integrated 
into existing care delivery systems more effectively in Europe and thus adoption is more 
widespread than in the U.S. 

 
Chronic Disease Management 

 
Most ASTs for chronic disease management address one or more issues that are 

central to successful disease management: 1) frequent monitoring; 2) communication 
and care coordination; and 3) promotion of effective and sustained self-care.  These 
technologies include telehealth; remote patient monitoring devices that can be used to 
monitor, record, and transmit health information to physicians; and clinical decision 
support for physicians.  Evidence supporting the efficacy of these technologies varies by 
device and health condition.  For instance, while remote patient monitoring devices 
benefit patients with diabetes and heart failure, telehealth has yielded mixed results 
treating heart failure patients, but promising results for chronic obstructive pulmonary 
disease and hypertension.  A number of innovative technologies for chronic disease 
management are under development.  These include cloud-computing technologies, 
nanotechnology that allows physiological monitoring and data transmission through 
small devices like contact lenses, implantable monitors that overcome compliance 
issues, and artificial organs.  There is little difference between chronic disease 
management technologies available in the U.S. and those available in other developed 
countries.  However, in Canada and Europe, greater efforts have been made to promote 
adoption through investments in technology, demonstration projects, and utilization of 
the medical home model to provide continuity and efficiency of care.  

 
Medication Management 

 
Medication prescription and administration errors, non-adherence, side effects, 

and adverse drug interactions are challenges that can be addressed by medication 
management technologies.  These technologies include electronic prescribing; 
computerized physician order entry; clinical decision support systems; telepharmacy; 
and devices that dispense medication, provide reminders, and in some cases monitor 
adherence.  These technologies increase physician access to patients’ medical histories 
and have been shown to reduce medication errors.  Studies on telepharmacy show that 
telepharmacy may improve medication management.  Evaluations of dispensing, 
reminding, and monitoring devices suggest these ASTs may improve adherence and 
lower rates of hospital and emergency room visits.  Advances in medication 
management technology aim to enhance both patient adherence and safety using 
advanced reminding and/or dispensing functions; and provision of context-based 
reminders, including ascertainment and monitoring of medication ingestion and potential 
drug or food interactions.  Several unique medication management technology projects 
are under way in the European Union, including mining hospital repositories for data to 
assess risks for, prevalence, and probable causes of adverse drug events; efforts to 
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improve care and management by improving interoperability in Europe; and medication 
identification systems for the visually impaired. 

 
Cognitive Impairments  

 
Technologies that address cognitive impairments and decline include those 

focusing on prevention, detection, and intervention.  Technology-enhanced prevention 
efforts typically focus on maintaining cognitive capacity through word games, social 
contacts, and other types of task-specific daily stimulation.  Detection-oriented 
technologies include cognitive testing and home-based activity monitoring as well as 
advanced neuroimaging techniques.  Interventions can involve technology-enhanced 
memory aids, GPS-based anti-wandering systems, and memory-targeted electronic 
games.  Task-specific games tend to have limited benefits on long-term cognitive 
health, and the effectiveness of efforts to prevent depression and decline via social 
contact are as yet unproven.  Technologies that detect cognitive impairments and 
decline are well-tested and effective in most cases, while intervention methods vary in 
their effectiveness.  New technologies often enhance the capabilities of existing devices 
or systems, while others involve advanced home monitoring and data transmission.  
Some European countries leverage similar technologies but with a heavy emphasis on 
and government investment in “social alarms” (i.e., systems that provide various 
cognitive supports to patients and allow caregivers to monitor them remotely).  

 
Sensory Impairments 

 
ASTs addressing sensory impairments can be classified as intervention options, 

auxiliary and adaptive aids, technologies that address household responsibilities, and 
those focusing on navigation.  Interventions related to hearing impairment include 
hearing aids, middle-ear implants, cochlear implants, and electric acoustic stimulation; 
vision-oriented technologies include lenses and magnification devices.  Technologies 
that combine hearing and vision functions are also available.  Auxiliary aids and 
adaptive equipment can also compensate for sensory loss.  These include talking 
watches, phones, and electronic devices with large buttons.  A number of technologies 
are available to facilitate computer use and reading among people with visual and 
hearing impairments, and devices that translate text to speech, amplify sound, and 
modify smart phones to aid the hearing-impaired are also currently available.  ASTs that 
assist with navigation such as GPS units and technology-enhanced supports such as 
intelligent walkers and canes can help older adults with visual impairments retain 
functions that are critical for independent living.  These technologies will benefit 
individuals with acquired sensory impairments due to aging, as well as children, youth, 
and adults with developmental and other disabilities.  Innovative technologies are under 
development to address challenges associated with sensory impairment.  These include 
surgical options (artificial retinas, and retinal and cochlear implants) as well as 
enhanced cell phones and other technologies.  A particularly innovative effort in the 
European Union aims to address challenges in the home with a technology platform that 
integrates television, phone, and computers, and transmits audio signals to wireless 
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hearing aids.  A similar effort seeks to integrate devices and transmit visual information 
to smart phones.  

 
Depression 

 
A number of ASTs target depression-related problems such as challenges 

associated with diagnosis, lack of access to mental-health professionals and services 
that results in inadequate treatment, perceived stigma on the part of affected 
individuals, loss of motivation and sense of purpose, and social isolation.  These 
technologies include telemental health applications, internet and social networking 
applications, computer-based monitoring and symptom questionnaires, wearable and 
embedded monitoring devices, and software- and internet-based games.  All of these 
technologies are intended to increase social contacts and/or interactions with health-
care providers, which can mitigate symptoms of depression.  A number of technologies 
under development attempt to leverage the internet to decrease social isolation and 
loneliness, while others attempt to better identify symptoms of depression using voice 
recognition software and physiological symptom monitoring.  Other countries are 
similarly focused on increasing social connectedness and contact with caregivers via 
the internet and integrated technology platforms in the home. 

 
Mobility Impairments 

 
ASTs that address mobility impairments include wheeled mobility equipment, 

mobility aids (e.g., chairs, canes, walkers), rehabilitative devices (e.g., aids to improve 
balance, walking, and posture), and multi-purpose devices (e.g., wheelchairs with 
additional lifting, stair climbing, and exercise functions).  These devices are mostly well-
recognized as safe and effective.  Several technologies are currently under 
development that enhance the functionality of existing technologies to create 
“intelligent” mobility aids such as autonomous wheelchairs, smart/robotic walkers, and 
mobile robotic assistants, as well as improved rehabilitative devices.  Similar efforts to 
create intelligent or enhanced mobility aids are under way in other countries.  Scientists 
in Japan and Israel are designing robotic suits that increase users’ strength and mobility 
with a combination of supportive braces and sensors that move the AST in concert with 
the users’ natural body movements.  

 
Functional Decline 

 
Addressing the physical aspects of functional decline requires ongoing 

assessment of disability precursors, timely detection of events associated with 
functional decline, and effective interventions.  Functional decline may be the result of 
aging or of developmental or acquired disabilities, or “functional limitations,” such as 
muscular dystrophy or other neuromuscular diseases, ALS, and multiple sclerosis.  
Examples of ASTs that address these challenges include wearable devices (e.g., 
activity monitors that record gait, balance, physical activity, energy expenditure), 
passive monitoring systems (e.g., video- or sensor-based home monitoring that tracks 
sleep cycles, activity levels, falls, and/or changes in routine that may signal of illness), 
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and interactive technologies (e.g., online symptom questionnaires, medication 
reminders, and wellness systems that involve patients and caregivers in symptom 
monitoring and care).  Passive monitoring ASTs have the most robust testing and 
support in the literature, whereas evidence on the effectiveness of wearable devices 
and wellness platforms is more limited and mixed.  Technologies under development 
focus on new approaches to detecting changes in gait and balance, stimulation of the 
extremities to improve gait and balance, systems that integrate multiple data streams in 
the home to identify declining function, and “smart” devices (e.g., walkers, canes, and 
home systems) with advanced functionalities to detect physical barriers in the 
environment, assist the user, and transmit an alert to caregivers in an emergency.  
International efforts to develop, validate, and promote use of assistive technologies in 
the home are widespread.  European countries have made greater strides in the 
adoption and integration of certain ASTs into their health-care systems (e.g., social 
alarms, wearable activity monitors, physiological monitors, and telehealth).  Robotic 
technologies under development in Japan and Israel (described in the mobility 
impairment chapter as well) are unique technologies that can also provide benefit to 
individuals with functional impairments in need of walking assistance.   

 
 

Aging Services Technologies and Health Information Technology 
 
If effectively integrated with one another, ASTs and health information technology 

(IT) can offer providers more complete health information that could enhance the quality 
of clinical care and decision-making.  ASTs could interface with a range of health IT 
systems, including those that store and report information such as laboratory results to 
those that share information about patients across institutional and geographic 
boundaries, as well as systems that provide clinicians with real-time alerts and support 
decision-making based on all available patient information.  Recent initiatives and 
policies encouraging the adoption of health IT, coupled with a growing awareness of the 
importance of both health IT and ASTs on the part of providers, patients (including 
children, youth, and adults with developmental disabilities), and caregivers suggest that 
the next few years may bring new opportunities to leverage these resources for the 
collective benefit of all stakeholders.  For example, home-based medication 
management systems that can transmit data to the user's health-care provider can 
supplement data from electronic health records in a manner that gives clinicians 
detailed information on various parameters related to patients' medication adherence, 
information that would not otherwise be available.  Telemental health strategies such as 
those employed by the Veterans Administration offer another example of the interface of 
ASTs and health IT in this area.  Although meaningful efforts are under way to facilitate 
the interplay between health IT and ASTs, significant challenges remain before this goal 
is met, including important issues related to interoperability, privacy, and security.  
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Barriers to Aging Services Technology Adoption, Use,  
and Development 

 
Despite the evidence supporting the utility of a number of ASTs, there are 

significant barriers to AST adoption and use.  These barriers apply to all key 
stakeholders such as patients (including children, youth, and adults with developmental 
disabilities), providers, caregivers, payers, and those involved in technology 
development.  Barriers involve issues related to lack of awareness and evidence of 
effectiveness, stigma, privacy and security concerns, usability and computer literacy, 
provider workflow, interoperability, liability, alignment of incentives, and investment.  We 
recognize that lack of financing and financial incentives can constitute an obvious 
barrier to the development, adoption and use of ASTs.  However, consideration of 
options for additional or alternative financing is not a focus of this study.  Hence, this 
study focuses on strategies that could be reasonably implemented without major shifts 
or expansions in health-care financing.  Potential strategies to address barriers to AST 
adoption and use include increased education of providers and consumers, an 
enhanced role for professional organizations in the dissemination of AST knowledge, 
effective use of privacy and security measures, testing and development that maximizes 
usability for both providers and consumers, as well as ongoing efforts to address 
interoperability.  

 
Strategies to address AST development barriers include organizing the market 

through professional consortia that foster partnerships between technology companies, 
aging services providers, and researchers.  Identification and promotion of business 
models that support the design and evaluation of these technologies offer additional 
opportunities to address these challenges.  Large employers could play a role by 
encouraging their health insurance providers to redesign employee benefits programs to 
provide more incentives to employees who engage in technology-enabled self-
management, fitness, or other wellness activities.  Employers could also negotiate 
discounts with pre-screened technologies or services as part of their employee benefits 
packages.  These approaches would result in increased demand for ASTs, thereby 
encouraging investment and development.  Dissemination of evidence supporting AST 
adoption would ultimately increase the market size and encourage investments in the 
development of new and improved technologies that spur innovation. 

 
 

Conclusions 
 
While strategies designed to address most of the care issues covered in this report 

could be informed by additional research, existing evidence suggests that ASTs can 
and do help address a wide range of critical issues affecting the elderly, individuals of all 
ages with disabilities, and those who provide health and long-term care support and 
services to these groups.  These issues are prevalent and costly in terms of health care 
dollars, caregiver burden, and patient quality of life.  Technology developers are 
increasingly aware of consumer demands for not only clinical functionality, but also 
usability of the devices and the data for patients, caregivers, and providers.  For payers, 



 

 xiv 

cost-effectiveness is an important consideration given the volume of patients in need, 
the aging of the population, and the growing health care costs in general.  As such, 
there is widespread agreement among different stakeholders that new technologies 
must be clinically effective, user-friendly, and cost-effective so that they can be widely 
adapted and provide the full range of their potential benefits.  New technologies are 
abundant and capitalize on the rapid technological advances that have arisen in the 
“computer age.”  There are also technologies under development that are as abundant 
and innovative, but some of these new technologies are in need of further testing, 
refinement, and validation. 

 
The technologies under development outside the United States are, for the most 

part, similar or identical to the technologies under development in the United States, but 
there are key differences between national and international efforts in terms of level of 
AST adoption and the government’s role in supporting and funding more-widespread 
adoption and development.  There are important barriers to development, adoption, and 
use of ASTs, but effective strategies exist that can address many of these barriers 
within existing resource constraints.  Therefore, even as the aging of the baby-boomer 
generation presents a new era of challenges related to public health needs and health-
care system pressures, greater availability and adoption of ASTs holds great potential to 
help address these challenges. 
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INTRODUCTION 
 
 

Purpose 
 
The purpose of this report is to present findings from the Aging Services 

Technology Study, which was mandated in Section 13113(c) of the American Recovery 
and Reinvestment Act of 2009 (ARRA) (Public Law 111-5). 

 
 

Background 
 
Technology is an indispensable aspect of modern life, permeating almost every 

facet of our lives as individuals and societies.  On a daily basis, people use smart 
phones to facilitate work and communicate with increased flexibility.  Video-
conferencing systems allow individuals to collaborate easily and more productively 
across long distances and technology-enhanced social networking helps to build and 
maintain connectedness.  Apart from the benefits of these common technologies for 
improving the efficiency and quality of our lives, technology also holds great potential to 
support and improve the lives of older adults, people with disabilities of all ages, as well 
as formal and informal providers of the health and long-term services and supports 
(LTSS) that are commonly used among these vulnerable populations.  In fact, older 
individuals and those with disabilities--both in the community as well as in other 
residential care settings--and those who provide services and supports to them, utilize a 
variety of technologies to achieve and maintain maximum physical function, live as 
independently as possible, study and learn, attain gainful employment, and participate 
in and contribute to society in a variety of ways. Global positioning systems that address 
wandering, passive call systems using sensor technologies, and intelligent wheelchairs 
are just a few examples of the applications of these technologies for older and disabled 
individuals.   

 
Since the passage of the Americans with Disabilities Act in 1990 (ADA), the federal 

government has strengthened its commitment to improving the ability of people with 
disabilities of all ages to fully participate in major life activities.  For instance, the New 
Freedom Initiative targeted removal of environmental barriers and increased access to 
assistive technologies.  Many federal and state agencies contribute to similar efforts. 
The Interagency Committee on Disability Research coordinates and promotes 
cooperation among federal agencies in their disability research activities, and the 
Assistive Technology Act provides federal funding to states to develop assistive 
technology projects designed to meet the information and referral needs of people with 
disabilities.  All of these efforts are important ways in which developmental disability and 
aging and disability issues can be addressed.  
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In addition, the federal government has sponsored initiatives to disseminate 
information on technologies that are geared toward older adults and people with 
disabilities.  For instance, AbleData--an initiative that has been sponsored for more than 
two decades by the National Institute on Disability and Rehabilitation Research 
(NIDRR), is a database of information on almost 40,000 assistive technologies and 
rehabilitation equipment available to consumers, organizations, professionals, and 
caregivers in the United States (U.S.).  The database contains descriptions of each 
product, including pricing and company information, as well as information on non-
commercial prototypes and customized products.  Technology for Long-Term Care, 
sponsored by the U.S. Department of Health and Human Services (HHS), developed a 
database of technologies for professionals engaged in planning, designing, managing, 
researching, and caregiving in LTC settings.  This database, which is available to the 
public free of charge, focuses on technologies related to important care issues including 
fall prevention and detection, management of wandering, call systems, and 
incontinence management.  It is designed to inform LTC providers and consumers 
about available technologies addressing these care issues. 

 
There are also private initiatives (e.g., the Center for Aging Services Technologies 

or “CAST”) that focus on aging services technologies (ASTs).  These initiatives seek to 
increase awareness about available technologies and their value for individuals as well 
as for society as whole.  They aim to highlight the importance of the intersection of 
aging services and health information technologies, and advocate for the establishment 
of standards that ensure interoperability between assistive and information technologies 
in the community and in various health-care settings, including LTC and acute and post-
acute care. 

 
Congress has recognized the potential of ASTs to benefit patients, providers, and 

caregivers as well as the interconnectedness of aging services and health information 
technologies.  As a result, the ARRA required the Secretary of Health and Human 
Services to produce “a study of matters relating to the potential use of new aging 
services technology to assist seniors, individuals with disabilities, and their caregivers 
throughout the aging process.”  This study was required to include: 

 
“(A) an evaluation of-- 

i. methods for identifying current, emerging, and future health technology 
that can be used to meet the needs of seniors and individuals with 
disabilities and their caregivers across all aging services settings, as 
specified by the Secretary; 

ii. methods for fostering scientific innovation with respect to aging services 
technology within the business and academic communities; and 

iii. developments in aging services technology in other countries that may 
be applied in the United States; and 
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(B) identification of-- 
i. barriers to innovation in aging services technology and devising 

strategies for removing such barriers; and 
ii. barriers to the adoption of aging services technology by health care 

providers and consumers and devising strategies to removing such 
barriers.” 

 
For the purposes of Section 13113(c) of ARRA, ASTs are defined very broadly to 

include any “health technology that meets the health-care needs of seniors, individuals 
with disabilities, and the caregivers of such seniors and individuals.”  This is a very 
broad definition that could include potentially thousands of technologies that are 
currently available or in development.   An organizational framework was needed to 
ensure that the Aging Services Technology Study (ASTS) is comprehensive and fully 
addresses the issues specified in the legislation.  In its 2004 report titled, “Technology 
for Adaptive Aging,” the National Research Council of the National Academies utilized a 
framework based on “high payoff areas in the development of technological devices that 
assist people who are aging normally, as well as those with disabilities and 
impairments.”  In this framework, six domains (communication, employment, health, 
learning, living environments, and transportation) were identified as important in the 
daily lives of older adults.  The ASTS uses a similar approach that builds on the care 
issue framework developed under HHS‟s Technology for Long-Term Care. 

 
The first step in establishing the framework for ASTS was identification and 

selection of care issues for inclusion in the study.  For that purpose, a comprehensive 
environmental scan was conducted that included a review of published literature as well 
as reports and other documents produced by both government agencies and non-
government stakeholders (such as the American Disability Association, American 
Medical Association, the National Alliance for Caregiving, and CAST, among many 
others ); input from individual experts in aging, disability, and technology; and feedback 
from a Technical Advisory Group (TAG) that was convened specifically for this study.  
This environmental scan produced an initial list of a number of potential care issues to 
be addressed in this study.  Criteria were also developed to guide the selection of the 
care issues that were most appropriate for the study since covering all of the issues in 
the initial list would have resulted in an unwieldy study that obscured key focus areas.  
These selection criteria included the following:  

 
1. The care issue affects a significant proportion of older adults, people with 

disabilities or their health-care providers and caregivers;  
2. The costs and burdens associated with the care issue are high; and  
3. Meaningful and measurable improvements in the problems associated with the 

care issue can be achieved through the use of ASTs. 
 
The TAG was convened in June 2010 and was composed of government and non-

government experts with knowledge of a wide array of care issues affecting older adults 
and people with disabilities, as well as those with knowledge of the application of ASTs 
to these care issues and populations.  Prior to this in-person meeting, TAG members 
had an opportunity to provide feedback on the framework developed for producing the 



4 

 

ASTS.  With unanimous support on this framework, the TAG also reviewed the selection 
criteria and provided feedback on the initial list of care issues.  This helped the ASTS 
project team select a manageable number of care issues to include in the study.  In 
addition, the TAG contributed to the development of an outline for the ASTS to most 
effectively address the legislative requirements of the study within the ASTS framework.  
This outline provided structure to the report and its individual chapters. 

 
The TAG recommended that, in addition to the initial set of selection criteria, the 

study address care issues for which ASTs can have an impact in multiple care settings.  
This would facilitate the delineation of technologies relevant to community-based care 
as well as institutional care; recognition of the distinctions among ASTs used for 
prevention, detection, and treatment; understanding of the level of infrastructure needed 
to support these ASTs; and assessment of whether the ASTs discussed in the chapters 
could be easily integrated into existing health IT systems.  These recommendations 
were taken into account in the selection of the care issues, the outline for the study, and 
the scope of the research necessary to produce the study. 

 
Using this expanded set of selection criteria and TAG recommendations, the 

following eight care issues were selected for inclusion in the ASTS: (1) falls prevention 
and detection; (2) chronic disease management; (3) medication management; (4) 
cognitive impairments; (5) sensory impairments; (6) depression; (7) mobility impairment; 
and (8) functional decline.  Social isolation was initially included as an additional 
chapter.  However, the ASTs associated with this care issue overlapped a great deal 
with other care issues, most notably depression.  As a result, issues related to social 
isolation are addressed in the depression chapter and elsewhere, as appropriate. 

 
Each of the care issue chapters uses a standard template to provide a consistent 

discussion of the issue and the AST-related topics associated with it.  This approach 
facilitates comparisons of ASTs across the care issues included in the ASTS.  Each 
chapter starts with a functional definition of the care issue, including a discussion of the 
specific challenges associated with it.  The chapters then briefly discuss the prevalence 
of the problems associated with the care issue, and associated costs and burdens.  
After these contextual descriptions, the chapters present the findings that address the 
legislative requirements for this study.   

 
The first component of these findings is a systematic presentation of available non-

pharmaceutical technologies that address problems associated with the care issue, 
including a review of available evidence regarding effectiveness.  The second 
component is a similar discussion focusing on emerging and future ASTs that are under 
development.  The third and final component focuses on the experiences of other 
countries with respect to the development, adoption, and use of ASTs that address 
problems associated with the care issue.  Collectively, these findings address study 
requirements listed under Sections 13113(c)(A)(i) and (iii) of ARRA. 

 
Given that the interplay of ASTs and health information technology (IT) is critical to 

ensure the full functionality of a range of technologies, the interplay between ASTs and 
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health IT is covered in a separate chapter.  In order to address the requirements of 
Section 13113(c)(B), barriers to the development and adoption of ASTs are also 
discussed in a separate chapter that also details a range of potential strategies to 
address these barriers.  These strategies include approaches to fostering innovation 
with respect to ASTs in the business and academic communities, thereby addressing 
the remaining ARRA requirement, Section 13113(c)(A)(ii).   

 
The research necessary to produce the care issue chapters, the chapter 

describing the interplay between ASTs and health IT, and the chapter on barriers to 
AST development and adoption relied on a variety of published and unpublished 
sources, in addition to input from the TAG and other experts whom the project team 
consulted episodically.  In order to ensure that readers can access the original sources 
on which the information in this report is based and to allow them to more readily 
expand upon the research presented here, a relatively long bibliography is included at 
the end of each chapter. 

 
The report is organized as follows:  Following this introduction are eight chapters 

covering the ASTs relevant to each of the eight selected care issues (Chapters 1-8).  
Chapter 9 then presents the interplay between ASTs and health IT and Chapter 10 
discusses barriers to the development and adoption of ASTs and potential strategies for 
addressing them.  The Conclusion then presents a synthesis of the key findings of the 
study. 
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CHAPTER 1: FALLS 
 
 

1.1.  Definition of Falls 
 
Falls are broadly defined as an unintentional coming to the ground.  According to 

one source (Tinetti, Speechley, and Ginter, 1988), a fall among the non-institutionalized 
older adult population could be more broadly defined as “an event which results in a 
person coming to rest unintentionally on the ground or lower level, not as a result of a 
major intrinsic event (such as a stroke) or overwhelming hazard.”  Additionally, with 
regards to older adults in institutionalized settings, another source defines a fall as 
“unintentionally coming to rest on the ground, floor, or other lower level, but not as a 
result of syncope or overwhelming external force” (Agostini, Baker, and Bogardus, 
2001).  Although falls are often called “accidents,” they are not random events (Lord, 
Menz, and Sherrington, 2006).  Rather, the causal processes that increase fall risk are 
varied and complex (for further discussion of the definition of falls among the elderly, 
see the 2008 Agency for Healthcare Research and Quality report referenced at the end 
of this chapter). 

 
Falls are a major public health problem, particularly among older adults.  Falls lead 

to considerable morbidity and mortality, much of which is preventable.  Non-fatal falls 
can result in serious injuries such as hip fracture and traumatic brain injury, as well as 
less serious injuries such as bruises and lacerations.  These injuries can have a direct 
and lasting impact on older adults' functioning and independence.  In addition to the 
physical consequences of falling, many older adults who experience a fall develop 
profound fears of a future fall.  Nearly 75 percent of people with a history of falls report 
that they are fearful of falling again (Rubenstein and Josephson, 2006).  Even falls that 
do not result in serious injury can have a substantial psychological impact (Vellas et al., 
1997).  Fear of falling can lead older adults to reduce their level of physical activity, an 
approach to risk reduction that may unfavorably impact their health and independence 
and actually increase the risk of another fall (Vellas et al., 1997). 

 
Falls typically result from a combination of physical, behavioral, and environmental 

factors, as well as a lack of adherence to safety precautions.  Physical factors that 
increase the risk of falling include health conditions such as arthritis, stroke, diabetes, 
loss of visual acuity, aging of the inner ear--which can significantly affect balance--and 
proprioceptive loss of awareness and/or control of the limbs.  These and other common 
chronic conditions increase fall risk in different ways.  For example, strokes damage 
sensory, motor, and cognitive functions thereby limiting movement and increasing the 
risk of falling (Centers for Disease Control and Prevention, 2002).  Decrements in visual 
acuity reduce awareness of the physical environment, including factors that may 
contribute to falls, such as uneven floors, rugs, or stairs.  Older adults are at a 
particularly high risk of falls since many of the health-related factors that increase risk of 
falling also increase markedly with age, and older adults often experience more than 
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one of these conditions concurrently.  For example, visual impairment and arthritis both 
increase with age and contribute to fall risk, and it is common for older adults to have 
these conditions simultaneously.  (Visual and mobility impairments are discussed in 
greater detail in Chapter 5 and Chapter 7, respectively.) Similarly, normal aging of the 
inner ear organs that affect balance can destabilize an older adult, and raise fall risk 
considerably when coupled with physical frailty, decrement in proprioception, or factors 
such as the presence of rugs and stairs. 

 
Many of the chronic conditions that are common in old age are treated with 

prescription medications.  Some of these medications have side effects or interact with 
other medications in ways that negatively affect coordination, reaction time, vision, and 
balance.  These functions are necessary for fall avoidance and all can be compromised 
in the course of routine treatment for aging-related health conditions (Riefkohl et al., 
2003). 

 
Behavioral factors that increase risk of falling include a sedentary lifestyle and 

particularly a lack of exercise that promotes balance and maintenance of lower 
extremity strength.  Fall risk can be favorably influenced with the addition specific 
behaviors to patients' interactions with their health-care providers.  These behaviors 
include asking doctors to review medication lists for combinations of drugs that may 
increase fall risk, and vigilance in scheduling regular eye exams to ensure that 
prescriptions for corrective lenses are up to date.  

 
Environmental factors that increase fall risk include loose carpets, high steps, and 

uneven or slippery surfaces.  These hazards are of particular concern for older adults 
because they can interact with physical problems to compound the risk of falling.  
Although risk of falling can be reduced by safety precautions such as removing 
obstacles, modifying the living environment with improved lighting, and adding stair 
railings and bathroom grab-bars, these strategies are not fully utilized (Lord, Menz, and 
Sherrington, 2006). Use of assistive devices such as wheelchairs, walkers, canes 
among nursing home residents has also been shown to be an environmental risk factor 
for falls given the risks inherent in transfers and ambulation among those using these 
devices (Thapa et al, 1996; Spector et al, 2007). 

 
A number of the technologies aimed at detecting and preventing falls, as well as 

mitigating the consequences of falling, target the specific challenges associated with 
falls and their risk factors, whether in the home or acute or long-term care settings.  
These include difficulties with assessing the risks of falling that stem from limited or 
inaccurate health information; the decreased physical activity that often accompanies 
aging and disability; the challenges associated with detecting high-risk movements and 
changes in gait and balance; and the lag time between the occurrence of a fall and 
receipt of appropriate medical attention.  Existing fall-related technologies, as well as 
innovative technologies that are currently under development seek to address one or 
more of these fall-related problems (Frick et al., 2010). 
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1.2.  Prevalence of Falls 
 
Approximately one-third of adults age 65 and older experience a fall each year and 

10 to 20 percent of older adults who fall sustain significant injuries that reduce mobility 
and independence, and increase the risk of institutionalization and mortality (Stevens et 
al., 2006).  Data from the 2006 Behavioral Risk Factor Surveillance System show that 
approximately 5.8 million adults over 65 (15.9 percent of the over 65 population) 
experienced at least one fall in the previous three months.  Of this group, 1.8 million 
people (31.3 percent) required medical attention or had at least one day of restricted 
activity as a result of the fall, and an estimated 15,802 adults over age 65 died as a 
result of fall-related injuries (Centers for Disease Control and Prevention, 2006).  Adults 
who have fallen in the past are more likely than those who have not to fall again and to 
be admitted to a nursing home (Rubenstein and Josephson, 2006).  These data 
underscore not only the high prevalence of falls among older adults, but also the 
exceptionally high risk among those with a history of falling. 

 
Fall-related complications increase sharply with age, as does the likelihood of 

death due to these complications (Rubenstein and Josephson, 2002).  In 2001, the rate 
of fall-related injuries for adults age 85 and older was four to five times the rate in adults 
age 65 to 74, and mortality was highest among those 85 and older.  Although fall-
related mortality is 49 percent higher among men than in women, women are 40 
percent more likely than are men to sustain a non-fatal fall-related injury (Centers for 
Disease Control and Prevention, 2011d).  Because women are more likely to survive a 
fall and to sustain non-fatal fall-related injuries, they are also more highly represented 
among older adults at risk of a recurrent fall. 

 
Among older adults, falls are also the most common cause of non-fatal injuries, 

emergency department visits, and trauma-related hospital admissions.  In 2009, 
approximately 2.2 million people age 65 and older were treated in emergency 
departments for fall-related injuries and more than 582,000 of these patients were 
subsequently admitted to the hospital (Centers for Disease Control and Prevention, 
2009).  Although falls are less common among young and middle-aged adults than they 
are among those over age 65, falls in middle age predict recurrent falls at older ages 
(Talbot et al., 2005). 

 
Older adults in skilled nursing facilities are twice as likely to fall as their community-

dwelling counterparts (Rubenstein, 1997) due in large part to the high levels of 
functional impairment, multiple chronic conditions, and advanced age of many nursing 
home residents.  It is critical to note that up to 25 percent of falls in institutional settings 
result in a moderate to severe injury or hospitalization (Rubenstein, Josephson, and 
Robbins, 1994; Doweido, 2000; Rubenstein, Powers, and MacLean, 2001; Hoskin, 
1998).  Moreover, the actual rate of falls in nursing homes is likely significantly higher 
than what is documented because many falls that occur in this setting are unreported 
(Rubenstein, Josephson, and Robbins, 1994), and thus it is difficult to estimate the true 
rates of injurious and non-injurious falls. 
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1.3.  Costs and Burdens Associated with Falls 
 
Falls are associated with substantial health-care spending.  In 2000, fall-related 

costs totaled more than $19 billion, $179 million of which was due to fatal falls (Stevens 
et al., 2006), a figure representing over $28.2 billion in 2010 dollars (Centers for 
Disease Control and Prevention, 2011b).  Another study reported that 9 percent of non-
institutionalized older adults suffer fall-related medical conditions that incur an estimated 
$7.8 billion per year in direct medical costs (Carroll, Slattum, and Cox, 2005).  In 
addition to the costs associated with falls themselves, a fall can exacerbate existing 
conditions and create new health problems that further threaten independence (Lach, 
2010).  For example, an older adult with diabetes who sustains a wrist fracture during a 
fall may encounter difficulties injecting insulin or preparing healthy food, which may in 
turn serve as a barrier to proper diabetes management.  Similarly, an older person with 
knee arthritis who experiences a hip fracture may find it difficult to maintain a prescribed 
exercise regimen aimed at managing arthritis pain and maximizing joint flexibility. 

 
Of the 300,000 hip fractures reported annually in the U.S., 55 percent result from a 

fall.  These injuries incur an average of $58,120 in health-care costs in the first year 
following the fracture (Frick et al., 2010).  In addition to financial costs, older adults who 
have fallen often make drastic lifestyle changes and incur costs associated with 
modifications of their living environments.  For example, people who have fallen may 
install safety or supportive equipment in their homes in an effort to address new 
physical limitations resulting from the fall or to reduce the risk of a future fall (Stevens, 
2005).  Falls may also result in considerable indirect costs that are often borne by 
families or other informal caregivers of the person who experienced a fall.  Examples of 
these costs include lost time from work on the part of the person who fell, the need for 
ongoing informal caregiving on the part of family, friends, and neighbors, and lost work 
time for these informal caregivers (Centers for Disease Control and Prevention, 2011b).  

 
 

1.4.  Available Fall Management Technologies and Evidence of  
Their Benefits 

 
A report that reviewed the effectiveness of fall prevention interventions concluded 

that on average, targeted programs have the potential to reduce the risk of falls by 11 
percent.  This study found that interventions integrating clinical assessments such as 
those for gait, balance, and neurological functioning with behavioral strategies such as 
exercise could lower the risk of falling by 18 percent (RAND, 2003).  Some studies also 
suggest that prevention strategies can effectively address fall risk factors such as 
improper medication management and depression (Stel et al., 2004).  While some fall 
prevention strategies include “low-tech” or “non-tech” strategies such as securing rugs 
and installing grab-bars, others rely heavily on technology not only to prevent falls, but 
also to reduce both the impact once they occur and the risk of recurrent falls (RAND, 
2003).  Technology-based tools often take the form of health information technologies 
(health IT) that assist clinicians with risk assessment and prevention; technologies that 
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help at-risk adults increase their levels of physical activity; technologies that alert 
professional staff or caregivers when someone is engaging in high-risk movements; and 
technologies that facilitate timely receipt of medical services when a fall has occurred. 

 
The Role of Technology in Multi-Factorial Fall Management Interventions  

 
The complex, interactive nature of fall risk suggests the need for a multi-factorial 

approach, where multiple intervention strategies are utilized to mitigate multiple risks 
simultaneously.  These approaches might include strategies such as modifying the 
home environment (e.g., removal of loose carpets, installation of grab bars), ensuring 
that corrective lens prescriptions are up-to-date, and engaging in appropriate physical 
activity (Assistant Secretary for Planning and Evaluation, 2004).  The most effective fall 
interventions are multi-factorial approaches that combine fall prevention strategies with 
coordinated care programs (Rubenstein and Josephson, 2006).  One such intervention  
--which combined leg-strengthening and balance exercises, addressing home safety 
issues, vision and medication assessments, and consulting an occupational therapist--
resulted in a 31 percent reduction in falls among the participants, older adults who had 
had a fall in the last 12 months (Clemson et al., 2004).   

 
Despite the fact that effective methods for preventing falls and fall-related injuries 

are available, implementing effective programs remains a challenge (Nelson et al., 
2004).  One of the main challenges associated with successful implementation of these 
programs is the need to tailor the interventions to individual patients‟ health profiles, 
residential/care settings, and specific fall risk factors.  For instance, an older individual 
with arthritis who lives in a home with staircases and who has no reliable source of 
primary care likely has a different set of fall risk factors than someone who has 
pronounced visual impairment and diabetic neuropathy and who resides in a single-
level home.  Similarly, a frail nursing home resident has different fall risk factors than 
someone who is temporarily hospitalized for a chronic medical condition and is taking 
multiple medications for both their acute and chronic complaints.  To address the 
variation in fall risk profiles among different groups of individuals, one health system 
located in Massachusetts utilizes a toolkit that reviews each patient‟s risk of falling via 
their unique health record and then establishes a customized intervention program.  
Thus far, this system has been effective in reducing the rate of falls among hospitalized 
patients, specifically among older adults (adults age 65 and older) (Agency for 
Healthcare Research and Quality, 2009), and may prove effective in other care settings 
as well.  There is no “one size fits all” strategy and some approaches are better suited 
for older adults in certain stages of life, persons with disabilities, those with specific 
chronic conditions, or particular care settings.  Therefore, implementation of fall 
prevention technologies in isolation is unlikely to be effective at reducing falls.  Rather, 
technology-focused interventions may be most beneficial if implemented in tandem with 
other environmental, behavioral, and clinical fall prevention strategies (Rantz et al., 
2008). 
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Health IT-Based Technologies for Fall Risk Assessment and Fall Prevention 
 
Health IT-based risk assessment and decision support systems use electronic 

health record (EHR) data to provide clinicians with up-to-date information on patients‟ 
health conditions, medications, and functional abilities.  These systems can also include 
information on history of falls and fall risk factors.  This comprehensive view of patients' 
risk factor profile enables providers to identify older adults at elevated risk of falling 
thereby allowing them to intervene before a fall occurs.  Clinical decision support (CDS) 
systems use cumulative EHR data to alert providers when changes in fall risk factors 
occur and provide decision support to help clinicians manage risk.  These technologies 
address problems associated with clinician access to relevant patient information on 
falls and fall risk factors, as well as the ability of the clinician to perform an informed 
assessment of fall risk.  For example, when an older adult receives a prescription for a 
new medication, CDS systems may alert the prescribing clinician to contraindications 
that may increase fall risk and advise the physician to alter the medication or its dose to 
decrease the risk.  In addition to features that help clinicians prevent patients from 
falling, these technologies can help clinicians implement post-fall interventions in 
accordance with best practices and evidence-based guidelines (Teigland et al., 2005).  
Examples of these interventions include switching to medications that pose less of a risk 
for falls and initiating exercise programs. 

 
Published research has demonstrated that health IT-based fall risk assessments 

not only identify individuals who are at elevated risk for falls, but also facilitate 
appropriate decision-making and clinical intervention strategies for these patients.  One 
study investigating fall risk assessment combined with preventive interventions (e.g., 
medication modification, strength training, vision adjustment, and blood pressure 
treatment) showed that compared with older adults receiving usual care, fall-related 
health-care utilization in the intervention group diminished by 11 percent.  The same 
study showed that serious fall-related injuries were 9 percent lower in the group 
receiving the multi-factorial intervention that included fall-related health IT (Tinetti et al., 
2008). 

 
Another study evaluated a fall prevention toolkit that uses risk assessment to 

support a health IT application aimed at providing decision support at the patient‟s 
bedside.  The toolkit includes bedside posters, patient education handouts, and alerts 
on fall prevention interventions that address the specific needs of each patient.  This 
health IT-enabled intervention was integrated into existing workflow at four urban acute 
care hospitals and resulted in significant reductions in falls compared to usual care 
(Dykes et al., 2010).  When interpreting the data on health IT-based interventions‟ 
impact on falls, it is important to note that benefits observed in one setting (e.g., an 
acute care hospital) may not translate to other settings where key issues such as 
workflow, availability of EHRs, patient profiles, and other factors may influence the 
degree to which these interventions can help (Schwendimann, De Geest, and Milisen, 
2006).  Nonetheless, there is evidence supporting the general ability of health IT to help 
clinicians prevent falls in high-risk populations by facilitating access to relevant 
information that helps in risk assessment and implementation of tailored interventions. 
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Activity-Focused Technologies for Fall Prevention  

 
Fine motor activity monitoring technologies aim to prevent falls by observing 

movement, raising awareness on the part of both the user and clinicians to specific 
movements linked to falling, and encouraging physical activity.  Newer activity 
monitoring strategies offer many improvements over traditional pedometers, which were 
originally designed to help the user track the number of steps taken during a typical day.  
Like traditional pedometers, newer devices are worn on the body, but can integrate 
sensors that measure acceleration and, in some cases, orientation relative to the 
ground.  These assessments offer a more sophisticated view of ambulation as well as 
the body's position in space (Zhang et al., 2003).  A recent review of wearable 
accelerometer-based activity monitors indicated that these devices are effective in 
measuring physical activity.  Beyond quantifying activity levels, some devices can also 
measure sway with a moderate level of accuracy as well as cadence, stride length, 
stride regularity, and walking speed, all factors associated with risk of falling (Yang and 
Hsu, 2010).  Given the associations among lack of physical activity and gait and speed 
abnormalities in elevating fall risk, advances in activity monitoring technology offer 
promise to older adults who wish to engage actively in self-monitoring to guard against 
these risks. 

 
While some activity-focused technologies aim to prevent falls by promoting 

physical activity and alerting the user to changes in gait and balance, others alert 
caregivers to movements that may increase the risk of a fall.  These types of 
technologies are most applicable to inpatient, long-term care, and congregate living 
settings where professional staff can respond quickly to alerts generated by these 
devices.  However, they can also be used in the home where an informal caregiver 
could respond to an alert.  Some of these devices are stationary and embedded in the 
patient's environment while others are worn by the patient. 

 
Examples of embedded devices include bed and chair alarms that alert a caregiver 

or staff person when an at-risk individual gets up without assistance.  These devices are 
equipped with a pressure-switch and/or weight-sensor systems that trigger an alarm 
when the user gets up unassisted (Bressler, Redfern, and Brown, 2011).  This class of 
fall-prevention technologies is most common in hospitals and long-term care settings.  
One example of a wearable technology that serves this purpose is a credit-card size 
adhesive patch that is worn on the thigh.  This device has a transmitter that sends a 
signal to a receiver in the patient‟s room when the patient engages in high-risk activities 
or movements, thereby alerting a caregiver or staff person that assistance is needed.  A 
nursing home-based study of the thigh patch showed a 91 percent overall reduction in 
falls among users.  The same study indicated that the device was effective in reducing 
fall risk behavior among dementia residents, a group that has particular difficulty 
remembering to call for assistance before attempting to walk or transfer.  Importantly, 
staff members‟ and patients‟ acceptance of the device was favorable (Kelly et al., 2002).  
Given the high rates of falls in nursing homes, technologies that are effective in 
reducing falls in this care setting may offer a particularly attractive return on investment. 
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The downside of alert devices is that they are effective in preventing falls only if 

staff or caregivers are available and respond quickly to the alarms, and if the alarms 
actually reflect the occurrence of a high-risk behavior or movement.  A high rate of false 
alarms may eventually result in lack of response from caregivers thereby limiting the 
utility of this technology (Bressler, Redfern, and Brown, 2011).  Moreover, response 
time on the part of staff--an issue related directly to the efficacy of these technologies 
whether they are worn on the body or not--depends largely on staffing levels.  This 
consideration may limit the generalizability of individual studies because of differences 
in staffing levels across care settings.  Nonetheless, in care settings where the 
availability of caregiver and/or staffing levels is sufficient, these devices may provide 
one useful element of a tailored, multi-factorial program to reduce falls and fall-related 
injuries, as long as the older person is willing to use the device if needed (Cheek, 
Nikpour, and Nowlin, 2005). 

 
Technologies for Fall Detection 

 
Older adults who receive help within one hour of a fall are nearly six times more 

likely to survive than those who wait longer for aid (Gurley et al., 1996).  Personal 
emergency response systems (PERS) assist older adults in receiving prompt medical 
attention after a fall.  Despite the dearth of published evidence on efficacy of PERS, 
survival statistics suggest that technologies that facilitate early detection of falls and 
rapid receipt of medical care can result in substantial mortality risk reduction, a key fall-
related outcome (Otto and Chen, 2009).  PERS may be especially helpful for older 
adults who live alone and are therefore more likely to have to wait for assistance if a fall 
occurs. 

 
A PERS typically consists of three elements--a radio transmitter, a console, and an 

emergency response center that monitors calls.  These systems are often divided into 
two classes: user-activated and automatic.  User-activated PERS require the user to 
push a button in order to contact the emergency response center.  Other PERS do not 
rely on the user, and contact the response center automatically if a fall occurs or, in 
some systems, appears imminent.  Some automatic PERS detect falls using 
technologies such as accelerometers, gyroscopes, and tilt sensors.  These data are 
integrated into a fall-detection algorithm that generates the alarm and notifies the call 
center (Rajendran, Corcoran, and Kinosian, 2008). 

 
An important consideration with this and other devices that generate alarms 

involves sensitivity and specificity, terms that describe the degree to which these 
technologies generate false positives and false negatives.  A technology that has a 
tendency toward false negatives may miss falls, provide the user with a false sense of 
security, and result in higher costs due to delayed receipt of medical services 
(LeadingAge CAST, 2007).  On the other hand, technologies that generate false 
positives may result in unnecessary caregiver burden, the potential for unnecessary 
dispatching of emergency medical service personnel (and its associated costs), and 
ultimately, user fatigue.  One study of accelerometer-based fall detectors found that a 
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head-worn device had a particularly high level of sensitivity and specificity in detecting 
falls.  Moreover, this device performed more accurately than commercially available 
detectors worn at the hip or wrist, especially when the body was not lying horizontally 
after a fall.  For example, a fall that occurs on the stairs may not trigger a waist-worn 
alarm because the body remains partially upright, whereas a device worn on the head 
would be more likely to generate an alarm in this situation (Lindemann et al., 2005).  
Issues concerning sensitivity and specificity are not limited to accelerometers.  Devices 
that rely on gyroscopes and tilt sensors can also generate false negatives in situations 
such as a fall that occurs on the stairs (Li et al., 2009).  Correcting this deficiency 
involves increasing the sensitivity of these devices or, as in the head-worn detector, 
changing where on the body the device is worn. 

 
A fundamental aspect of wearable fall alarm technologies is that the user must 

wear the device to receive its benefit, thus making efficacy dependent on user 
compliance.  Compliance can be challenging for older adults, and those with cognitive 
or physical disabilities may experience particular challenges.  For example, an older 
adult with mild cognitive impairment who forgets to put their device back on after 
bathing will not benefit from the technology if a fall occurs on a slippery bathroom floor 
(LeadingAge CAST, 2007).  For some older adults, perceived stigma may also hinder 
the adoption of wearable devices, particularly if the device is visible to others (Srp and 
Vajda, 2010). 

 
Unlike wearable technologies, fall detection sensors that are embedded in the 

environment do not require user compliance beyond the granting of permission for the 
device to be installed and monitored (Naditz, 2009).  Although the primary purpose of 
this type of system is to detect falls, it can also contribute to fall prevention by identifying 
fall risk factors such as declining mobility (Rajendran, Corcoran, and Kinosian, 2008).  
These systems use multiple technologies such as motion sensors, video cameras, and 
floor vibration sensors to detect falls and alert caregivers, a call center, or emergency 
services.  In a pilot study in an assisted-living facility, motion sensors were used to alert 
staff about possible falls when the user‟s motion data patterns deviated from what was 
expected.  In this study, the sensor technology successfully detected falls, but false 
alarms also occurred with some frequency (Alwan et al., 2006). 

 
Video-based systems enable caregivers to monitor users remotely and respond 

quickly to falls.  One study of a smart home system that included video monitoring 
capabilities showed that older adults perceived fall detection to be an important function 
of the system and did not feel video technology interfered with their routine activities 
(Demiris et al., 2006).  Despite acceptance by older adults, drawbacks to video 
monitoring systems include cost and the perception among some observers that video 
monitoring may be an invasion of privacy (Miskelly, 2001).  Modifications designed to 
address privacy concerns have been introduced such as rendering images anonymous 
or altering images into “blobs” that show shape, posture, and motion rather than clear, 
identifiable images (Naditz, 2009). 
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Although the evidence base supporting the benefits of sensor-based systems for 
fall detection and prevention continues to grow, there are few large-scale studies 
assessing the effectiveness of these technologies. 

 
 

1.5.  Fall Technologies Under Development 
 
One example of a fall prevention technology that is currently under development is 

the smart cane system.  In addition to providing physical support, the smart cane 
integrates a sensor that detects and measures motion, rotation, force, strain, and 
contact.  The device has wireless connectivity through Bluetooth or Wi-Fi, which 
streams data in real time to the user‟s personal data devices.  The data device can then 
analyze the data and generate trending reports to a clinician, thereby facilitating 
detection of heightened fall risk and initiation of appropriate interventions.  The system 
aims to reduce falls and fall-related injuries through continuous monitoring of mobility, 
classification of cane use patterns, and prediction of unfavorable outcomes (Wu et al., 
2008). 

 
Evolving fall management technologies are also focusing on data models that 

predict falls using mathematical algorithms to assess individuals‟ risk factor profiles 
(Trafton, 2008).  These algorithms use experimental measurements data and individual 
threshold levels for key movements and postures, which can in turn quantify risk of falls 
(Li et al., 2009).  Other researchers are developing shoe insoles that analyze foot 
pressures in a manner that provides information on risk factors such as balance 
(Trafton, 2008).  Ultimately, this technology may enable clinicians to correct balance 
problems before a fall occurs.  Another innovative fall prevention technology involves 
provision of sensory stimulation to the feet when patients lose their balance.  This 
technology builds on research showing that loss of peripheral sensation increases gait 
variability and risk of falling.  Applying stimulation to the soles of the feet may reduce the 
risk of falls by improving balance and reducing variability in gait (Galica et al., 2009).  
This technology may eventually benefit individuals who experience neurological 
problems that increase the risk of falls, including those with complications from stroke 
and diabetes (Harry et al., 2005). 

 
For falls that result from balance-related problems, vestibular prostheses may 

eventually be available.  Currently, external head-mounted and implantable prostheses 
are under development to address severe disruptions to the vestibular (balance) system 
of the inner ear (e.g., Ménière‟s Disease).  One device involves a head-mounted 
component to detect head and eye movement, translate this movement into electrical 
signals, and transmit these impulses to electrodes implanted within the ear‟s vestibular 
organs (the semicircular canals).  The electrodes then stimulate the vestibular organs 
and an impulse is transmitted to the brain that creates a sense of balance and bodily 
orientation in space.  Thus far, this device has been tested only in animals, but it is 
being tested and refined for the eventual treatment of humans (Della Santina, 
Migliaccio, and Patel, 2007).  Another implantable device, which differs in design and 
implantation technique, is being tested in different species of monkeys.  This device is a 
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modified cochlear implant that is implanted in a way that avoids the disruption to hearing 
that vestibular prosthesis can cause (Bierer et al., 2012).  Although these devices are in 
the early stages, they have the potential to successfully mitigate fall risk in humans with 
age-, illness-, or trauma-related balance problems. 

 
Other emerging technologies build on existing wearable and user-activated fall 

detection systems that are already available and on the market.  New features 
incorporate additional elements such as cellular communications modules.  For 
example, one cell phone-based system under development is equipped with an 
accelerometer for automatic fall detection that alerts an operator in an emergency call 
center who then contacts the caregiver or visits the home.  Additional innovations in falls 
detection and prevention include establishing the location of the user through global 
positioning and dispatching of emergency services to that location. 

 
Floor-based vibration detectors are another monitoring technology that can support 

fall detection without the privacy concerns associated with video monitoring.  This 
technology was developed following the observation that vibrations generated from falls 
differ from those associated with walking or other daily household activities.  These 
systems use a floor-based sensor to evaluate vibration patterns and, when patterns 
match those associated with a fall, the system generates an alert.  Challenges remain 
with these technologies.  For example, this approach is effective in detecting falls to the 
ground, but is less able to detect falls to the knees (Rimminen et al., 2010).  

 
Additional innovative technologies are embedded in routine devices, non-invasive, 

and easy to use.  For example, researchers are developing an alert system using an 
accelerometer that is built into an Android-based smart phone.  After a fall, this system 
automatically routes a call to the user‟s phone and prompts a response.  If the user fails 
to respond, the system will contact family or friends with an alert that a potential fall has 
occurred.  If there is no response to that communication, the system contacts 
emergency services and relays the user‟s location using its global positioning capability.  
Two benefits of this system are its low cost and ease of implementation into commonly 
used platform (Sposaro and Tyson, 2010). 

 
 

1.6.  Experiences of Other Countries with Fall Technologies 
 
Many European countries support coordinated care delivery that encourages 

development and adoption of fall prevention and detection technologies.  For instance, 
the United Kingdom (U.K.) developed a National Framework Agreement on Telecare to 
support the public delivery of telecare services, including fall detection services.  Social 
services agencies in the U.K. also use PERS, fall detectors, and passive monitoring 
systems (Chubb Community Care, 2010).  A consortium of European organizations has 
partnered to advance fall management technologies for older adults.  Many of the 
technologies that this consortium focuses on are similar to those being developed in the 
U.S., and they focus on similar problems underlying fall risk. 
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CHAPTER 2: CHRONIC DISEASE MANAGEMENT 
 
 

2.1.  Definition of Chronic Disease Management 
 
Chronic diseases are conditions that generally last at least one year and limit 

patients‟ self-care, independence, and social interactions.  These conditions often 
require ongoing medical treatment (Perrin et al., 1993).  Lack of appropriate chronic 
disease management contributes to impairment and functional limitations and can result 
in disability and institutionalization (Verbrugge and Jette, 1994).  Diabetes is one 
example of a chronic condition that is common among older adults in the U.S. and for 
which clear management guidelines are well-established.  Without proper management, 
diabetes results in a number of well-recognized vascular and neuropathic complications, 
including retinopathy, renal dysfunction, and neuropathy.  Data from the Centers for 
Disease Control and Prevention highlight the contribution of diabetes to the risk of heart 
disease and stroke (Centers for Disease Control and Prevention, 2007a).  All of these 
unfavorable outcomes contribute to disability, loss of independence, and increased 
health-care costs, and all can be mitigated with appropriate management.  

 
Chronic disease management is a strategy for coordinating health care for 

populations with conditions that require patients to provide significant self-care 
(Continuum Care Alliance, 2012).  Successful chronic disease management strategies 
address three fundamental issues: (1) the need for frequent monitoring of physiologic 
disease indices (e.g., blood pressure, blood glucose, weight); (2) the need for 
communication and care coordination among health-care professionals; and (3) the 
need for active and sustained self-care on the part of the patient (Friedewald and Pion, 
2001).  Because of their high prevalence, cost, and impact on morbidity and mortality, 
five conditions have become the focus of considerable chronic disease management 
efforts.  These include heart failure (HF), diabetes, asthma, chronic obstructive 
pulmonary disease (COPD), and hypertension. 

 
Despite the ability to define specific elements of successful chronic disease 

management programs, there are a number of practical challenges associated with 
meeting the goals of these programs.  Some of these challenges are relevant to health-
care professionals who care for people with chronic conditions while others apply to 
patients and caregivers.  Challenges for health-care providers include difficulties 
associated with access to high-quality physiologic information and processing, 
transmitting, storing, and synthesizing this information in a manner that facilitates 
informed decision-making.  Other challenges for health-care professionals involve 
securing access to patient health information between office visits, particularly among 
older and disabled patients who have difficulty leaving their homes, delivering 
appropriate health education and support materials, and monitoring responses to short-
and long-term interventions.  Problems with chronic disease management encountered 
by patients include the absence of timely feedback on existing self-management efforts; 
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lack of access to health-care professionals between office visits; and the absence of the 
reminders, ongoing education, and encouragement that are often necessary to ensure 
maintenance of appropriate self-management practices.  Caregivers of chronically ill 
individuals also often experience diverse challenges associated with access to real-time 
information on patients' status and the absence of guidance on how to assist patients in 
self-management efforts (AARP, 2011).  A number of currently available and evolving 
technologies seek to improve chronic disease management by addressing one or more 
of these problems. 

 
 

2.2.  Prevalence of Selected Chronic Conditions 
 
Chronic diseases, including those discussed in this chapter, are the primary cause 

of more than 70 percent of all deaths in the U.S.  Although chronic conditions occur in 
all age groups, their frequency increases with age.  Eighty percent of Americans over 
the age of 65 have at least one chronic condition.  Chronic diseases are the leading 
cause of death among older adults, and are responsible for 61 percent of all deaths in 
this age group (Centers for Disease Control and Prevention, 2007b).  With the number 
of U.S. adults age 65 and older projected to reach 72 million by the year 2030 (Census 
Bureau, 2008), the number of Americans with chronic diseases is also expected to 
increase.  The remaining sections of this chapter provide an overview of HF, diabetes, 
asthma, COPD, and hypertension and describe how current and emerging technologies 
may help providers, patients, and caregivers engage in better management of these 
conditions. 

 
Heart Failure   

 
HF is a disabling and costly condition characterized by weakness of the heart 

muscle.  Approximately 5.3 million Americans have HF, 30 percent of whom have 
moderate to severe HF.  Among people with HF, 80 percent are 65 years of age or 
older (Moser and Mann, 2002).  There are more than one million HF-related hospital 
admissions each year, and HF is the leading cause of hospitalization among people 
over 65 years old (Krumholz et al., 2000).  In addition, the prevalence of HF is 
increasing due in large part to the increasing number of older adults, as well as 
improved survival following acute cardiac events (which leads to more cases of HF 
among persons who would previously have died from these events) (Roger et al., 
2004).  According to the CDC, heart failure was a contributing cause of death for nearly 
283,000 Americans in 2006 (Lloyd-Jones et al., 2010). 

 
Diabetes 

 
Diabetes is a heterogeneous set of conditions characterized by abnormalities of 

glucose metabolism that result in elevated blood glucose.  About 25.8 million 
Americans, or 8 percent of the population, have diagnosed diabetes, and many more 
have diabetes that remains undiagnosed (Centers for Disease Control and Prevention, 
2011).  Diabetes is present in nearly 32 percent of Americans age 65 and over (Cowie 
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et al., 2009), according to some estimates, and 27 percent according to others (Centers 
for Disease Control and Prevention, 2011).  Half of diagnosed diabetics are over age 
60, and these older diabetic adults frequently have comorbidities and functional 
impairments that reduce quality of life and complicate care (Gambert and Pinkstaff, 
2006).  Between 1990 and 2002, the prevalence of diabetes increased by 61 percent in 
the U.S. and it is now the seventh leading cause of death.  According to CDC estimates, 
people with diabetes have twice the mortality risk of people of similar age without 
diabetes.  In 2007, diabetes was the underlying cause of death for more than 71,000 
Americans and a contributing cause of death for over 160,000 additional cases (Centers 
for Disease Control and Prevention, 2011).   

 
Asthma 

 
Asthma is a lung condition characterized by reversible episodes of airway 

obstruction that cause coughing, shortness of breath, chest tightness, and wheezing.  
About 7 to 10 percent of Americans have asthma, affecting about 33 million people.  In 
2005, an estimated 4 percent of people in the U.S. (12.2 million) had experienced at 
least one asthma attack in the previous year (Joubert et al., 2010).  The prevalence of 
asthma in individuals over age 65 is estimated at 6 percent, a figure representing almost 
2 million individuals, and 4.8 million older adults are expected to have asthma by 2030 
(Stupka and deShazo, 2009).  About 3,388 deaths each year are attributed to asthma in 
the U.S (Centers for Disease Control and Prevention, 2012a).  Mortality rates within this 
group are about 10 times higher among people over age 65 than among younger 
adults.  This statistic should be interpreted in the context of data indicating that half of 
older asthmatics are undiagnosed, and only 30 percent of diagnosed older patients are 
treated with inhaled corticosteroids (Enright et al., 1999).  Further, older adults with 
asthma are more likely to have comorbid conditions, including heart disease, 
hypertension, arthritis, and stroke (Zeitz et al., 2004). 

 
Chronic Obstructive Pulmonary Disease (COPD) 

 
COPD is a lung disease characterized by a progressive, partially reversible 

limitation of airflow, typically caused by cigarette smoking.  Airflow limitation is caused 
by two conditions, chronic bronchitis and emphysema, which occur together in most 
patients.  Chronic bronchitis is defined clinically as persistent cough and sputum 
production.  Emphysema is the progressive destruction of gas-exchanging surfaces of 
the lungs, which usually presents as chronic breathing difficulties.  In 2006, more than 
12.1 million American adults had COPD (American Lung Association, 2008) and an 
additional 24 million showed evidence of impaired lung function (Mannino et al., 2002).  
In the same year, COPD was a contributing factor in 39 out of every 100,000 deaths 
(Centers for Disease Control and Prevention, 2012b).  Prevalence of COPD increases 
dramatically with age, with risk of a COPD diagnosis doubling every 10 years after age 
40 (Mannino and Buist, 2007).  Similar to both asthma and diabetes, COPD is under-
diagnosed and under-treated among older adults (Mannino et al., 2002).   
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Hypertension 
 
Hypertension is an abnormal elevation in force against the walls of arteries as 

blood pumps through the body.  Hypertension affects approximately 76.4 million 
Americans and for many results in heart attack, HF, stroke, and kidney failure.  
Hypertension was listed as a primary or contributing cause of death for 347,000 
Americans in 2008, underscoring the importance of this condition in mortality risk 
(Centers for Disease Control and Prevention, 2012c).  Hypertension-related 
complications can be reduced and even prevented if blood pressure is well-controlled.  
About 64 to 70 percent of Americans age 65 to 74 have hypertension and, among those 
age 75 and above, the prevalence reaches 80 percent (American Heart Association, 
2010).  It is estimated that uncontrolled hypertension affects approximately one-third of 
American adults (Wolf-Maier et al., 2004), underscoring the extent of poor management 
of this common condition.  

 
 

2.3.  Costs and Burdens Associated with Chronic Diseases 
 
The CDC estimates that chronic diseases account for 75 percent of the $1 trillion 

spent annually on health care in the U.S. (Centers for Disease Control and Prevention, 
2009).  A report from the Agency for Healthcare Research and Quality (AHRQ) found 
that individuals with one or more chronic conditions accounted for the overwhelming 
majority of total medical expenses for all conditions (among persons residing in a 
community setting): 96 percent for persons age 55 to 64 and 99 percent for persons age 
65 and older (Agency for Healthcare Research and Quality, 2008a).  Further, nearly all 
growth in Medicare expenditures can be traced to the 50 percent of beneficiaries with 
multiple chronic diseases (Thorpe and Howard, 2006).  The following sections 
summarize costs for the five chronic conditions discussed in this chapter. 

 
Heart Failure 

 
In 2008, the estimated total cost (include direct and indirect costs) of heart disease 

in the U.S. was $190.3 billion, of which $78.2 billion, or 41 percent, were hospital costs.  
In this estimate, “heart disease” includes coronary heart disease, HF, some 
hypertensive disease, cardiac dysrhythmias, and other heart conditions (American 
Heart Association, 2012).  By 2030, the cost of heart disease and its sequelae are 
expected to total $818.1 billion, $77.7 billion of which will be attributable to HF alone 
(Heidenreich et al., 2011). 

 
Diabetes 

 
The total cost of diabetes has been estimated at $174 billion per year, and experts 

agree that this figure likely underestimates its true costs.  Direct diabetes costs (e.g., 
medications, hospital stays, and medical equipment) are $116 billion per year and 
indirect costs (e.g., lost wages and the value of lost productivity due to premature death) 
contribute an additional $58 billion annually (American Diabetes Association, 2008).  
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Total costs of diabetes in the U.S. will approach $200 billion per year by 2020 (Wyne, 
2008). 

 
Asthma 

 
The annual cost of asthma has been estimated at $20.7 billion, with $15.6 billion 

and $5.1 billion in direct and indirect costs, respectively (American Lung Association, 
2010).  People with asthma are more likely to have comorbidities, a factor that will likely 
increase the complexity and costs of treating this condition (Joseph, 2006).  

 
COPD 

 
The total cost of COPD was estimated at $49.9 billion in 2010, a figure that 

includes $29.5 billion in direct health-care costs and $20.4 billion in indirect costs 
(National Heart Lung and Blood Institute, 2009).  COPD is especially costly because of 
the large number of affected individuals and the extent to which this condition impairs 
routine function.  Further, under-diagnosis and under-treatment are common and 
associated with increased service utilization such as emergency department visits. 

 
Hypertension 

 
In 2008, hypertension accounted for $50.6 billion in health-care costs, including 

$47.3 billion in direct medical expenses and $3.3 billion in lost productivity.  This 
estimate includes only adults with hypertension without heart disease: costs and 
prevalence increase when adults with both hypertension and heart disease are taken 
into account (American Heart Association, 2012). 

 
The costs and burdens of these and other common diseases of advancing age 

extend beyond the older adults and people with disabilities directly affected by these 
conditions.  Spouses, adult children, friends, and neighbors are often involved in the 
care of chronically ill and disabled adults.  Nearly 79 percent of people who need long-
term care live at home or in community settings rather than in institutions, and informal 
caregivers play a large role in helping these individuals remain in the community.  In 
2007, about 39 million U.S. households were involved in caring for someone age 50 or 
older.  The value of uncompensated services that family caregivers provide is estimated 
at $257 billion per year (Family Caregiver Alliance, 2004), the majority of which is 
allocated for care of persons with chronic conditions.  Although family caregiving 
increases satisfaction with the level of care received by older adults and individuals with 
disabilities with chronic diseases, providing these services creates substantial health 
and social burdens on families, thereby adding to the costs associated with these 
conditions (National Alliance for Caregiving, 2009). 
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2.4.  Available Chronic Disease Management Technologies and 
Evidence of Their Benefits 

 
There is a wide array of technologies on the market aimed at various aspects of 

chronic disease management.  Most of these address one or more of the fundamental 
issues of central importance to a successful disease management program: (1) frequent 
monitoring; (2) communication and care coordination; and (3) promotion of effective and 
sustained self-care.  Examples of how these technologies can assist health-care 
professionals include providing serial data on physiological parameters and generating 
integrated patient profiles that enable monitoring of the short- and long-term 
effectiveness of prescribed interventions (Bowe, 2006).  These technologies can also 
assist patients and caregivers by providing tailored educational materials and 
management tools to assist in monitoring and self-management (Center for Information 
Technology Leadership, 2007).  

 
Most of the published research on the impact of technology on chronic disease 

self-management has involved studies of telehealth and telemonitoring.  Accordingly, 
the following section provides an overview of these technologies, followed by 
information on other technology-enhanced solutions for chronic disease management 
used by older adults and people with disabilities as well as their caregivers and health-
care providers.  

 
Telehealth and Remote Patient Monitoring 

 
Telehealth involves systems that deliver health-related services and information 

via telecommunication technologies and that target prevention, health promotion, and 
cure.  Telehealth delivery can consist of two health-care professionals discussing a 
case over the telephone, or be as sophisticated as a videoconference between multiple 
providers in remote locations.  Telehealth can also affect health-care delivery by 
connecting health-care professionals with patients in their own homes.  Currently, 
telehealth technologies vary in the degree to which they integrate monitoring and 
educational functions.  While some systems primarily collect information, monitor health 
data, and provide feedback in the form of patient instructions, others are augmented by 
educational functions that allow patients to receive information through electronic 
messages, quick tutorials, question-and-answer sessions, or instructional videos 
(Schermer, 2009). 

 
Remote patient monitoring (RPM) is a type of home telehealth that enables patient 

monitoring as well as transfer of patient health data to a health-care provider.  To 
capture data, these technologies use a variety of wired or wireless peripheral 
measurement devices such as blood pressure cuffs, scales, and pulse oximetry, and 
they are most often used after a hospital discharge or between routine office visits.  
Some technologies also permit video interaction/chat between the patient and health-
care professional in real-time (e.g., the Intel HealthGuide).  These systems can prompt 
users to enter answers to targeted questions, and then use this information for data 
interpretation, provision of educational materials, as well as instructions such as 
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scheduling an office visit or going to the nearest emergency room.  Similarly, these 
systems can transmit user-entered data, store the data in secure records systems 
accessible to clinicians, flag abnormal readings or responses, and alert clinicians to 
abnormalities via e-mail or text messages.  In response to these alerts, clinicians can 
log into the system, review data, follow up with patients, or take other appropriate 
actions.  Some systems have the capacity to connect patients with additional resources 
such as personal health or electronic medical records, targeted educational materials, 
interactive self-care tools, medication optimization technologies, and health-care 
providers.  Although applications of RPM technologies are often used in the home 
setting, these technologies have been pilot-tested in congregate settings such as 
community-based senior centers (Hovey et al., 2011).   

 
While there is some evidence to suggest that RPM may reduce hospital utilization 

and improve clinical outcomes for HF and diabetes patients, small sample sizes, lack of 
randomization, and absence of long-term follow-up data limit many of these studies.  
Indeed, a review of home telemonitoring studies found inconsistent effects of 
telemonitoring on clinical outcomes, with about half of the reviewed studies suggesting 
benefits and the other half showing no effect (Barlow et al., 2007). 

 
One review of interactive IT (including telehealth) in older, chronically ill adults 

found that these technologies had a positive and sustained impact on outcomes and 
provided a complete feedback loop that included monitoring of current patient status; 
interpreting monitoring data in light of individualized treatment goals; adjusting the 
management plan as needed; presenting the patient with tailored recommendations and 
advice; and repeating this cycle at appropriate intervals.  Systems that provided only 
one or a subset of these functions were less consistently effective (Agency for 
Healthcare Research and Quality, 2008b).  Another review noted that, although the 
evidence supporting the clinical benefits of information communication technologies 
(ICTs) in managing chronic disease is limited, ICTs for heart disease provided better 
clinical outcomes, including reduced mortality and lower utilization of health-care 
services.  This report also noted that systems used for improving education and social 
supports were generally effective in patients with chronic diseases (Garcia-Lizana and 
Sarria-Santamera, 2007). 

 
The Department of Veterans Affairs (VA) provides an example of a sophisticated 

application of telehealth for chronic disease management.  To better coordinate non-
institutional care for veterans with chronic diseases, the VA has designed a program to 
augment standard care.  Program enrollees are assigned coordinators (nurses or social 
workers) who assess patients‟ health and recommend the telehealth devices best suited 
to their care needs and ability to use technology.  The majority of patients are over 50 
and receive care for diabetes (48 percent), hypertension (40 percent), HF (25 percent), 
COPD (12 percent), and other conditions.  This telehealth program led to reductions in 
bed days (25 percent), hospital admissions (19 percent), and patient satisfaction (86 
percent) (Darkins et al., 2008).  In addition to improved outcomes, the program also 
showed cost savings: telehealth patients cost $1,600 per year, compared to $13,121 
among primary care patients and $77,745 among nursing home patients.   
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A review of home telehealth found that, compared to conventional home care or 

usual care, home telehealth improved access to care, patients‟ medical conditions, and 
quality of life (Canadian Agency for Drugs and Technologies in Health, 2008).  With the 
notable exception of work from the VA, studies focusing on the economic benefits of 
home telehealth are often small and do not fully support conclusions regarding the 
economic benefit of this technology.  These results are especially equivocal when it is 
not appropriately integrated into providers‟ workflow and existing incentive structures, 
infrastructure and training prevent the meaningful use of the data it can provide (Soran 
et al., 2007; Chaudhry et al., 2010). 

 
Mobile Devices 

 
Use of smart phones and other mobile data devices for chronic disease 

management is on the rise.  These devices provide wireless internet connectivity over 
cellular phone networks in conjunction with wireless peripheral measurement devices 
similar to those used with RPM technologies.  These systems can track behavioral 
information as well as physiologic data such as blood pressure and glucose, and 
provide tailored feedback to a mobile device in response to this information.  This fast-
growing sector of telehealth has become known as “mHealth.”  These systems also 
permit physicians to access and evaluate patient data using this technology platform 
and tap into practice guidelines to make care plan adjustments.  One recent review of 
cell phone, voice and text message interventions noted significant improvements in 
medication compliance, asthma symptoms, and diabetes control (Krishna, Boren, and 
Balas, 2009). 

 
Clinical Decision Support (CDS) 

 
Health-care providers use clinical decision support (CDS) systems to generate 

alerts, reminders, and customized data entry forms to help interpret results, document 
patient health status, and prescribe the appropriate medications (Agency for Healthcare 
Research and Quality, 2009).  CDS is described in greater detail in the Medication 
Management chapter of this report (Chapter 3).  CDS systems are often one element of 
a larger health IT system that permits ongoing monitoring of patient information.  In the 
context of chronic disease management, these systems help clinicians schedule and 
remind patients about follow-up visits, lab tests, diet, exercise, and medication 
adherence in accordance with best practice guidelines. 

 
Evidence Supporting the Impact of Chronic Disease Management Technologies 

 
Heart Failure 

 
HF is an appealing target for technology-enhanced chronic disease management 

because the symptoms that often signal the onset of crisis are well-recognized and can 
be readily monitored and detected.  RPM, telehealth, and telemonitoring technologies 
have been examined in relation to HF outcomes as well as health-care utilization among 
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HF patients.  A recent study compared the effect of RPM to both usual care and a 
chronic disease management program without RPM among patients with moderate to 
severe HF.  This study found a 60 percent reduction in hospital readmissions using 
RPM compared with standard care, and a 50 percent reduction compared with disease 
management programs without RPM (New England Healthcare Institute, 2009).  The 
same study estimated that RPM has the potential to prevent between 460,000 and 
627,000 HF-related hospital readmissions each year, with an estimated annual cost 
savings of $6.4 billion.  Similarly, a review of chronic disease management programs 
that included RPM found a 21 percent reduction in hospital admission rates for HF, and 
a 20 percent reduction in all-cause mortality, findings strongly suggesting that RPM has 
measurable benefits among HF patients (Clark et al., 2007).  

 
A meta-analysis of telehealth studies in HF patients found that, compared to 

standard care, those receiving telehealth had a 42 percent reduction in hospitalizations 
(Wade et al., 2011).  Another study found that, although telehealth did not improve 
mortality rates, it significantly reduced health-care utilization, including emergency room 
and clinic visits, and unplanned hospitalizations (Dar et al., 2009).  It should be noted, 
however, that other reviews of the impact of telehealth on HF outcomes have yielded 
inconclusive results (Pare et al., 2010). 

 
An analysis of 25 studies on telemonitoring and HF showed that both structured 

telephone support and telemonitoring were effective in reducing hospitalization (Inglis et 
al., 2010).  These studies showed mixed results with respect to length of stay, quality of 
life, and other outcomes, but most that examined cost-effectiveness suggested this 
technology reduced costs.  The report also pointed out that some older HF patients 
were unable to learn how to use this technology, a finding that underscores the 
importance of ease of use and appropriate training.  

 
Diabetes  

 
Diabetes management can involve multiple activities such as adherence to a strict 

schedule of blood glucose monitoring, insulin injections, prescribed skin and foot care, 
diet, exercise and periodic eye examinations and assessments of glucose control, blood 
pressure, and cholesterol.  This multitude of activities introduces obvious challenges to 
both patients and providers seeking to engage in and monitor appropriate management.  
RPM can be used to enhance diabetes management by facilitating information 
exchange between patients and physicians as well as by providing patients with 
feedback on their blood glucose levels and how these levels are impacted by self-
management behaviors.  There is evidence to suggest that, compared to usual care, 
diabetic patients receiving RPM and telehealth had greater improvements in glucose 
control, blood pressure, and cholesterol (Shea et al., 2006).  Another study of the 
impact of mHealth intervention on diabetes management showed significant 
improvement in blood glucose compared to usual care, but no changes in other 
outcome such as depression, blood pressure, or cholesterol (Quinn et al., 2011). 
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Asthma and COPD 
 
Telemonitoring of respiratory measures can assist in the early identification of 

deterioration in a patient's condition and symptom control.  A study of patients with 
moderate to severe COPD showed that, compared to usual care, case managers‟ use 
of a home-based telemonitoring device for daily symptom surveillance resulted in a 
significant decrease in hospital admission rates and a number of exacerbations, as well 
as a tendency toward fewer hospital days and outpatient visits (Trappenburg et al., 
2008).  Although one review of this technology that focused on asthma management did 
not yield compelling results (Jaana, Pare, and Sicotte, 2009), another found 
improvement in asthma patients‟ lung function and symptoms (Pare et al., 2010).   

 
Hypertension 

 
A review of studies on the effectiveness of blood pressure telemonitoring among 

patients with hypertension found that a majority of studies showed improvement in both 
systolic and diastolic blood pressures (AbuDagga, Resnick, and Alwan, 2010).  This 
report also noted that health-care utilization and cost outcomes were under-investigated 
in the current hypertension telemonitoring literature.  Another review found that virtually 
all RPM studies involving patients with hypertension demonstrate reductions in both 
systolic and diastolic blood pressure (Pare et al., 2010). 

 
 

2.5.  Chronic Disease Management Technologies  
Under Development 

 
A number of innovative chronic disease management technologies are currently 

under development.  Among these are cloud-computing technologies (e.g., ActiveHealth 
Management), which involve shared use of internet-based resources, software, and 
information.  One system would combine information from electronic medical records, 
claims, medication, and laboratory data with a CDS system and deliver the information 
to clinicians through a cloud-computing platform.  With health-care data and IT 
resources managed in a cloud environment, these systems could facilitate coordination 
of patient care among provider teams in different locations, thereby enabling them to 
share and address patient information from several sources at a single access point.  
Such a system could also show how patients respond to various chronic disease 
management approaches and whether they are adhering to drug regimens, and they 
could alert physicians to missed prescriptions or potential adverse drug events.  A 
potential advantage of this approach is that it would not require major infrastructure 
investments on the part of health-care providers and payers.  However, cloud platforms 
may raise privacy and security concerns and providers may feel that they have little 
control over these aspects of the technology.  

 
Nanotechnology offers new approaches to monitoring physiologic and other 

measures that are fundamental to effective chronic disease management.  For example, 
researchers are incorporating microscopic optical, electronic, and biosensing devices 
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into contact lenses to monitor glucose, cholesterol, temperature, inflammation, infection, 
and fatigue.  These technologies integrate tiny sensors, antennae, and radios using 
short-range wireless communication.  Health information is then transmitted to mobile 
devices such as cell phones, which display or e-mail information to the person wearing 
the lenses, potentially increasing both the quality and quantity of information they can 
use for self-management (Parviz, 2009). 

 
A key challenge in diabetes management for many patients is non-compliance with 

self-monitoring of blood glucose, a self-management activity that requires the patient to 
draw a small quantity of blood with a finger prick.  New sensor technologies are 
emerging that help address this issue by facilitating ongoing monitoring of blood glucose 
without finger pricks (Darcé, 2010).  One device is implanted below the collarbone or in 
the lower abdomen during an outpatient procedure.  The system measures glucose 
levels and transmits data wirelessly to a portable receiver outside the body where the 
information can be read and acted upon by the patient.  Another new glucose 
monitoring device involves a miniature glucose sensor that can be implanted in the eye.  
Preliminary work suggests this device can measure glucose in manufactured tears at 
tear-flow rates that approximate those in the human eye, and research in humans is in 
the planning stages (Yan et al., 2011).  New diabetes management technologies are 
also emerging for patients who require insulin.  One example of a new insulin delivery 
technology involves an implanted insulin pump that is controlled in real-time by a 
continuous blood glucose sensor (Catargi, 2004).  Another new class of biotechnologies 
focuses on development of an artificial pancreas that can be implanted in the body to 
replace the insulin secretion function of a normal pancreas (Cerco Medical, 2010). 

 
New technologies are also in development for blood pressure management.  One 

example involves non-invasive, wireless monitoring systems that use pulse 
decomposition analysis (PDA) (e.g., CareTaker).  PDA tracks blood pressure by 
sensing pulse pressures and using complex models of these pressures along with 
digital signal processing and detection algorithms to compute arterial blood pressure.  
These devices would be controlled from and stream data to software that runs on a 
personal computer over a wireless communication link.  Another innovative approach to 
hypertension management is an implantable blood pressure telemonitor that uses a 
surface acoustic wave oscillator to sense pressure.  The blood pressure sensor would 
be implanted in the heart or in a major blood vessel and integrated with an antenna and 
receiver that could fit in the patient‟s pocket (Bush, 2010).  This approach will require 
stringent safety assessment before it becomes commercially available.  Nevertheless, a 
key advantage of some of these new technologies is that they can collect ongoing 
measurements of important physiologic parameters, thereby reducing the need for 
patient compliance and potentially increasing data quality. 
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2.6.  Experiences of Other Countries with Chronic Disease 
Management Technologies 

 
There is little difference between chronic disease management technologies 

available in the U.S. and those available in other developed countries.  A number of the 
larger chronic disease management technology initiatives have taken place in Canada 
and the United Kingdom (U.K.) and these have focused on promoting adoption of 
technology-enhanced chronic disease management programs. 

 
In Canada, the province of British Columbia achieved significant improvements in 

compliance with chronic care guidelines through use of a chronic disease management 
toolkit, CDS tools, and incentives for providers.  This initiative showed that the 
proportion of diabetic people who received glucose, blood pressure, and cholesterol 
tests in accordance with Canadian Diabetes Association management guidelines 
increased from 22 percent to 49 percent over three years.  During this period of 
enhanced focus on care management, the cost of diabetes care decreased from an 
average of $4,400 to $3,966 per patient.  This initiative involved a relatively modest 
investment in health IT (Organization for Economic Co-operation and Development, 
2010).  The government of Ontario, Canada, has arranged to design, build, implement, 
and manage a province-wide chronic disease management system and portal targeting 
diabetes, a top clinical priority for the province.  As the largest system of its kind in 
Canada, this technology-enhanced solution aims for earlier diagnosis of diabetes, more 
effective treatment, as well as improved disease management.  It will generate alerts to 
physicians to help them better manage patient care and it will also provide a diabetes 
registry that will be accessible by authorized clinicians (CGI, 2010). 

 
In the U.K., the National Health Service (NHS) has facilitated adoption of telehealth 

by awarding a cooperative agreement with technology vendors through which NHS 
organizations and local authorities will be able to purchase hi-tech products and 
services under pre-agreed terms and conditions.  The agreement covers technologies 
relevant to chronic disease management, including telecare, telehealth, and 
telecoaching, and it aims to expedite the adoption and utilization of these products and 
services in the marketplace.  The Department of Health (DOH) is conducting a Whole 
System Demonstrator (WSD) program to evaluate the efficacy and cost-effectiveness of 
telehealth and telecare among people with diabetes, heart failure, and COPD.  The 
study involves 6,191 patients and 238 general practitioner practices in three counties, 
making it the world‟s largest randomized controlled trial of telehealth and telecare.  
Preliminary results from the telehealth groups indicate a number of successes, including 
a 45 percent reduction in mortality, 20 percent fewer ER admissions, and a 14 percent 
reduction in elective admissions.  These data prompted plans for an expansion of 
telehealth.  Over the next five years, the NHS and DOH will work with businesses, 
suppliers, and health-care professionals to provide three million people with home-
based telehealth technologies, expanding health-care access, and connecting patients 
directly to their doctors.  A development company will be working with suppliers to 
produce holistic, community-wide, remote care solutions that employ business process 
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redesign, technology development, and change management (U.K. Department of 
Health, 2011). 

 
The medical home model is an especially innovative approach to extending the 

application of chronic disease management technologies.  This model, which is 
organized around the primary care physician (PCP), focuses on patient-centered care 
and coordinates patient care supported by shared information facilitated by technology.  
This approach is particularly successful in Denmark, where it has contributed to a 
reduction in hospital visits (Davis, 2007; Commonwealth Fund, 2008).  In this model, 
there are organized after-hours services and a nationwide health information exchange 
maintained by an independent nonprofit organization.  Almost all (98 percent) PCPs in 
Denmark have paperless offices, with prescriptions, laboratory and imaging tests, 
specialist consult reports, and hospital discharge letters flowing through a single 
electronic portal accessible to patients, physicians, and home health nurses. 
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CHAPTER 3: MEDICATION MANAGEMENT 
 
 

3.1.  Definition of Medication Management 
 
Medication management is a process that aims to facilitate safe and effective use 

of medications.  This process involves several phases: (1) prescribing in the outpatient 
setting or ordering in the hospital and long-term care settings; (2) order communication, 
including transmission and verification; and (3) dispensing and administration. 

 
Medication prescribing or ordering involves selecting a medication from the 

pharmacy benefit list and obtaining appropriate dispensing authorization.  Order 
communication involves the clinician transmitting a prescription or order, and the 
pharmacist‟s subsequent review and approval of this transmission.  Medication 
dispensing and administration involve provision of a supply of medication to an 
individual for whom it is ordered, giving the prescribed dosage to the patient, and 
documenting the medication order (Agency for Healthcare Research and Quality, 2010).  

 
Each phase of medication management can introduce problems that can be 

addressed by existing and emerging technologies.  Medication errors involve provision 
of the wrong medication or dosage, and can occur at the prescribing, dispensing, and 
administration phases of medication management.  Adverse drug events (ADEs) are 
injuries (physical or mental harm, or loss of function) that result from medication errors 
and can occur in any phase of the medication management process.  Medication errors 
that can lead to ADEs stem from issues such as unfavorable drug-drug interactions and 
drug allergies (National Academy of Sciences, 2007).   

 
Although ADEs are closely connected with provider behavior, patients also have a 

critical role in medication management.  Medication adherence is defined as the extent 
to which patients take medications as prescribed by their health-care providers 
(Osterberg and Blaschke, 2005).  While medication non-adherence can result from a 
choice on the part of the patient not to comply with the advice of their health-care 
providers, it is also caused by patients' inability to comply with this advice.  Whether by 
choice or not, medication non-adherence is a challenging issue among older adults and 
people with disabilities.  This important aspect of medication management is related to 
the dispensing and administration phases, and is most relevant to those in outpatient 
settings.  

 
Older adults and persons with disabilities are generally more likely to suffer from 

multiple chronic conditions, to have multiple health-care providers, to experience 
decreased cognition, and to transition among multiple care settings.  As a result, there 
are increased challenges associated with adequate medication management in these 
populations.  For example, it is often the case that, as the number of chronic conditions 
or the severity of disability increases, so too does the number of prescribed 
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medications, each with its own medication regimen.  Polypharmacy (concurrent use of 
multiple medications for treatment of one or more conditions) increases the risk of both 
ADEs and non-adherence, especially among those with cognitive impairment who often 
experience particular difficulties remembering to take their medications as prescribed 
(Murray et al., 2004).   

 
Compounding the issues of comorbidity, polypharmacy, and cognitive impairment 

is the fact that older adults and those with disabilities often see multiple health-care 
providers, each of whom may prescribe medications independently of other providers.  
Further, if patients use multiple pharmacies, individual providers and pharmacies are 
unlikely to have comprehensive, up-to-date information about current medications or 
medication histories.  This fragmentation of medication information can increase risk of 
medication errors and ADEs (Schafer, 2001). 

 
Finally, older adults and those with disabilities may use medications in multiple 

settings, including their own homes, hospitals, assisted-living facilities, and nursing 
homes, and they may experience frequent transitions across these settings.  Medication 
management problems can occur in all care settings and in all phases of the medication 
management process.  For example, medication errors and ADEs can occur with 
prescribing/ordering medications in nursing homes, hospitals, home health-care 
settings, and assisted-living facilities.  The patchwork of settings in which older adults 
and people with disabilities commonly receive care can introduce additional challenges 
for medication management.  When patients transition across settings, critical health 
information, including information about medications, drug allergies, and co-morbidities 
is not always effectively communicated, thereby increasing the risk of medication errors 
and ADEs (Kripalani et al., 2007).  

 
 

3.2.  Prevalence of Problems Related to Medication Management 
 
Although the Institute of Medicine has reported that medication errors harm at least 

1.5 million people annually, these errors are difficult to estimate accurately and vary by 
care setting, patient population, and provider (Institute of Medicine, 2006).  Moreover, 
because there are no standard mechanisms or protocols concerning medication errors, 
not all errors are detected and not all detected errors are reported (Hughes, 2008).  
Despite these challenges, one study found that medication errors occurred at about the 
same rates during the order, transcription/dispensing, and administration phases of the 
medication management process (Poon et al., 2010), while other work suggests that 
most errors involve ordering and prescribing (Bates et al., 1995; Gurwitz et al., 2003).  

 
Most information on medication errors in nursing homes relates to medication 

administration because dispensing is usually outsourced to long-term care pharmacies.  
Medication errors in this setting have been estimated to occur once in every five doses 
(Barker et al., 2002).  Since medication administration error rates are higher in nursing 
homes than in hospitals, on a per-day basis, nursing-home residents are more likely 
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than hospital patients to experience medication errors (National Academy of Sciences, 
2007).  

 
ADEs are the sixth leading cause of mortality among hospital patients, with 

400,000 preventable ADEs estimated to occur in hospitals each year (Taylor and 
Tamblyn, 2004; Institute of Medicine, 2006).  The notion of preventable ADE-related 
mortality is not limited to the hospital setting: 800,000 preventable ADEs are estimated 
to occur each year in nursing homes, and 530,000 among Medicare beneficiaries in 
outpatient clinics (Institute of Medicine, 2006).  Approximately one in seven nursing-
home residents with an ADE requires hospitalization, underscoring the connection 
between medication errors and care transitions among older adults (Harjivan and Lyles, 
2002).  Medication errors and ADEs can also occur in home health-care settings, 
especially as the number of medications increases.  One study surveyed more than 
6,700 people and found that problems with medication occurred in approximately one 
third of those surveyed (Meredith et al., 2001).   

 
Quantifying medication adherence among older adults and people with disabilities 

is hampered by challenges associated with lack of standard definitions and approaches 
to detection and reporting.  Currently, self-reporting is the most common approach to 
ascertaining medication adherence, although this method is often unreliable (Gellad, 
Grenard, and McGlynn, 2009).  Nonetheless, a survey by the National Community 
Pharmacists Association found that approximately 75 percent of American consumers 
report not taking their medicine as prescribed (National Council on Patient Information 
and Education, 2007).  It is reasonable to speculate that, as age and the number of 
medical conditions and medications increase, and as cognitive function decreases, the 
accuracy of self-reported medication adherence information may decrease.  Indeed, 
one meta-analysis reported medication adherence rates among adults age 65 and older 
ranging from 26 to 59 percent (Conn et al., 2009).  Another report found that 29 percent 
of Medicare beneficiaries with disabilities skipped medications, reduced dosages, or 
failed to fill prescriptions due to cost (American Psychological Association, 2011).  Lack 
of patient adherence contributes to medication errors, with one study finding that 21 
percent of errors in older adults were related to medication non-adherence (Gurwitz et 
al., 2003).  

 
 

3.3.  Cost and Burdens Associated with Inadequate  
Medication Management 

 
Medication errors, ADEs and medication non-adherence have a cross-cutting 

impact on providers, patients, and caregivers.  Acute and long-term care providers bear 
a significant proportion of the costs and burdens associated with these problems 
because of the frequent transitions that older adults and persons with disabilities make 
between these settings in the course of care.  Examples of costs that may result from 
medication management problems include the treatment of unfavorable health 
outcomes, preventable hospital and nursing home admissions, as well as the formal 
and informal services and supports that are necessary because of these problems. 
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The costs associated with medication management problems are significant and 

vary by payer and cost-calculation method.  According to one assessment, the U.S. 
spends approximately the same amount on treating medication-related problems as it 
does on the prescription medications themselves (Schlosberg, 2008).  In 2000, the 
estimated cost of medication-related morbidity and mortality in the ambulatory care 
setting exceeded $177.4 billion; hospitalizations accounted for 70 percent ($121.5 
billion) of these costs and long-term care accounted for 18 percent ($32.8 billion).  
Physician ($13.8 billion) and emergency department visits ($5.8 billion) accounted for 
substantial, but smaller portions of these costs (Ernst and Grizzle, 2001).  Problems 
with medication management also increase nursing home resource utilization, including 
physician visits, use of allied health professional services, laboratory and monitoring 
services, as well as the treatment of new medical problems resulting from medication-
management issues (including the costs of the medications needed to treat these new 
problems) (Bootman, Harrison, and Cox, 1997).  In addition, it has been shown that 
serious injuries such as falls and hip fractures are associated with medication problems 
such as medication side effects (e.g., drowsiness) and drug-drug interactions (American 
Society of Consultant Pharmacists, 2010).  

 
Apart from costs incurred as a result of medication errors originating with 

providers, medication non-adherence on the part of patients results in additional costs 
and excess hospitalization.  One study reported that non-adherence, along with 
suboptimal prescribing, drug administration, and diagnosis result in as much as $290 
billion annually in avoidable medical costs, a figure equivalent to 13 percent of total 
health-care expenditures (New England Healthcare Institute, 2009).  Another study 
found that poor medication adherence may account for up to 10 percent of hospital 
admissions (Conn et al., 2009).  It has been shown that improved patient self-
management and adherence is associated with a reduction in the number of 
hospitalized patients, hospital days, and outpatient visits, with a cost-to-savings ratio of 
approximately 1 in10 in some cases (National Council on Patient Information and 
Education, 2007).  In addition to increased cost to the health-care system, medication 
non-adherence results in less favorable disease trajectories and added patient burden.  
Patients who do not adhere to their medication regimens are nearly three times less 
likely to have favorable health outcomes than are those who follow provider instructions 
(Conn et al., 2009).  

 
 

3.4.  Available Medication Management Technologies and Evidence 
of Their Benefits 

 
Technology solutions, including health information technologies like electronic 

health records (EHRs) with electronic prescribing (e-prescribing) and computerized 
physician order entry (CPOE) functionality as well as clinical decision support (CDS) 
systems, have the potential to reduce medication errors and ADEs associated with both 
prescribing/ordering medications and communication of medication orders.  Electronic 
medication administration records (eMAR), bar-coded point-of-care systems, and 
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remote pharmacy systems can reduce medication errors during medication 
administration in nursing homes, assisted living, and hospital settings.  Further, 
software-based screening protocols and medication reviews by pharmacists can 
improve appropriate use and reduce potential for errors (Agency for Healthcare 
Research and Quality. 2010).  Medication reminder, dispensing and monitoring systems 
can improve medication management in the home, thereby reducing the non-adherence 
that can ultimately lead to ADEs in this setting. 

 
An EHR has been defined as a longitudinal electronic record of patient health 

information generated by one or more encounters in any care delivery setting 
(Healthcare Information and Management Systems Society, 2011).  A patient‟s 
medications, allergies, and problems are included in this information.  E-prescribing is 
computer-based support for writing and transmitting prescriptions between a prescriber 
and a dispenser (e.g., a pharmacy); CPOE is a computer-based system that automates 
the process by which a clinician enters orders, including medication orders, and 
transmits them to laboratories, nursing homes, and pharmacies.  A CDS system has 
interactive software designed to assist physicians and other health-care professionals 
with decision-making tasks such as determining patient diagnoses and issuing 
warnings.  CDS systems link health observations with health knowledge in ways that 
help clinicians provide improved care.  Together, these systems can reduce medication 
errors and ADEs associated with the prescribing/ordering and communication phases of 
medication management.  

 
E-prescribing and CPOE functionalities within an EHR can improve prescribing 

and ordering by catching errors at the point of care and reducing communication errors 
due to illegible handwritten prescriptions as well as miscommunication between 
physicians and pharmacists (Center for Improving Medication Management, 2008).  
These systems give providers access to patients‟ health records, including existing 
medications, medication history, drug allergies, and other information.  The increased 
access to patient information offered by these systems not only results in safer 
prescribing practices, it can also facilitate eligibility and formulary checks.  E-prescribing 
and CPOE become increasingly beneficial when used in combination with advanced 
features such as CDS that provide real-time feedback to help prevent medication-
related problems.  This type of support may involve patient-specific alerts that include 
information about allergies, drug interactions, medication history, pharmacy eligibility, 
drug coverage, formulary composition, other benefits, and any necessary dosage 
adjustments (Bell and Friedman, 2005).  

 
CPOE and CDS vary in both complexity and capability.  A review of CDS 

implementation studies showed that 68 percent of studies indicated improvement in 
clinical practice, including drug dosing and preventive care.  The review concluded that 
the most important features of CDS systems were automatic provision of decision 
support as part of clinician workflow, decision support at the time and location of 
decision-making, providing a recommendation, and using a computer to generate 
decision support.  Nearly all systems that had these four features (94 percent) improved 



48 

 

clinical practice, compared to systems (46 percent) that had none of these features 
(Kawamoto et al., 2005).  

 
Published research has examined how e-prescribing systems operating 

independently and CPOEs that interface with CDS affect medication errors and ADEs.  
These reports, which focus primarily on academic hospitals, suggest that CPOEs and 
CDS systems reduce medication errors (Agency for Healthcare Research and Quality, 
2001).  A recent review of the literature on e-prescribing assessed medication errors 
and ADEs in the outpatient, inpatient, and intensive care settings, and found a 
significant risk reduction in all three settings.  However, the magnitude of risk reduction 
varied by care setting, study design, sample size, and duration of follow-up.  This review 
also showed that custom-designed systems developed within an organization showed 
greater declines in medication errors than commercial systems, and that systems with 
advanced CDS showed greater benefit than did those with limited or no CDS.  Despite 
these findings, the authors cautioned that more randomized controlled trials were 
needed to solidify the evidence base supporting the benefits of these technologies 
(Ammenwerth et al., 2008).   

 
Computerized prescribing alerts can reduce use of potentially inappropriate 

medications that could lead to ADEs.  A five-year study of computerized decision 
support tools found that drug-specific alerts in a community practice setting reduced the 
use of potentially inappropriate medications in patients age 65 and older (Simon et al., 
2006).  Another study found that CPOE systems have been shown to reduce 55 percent 
of serious medication errors, and 17 percent of adverse drug reactions, leading to 
reductions of $500,000 in pharmacy charges and $26 per emergency visit (First 
Consulting Group, 2004).   

 
One of the few studies conducted in long-term care settings involved evaluation of 

a clinical event monitor to detect ADEs in nursing homes and suggested that ADEs can 
be detected with a high degree of accuracy in this setting (Handler et al., 2008).  
Another study demonstrated that computerized CDS for physicians improved the quality 
of prescribing for nursing-home residents with renal insufficiency (Field et al., 2009).  As 
for potential cost savings, another study, which focused on long-term care facilities, 
found that CDS for medication ordering reduced costs by $1,391.43, a 7.6% net 
reduction (Subramanian et al., 2012). 

 
Even though these systems may require a significant up-front investment 

depending on individual providers‟ characteristics and needs, it has been reported that 
substantial savings can be realized from improved communication, charge capture, and 
immediate response to laboratory results.  For example, one hospital in Massachusetts 
spent nearly $12 million to develop, implement, and operate a CPOE system between 
1993 and 2002.  This facility achieved a budget savings of nearly $10 million over the 
same time period (Kaushal et al., 2006). 

 
Health-care professionals and clinicians use eMAR systems to manage workflow 

by documenting administration times for electronically ordered medications.  These 
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systems record patient medication, dose, and timing information, as well as special 
administration instructions.  Nurses use eMAR systems to document medication 
administration as well as reasons for non-administration.  The systems generate alerts 
to prevent the wrong medication from being administered, prevent medication from 
being administered to the wrong person, and provide alerts when medications are 
overdue.  Finally, they store medication-related activities, thereby providing a 
medication record for each patient (Hillestad et al., 2005).  

 
Bar-coded medication administration (BCMA) combines eMAR with bar-coding 

equipment and software to ensure accurate medication administration and reduce 
medication errors at the point of care.  Similar to the CPOE systems, the level of initial 
investment for BCMA can be significant.  For instance, the five-year cost for a custom-
designed BCMA system at one hospital was $2.24 million, including planning, 
development, and rollout ($1.31 million), as well as $342,000 in annual operating costs.  
Nevertheless, this system surpassed the break-even point and generated positive 
financial returns on investment within 4.5 years of full implementation (Maviglia et al., 
2007).   

 
Evidence supporting the benefit of bar-coding and eMAR in hospitals is limited, 

with few rigorous studies examining health outcomes (Oren, Shaffer, and Guglielmo, 
2003).  Similarly, there have been few controlled trials of bar-coding and eMAR in 
nursing homes (National Academy of Sciences, 2007).  Among published studies 
addressing outcomes associated with bar-coding and/or eMAR systems, a hospital-
based study found that implementation of bar-coded medication verification technology 
embedded in an eMAR was associated with a 41 percent reduction in incorrect dosing 
and a 51 percent reduction in potential ADEs associated with those errors.  This report 
also showed a 27 percent decrease in errors associated with the timing of medication 
administration.  Based on these findings, it has been estimated that BCMA could 
prevent approximately 95,000 potential ADEs each year at the point of medication 
administration as well as an additional 50,000 potential ADEs related to transcription 
errors (Poon et al., 2010).  

 
Another study reported a 71 percent decrease in medication errors when nurses 

used bar-codes in a point-of-care information system.  However, in this study, the bar-
coding device was frequently avoided for several reasons, including lack of coordination 
among nursing staff and physicians, and increased prioritization of monitored activities 
during busy periods (Clinical Update, 2009).  Thus, although there is some evidence to 
suggest that these technologies may reduce medication errors, important issues related 
to training and workflow may also need to be addressed in order to realize the full 
potential of these technologies.  No peer-reviewed studies assessing the efficacy of bar-
coding and eMAR in nursing-home settings have been identified.  

 
Telepharmacy facilitates access to medications and drug education for people who 

live in rural areas and those without easy access to traditional pharmacy services.  
Telepharmacy capitalizes on electronic information and telecommunications (telephone, 
fax machine, computer, internet, and video) to provide long-distance pharmacy services 
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and support (Kimber and Peterson, 2006).  It often involves a registered pharmacist 
technician delivering medications to customers after a prescription has been processed 
and verified by a pharmacist working from a remote or central pharmacy.  Pharmacists 
with access to EHRs can check prescriptions for dosing, allergies, duplication, and drug 
interactions.  

 
Electronic dispensing of medications in rural hospitals facilitates administration of 

appropriate dosages and timing of medications (Sherman, 2007).  In this setting, 
telepharmacy can utilize automatic dispensing devices (ADD) that release prepackaged 
medications authorized by the pharmacist.  Pharmacists can monitor the verification 
process, oversee restocking of the ADD, and use a videoconferencing link to counsel 
patients about their medications (Peterson and Anderson, 2002).  Few studies have 
evaluated telepharmacy, and most published reports on this topic are pilot 
demonstrations that describe telepharmacy services and quantify the number of 
prescription consultations and costs.  However, there has been some suggestion that 
telepharmacy offers promise for improving medication management.  A survey of state 
rural health offices found reductions in hospital medication error rates following 
implementation of telepharmacy (Casey et al., 2010).  

 
Software-aided medication review protocols used by home health agencies also 

facilitate collaboration with pharmacists and physicians to reduce the risk of medication 
errors. Using clinical information (medication use, vital signs, and other clinical 
indicators) collected and entered into a risk-assessment software system, users are 
alerted to potential medication problems determined by preset criteria. According to 
protocol, nurses and care managers consult with pharmacists to verify the accuracy and 
appropriateness of the patient‟s medication list and to identify potential problems that 
warrant reevaluation by a physician (Meredith et al., 2002).   

 
Medication reminders, medication dispensers, and devices that combine informing, 

reminding, and dispensing functions are patient-focused technologies that aim to 
improve medication adherence.  These devices are most often used among older adults 
and people with disabilities who live in the community as well as those in service-
enriched congregate settings such as assisted-living facilities.  The devices can be 
stand-alone or integrated into larger systems.  Stand-alone technologies can provide 
single or multiple functions and they may also have advanced functions, including 
monitoring and data transmission.  A single function medication dispensing system is 
easiest to use and least expensive, but has limited functionality by design.  Multi-
function systems seek to enhance medication adherence using two or more functions.  
Advanced technologies address one or more medication adherence elements, such as 
medication ingestion, metabolism, and adjustment, but are more complicated to use.  
Recently, medication dispensers and reminders have been integrated with health-
management capabilities, such as monitoring of overall health and storage of health 
information.  These devices may offer broader self-management opportunities for older 
adults and people with disabilities (Center for Technology and Aging, 2009). 
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Medication reminders are devices that prompt patients to take their medications 
using audible or visual cues or both.  The complexity of these devices ranges from 
wrist-watch alarms that generate alerts at various times to programmable computer 
software that informs users when it is time to take their medications (Fuson, 2010).  
Because of their portability, some medication reminder devices can be incorporated into 
a person‟s daily routine with relative ease.  Some devices combine a reminder 
technology with an automated dispenser that releases medication at specific times or 
intervals specified by the user (Wakefield et al., 2008). While some of these dispense 
only one medication, others have the capacity to dispense multiple medications and/or 
handle varying schedules.  Medication dispensers often lack portability and require a 
standard electric outlet for reliable functioning.  Nonetheless, they are appealing to both 
older adults and people with disabilities because these groups frequently have difficulty 
opening medication bottles, and handling and sorting small pills.  These dispensers 
reduce the frequency with which patients need to handle medication containers, 
ultimately reducing difficulties associated with gaining access to the medication itself 
(Law et al., 2008).   

 
The most advanced consumer-targeted technologies are devices that combine 

medication reminding, dispensing, and monitoring.  These systems remind the user to 
take the medication, dispense the medication, and facilitate monitoring of when and in 
what quantities the medication was taken.  For example, some devices ask the user to 
log the date and time when the medication was taken while others collect and store this 
information automatically.  Some of these devices can also report this information to the 
clinician and/or caregivers using internet, telephone, or text messaging.  Transmission 
of this information allows caregivers to monitor how well patients are adhering to their 
medication regimens and take action when problems occur.  Medication reminder and 
dispenser systems can cost up to $1,000 and the caregiver notification function can cost 
an additional $10 to $50 per month (Wakefield et al., 2008).  

 
Although there are only a limited number of rigorous studies evaluating medication 

reminder, dispenser, and monitoring devices, there is some evidence that they improve 
medication adherence.  One study randomized 139 patients into three groups: a control 
group that did not receive any alerts/reminders, an intervention group that used 
medication bottles that remind patients to take their medication through audio and visual 
alerts and generate missed-dose reminder telephone calls, and an intervention-plus 
group that received the alerts and reminders as well as a financial incentive.  After six 
months in the program, a preliminary analysis of this ongoing randomized trial found 
increased medication adherence among those receiving alerts/reminders, but no 
additional benefit associated with the financial incentive.  Interim results showed 98 
percent medication adherence among the intervention group, 99 percent adherence 
among the intervention-plus group, and 71 percent adherence for those who did not use 
the reminder-generating bottles (Center for Connected Health, 2010).  Another study 
investigated the effects of three medication management approaches on adherence and 
resource utilization in older adults: a pillbox, a voice-reminder medication dispenser, 
and usual self-administration.  Patients using the medication dispenser were 
significantly more adherent than were those using a pillbox and those who self-



52 

 

administered their medications.  Moreover, the group that self-administered its 
medications had more physician office visits and hospitalizations (Winland-Brown and 
Valiente, 2000).  A third study comparing automated medication dispensers to pillboxes 
in patients age 60 and older showed lower rates of hospitalization and emergency room 
visits among those using the medication dispenser (Buckwalter et al., 2004).   

 
 

3.5.  Medication Management Technologies Under Development 
 
Advances in medication management technology focus on provision of more 

sophisticated functions that aim to enhance both patient adherence and safety.  These 
include advanced reminding and/or dispensing functions; advanced searches of 
databases for potential ADEs; provision of "context-based" reminders in addition to, or 
in place of, traditional "time-based" reminders, and ascertainment and monitoring of 
medication ingestion. 

 
One aspect of evolving medication management technology involves development 

of new approaches to the delivery of reminders.  An example of one such technology is 
a device that can readjust the dosing schedule when patients are late in taking their 
medications.  A potential advantage of this feature is that the added flexibility provided 
by the dispensing system will help the user remain adherent by offering an adjusted 
dosing schedule as an alternative to a skipped dose (Tsai et al., 2006).  Other 
innovations involve moving away from time-based reminders and toward context-based 
reminders (Lundell et al., 2007).  Context-based reminders are tailored in that they 
“learn” a patient‟s routine, and incorporate information from these patterns so reminders 
can be delivered in a manner that considers and capitalizes on the interplay of these 
patterns.  Some context-based reminding systems identify an ideal time and place for 
the user to take their medication and construct activity-based "rules" that ultimately 
result in the user receiving a customized prompt to take the medications.  Although this 
approach may provide some advantages over existing reminder strategies, one 
limitation of activity-based reminding systems is the challenge presented by situations in 
which the user is performing more than one activity simultaneously (Tang et al., 2010).   

 
Another context-based approach seeks to maximize adherence by providing 

algorithm-based reminders when they are likely to result in the highest degree of 
medication adherence.  These systems may improve medication adherence by reducing 
non-adherence associated with a reminder that is received at an inappropriate time.  A 
preliminary evaluation of older adults with memory impairment who used such a smart 
medication system found 90 percent adherence among those who received context-
aware prompting, 76 percent adherence among those who received routine time-based 
prompting, and 45 percent adherence among those who had no prompting (Tang et al., 
2010).  

 
Other advances in medication management technology focus on avoidance of 

ADEs.  New devices contain information about the user‟s medications, including types 
of food that should be avoided when taking certain medications, and they can alert 
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patients about potential drug-drug or drug-food interactions.  Further, they can plan a 
medication schedule that avoids these unfavorable interactions and can adjust the 
dosing schedule when a dose is missed.  The functionality addressing prevention of 
ADEs that is offered by these devices may provide meaningful advantages over current 
technologies that focus primarily or solely on adherence (Wang et al., 2009). 

 
Current medication monitoring technologies that compile "adherence" data rely on 

medication dispensing data as a proxy for ingestion and are not capable of verifying 
whether the dispensed medication was actually ingested by the patient.  Several 
systems in development stages incorporate such capabilities in order to address this 
shortcoming.  In this general approach, a patient takes their prescribed medication, into 
which a microchip is embedded.  The chip itself is not a pharmaceutical agent; it is an 
additional component that uses the prescription as a delivery device for entry into the 
body.  The chip is activated upon ingestion of the medication and leaves the body 
through routine bowel movements.  During the digestion process, the chip transmits 
information from inside the body to a data recording and transmission device worn by 
the user and relay the information to a health-care professional who may advise 
patients to adjust dosages or change medications.  They can also alert caregivers if 
transmitted data are suggestive of low adherence (Chorost, 2008).  One pharmaceutical 
company is planning to seek regulatory approval for the addition of this "smart pill" 
technology to existing drugs (Reuters, 2010).  A related technology uses magnetic 
tracers that are embedded in pills in conjunction with a detection and transmission 
device worn around the neck.  This approach is relatively unobtrusive due to its small 
size and weight (Huo and Ghovanloo, 2007).  For adherence tracking, data that reflect 
actual ingestion of medication offer obvious advantages over data that only reflect 
dispensing of medication.  However, one issue that smart pill technologies will need to 
address is how to protect patient health information when it is transmitted wirelessly 
from inside the body to another location such as a smart phone or health-care provider 
(Reuters, 2010).  

 
Another class of evolving medication management technology involves 

mechanisms that detect physiologic changes in patients‟ bodies after they take their 
medications.  An example of this approach uses fluorescent dye that is added to the 
medication and then traced as it enters the bloodstream.  Concerns have been raised 
about the limited understanding of the long-term impact of introducing these dyes into 
the body in an effort to track medication adherence (Huo and Ghovanloo, 2007).  
Nonetheless, novel approaches to measurement of medication adherence that focus on 
the post-dispensing period continue to be developed and tested in an effort to generate 
accurate data on this aspect of medication management.  

 
Home robots are another innovative approach to medication management.  These 

technologies aim to improve adherence and take targeted action when adherence is not 
achieved.  One prototype features a medication dispenser combined with a monitoring 
technology that detects removal and return of the dispenser.  The robot can deliver data 
to clinical personnel when non-adherence is detected, thereby facilitating clinical 
intervention (Takacs and Hanak, 2008).  Notably, the robot has digital "faces" that 
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provide visual feedback to the patient concerning their medication adherence, a 
particularly useful feature for older adults and others with cognitive impairment. 

 
 

3.6.  Experiences of Other Countries with Medication  
Management Technologies 

 
A number of developed countries have medication management technologies that 

are similar to those used in the U.S.  However, there are several unique medication 
management technology projects currently underway in the European Union (EU) that 
may contribute to the development of new technologies or improvements in existing 
technologies by increasing our understanding of various problems associated with 
medication management.  For instance, the Patient Safety through Intelligent 
Procedures in Medication (PSIPM) project seeks to improve knowledge of ADEs 
through analysis and mining of hospital data repositories.  The project seeks to assess 
risks for and probable causes of ADEs using data such as diagnoses, medical histories, 
and lab results (Patient Safety through Intelligent Procedures in Medication, 2010).  The 
Early Detection of ADEs by Integrative Mining of Clinical Records and Biomedical 
Knowledge (ALERT Project) is similar to the PSIPM and aims to better detect ADEs as 
well as determine frequencies of disease occurrence as a function of utilization of 
specific drugs.  A key goal of the ALERT project is to distinguish between “true” and 
“false” signals of potential ADEs.  ALERT is being carried out by a consortium of 18 
European research institutions and is coordinated by Erasmus University Medical 
Center in the Netherlands (PharmacoEpi & Risk Management Newsletter, 2009). 

 
Another example of an EU project relevant to medication management is the CIP 

ICT PSP Work Programme, which funds projects for interoperability of e-Health 
solutions across national borders.  One effort funded under this program, the European 
Patients Smart Open Services project, aims to increase the interoperability of patient 
summaries and e-prescriptions.  It is a collaborative of 12 EU-member states that will 
develop, test, and validate key specifications such as interoperability among health 
information systems.  One of the practical motivators for this project is the frequent, 
cross-border travel in which many Europeans engage on a regular basis.  European 
physicians often treat patients from other countries with limited access to their health 
information.  Goals of this project include helping providers address the practical 
challenges of treating patients from other countries, such as being able to refill lost or 
forgotten medications and communicating medical information to physicians who speak 
different languages (European Commission ICT for Health, 2006). 

 
Finally, the EU‟s Ambient Assisted Living (AAL) program is designed to improve 

the quality of life of older adults through use of information and communication 
technology.  One of the unique projects supported through AAL is the Hear Me Feel Me 
project.  This project uses radio frequency identification (RFID) tags on medications and 
a RFID reader attached to smart mobile phones to help visually impaired individuals, 
including older adults, identify medications.  This system also provides audio 
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instructions to help older adults and visually impaired individuals improve and document 
medication adherence (Ambient Assisted Living, 2010). 
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CHAPTER 4: COGNITIVE IMPAIRMENTS 
 
 

4.1.  Definition of Cognitive Impairments 
 
Cognitive impairments are driven by a number of conditions that adversely impact 

the ability to think, remember, reason, and quickly process information (National 
Institutes of Health, 2010).  Although cognitive impairments can affect younger 
individuals, they are observed more frequently among older adults who may experience 
declines in cognitive ability over time (Deary et al., 2009) and who are the primary focus 
of this Report.  Symptoms of cognitive impairments can vary widely among affected 
individuals.  The range of symptoms can result in relatively minor impairments that have 
a limited impact on daily life, as well as more severe and increasing challenges resulting 
in the need for nursing-home care.  Although cognitive impairment in older adults occurs 
on a continuum and can change over time, three categories are often used to describe 
these conditions among this population: normal cognitive aging, mild cognitive 
impairment, and dementia (National Institutes of Health, 2010).  

 
Normal cognitive aging describes declines in memory, problem-solving skills, and 

information-processing speed that occur with advancing age (Anstey and Low, 2004).  
Despite the age-related declines that often accompany normal cognitive aging, innate 
intelligence is not affected in most individuals (Burke and Shafto, 2008).  Normal 
cognitive aging can result in minor inconveniences such as difficulty finding items 
around the house, as well as more serious problems such as forgetting to take 
medications (Ball, Ross, and Viamonte, 2009). 

 
Mild cognitive impairment (MCI) involves deficits in memory, language, thinking, 

and judgment that are greater than those observed among individuals with normal 
cognitive aging (Mayo Clinic, 2010).  Symptoms of MCI are generally not severe enough 
to significantly affect performance of activities of daily living (ADLs) such as bathing and 
eating, nor are they sufficient to meet the threshold for dementia.  Nevertheless, MCI is 
considered a transitional stage between normal cognitive aging and dementia, making 
this category of cognitive impairment a meaningful marker for future dementia risk, as 
well as a potential point at which interventions to address cognitive decline should be 
initiated (Petersen et al., 2009). 

 
Dementia is characterized by cognitive impairment that is chronic, progressive, 

and irreversible (Fillit et al., 2002).  It affects critical cognitive abilities such as 
retrospective and prospective memory, as well as executive functions such as goal 
formulation, planning, organizing, and abstract reasoning (Rockwood, 2002).  In 
addition, dementia patients often exhibit mood fluctuations and confusion. Further, they 
may engage in wandering behaviors such as nighttime walking or elopement, a term 
used to describe a patient's departure from a treatment setting (including the home) 
when the departure could threaten the safety of the patient or others (Landau et al., 
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2010).  Unlike MCI, dementia often involves a pathological decline in memory and other 
cognitive abilities that are sufficiently severe to interfere with ADLs, making it a risk 
factor for loss of independence.  Alzheimer‟s Disease (AD) is the most common cause 
of dementia, especially late in life.  AD is characterized by the development of plaques 
and tangles in the brain that lead to widespread cognitive impairment and brain tissue 
atrophy.  Vascular dementia, the second most common type of dementia, results from 
impaired blood flow to the brain that restricts the supply of oxygen and energy required 
for normal cognitive function (Alzheimer‟s Association, 2010). 

 
Cognitive impairment is associated with a host of problems that impact health-care 

professionals, patients, and caregivers.  Examples of problems affecting health-care 
professionals include a lack of access to the information needed to ascertain the 
presence and degree of cognitive impairment, as well as challenges associated with 
identifying clinically meaningful changes in cognition over time that are part of a 
progressive loss of function, which are often referred to collectively as cognitive decline.  
Problems affecting patients include difficulties in preventing and slowing cognitive 
decline, compensating for cognitive losses once they have occurred, and maintaining 
social networks as cognition diminishes and social isolation increases.  Caregivers of 
people with cognitive impairments also experience substantial challenges in caring for 
these individuals.  These include concerns about safety, maintaining communication 
with the affected individual, and being able to identify changes in behavior or other 
factors that might indicate that additional services or caregiving are needed.  A number 
of technologies are available and under development that address one or more of these 
problems. 

 
 

4.2.  Prevalence of Cognitive Impairment 
 
As the name implies, many view normal cognitive aging as a routine aspect of 

advancing age.  It is not considered a disease, nor is it associated with diagnostic codes 
that facilitate ascertainment of its prevalence.  It is therefore difficult to quantify the 
occurrence of normal cognitive aging since it is not broadly viewed as a deviation from 
“normal,” it does not present outwardly or with obvious or visible symptoms, and it is not 
a diagnosable condition (Ball, Ross, and Viamonte, 2009).  However, updates to 
diagnostic criteria that are scheduled for release in the spring of 2012 are expected to 
recognize both the existence and continuum of geriatric cognitive disorders.  The new 
criteria distinguish among mild and major MCI (which will be renamed „neurocognitive 
disorder‟) associated with AD, frontal lobe damage or degeneration, vascular diseases, 
Parkinson‟s Disease, and other conditions that can impair cognition. The revisions also 
recognize the gradual progression from mild to major cognitive impairment and the 
reality that major cognitive impairment may predict future AD diagnosis (American 
Psychiatric Association, 2012).   

 
In contrast to the difficulty associated with quantifying normal cognitive aging, a 

number of sources provide reliable estimates of other forms of cognitive impairment.  
One study suggested that over 22 percent of people over age 71 in the U.S. (an 
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estimated 5.4 million individuals) have MCI that has not progressed to dementia or AD 
(Plassman et al., 2008).  A recent study estimated that the prevalence of MCI among 
older adults without dementia was 16 percent, and that 10 to 15 percent of these 
patients progressed to dementia over three years (Petersen et al., 2010).  Another study 
reported that, over four years, progression to dementia occurred in 50 percent of MCI 
patients.  This research also showed that between 5 to 8 percent of otherwise healthy 
older adults develop MCI each year (Lopez et al., 2007).  People with MCI that includes 
memory deficiencies have an especially high progression rate to AD, rendering this 
combination of symptoms of particular concern for development of severe cognitive 
impairment and decline in old age (Bell, 2007). 

 
In 2011, an estimated 14 percent of individuals age 71 and older had been 

diagnosed with dementia.  The prevalence of dementia increases dramatically with age: 
while only 5 percent of adults age 71 to79 are diagnosed with dementia, this figure rises 
to 37 percent among people age 90 and older.  Women are at greater risk of dementia 
due in large part to their longer life spans.  The prevalence of dementia among women 
age 71 and above has been estimated at 16 percent, compared to 11 percent among 
men (Plassman et al., 2007).  Similarly, cumulative lifetime risk of dementia ranges from 
17 to 21 percent among women, and 9 to 17 percent among men.  There are data to 
suggest that the incidence of dementia also varies by race, with African Americans 
twice as likely and Hispanics about 1.5 times as likely as whites to be diagnosed with 
this condition (Alzheimer‟s Association, 2010a).   

 
AD accounts for approximately 70 percent of dementia cases (Plassman et al., 

2007), and affects an estimated 5.1 million individuals age 65 and older, a figure 
representing 13 percent of this age group (Herbert et al., 2003).  AD is the fifth-leading 
cause of death among people age 65 and older and the sixth-leading cause of death in 
the U.S.  After diagnosis, individuals over the age of 60 live an average of four to six 
years (Larson et al., 2004).  Early-onset AD occurs in people under age 65 and 
currently affects approximately 200,000 Americans (Alzheimer‟s Association, 2011a).  In 
addition to its earlier onset, this is a more aggressive form of AD that generally causes 
faster cognitive decline (Canu et al., 2010). 

 
 

4.3.  Costs and Burdens Associated with Cognitive Impairment 
 
Cognitive impairments and decline result in increased health-care costs, elevated 

risk of disability, and decreases in work efficiency and quality of life (Plassman et al., 
2008).  Although the consequences of cognitive impairment are most pronounced 
among people with dementia, they are also present among those with MCI and normal 
cognitive aging.  AD and dementia are responsible for significant costs to the U.S. 
health-care system.  The results of a 2003 review indicate that costs for the care of AD 
patients alone totaled an estimated $100 billion.  Per patient, total annual costs (direct 
and indirect) can range from $1,500 to $91,000, depending on the medical and 
caregiving services required, symptom severity, and other comorbid diagnoses (Bloom, 
de Pouvourville, and Straus, 2003).  With the aging of the U.S. population, these costs 
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are expected to grow from $183 billion in 2011 to $1.1 trillion in 2050 (in 2011 dollars)" 
(Alzheimer's Association, 2011a).  Long-term care, respite care, short-term stays in 
adult day-care facilities, and in-home care all contribute to the high cost of caring for 
people with AD.  One study noted that the highest monetary costs incurred in the 
treatment of AD arise from extended nursing-home stays (Hux et al., 1998).  Two-thirds 
of people who die from AD will do so in a nursing home (Mitchell et al., 2005).  Further, 
although the clinical manifestation of dementia develops over time, the social isolation 
that results from the breakdown of the patient's social networks can accelerate cognitive 
deterioration, thereby exacerbating the patient's clinical profile. 

 
It is not surprising that older adults with dementia consume more health-care 

resources than do those without this condition, including increased utilization of services 
in hospitals, assisted-living facilities, nursing homes, special care units, and hospices.  
Adults with dementia have three times as many hospital stays as do people without 
dementia and are eight times more likely than Medicare beneficiaries of the same age 
to require home-health services (Alzheimer‟s Association, 2011a). 

 
The cost of cognitive impairments extends beyond patients to both businesses and 

caregivers.  Businesses incur substantial costs associated with employees attempting to 
both work and provide care to loved ones due to absenteeism, lost productivity, and 
costs to replace employees who leave or lose their jobs (Alzheimer‟s Association, 
2002).  There are also significant costs to the families of people with cognitive 
impairments, AD, and dementia because they provide the majority of informal care to 
affected individuals who live primarily in the community.  One review article estimates 
that 80 percent of community-dwelling AD patients require informal care and that the 
indirect cost of this care to family members is three times higher than the cost of their 
formal care (Oremus and Aguilar, 2011).   

 
In addition to its financial consequences, cognitive impairment often takes an 

emotional toll on families for extended periods of time.  People with advanced dementia 
frequently do not recognize and are not comfortable with family and friends, which can 
generate tremendous, prolonged stress for both patients and families.  Spouses and 
children in particular often experience a sense of loss in response to the affected 
person‟s deterioration.  

 
The progressive, debilitating nature of dementia often disrupts normal family life.  

Family members may have to make dramatic changes to provide adequate care for the 
affected individual at home.  Behaviors such as wandering and agitation add to these 
burdens.  People in the advanced stages of dementia often require full-time care and 
continuous monitoring.  Caring for an individual with dementia is taxing in terms of time, 
emotion, and finances.  As a result, caregivers of people with dementia have more 
medical conditions than do those who do not have these responsibilities.  Their 
caregiving role is associated with increased medication use, anxiety, depression, 
decreased self-efficacy, and impaired metabolic function (Sörensen et al., 2006), as well 
as slow wound healing (Kiecolt-Glaser et al., 1995), new hypertension (Shaw et al., 
1999) and new coronary heart disease (Vitaliano et al, 2002).  In another study, 24 
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percent of spousal caregivers had an emergency department visit or hospitalization in 
the previous six months (Schubert et al., 2008).  All of these consequences are 
associated with treatment costs of their own, further highlighting the impact of cognitive 
impairment on health resource utilization. 

 
 

4.4.  Available Technologies for Cognitive Impairment and Evidence 
of Their Benefits 

 
Technologies addressing cognitive impairments target a variety of problems.  Most 

of these are directed at patients and caregivers in the community, where most patients 
reside and where most caregiving occurs.  In general, technologies aimed at prevention 
target healthy, normally aging adults who want to stay mentally “sharp.”  Typically, these 
technologies seek to maintain or improve existing cognitive function through training 
exercises.  Technologies focused on detection of cognitive impairments and/or decline 
target adults with normal cognitive aging as well as persons with dementia.  These 
technologies focus on identification of behavioral, cognitive, or physical symptoms of 
cognitive impairment and decline, and are intended to help users maintain 
independence, assist caregivers, and inform care.  Intervention-oriented technologies 
assist adults with existing MCI, dementia, or AD.  These technologies attempt to slow 
the progression of cognitive decline (e.g., from MCI to dementia, or from mild to 
moderate dementia), track the progression of symptoms, and support adults with 
diminished cognitive abilities.  

 
Prevention  

 
Technologies aimed at preventing cognitive impairment and decline focus heavily 

on cognitive training exercises that target specific aspects of cognitive functioning such 
as memory, attention, and language.  Computer-based cognitive training aims to 
maintain cognitive function, thereby reducing risk of decline.  In this general approach, 
well-studied paper-and-pencil tasks that target abilities such as memory, reasoning, and 
processing speed are adapted for computer-based use and implemented in computer 
memory games, puzzles, cognitive exercise, and brain fitness software applications.  
This type of training is available as software that can be installed on a personal 
computer, on websites that can be accessed with an internet browser or, in some 
cases, on dedicated touch-screen computers with easy-to-operate user interfaces.  One 
study explored the efficacy of cognitive training software in a cohort of adults age 65 to 
94 and showed that, although computer-based training raised cognitive performance 
scores, it did not improve ADL performance (Ball et al., 2002).  However, certain 
elements of this training did favorably impact quality of life (Wolinsky et al., 2006). 

 
Randomized controlled studies of technology-enhanced cognitive exercises are 

limited, but there is some evidence supporting the potential benefit of multi-domain 
cognitive training in improving cognitive function in healthy older adults and slowing 
decline in individuals with existing deficits (Gates and Valensuela, 2010).  However, 
studies of the impact of these technologies often focus on memory training and do not 
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target long-term, sustainable gains or transferable cognitive skills.  Thus, after initial 
task-specific improvements, benefits often wane, especially if use of the technology is 
not sustained (Martin et al., 2011).  For example, one study reported that older adults 
who used commercial brain training software for an hour each day, five days a week, 
improved on memory measures and processing speed compared to those who did not 
use the software (Smith et al., 2009).  However, these benefits diminished after three 
months without active training, suggesting a need for sustained, intensive training to 
maintain the observed improvements (Zelinski et al., 2011).  Other studies also support 
the idea that, in order for users to sustain benefit from these training technologies, they 
must sustain technology use (Owen et al., 2010).  

 
Social isolation often results from cognitive impairment, making technology-

enhanced social interaction an appealing approach to prevention of this common 
problem among people with cognitive deficits (Fillit et al., 2002).  Online social networks, 
as well as computer- and phone-based communication systems, can provide older 
adults with opportunities to establish and maintain relationships, particularly if they live 
alone, are disabled, or have limited access to transportation.  These connections can be 
particularly important for people seeking to prevent the social isolation that often 
accompanies cognitive impairment.  Technologies that address this need include two-
way video conferencing, easy-to-use video phones, computers, and connectivity 
applications such as those employing icons on touch-screen computers.  However, the 
effectiveness of these approaches to reduction of social isolation among people with 
cognitive impairments has not been rigorously evaluated.  Technologies addressing 
social isolation are discussed further in Chapter 6 of this report, which focuses on 
depression. 

 
Detection  

 
Early detection of cognitive impairment and decline permits timely intervention and 

is therefore important for preservation of cognitive health in older adults.  
Neuropsychological tests--both paper- and computer-based--are the most common 
performance-based tools used to evaluate cognitive status.  Certain symptom 
evaluation tools can be administered via telephone by a clinician or an automated 
response system (Mundt et al., 2001) or via personal digital assistants (PDAs) 
(Moskowitz and Young, 2006).  These methods of administration, while “low tech,” are 
not only valid but also allow clinicians to maintain frequent contact with patients or to 
assess those who may be otherwise unable or unwilling to access their care provider.  
Advanced imaging technologies such as computed tomography (CT), positron emission 
tomography (PET), magnetic resonance imaging (MRI), and functional MRI (fMRI) are 
also used to identify those susceptible to manifesting cognitive decline and/or cognitive 
impairment (Fillit et al., 2002).  

 
Cognitive impairment is associated with changes in brain structure and function.  

Most structures in healthy, aging brains lose 0.5 to 1 percent of their volume each year 
(Fjell and Walhovd, 2010).  Volume loss in dementia and AD is even greater, but is 
restricted to specific brain regions like the frontal lobe (Tartaglia, Rosen, and Miller, 
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2011).  These structural changes can be identified by CT (Tartaglia, Rosen, and Miller, 
2011) and MRI scans (Frisoni et al., 2009).  Further, structural changes in the brain 
allow these technologies to successfully distinguish among MCI, dementia, and AD 
(McEvoy et al., 2009).  Whereas CT and MRI can detect changes in brain structure, 
neuroimaging with PET or fMRI can detect differences in brain activity patterns 
(Kalpouzos et al., 2009; Beason-Held, Kraut, and Resnick, 2006; Machulda et al., 
2003).  Identifying these fMRI patterns helps researchers and physicians characterize 
MCI, dementia, and AD in a manner that facilitates diagnosis and care planning for 
patients. 

 
In addition to imaging techniques, home-based activity monitoring also offers 

opportunities to detect cognitive impairment.  These systems use sensors embedded in 
the environment to detect changes in activity levels, habits, and other behaviors that 
can indicate cognitive impairment.  These systems are described in greater detail in 
Chapter 1, which focuses on falls and fall prevention, another care issue that is targeted 
with these monitoring systems.  One study analyzed utilization data from keyboards, 
mice, and software application use to identify patterns associated with cognitive 
impairment.  This study found that computer use, typing speed, and variability in 
performance predicted cognitive impairment, suggesting that monitoring these 
performance-based activities might yield patterns that are indicative of meaningful 
changes in cognition (Jimison et al., 2006).  Other studies have shown that in-home 
motion sensors can identify activities and movements (e.g., variability in walking speed 
and abnormalities in gait) that are markers of MCI and dementia (Hayes et al., 2008; 
Suzuki and Murase, 2010).  These preliminary results suggest that larger studies may 
be helpful in elucidating how best to implement these preventive approaches in practice 
and whether they provide clinically relevant benefits with respect to cognitive 
impairment (Kaye et al., 2011). 

 
Intervention 

 
Older adults experiencing cognitive impairment and decline may benefit from 

technology-enhanced memory supports that compensate for memory deficits (LoPresti, 
Mihailidis, and Kirsch, 2004).  Some of these technologies help patients keep track of 
event- and time-based information.  Planning and Execution Assistant and Trainer 
(PEAT) software is one example of this type of technology.  PEAT is a customized 
system that integrates personal cueing such as digital pictures and voice recordings.  
The software is intended to help users keep deadlines and appointments, thereby 
helping to sustain activity and minimize caregiver burden.  Although these devices are 
promising interventions for MCI and dementia patients, their efficacy has not been 
established (Seelye et al., 2009). 

 
Memory aids are another class of technologies that support cognition by helping 

the patient to maintain memories (Cipriani, Bianchetti, and Trabucchi, 2006).  The 
Digital Family Portrait is an example of this type of technology.  This memory aid 
provides images that visually summarize events of the previous few days (Mynatt et al., 
2001).  Although patients with severe cognitive impairment may have difficulty with the 
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training needed for the effective use of these types of memory aids, studies have shown 
that patients with mild to moderate dementia can be trained to use these technologies.  
Further, there is evidence to suggest that adoption of these tools can help older adults 
maintain their independence (Capriani, Greaney, and Porter, 2006).  One study showed 
that a cognitive rehabilitation program that included memory aids improved both 
memory and ADL performance in adults with MCI (Kurz et al., 2009). 

 
One challenge caregivers often face is the need to provide basic, ongoing support 

to affected individuals, including support for tasks such as food preparation and 
personal hygiene.  An intelligent assistive support system is under development that 
addresses this need by providing guidance on hand-washing to adults with dementia, 
thereby reducing caregiver burden.  Pilot studies indicate that the device helped 
participants with moderate dementia complete an average of 11 percent more hand-
washing steps independently and required 60 percent fewer interactions with a human 
caregiver related to hand-washing when the system was in use (Mihailidis et al., 2008).  
While these data suggest promise for a single hygiene-related task, technologies that 
are able to promote sustained independence in basic activities are important because of 
their potential for reducing caregiver burden. 

 
In addition to their utility in detecting cognitive impairment, activity-monitoring 

technologies have also been used among people with established cognitive deficits.  
One example of this application is among patients who engage in dangerous behaviors 
such as wandering and elopement (Altus et al., 2000).  Monitoring technologies mitigate 
the risks associated with these behaviors by facilitating remote patient monitoring.  This 
approach not only provides physical security to the patient, but it also provides 
emotional security to caregivers and reduces caregiver burden by allowing the caregiver 
to monitor a loved one from a location of their choosing.  A variety of technologies can 
be employed in patient monitoring systems.  These include global positioning systems 
(GPS), radio frequency (RF) transmitters, and cellular-based tracking devices.  In one 
system, a GPS is embedded in shoes that allow the user's location to be tracked with a 
secure subscriber‟s portal.  Other systems integrate more than one technology to 
address these behaviors.  Assisted GPS systems (AGPS), which combine GPS and 
cellular tracking functionalities, can provide greater accuracy, availability, and coverage 
than standard GPS (Djuknic and Richton, 2001).  Similar devices for monitoring and 
tracking involve radio transmitter- and receiver-based systems.   

 
To support tracking or “wander monitoring” efforts, the Alzheimer‟s Association has 

created its own web-based location service.  The system uses the internet and a 
tracking device of the family‟s choice to identify the location of a person with AD on an 
ongoing, full-time basis.  This system can establish “safety zones” and send alerts to 
caregivers when a person moves beyond the defined area (Alzheimer‟s Association, 
2011b).  

 
Electronic games are increasingly used to encourage social interaction among 

older adults with cognitive impairment.  These technologies provide diverse platforms 
for social interaction, and they often include memory exercises and other features 



70 

 

directed at specific cognitive issues that are common among these patients.  The user-
centered design of these technologies aims to retain the characteristics of successful 
game design for older adults such as simplicity, uncomplicated rules, and participation 
by more than one individual.  Some of these technologies feature mobility and include 
card games, quizzes, and memory games (Mubin et al., 2008). 

 
Advances in touch screen technology and computer graphics provide novel ways 

for older adults to manipulate virtual objects.  Tabletop user interfaces are one way in 
which these technologies have been modified for use with cognitively impaired adults.  
One application of this technology is digital photo-sharing in which a tabletop interface 
acts as a digital photograph application that allows the user to interact with the object by 
touching the tabletop surface.  This device has no buttons, menus, or toolbars, making it 
easy to use for older adults with cognitive challenges.  This technology can also 
promote social interaction because multiple users can sit together at the table and use it 
simultaneously (Apted et al., 2005). 

 
Technologies that focus primarily on meeting caregivers‟ needs are also available.  

For example, online support systems that promote communication among fellow 
caregivers can reduce caregiver isolation and facilitate information-sharing (Czaja and 
Rubert, 2002).  Finally, technology is playing an increasing role in the formal treatment 
of cognitively impaired adults (Rogers and Mynatt, 2003).  Some providers promote 
integration of technologies such as personal digital assistants (PDA) into their treatment 
protocols (LoPresti, Mihailidis, and Kirsch, 2004). 

 
 

4.5.  Technologies Under Development to Address  
Cognitive Impairment 

 
In addition to technologies that are currently available to address cognitive 

impairment and decline, new solutions are under development that target both patients 
and caregivers.  Users can wear a number of these new technologies, which focus on 
tracking movements among patients who are prone to wander.  For example, one 
wearable device tracks movement using a combination of sensors including a portable 
unit that contains a GPS receiver, a cellular Global System for Mobile (GSM) modem, a 
radio frequency (RF) receiver, and a wristwatch with an RF transmitter.  A preliminary 
assessment of this technology indicated user acceptability as well as the ability of the 
device to collect high-quality data over long periods of time (Shoval et al., 2010).  
Another anti-wandering device is embedded in a bracelet worn by the user.  It emits a 
low-level RF that can be used to alert authorities if the user goes missing.  Although this 
device can provide comfort to caregivers and safety to patients who have a tendency to 
wander, it also has notable weaknesses, including the need for frequent battery checks 
on the part of the user or a caregiver (Daniel, Cason, and Ferrell, 2009).  A general 
limitation of wearable devices is that they require users to remember to wear the device, 
which entails a specific cognitive function that is often profoundly compromised in these 
patients.  Further, factors such as the need to check and recharge batteries can also 
require active user engagement, or ongoing oversight by a caregiver. 
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Monitoring devices that do not require ongoing user engagement or compliance 

are appealing to many patients and families.  These devices are often embedded in the 
user‟s environment in a manner that allows passive activity monitoring and collection of 
other information that can be transmitted to a caregiver.  Some devices also provide 
tailored prevention, detection, and assistance functions that address the user‟s specific 
needs (Intel Corporation, 2003).  

 
“Smart homes” are one application of passive monitoring (Orwat, Graefe, and 

Faulwasser, 2008).  Smart homes rely on technology embedded in the home 
environment that does not require active user engagement.  These homes are designed 
not only to monitor older adults‟ activities, but also to provide additional support relevant 
to cognitive impairment (Cole, 2009).  For example, smart homes can incorporate 
sensors that record the user‟s movements and reduce the risks associated with 
wandering.  They can also monitor appliances such as stoves, which can be 
inadvertently left on by people with memory deficits (Cole, 2009).  These systems can 
either transmit data to caregivers who can then take appropriate action when 
necessary, or provide decision support directly to patients.  For instance, a smart home 
could ascertain that a patient moved from the kitchen without turning off the stove and 
prompt them to turn off the stove by providing a reminder.  Some systems that are 
currently on the market go one step further and turn appliances on and off 
automatically.  

 
Smart homes have the potential to be adapted for people with cognitive 

impairments and could include supportive functions such as labeling systems based on 
bar codes that identify food or clothing, washing machines that recognize clothes with 
data tags, universal controllers for appliances, and interactive video monitoring that 
provides visual cues.  One system features reminders that address the forgetfulness 
associated with age-related cognitive decline.  During an initial learning phase, this 
system collects information on the user's behavior patterns, analyzes this information, 
and uses it as a basis for providing reminders about routine activities (Cheek, Nikpour, 
and Nowlin, 2005). 

 
Maintaining social contacts can be an important component of cognitive and 

emotional health, but can also be a source of anxiety.  Social memory aids are another 
evolving technology that allows individuals with MCI to practice name and face 
recognition, thereby decreasing social anxiety.  The user selects photos that link to a 
database of personal contacts.  Questions and clues about the person in the photo are 
presented on a TV screen, and the user is prompted to recall information about the 
individual being displayed.  This technology also stores information longitudinally and 
provides ongoing cognitive assessment based on this information (Morris et al., 2004). 

 
Unlike technologies that primarily target users and caregivers, novel home-

monitoring applications (e.g., Project HealthDesign) seek to enhance clinicians‟ ability to 
collect and access information that is relevant to early detection of cognitive decline and 
impairment, as well as to provide effective care for patients with established decline.  



72 

 

For example, one research team is developing a system that will monitor activities 
including medication adherence, movement, and cooking.  This information can be 
integrated into a personal health record (PHR) accessible to users, caregivers, and 
clinicians.  The goal of this approach is to facilitate early detection of cognitive 
impairment as well as clinically relevant changes in cognitive function, thereby allowing 
caregivers and health-care professionals to be proactive about key issues such as 
treatment and safety. 

 
 

4.6.  Experiences of Other Counties with Technologies for  
Cognitive Impairment 

 
Although technologies addressing the needs of older adults with cognitive 

impairments and decline are available internationally, many of these are similar to those 
found in the U.S.  In the EU, systems that monitor people with cognitive impairments are 
often referred to as "social alarms."  One application for social alarm technology targets 
patients with mild dementia using mobile devices and a base unit that is installed at 
home.  These systems (e.g., Cogknow) provide electronic reminders, a picture dialing 
phone, safety alerts, mobile navigation for returning home, and web-based 
management tools.  A similar project, funded by the EU Information Technologies 
Society‟s Sixth Framework Programme, has released a wearable technology 
addressing cognitive impairment.  This system includes a device that is worn on the 
wrist and a mobile phone with simplified features that allows the user to maintain 
contact with health-care and social-service providers.  The system is designed to 
integrate with other assistive technologies, such as activity-monitoring systems installed 
in the user's home.  The device enables older adults to use a variety of applications to 
address symptoms of cognitive impairment and facilitates monitoring by health-care 
professionals (ENABLE, 2010). 

 
The SHARE-IT project (Supported Human Autonomy for Recovery and 

Enhancement of Cognitive and Motor Abilities Using Information Technology) intends to 
create a variety of modular devices that interact with other assistive technology devices 
and that can potentially be incorporated into smart home infrastructure for older adults 
and individuals with disabilities.  This project is also funded by the EU Sixth Framework 
Programme and organizations in several countries such as Germany, Italy, Spain, and 
Romania.  SHARE-IT's broader goals include maintenance of older adults‟ autonomy, 
streamlining communication with caregivers, and standardizing measurements to 
provide accurate sensing, computation, and assistance to the users (European 
Commission, Community Research and Development Information Service, 2009). 

 
In addition to EU collaborations that focus on older adults with cognitive 

impairments, a number of European countries have domestic programs that promote 
social alarms.  In Germany, one project provides monitoring and video-conferencing to 
older adults who are confined to their homes (Empirica, 2010).  In the U.K., the National 
Health Service provides social alarms, although users make a monthly payment toward 
operating expenses.  Support for social alarms in France is more limited.  Local 
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governments generally provide alarms, but they are only available in about 25 percent 
of French counties, and private organizations or fire departments usually provide 
response services for these alarms.  Technologies addressing cognitive impairments 
are also found in Asia.  For example, in Japan, social alarms are available from both 
local government and private organizations, but response services tend to be 
contracted to private organizations (Empirica and Work Research Centre, 2010). 
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CHAPTER 5: SENSORY IMPAIRMENTS 
 
 

5.1.  Definition of Sensory Impairments 
 
Sensory impairment is a reduction in an individual‟s ability to process sensory 

stimuli.  This includes visual impairment, which is a reduction in visual abilities that 
cannot be corrected to normal levels, and hearing impairment, which is a reduction in 
hearing ability relative to age-appropriate norms.  Both visual and hearing impairments 
are common among older adults (Centers for Disease Control and Prevention, 2011; 
Yueh et al., 2003). 

 
Although many factors can cause visual impairment, age-related macular 

degeneration (AMD), cataracts, and glaucoma are the most common causes (Centers 
for Disease Control and Prevention, 2011).  Visual impairments are also common 
among those with autism, and can result from complications related to high blood 
pressure, diabetes, and other conditions, adding complexity to the patient profile and 
treatment plan.  Treatment of visual impairment varies widely, ranging from simple 
prescription glasses to lens-replacement surgery.  Despite the availability of effective 
treatment for some of the underlying causes of visual impairment, other causes are less 
responsive to treatment and can result in permanent impairments. 

 
Hearing loss results from a number of conditions that impede the ear‟s ability to 

sense and process sound.  There are three forms of hearing loss: conductive, 
sensorineural, and mixed conductive and sensorineural.  Conductive hearing loss is 
caused by mechanical abnormalities such as a perforated eardrum, and is often treated 
surgically.  However, more than 90 percent of hearing loss is sensorineural, which is 
permanent, often related to age and sometimes diseases such as diabetes.  
Sensorineural hearing loss involves damage to or deterioration of the acoustic nerve or 
the hair cells of the inner ear that transmit acoustic signals to the brain and enable the 
perception of sound.  Since there are no treatments for this damage, sensorineural 
hearing loss is often treated with devices such as hearing aids, which aim to 
compensate for rather than reverse hearing loss.  However, cochlear and middle ear 
implants may be appropriate in cases where hearing aids are not suitable (Yueh et al., 
2003).  Mixed hearing loss involves a combination of conductive and sensorineural loss. 

 
Although people with mild visual and hearing loss can often function at normal 

levels, moderate to severe loss or dual sensory impairments can have a profound 
impact on the ability of older adults or persons with disabilities to live independently in 
the community (Saunders and Echt, 2007).  These individuals can face a number of 
specific problems associated their sensory impairments, including difficulties 
manipulating the controls on traditional hearing aids; anatomical features that preclude 
hearing aid use or make these devices an unappealing treatment option; hearing loss 
that is not improved with hearing aids; reduced ability to use telephones, computer 
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screens, or other routine communication technologies; limitations in the ability to 
engage in household management and reduced capacity to safely navigate the physical 
environment.  A number of technologies are currently on the market and under 
development that aim to address these and other issues associated with sensory 
impairments. 

 
 

5.2.  Prevalence of Senior Impairments 
 
Hearing and visual impairments are common among older adults and the 

prevalence increases with age (Prevent Blindness America, 2008). 
 

Visual Impairments 
 
The most common causes of loss of vision among older adults are age-related 

macular degeneration (AMD), cataracts, and glaucoma.  AMD causes loss of sharp, 
focused central vision, making it difficult or impossible to drive, read, or recognize faces.  
While AMD affects only 2 percent of adults aged 50 to 69, its prevalence increases to 
30 percent among people age 75 and over, highlighting increases in this condition with 
advancing age (National Eye Institute, 2009a).  Cataracts cloud the lens of the eye and 
obscure vision.  Although cataracts can develop in adults as young as 40, they are 
much more prevalent in older adults (National Eye Institute, 2009b). One study reported 
that 44 percent of individuals over the age of 70 have cataracts, and by the age of 80 
half of Americans either have a cataract or have had cataract surgery (Congdon et al., 
2004).  Glaucoma is typically associated with increased pressure inside the eye that 
results in a reduction in peripheral vision and, if left untreated, irreversible blindness. 
Under- and delayed diagnosis of glaucoma are serious problems because patients 
experience few symptoms until significant damage to the optic nerve creates noticeable 
blind spots.  According to a 2006-2008 survey of 15 states, between 6.8 and 12.3 
percent of adults over 65 report suffering from glaucoma and the rate is projected to rise 
as diabetes incidence increases (Centers for Disease Control and Prevention, 2011). 

 
Hearing Impairments 

 
The prevalence of hearing impairment increases markedly with age.  Between 25 

and 40 percent of adults over age 65, 40 to 60 percent of adults over age 75, and more 
than 80 percent of adults over age 85 experience measurable reductions in hearing.  
Despite its prevalence, hearing impairment is under-diagnosed and therefore 
undertreated.  Only 9 percent of primary care physicians offer hearing tests to patients 
age 65 years and older, suggesting that screening is not a routine feature of care for 
this population.  Further, only 25 percent of patients with diagnosed hearing impairment 
use amplification devices such as hearing aids (Yueh et al., 2003), suggesting that 
diagnosis does not necessarily result in treatment.  Low levels of hearing aid use may 
be related to a number of factors, including patients' perceptions regarding the severity 
of the hearing impairment, the expense associated with purchasing these devices, lack 
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of awareness regarding the availability of this treatment option, and reluctance to use 
assistive devices because of perceived stigma. 

 
Dual Sensory Impairments 

 
Concurrent visual and hearing impairments are common among older adults in the 

United States.  Data collected from a survey conducted by the National Center for 
Health Statistics suggest that concurrent visual and hearing impairments affect 7 
percent of adults age 65 to 79 and 17 percent of adults over age 80 (Caban et al., 
2005).  One study suggests that the presence of a visual impairment can be predictive 
of a hearing impairment in adults over 80, an association that could improve diagnosis 
and treatment opportunities for both conditions (Schneck et al., 2011). 

 
 

5.3.  Costs and Burdens Associated with Sensory Impairments 
 
Visual impairments and blindness are estimated to cost $35 billion annually in 

direct medical costs and lost productivity, with these impairments alone accounting for 
$11 billion in nursing-home costs (Rein et al., 2006).  Among Medicare beneficiaries 
with glaucoma, costs increase as visual capacity decreases.  Compared to adults with 
glaucoma but no vision loss, annual costs associated with glaucoma are $5,005 higher 
for patients with moderate vision loss, $7,155 higher for those with severe vision loss, 
and $10,513 higher for those with blindness (Bramley et al., 2008).  Cataracts are 
associated with particularly high health-care costs: this condition accounts for 
approximately 60 percent of all Medicare expenditures related to vision problems 
(Congdon et al., 2004). 

 
Hearing impairments are estimated to account for between $154 billion and $186 

billion in health-care expenditures each year.  Medical equipment such as hearing aids 
can be costly, as can treatment for secondary conditions such as ear infections, which 
are common among those with hearing impairments.  Hearing-impaired individuals have 
been shown to utilize more health-care services (e.g., outpatient visits) than do those 
without these impairments (Green and Pope, 2001).  

 
In addition to the direct medical costs and increased service utilization linked to 

visual and hearing impairments, these conditions are also associated with considerable 
burdens to both patients and caregivers.  Sensory impairments can contribute to loss of 
independence by inhibiting affected individuals from performing routine tasks that are 
required for self-care, home maintenance, and engaging in basic communication 
(Caban et al., 2005).  Visual impairments can create challenges in preparing meals and 
shopping.  Hearing loss also inhibits activities such as using the telephone to attend to 
household responsibilities and engaging with friends and family (Brennan, Horowitz, 
and Su, 2005).  Hearing loss makes it difficult for people of all ages to communicate 
with their social networks, thereby enhancing the risk of social isolation.  Indeed, one 
study of older adults showed that those with moderate to severe hearing loss were eight 
times more likely to report difficulties with communication than were those without 
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hearing loss (Dalton et al., 2003).  Social isolation, in turn, is a risk factor for depression, 
suggesting a pathway linking sensory impairments and this condition that is supported 
by data from a national survey showing that individuals with sensory impairments were 
more likely to report symptoms of depression than were those without these 
impairments (Capella-McDonnall, 2005).  Both depression and social isolation are 
described in greater detail in Chapter 6 of this report. 

 
For adults with visual impairments, mobility-related tasks such as climbing stairs 

are often adversely impacted, often with serious consequences.  As discussed in 
Chapter 1 of this report, visual impairment is a major risk factor for falls.  Older 
individuals with vision problems are nearly twice as likely to have experienced a fall 
within the past 12 months and 1.7 times more likely to have experienced a broken hip 
resulting from a fall than are those without vision problems (Crews and Campbell, 
2004).  Further, poor vision is a leading reason for older adults to stop driving, which in 
itself contributes to social isolation and increased dependence on family and friends. 

 
Finally, older adults with sensory impairments are more likely to have comorbid 

conditions such as hypertension and heart disease than are their counterparts without 
these impairments.  Controlling for age, older adults with dual sensory impairments are 
2.4 times more likely to report heart disease and 3.6 times more likely to have had a 
stroke than are those without vision or hearing impairments.  The same pattern 
emerges with other conditions (e.g., depression, arthritis, diabetes), wherein the more 
severe the sensory impairment, the greater the comorbidity.  Although it may be difficult 
to distinguish cause and effect, it is clear that sensory impairments are strongly 
associated with older adults' health and activity patterns in a manner that results in 
diminished quality of life among affected individuals (Crews and Campbell, 2004). 

 
 

5.4.  Available Sensory Impairment Technology Solutions and 
Evidence of Their Benefits 

 
A number of technologies are available to address the needs of individuals with 

visual and hearing impairments.  These technologies can generally be classified into 
four categories: intervention options, auxiliary and adaptive aids, technologies that 
address household responsibilities, and those addressing navigation. 

 
Intervention Options 

 
Hearing aids, middle-ear implants, cochlear implants, and electric acoustic 

stimulation are technologies that address hearing impairments in people of all ages 
(Sprinzl and Riechelmann, 2010).  In most cases, the nature and severity of the hearing 
impairment dictate the treatment strategy, with hearing aids being the most common 
treatment for hearing loss.  Hearing aids, which are available in both analog and digital 
form, amplify sound.  Early intervention with hearing aids on some types of hearing loss 
has been shown to halt or reverse hearing impairment in older adults and, among those 
with mild-to-severe hearing impairment, they are considered to be the most effective 
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treatment (Yueh et al., 2003).  Hearing aids vary in size, cost, features, and mode of 
use.  The largest hearing aid consists of a case containing the amplifier and is used in 
conjunction with an in-ear component.  For the most part, this type of hearing aid has 
been replaced by more compact devices that are worn behind the ear, in the ear, or in 
the ear canal (Dillon, 2001).  The smallest of these devices is worn completely in the ear 
canal and is almost invisible from the outside.  In general, there is an inverse 
relationship between hearing aid size and cost. 

 
Active middle ear implants (AMEI) are implantable alternatives to hearing aids in 

which all components, including the microphone and battery, are implanted under the 
skin.  These devices can be suitable alternatives for older adults who have difficulty 
manipulating traditional hearing aids‟ controls or who have collapsed ear canals that 
cannot accommodate hearing aids.  Thus far, testing has focused on adults of all ages 
and has not specifically targeted older populations.  Adults age 28 to 86 have reported 
improved hearing, speech recognition, and listening ease, as well as satisfaction with 
these devices (Sprinzl and Riechelmann, 2010). 

 
Older adults with severe hearing loss might opt for a cochlear implant if they are 

determined to be a good candidate for this procedure.  Cochlear implants are small, 
electronic devices consisting of an external portion that sits behind the ear and a 
second portion that is surgically placed under the skin (National Institute on Deafness 
and Other Communication Disorders, 2011).  Unlike hearing aids and AMEI, cochlear 
implants are not amplifiers; rather, they act as prosthetic substitutes for the ear itself, 
providing electric stimulation directly to the auditory nerve.  Several studies have 
documented improvements in quality of life associated with cochlear implants (Sprinzl 
and Riechelmann, 2010), and others have shown them to be a cost-effective approach 
to addressing advanced sensorineural hearing impairment (Yueh et al., 2003).  

 
Electric acoustic stimulation (EAS), which involves the use of a hearing aid and a 

cochlear implant together in the same ear, can also be suitable for older adults who 
receive limited benefit from hearing aids or for whom hearing aids are otherwise not 
suitable.  With EAS intervention, the hearing aid amplifies low-frequency sounds while 
the cochlear implant addresses middle and high frequencies.  Although this is a 
relatively new technology, studies have shown improved hearing with EAS relative to 
hearing aids alone.  Although more research is needed among older adults, this 
technology appears promising (Sprinzl and Riechelmann, 2010). 

 
Currently, non-surgical, vision-related interventions are limited to lenses and 

magnification devices.  A number of sophisticated surgical options exist that augment or 
partially restore sight, but these devices are in earlier phases of testing and therefore 
they are described in the section on technologies under development.  For non-surgical 
interventions, technological advances have improved corrective eyewear by increasing 
magnifying power while decreasing glare, lens weight, and lens thickness, which 
improves both comfort and cosmetics for users.  High-powered spectacle lenses, hand-
held magnifiers with LED light bulbs, and head-worn magnifiers can be prescribed to 
amplify vision to enable people to read and perform other tasks that require near vision.  
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These devices, combined with bright lighting in the home, can significantly enhance 
older adults‟ vision.  However, as the magnification power increases, the visual field 
narrows, making these devices unsuitable for driving and other routine daily activities 
that require distance vision (Woo, 2008). 

 
A number of technologies target individuals with dual sensory impairments.  One 

such product involves a hearing aid that is built into eyeglass frames.  Although this 
approach to dealing with dual impairment was popular prior to the development of 
modern, compact hearing aids, it has recently experienced renewed appeal among 
older adults.  Another glasses-based technology for people with dual sensory 
impairments features a series of microphones that have directional sensitivity, and 
intensify sounds coming from the front of the glasses while selectively filtering out 
surrounding noise.  Such devices have more than twice the sensitivity of a standard 
hearing aid, and feature a button that is incorporated into the glasses frame that allows 
users to modify the sound level (AARP International, 2007).  An additional benefit of 
eyeglass hearing aids is that they provide hearing assistance in a subtle manner, an 
important consideration for users who might otherwise refrain from using aids due to 
self-consciousness or perceived stigma. 

 
Auxiliary Adaptive Aids 

 
Auxiliary aids and adaptive equipment are devices that aim to assist individuals 

with sensory impairments by using technology to compensate for sensory loss.  For 
instance, older adults with visual impairment can benefit from tools such as talking 
watches and phones as well as electronic devices with large buttons and easy-to-read 
displays.  It has been demonstrated that these "low-tech" adaptive devices improve 
quality of life, foster independence, and contribute to injury prevention among older 
adults (Mann et al., 1999).  Telephone amplifying devices are also available for people 
with hearing impairments.  In addition to featuring extra-large buttons and a loud ringer, 
these devices can be compatible with hearing aids and set up to use a visual ring 
indicator.  Similarly, many cell phones and traditional telephones now include features 
that make them compatible with hearing aids.  Alerting devices such as doorbells and 
smoke alarms can also use visual and vibration, rather than audio cues (Nichols, 2006). 

 
A number of technologies are available that facilitate computer use among people 

with visual and hearing impairments.  For instance, screen magnifiers enlarge text and 
images on a computer screen and are among the most common adaptive technologies 
for visually impaired people.  There is also software that inverts colors to increase the 
contrast and readability of screen displays.  Tabletop and hand-held closed circuit TV 
enlarger (CCTV) technologies that magnify pictures and documents are another option 
for increasing readability.  Portable video magnifying devices are available, as are 
wearable CCTV devices that allow both close and distant viewing through a unit worn 
on the user's head.  Other devices feature speech synthesizers that convert text into 
spoken words (e.g., Intel Reader).  Internet browser software can also be modified for 
the visually impaired.  These browsers feature high-contrast modes and increased font 
sizes and can frequently incorporate screen reader features that convert text into 
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speech.  There are also applications designed for cellular phones that convert text into 
speech, provide screen magnification to allow visually impaired, including those who are 
completely blind, users to manipulate many features of their smart phones such as 
instant messaging, e-mail, calendar, and settings.  Personal listening systems and 
amplifiers also cater to people with hearing impairments.  These devices consist of a 
microphone attached to a receiver that the user controls with a handset.  Relatively 
inexpensive and easy to use, these hand-held, battery-operated devices can be useful 
for one-on-one conversations or activities that require sound, such as watching 
television (Nichols, 2006). 

 
Technologies Addressing Household Responsibilities 

 
Sensory impairments can have a significant impact on adults' ability to maintain 

their households, making these impairments meaningful risk factors for loss of 
independence (Raina, Wong, and Massfeller, 2004).  A number of technologies aim to 
improve the ability of people with visual impairments to engage in routine household 
activities, thereby helping to preserve independence.  Bar-code readers are one 
example of this class of technologies.  Using standard product bar codes, these 
systems help visually impaired individuals identify packaged items such as food and 
cleaning products.  Similar technologies read information on prescription medication 
containers, thereby helping the user manage medications.  Technology-enhanced items 
such as electronic liquid-level indicators can help with meal preparation and assist users 
maintain their independence by compensating for diminished sensory capacity. 

 
Technologies Addressing Navigation  

 
Reduced ability to navigate one's environment effectively is a strong risk factor for 

loss of independence.  Visual impairment inhibits mobility and navigation and can 
therefore lead to loss of independence.  Technologies that assist with navigation, such 
as GPS units and technology-enhanced supports like intelligent walkers and canes, can 
help older adults with visual impairments retain functions that are critical for 
independent living.  GPS systems designed for people with visual impairments have a 
voice-over feature that allows users to navigate the menus of the device, input their 
desired destination, select a navigation mode (such as walking), and start the 
navigation.  These devices can support the user's orientation relative to their 
surroundings, thereby providing a greater sense of security with navigation and mobility 
(National Federation of the Blind, 2010).  The Veterans Affairs Personal Adaptive 
Mobility Aid (VA-PAMAID) is an intelligent walker that identifies features such as 
junctions and corridors and conveys this information to the user as a voice message 
(Nelson et al., 2004).  One cane technology emits signals similar to radar and features 
real-time sensing and feedback.  This device detects both the size and distance of 
surrounding obstacles and conveys this information to the user with vibrating buttons in 
the cane's handle.  The cane can also detect items that are at head height, an 
advancement over traditional canes that detect only ground-level objects in the user's 
path.    
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5.5.  Sensory Impairment Technologies Currently  
Under Development 

 
A number of innovative technologies are under development to address challenges 

associated with sensory impairment.  One class of new technologies involves 
intervention in the form of new, surgically implanted devices that may reduce or reverse 
impairment for both visually and hearing-impaired individuals.  These approaches 
involve replacement of the deficient human structure underlying the impairment, and 
include an implantable telescope, an artificial retina, and an artificial cochlea (Rau et al., 
2010).  In 2010, the U.S. Food and Drug Administration approved the use of implantable 
telescopes for severe age-related macular degeneration.  A miniature telescope is 
implanted into one eye to magnify the central field of vision 2.2 to 2.7 times, while the 
other eye is used for peripheral vision, typically with the aid of prescription lenses (Food 
and Drug Administration, 2010).  A recent study found the implantable telescope 
improved both visual functioning as well as patients' quality of life (Singer et al., 2012).  
The artificial retina is another means of targeting severe visual impairment in cases 
where macular degeneration and other diseases have permanently damaged retinal 
cells.  An artificial retina involves coordinated action of several devices: an eyeglass-
mounted camera to record the user‟s surroundings, a belt-mounted device to convert 
the camera images into electrical signals, and a retinal implant that receives these 
electrical signals and transmits them across undamaged cells in the eye.  Thus far, this 
technology remains in the testing and improvement phase--only 31 patients have 
received retinal implants since 2002, with several of them experiencing modest visual 
improvements (Artificial Retina Project, 2009). Two sites in the U.S. are currently 
experimenting with cortical prosthesis, in which electrodes are implanted into the visual 
cortex of the brain to stimulate the neurons associated with sight.  These devices 
bypass the retina, optic nerve, and other parts of the eye that might be damaged by 
disease.  Currently, people with damage to these areas can maintain their existing 
vision but have no therapeutic options to restore vision, meaning this technology could 
provide immense benefit.  The projects gained FDA approval in 2007 and are currently 
testing the devices with human volunteers (Ong and da Cruz, 2012). 

 
Recent advances in engineering are allowing researchers to experiment with a 

“bio-inspired” artificial cochlea that approximates not only the function but also the 
physical structure of the cochlea.  Current designs focus on replacing the cochlear hair 
cells and the basilar membrane, which anchors the hairs, both of which are crucial for 
hearing.  One design tested the materials, the physical design of the membrane, and 
whether electrical transmissions successfully approximate hearing (Kim et al., 2011).  
Another tested the artificial membranes and hair cells in guinea pigs and found that they 
were successful in stimulating the rest of the ear and transmitting sound to the brain.  
However, the signal is not yet powerful enough to generate a response in the brain 
(Inaoka et al., 2011).  In the future, advances in these technologies could potentially 
replace damaged structures in the cochlea and restore hearing to individuals of any 
age. 
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Other emerging devices target visual and hearing impairments using non-surgical 
means. For example, a cell phone is under development that will allow hearing-impaired 
individuals to communicate with 911 call centers using a module that converts text to 
speech.  Other innovative technologies address mobility challenges and are particularly 
relevant for older adults with visual impairments.  For example, an innovative device 
aimed at facilitating mobility utilizes a shoe-mounted sensor system to aid in navigation.  
An advantage of this device is that it is hands-free, a feature that contrasts with 
traditional hand-held canes (Zhang et al., 2010). 

 
Other new technologies offer improvements to currently available wearable and 

surgical options that address sensory impairments.  One example of these applications 
involves directional microphones that improve sound localization.  Patients often report 
discontinuing their use of traditional hearing aids because they magnify the volume of 
both the speech "signal" and background "noise," but do not aid users in distinguishing 
signal from noise.  Directional hearing aids use multiple microphones, which minimize 
noise, enhance the speech signal, and are effective for individuals with mild to moderate 
hearing impairments.  Improvements to these devices are also beginning to generate 
favorable effects for patients with severe hearing impairment and for whom hearing aids 
are not fully effective (Gnewikow et al., 2009).   

 
 

5.6.  Experiences of Other Countries with Sensory  
Impairment Technologies 

 
The Hearing at Home project is a European Union (EU) initiative that aims to 

develop individualized solutions for people with hearing impairment.  The project 
addresses a variety of challenges in the home and is designing a technology platform to 
integrate television, phone, and computer use (Hearing at Home, 2010).  Similarly, a 
Danish hearing aid manufacturer recently developed a wireless hearing aid that 
connects to several special home appliances such as special phones, cell phones, 
televisions, and personal computers.  This integration allows transmitting the audio 
signal from the appliance directly to the hearing aids wirelessly and temporarily turning 
off the hearing aid microphone to eliminate ambient noise and enhance the listening 
experience.  

 
Based in Sweden, the Office of Research in Clinical Amplification (ORCA) is a 

research organization focusing on the efficacy of existing amplification devices as well 
as prototype hearing aids (Office of Research in Clinical Amplification Europe, 2010).  
ORCA projects have focused on hearing thresholds at high frequencies, hearing aid 
noise reduction and amplification, as well as evaluation of new technologies. 

 
The Secure and Safe Mobility Network (SESAMONET) is under development by 

the European Commission‟s Joint Research Centre to assist visually impaired people 
with navigation.  This system uses microchips installed in the ground to send messages 
to a smart phone, which in turn relays this information as voice directions to an earpiece 
worn by the user.  Although promising, this device is a prototype the utility of which 
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would be limited to areas in which the microchips are installed (European Commission 
Joint Research Centre, 2007). 

 
In Germany and the United Kingdom, researchers are developing retinal implant 

technology that aims to restore sight.  One technology is similar to artificial retinal 
implants being developed in the U.S. for implantation directly onto the retinal surface.  
Another is a cybernetic device that uses both glasses and an eye implant; the glasses 
contain a camera and video processor that send information to a receiver that is 
surgically implanted in the eye.  Although continued testing will be necessary to 
demonstrating the safety and efficacy of this technology, preliminary results of a 
prototype have shown promise (Ong and da Cruz, 2012).  Similarly, Bionic Vision 
Australia is a cooperative effort involving several Australian research organizations the 
goal of which is to create the first bionic eye that will allow people with specific forms of 
severe visual impairment to regain some of their vision.  This technology also uses a 
combination of glasses and a microchip implanted in the eye and is still in development 
(Bionic Vision Australia, 2010).  These technologies are similar in principle to the 
artificial retina technology under development in the U.S. that is mentioned in  
Section 5.5. 
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CHAPTER 6: DEPRESSION 
 
 

6.1.  Definition of Depression 
 
Clinical depression (referred to as „depression‟ throughout this chapter) is a mood 

disorder defined by feelings such as sadness, loss, anger, or frustration that interfere 
with everyday life for an extended period of time.  There are several types of 
depression, the most common of which is major depression.  Major depression may 
consist of a combination of symptoms, including depressed mood, reduced interest in 
activities, loss of energy, difficulty concentrating, and suicidal thoughts or intentions 
(American Psychiatric Association, 2000).  Major depression is emotionally and 
physically disabling, and often recurs throughout a person‟s life (Bruce et al., 2002).   

 
Although many older adults experience depressive symptoms, most do not meet 

diagnostic criteria for major depression.  Dysthymic disorder is a milder, chronic form of 
depression.  This disorder is characterized by the presence of two or more of the 
following symptoms for at least two years: under or over-eating, sleep disturbances, 
fatigue, low self-esteem, difficulty with concentration or decision-making, and feelings of 
hopelessness (American Psychiatric Association, 2000).  While dysthymic disorder is 
not as disabling as major depression, its symptoms are sufficiently severe to impede 
normal functioning (National Institute of Mental Health, 2011).  Qualified minor, 
subsyndromal, and subthreshold depression are terms used to describe people who do 
not have major depression, but who exhibit symptoms that impede their ability to 
function normally (Lyness et al., 2006).   

 
Social isolation occurs when an individual has limited contact with others, and 

perceives that level of contact as inadequate (Findley, 2003).  Social isolation is both a 
risk factor for and a result of depression. This bi-directional relationship highlights the 
importance of addressing social isolation in both the prevention and treatment of 
depression.  Examining the quality of social networks, the negative feelings that arise 
when interactions decrease, and the number and frequency of social interactions can be 
an important feature of broader strategies aimed at addressing depression (Biordi and 
Nicholson, 2009).  

 
Although depression affects people of all ages, there are unique and complex 

factors that contribute to depression in older adults (MedlinePlus, 2010).  For example, 
decrements in psychological health and economic status often accompany aging, and 
both can contribute to depression (Victor et al., 2002).  Other examples of factors that 
contribute to depression include retirement and bereavement, both of which occur with 
increasing frequency at older ages.  When adults enter retirement, their social networks 
are disrupted, and they also tend to engage more frequently in solitary activities 
(Chapman and Perry, 2008).  Bereavement, particularly the loss of a spouse or partner, 
often results in drastic disruptions to social networks.  While friends and family generally 
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support an individual immediately following a spouse or partner‟s death, this support 
typically decreases over time (Breen and O‟Connor, 2011).  Further, age-associated 
disability can increase risk of depression when physical limitations result in changes in 
activities that result in a loss of personal and social identity or independence.  These 
losses can result in a sense of hopelessness that may ultimately lead to withdrawal from 
social networks (Arnadottir et al., 2011).  Physiological and psychological illnesses are 
often closely intertwined in aging populations--depression can be both a consequence 
of and complicating factor in chronic disease and can worsen the health outcomes of 
those it affects (Moussavi et al., 2007).  Finally, older adults often experience difficulties 
accessing mental-health care and other services because they often stop driving, are 
unable to secure reliable transportation, or are unable to leave their homes to access 
services due to physical limitations (Prinz, Cramer, and Englund, 2008).   

 
A number of technologies address problems stemming from the complex interplay 

of depression, physical health, and social isolation.  These technologies target specific 
depression-related problems, including challenges associated with effective diagnosis; 
lack of access to mental-health professionals and services that results in inadequate 
treatment; perceived stigma on the part of affected individuals; loss of motivation and 
sense of purpose; and social isolation.  In addition to these problems, the families and 
friends of depressed individuals often experience their own distinct depression-related 
burdens as a result of the physical and psychological challenges associated with caring 
for loved ones with depression.  Technologies addressing these problems seek to 
reduce depressive symptoms, improve access to care among affected persons, and 
improve social connectedness.  Some of these are used in provider settings, some are 
used by patients at home, and still others work by connecting patients and providers.  In 
some cases, these technologies may not only address problems resulting directly from 
depression itself, but also from health conditions that occur in tandem with depression.   

 
 

6.2.  Prevalence of Depression 
 
Depression is a growing concern among older adults and people with disabilities 

(National Institute of Mental Health, 2011).  Although the occurrence of depression 
among these populations varies based on residential setting, degree of social isolation, 
and level of disability, it has been estimated that major depression occurs in 1 to 4 
percent of the community-dwelling population ages 60 and older (Centers for Disease 
Control and Prevention, 2009).  While estimates vary, approximately 13 to 25 percent of 
nursing-home residents have a diagnosis of depression (Watson et al., 2009).  
Consistent with this concept are data from one study showing that social isolation, 
which can be a risk factor for depression, is present in as many as 35 percent of older 
adults in assisted-living facilities (Greaves and Farbus, 2006). 

 
One report showed that, among older adults, less than 20 percent of all depression 

cases are actually diagnosed by a health-care professional (Cole and Dendukuri, 2003).  
This finding suggests that opportunities to initiate treatment of depression in older adults 
are not realized in a majority of cases.  Further, it has been shown that less than 50 
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percent of older adults who are diagnosed with depression actually receive anti-
depressant treatment, even in long-term care facilities where the prevalence is relatively 
high (Katon and Guico-Pabia, 2011; Gaboda et al., 2011).  This suggests that a 
diagnosis of depression is frequently not sufficient for initiation of treatment.  Moreover, 
minor and subsyndromal depression symptoms among older adults are often missed 
because they are viewed as part of normal aging, and therefore remain undiagnosed 
(Lyness et al., 2006).  Additional challenges contributing to under-diagnosis of 
depression include minimizing the importance of psychological symptoms on the part of 
both patients and providers, attributing symptoms to physical causes, and a perception 
of stigma on the part of older adults that inhibits them from seeking treatment (Bruce et 
al., 2002). 

 
 

6.3.  Costs and Burdens Associated with Depression 
 
In 2000, the economic burden of depression was estimated at $83.1 billion, of 

which $26.1 billion was incurred by direct medical costs and nearly twice that amount 
($51.5 billion) was associated with costs incurred in the workplace (Greenberg et al., 
2003).  Other research on depression-related costs in the workplace has shown that 
depressed workers who underperform as a result of their depression incur $35.7 billion 
in costs with another $8.3 billion incurred as a result of absenteeism among depressed 
workers (Stewart et al., 2003).   

 
In addition to direct medical costs and lost productivity, depression is a leading 

cause of disability.  It has been shown that older adults with depression have more 
physical limitations than do non-depressed adults (National Institute of Mental Health, 
2007).  In a study of the relationship between depression and comorbid illness, the 
severity of depression was strongly associated with decreased quality of life, decline in 
physical and mental functioning over time, as well as increased disability (Noel et al., 
2004).  There is also evidence to suggest that depression exacerbates existing physical 
problems among older adults, which may in turn exacerbate depression.  For example, 
depression can enhance symptoms of arthritis, heart disease, hypertension, and 
diabetes (O‟Connor et al., 2009).  Loss of motivation resulting from depression can also 
pose challenges for effective treatment of these conditions because ongoing, active 
engagement on the part of the patient is critical for appropriate self-management (Noel 
et al., 2004).  Moreover, lack of motivation and a sense of hopelessness can contribute 
to unfavorable health behaviors such as failure to engage in routine preventive care and 
health screenings, which can exacerbate existing chronic conditions, as well as 
depression associated with being chronically ill.  These unfavorable depression-
associated outcomes are observed not only among older adults, but also among people 
with disabilities.  Poor self-management can reinforce depression by exacerbating the 
severity of existing chronic conditions (Katon and Guico-Pabia, 2011).  Further, 
comorbid depression and chronic diseases such as angina, arthritis, asthma, and 
diabetes can lead to worse overall health than either depression or chronic disease 
alone (Moussavi et al., 2007).   
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It is therefore not surprising that depression is associated with increased health-
care costs and utilization.  Older adults with depression incur medical costs that are 50 
percent higher relative to those without depression (Katon, 2003).  These higher costs 
are incurred across a range of health care services, including primary-care visits, 
specialist visits, mental-health visits, pharmacy costs, x-ray examinations, and inpatient 
costs (Katon and Guico-Pabia, 2011).  Older adults with depression have been shown 
to have 30 to 50 percent higher costs compared to their non-depressed counterparts, 
regardless of their level of co-morbidity (Unützer, 1997).  These findings point to 
depression‟s independent contribution to health-care costs.  Although studies have 
demonstrated clear links between social isolation and unfavorable health outcomes 
(Park, 2009), quantifying the costs associated with social isolation poses some difficulty 
since, unlike depression, it is not a diagnosable disorder that can be tracked using 
medical records and reimbursement data (Boden-Albala et al., 2005).   

 
One factor that may contribute to the high costs associated with depression is that 

treatment is often not prioritized in primary care (Noel et al., 2004).  Lack of appropriate 
depression treatment may eventually generate costs for these patients that could have 
been avoided with proper treatment.  Despite the challenges associated with initiating 
treatment of depression, it has been reported that antidepressants are prescribed to 
approximately 14 percent of older adults over 65 (Olfson and Marcus, 2009).  Although 
broadly effective, there is research to suggest that some therapies may exacerbate 
depressive symptoms in certain individuals (Qaseem et al., 2008) and others may 
increase the risk of falls (Fick et al., 2008).  Thus, although effective pharmaceutical 
treatments for depression are available, in some cases, these treatments may result in 
unintended consequences that incur additional costs among depressed individuals.   

 
Costs and burdens are also incurred among informal caregivers of depressed 

older adults and those with disabilities because the vast majority of care for these 
populations is provided by family and friends (AARP, 2011; Haley and Perkins, 2004).  
In one survey of depressed older adults, the value of informal caregiving was estimated 
at $9 billion annually (Langa et al., 2004).  In addition to the costs associated with 
provision of informal care, caregivers of older adults with depression are themselves at 
higher risk of illness and mental-health problems as a result of the burdens associated 
with their caregiving roles.  One frequently cited study demonstrated that mortality was 
63 percent higher among caregivers experiencing mental and emotional strain caring for 
older adults than among non-caregivers or caregivers who did not report similar levels 
of strain (Schulz and Beach, 1999).  For caregivers of adults with depression, one study 
found that 80 percent of caregivers reported distress and approximately 25 percent of 
these caregivers sought care themselves in the form of treatment or medication.  One-
third of the total sample felt able to cope with the patients‟ problems, but another one-
third felt unable to do so.  Caregiver distress was directly related to the severity and 
acuteness of patients‟ depression; the more severe and the more acute, the more likely 
caregivers were affected (van Wijngaarden, Schene, and Koeter, 2004). 
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6.4.  Available Depression Management Technologies and Evidence 
of Their Benefits 

 
Just as problems contributing to depression are varied and multidimensional, so 

too are technologies that aim to address this issue.  Some of these technologies are 
geared toward facilitating access to mental-health professionals and services, others 
aim to promote social engagement, and still others seek to improve diagnosis of 
depression and reduce social isolation.  These solutions approach specific elements of 
depression-related problems using telehealth, the internet, social media, and novel 
software applications, and often include combinations of these technologies.  Many of 
these technology solutions are available for use in the home by patients to facilitate 
access to health-care professionals or to enhance social connectedness with family and 
friends.   

 
Telemental Health Applications 

 
Telemental health applications allow older adults who have difficulties with 

transportation as well as those who are homebound to access mental-health services 
that might otherwise be unavailable (American Telemedicine Association, 2009).  These 
technologies are also valuable for older adults in rural areas where large distances 
create practical challenges for accessing routine mental-health care.  Telemental health 
applications involve interactions between patients and a mental-health professionals 
that focus on patients‟ mental health and are facilitated by video-conferencing or 
telephone-based technologies.  Telepsychiatry is one example of telemental health care 
where there is evidence to suggest that this approach provides measureable benefits to 
users.  One study reported that telepsychiatry improved access to mental-health 
services, provided those services in an affordable and cost-effective manner, and 
delivered the services at a quality nearly equal to traditional face-to-face interactions 
(Sumner, 2008).  There appears to be considerable evidence supporting the benefits of 
telemental health technologies.  A review of 65 studies concluded that these 
approaches can offer efficient, cost-effective, and high-quality mental-health treatment 
(Hailey, Ohinmaa, and Roine, 2008).  These technologies are in some ways an upgrade 
from existing telephonic clinical assessment tools.  Depression scales such as the well-
known Hamilton Depression Rating Scale have been validated for phone-based 
administration using touch-tone telephone and interactive voice response (IVR) 
technology (Kobak et al., 2000).  Besides being able to reach disabled or geographically 
distant patients, significant advantages of telephone-based approaches over computer-
based telehealth include usability and affordability for older adults or people with 
disabilities.  

 
The Veterans Administration (VA) provides an example of how telemental health 

care can be used in combination with other technology-enhanced supports (Department 
of Veterans Affairs, 2010).  VA technologies not only allow interactions between patients 
and mental-health professionals over long distances, but they also enable patients to 
complete questionnaires remotely, transmit vital signs, and access their own mental-
health information.  In these programs, personal computers allow patients access to 



99 

 

videoconferencing and other mental-health resources, and videophones are distributed 
to patients without computers.   

 
In addition to facilitating contact between patients and health-care providers, 

videoconferencing technologies can facilitate interactions between depressed 
individuals and their friends and family, thereby targeting problems associated with 
social isolation.  Not only can videoconferencing be an effective approach to reducing 
social isolation and loneliness among affected persons, it can also minimize guilt and 
worry on the part of family members that can result from their not being able to visit 
affected relatives on a regular basis.  These technologies therefore address depression-
associated burdens experienced by both patients and their caregivers (Oliver et al., 
2006).  Application of videoconferencing technology is not limited to the home setting.  
One study found that low-cost videophones had the potential to enhance 
communication between nursing-home residents and their families, thereby allowing 
families to assume a more active role in care decisions, despite the practical challenges 
imposed by geographic distance (Mickus and Luz, 2002).  The use of videoconferencing 
technology may be particularly relevant in long-term care settings because of the higher 
rates of depression that have been documented there (Watson et al., 2009).   

 
Internet Use and Social Networking 

 
Internet use for information consumption, entertainment, and maintaining contact 

with friends and family offers a way for older adults and people with disabilities to 
occupy their time and maintain connections outside of their immediate home 
environment.  It is also a powerful technology that can be harnessed to address 
problems associated with social isolation and depression.  There is evidence to suggest 
that internet use has positive effects on depression in older adults, that it facilitates the 
establishment of social networks that help alleviate feelings of loneliness and alienation, 
and that it provides a vehicle for remaining engaged in topics of interest.  One study 
found that internet use enhanced older adults' overall well-being (Karavidas et al., 
2005), and another showed that older adults who used the internet felt self-empowered 
and engaged in better self-management of their health (Shapira, Barak, and Gal, 2006).  
Although it has been suggested that older adults may find it challenging to use the 
internet, appropriate training and education can help address this problem (Hughes et 
al., 2008).  For example, there are web-based resources (e.g., Generations OnLine) 
that assist older adults in learning to access and use the internet.  These systems, 
which feature large-text directions and step-by-step instructions for navigating the web, 
aim to promote internet access and literacy among older adults.   

 
The internet has fostered networking technologies such as chat rooms, news 

groups, and social-networking sites that have created vibrant and growing communities 
for older adults (Ariyachandra, Crable, and Brodzinski, 2009).  These communities 
provide a multitude of interactive opportunities such as book clubs, interest groups, and 
support groups.  In addition, many sites offer real-time chat capabilities, thereby 
enhancing the speed and quality of social interactions.  Although these communities will 
never be a substitute for in-person interactions, many older adults and individuals with 
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disabilities live far from their family and friends or are otherwise unable to maintain 
routine contact with loved ones during a hospitalization or a period of institutionalized 
rehabilitation.  In these cases, social-networking sites can help prevent or reduce 
depression and social isolation by facilitating regular social interaction with family and 
friends (Phoenix Center, 2009).  Although well-known social-networking sites such as 
Facebook and MySpace do not target a specific age group, some (e.g., eons) are 
dedicated specifically to older adults.  The potential benefits of these sites were 
reflected in the findings of one study that found social-networking sites keep older adults 
active and interested, build mental acuity, and keep them informed about current events 
(Ariyachandra, Crable, and Brodzinski, 2009).  

 
The internet and videoconferencing can be especially useful technologies for older 

adults and people with disabilities who are homebound and thus at particularly high risk 
of social isolation and depression.  Web-based tools (e.g., the Virtual Senior Center) 
aim to connect homebound older adults using computer, video, and internet technology, 
when limited mobility, vision or hearing loss, or other disabilities might otherwise limit 
their social contacts and access to resources.  Instead, this technology allows isolated 
older adults to connect with their peers and access community services, and may 
reduce social isolation and promote wellness in a group of particularly vulnerable older 
adults.   

 
Software and Other Tools  

 
In addition to the role that technology can play in facilitating receipt of mental-

health services and reducing social isolation, some technologies focus on improving 
clinicians‟ ability to detect and ultimately diagnose depression.  For instance, software 
applications can be used to administer depression screening questionnaires designed 
for older adults and a mechanism to transmit results to a designated provider (e.g., the 
Deep Pocket Series).  Other applications have been developed to help older adults 
collect information on mood and other depression-related factors.  For example, one 
health diary software application allows users to record mood and track sleeping, 
eating, and resting habits so that deviations can be identified and acted upon (e.g., 
Optimism Apps).  Advances in touch-screen technology allow these software 
applications to run on touch-screen computers and smart phones, thereby facilitating 
access for older adults and individuals with disabilities.   

 
Other technologies aimed at identifying depression can be worn by the user or 

incorporated into the living environment.  Sensor-based monitoring technologies are an 
example of this approach.  One wearable technology is an activity monitor used to 
identify deviations from normal behavior or social interaction patterns that are indicative 
of depression such as disrupted sleep or social withdrawal (Atallah et al., 2008).  
Another system consists of both wearable sensors and those that are embedded in the 
user's environment.  This system tracks both physiological and behavioral data in real-
time, thereby facilitating depression monitoring and enabling caregivers and families to 
act quickly if abnormal activity is detected (Becker and Webbe, 2008).   
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Video games are another class of software products that may offer promise for 
mitigating depression in old age.  They are increasingly marketed towards middle-aged 
and older adults and are thus becoming especially popular among these age groups 
(Cohen, 2006).  Older adults often choose games based on their familiarity and interest 
(e.g., golf or Wheel of Fortune) and they are frequently interested in games with a 
perceived meaningful purpose, such as improving motor, social, or educational skills 
(Aison et al., 2002).  Due to the link between sedentary lifestyle and depression, video 
games that encourage users to be physically active may be particularly effective in 
addressing depression (Jones and Lenhart, 2008).  Moreover, games that involve both 
movement and interaction with other players may offer the additional benefit of reducing 
social isolation (Rosenberg et al., 2010).  Finally, the interactive nature of these games 
can help develop technology-based gaming communities within congregate care or 
residential settings in which older adults get together to use these gaming technologies.   

 
 

6.5.  Depression Technologies Under Development 
 
The diverse causes of depression and challenges associated with treating 

depression have led to the development of a number of innovative technologies aimed 
at managing this complex condition.  Novel approaches to social networking offer an 
example of evolving technologies aimed at addressing social isolation (Smith, Segal, 
and Segal, 2010).  The Butler System is one technology that features a multi-user 
internet platform that serves as a social network among older adults who have profiles 
in the system.  Each user has access to self-administered questionnaires embedded in 
software applications that monitor emotional health, and users can send and receive e-
mail, have videoconferences, create personalized blogs or photo albums, and meet new 
people through the network.  A recent study showed that this system improved quality of 
life and reduced negative mood and feelings of isolation (Etchemendy et al., 2011).   

 
Researchers are currently developing a system that allows older adults to listen to 

music and news through an interface that facilitates social contact and stimulates 
affective experiences (Nilsson et al., 2003).  This technology involves a table-top radio 
that is used with a fabric table runner.  The table runner is divided into sections 
representing historical periods.  Users press on areas of the table runner to select news 
and music from the period of their choice.  A second prototype was designed to provide 
older adults with continuous information on their network of social contacts.  This 
network is also accessible to caregivers who can monitor social interactions and 
intervene if isolation is evident (Morris, 2005).  Preliminary testing on both systems 
suggested that exposure to these technologies increased social engagement and 
facilitated maintenance of daily activities.   

 
Another evolving technology designed to encourage social interaction is a social 

synchronizer.  This prototype system is intended to facilitate spontaneous interactions 
and activities among companions.  The system signals opportunities for companions to 
join one another for social engagement.  For example, if two older adults wish to take a 
walk together, the device signals when one individual is about to leave home and invites 
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the other to join in.  The device also notifies both of these individuals when their activity 
levels are low by sending alerts to companions, along with prompts to initiate 
engagement.  Finally, the system integrates activity-tracking sensors that detect and log 
activity in the household.  This function involves installation of sensors around the home 
that track the user with cameras via an infrared beacon worn by the user (Morris et al., 
2004).  A robot that is powered by artificial intelligence to assume the role typically filled 
by a live animal engaged in pet therapy is another example of evolving technologies 
aimed at managing depression.  Preliminary data from this robot suggest that it reduces 
feelings of depression among older adults (Wada et al., 2005).   

 
Another new innovative approach to depression screening is 

electrovestibulography.  This technique can be applied to a diverse group of conditions--
from Parkinson‟s Disease to schizophrenia--and may offer promise for identifying 
depression.  Electrovestibulography measures and digitally analyzes electrical signals 
produced by the vestibular system (the part of the brain and inner ear that senses 
orientation of the head with respect to gravity) during certain movements, such as 
changes in head position.  This evolving technique is being used to assess electrical 
activity patterns in the brain and compare these patterns to established norms in order 
to identify psychological and central nervous system disorders, including depression 
(Monash University, 2009).  Although it may not be the most efficient or accessible 
method of diagnosing depression, electrovestibulography highlights the growing 
potential of biometric data to diagnose common chronic and disabling conditions such 
as depression.  Another innovative technology that is under development to identify 
depression involves voice recognition software that measures the tone and rhythm of a 
patient‟s speech (Hsu, 2009).  In the future, this technology has the potential to facilitate 
detection of depression using a traditional telephone, an approach that may be 
particularly appealing to older adults because of its low cost and ease of use.   

 
 

6.6.  Experiences of Other Countries with Depression  
Management Technologies 

 
Similar to those available in the United States (U.S.), depression-related 

technologies developed outside of the U.S. often aim to address the problem by 
facilitating social interaction.  For example, Knowledgeable Service Robots for Aging 
(KSERA) technology is being developed by Eindhoven University of Technology.  This 
robotic assistant is programmed to monitor the health and behaviors of older adults and 
to report clinically meaningful changes to health care providers.  KSERA provides video- 
and internet-based capabilities and can also potentially benefit older adults with 
depression by reducing social isolation.  In addition, KSERA transmits automatic alerts 
to caregivers and emergency personnel and can facilitate prompt receipt of medical 
services when they are needed (KSERA, 2010). 

 
A robotic technology developed in France is designed to assist older adults by 

speaking, understanding what others are saying, finding its way around the house, and 
accessing internet services (Savov, 2010).  This device features a touch-screen display 
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that allows users to access calls from family members or health care professionals 
through programs such as Skype, and it can interface with social networking sites such 
as Facebook.  This technology may not only help older adults remain connected with 
close friends and family, but it may also allow providers to monitor physical and 
behavioral data for signs of depression.   

 
The Open architecture for Accessible Services Integration and Standardization 

(OASIS) project is another innovative technology that targets older adults with 
depression.  OASIS creates services that support socialization using smart applications.  
It features an architecture in which more than a dozen different services, such as 
nutritional advisors and activity coaches, can be integrated on different mobile devices.  
The goal of the OASIS project is to personalize technology to enhance the older adult‟s 
quality of life in a manner that is tailored to their mental and physical needs (OASIS, 
2012). 

 
In Portugal, developers are examining ways to enhance older adults' social 

networks through interactive television and social media web sites.  These sites are 
designed to maintain contact among friends and to engage those who have common 
interests and practices.  The interactive TV prototype is created to incorporate a number 
of activities, including accessing the TV to play traditional children‟s games; posting 
opinions, comments and personal stories; and creating and sharing content using digital 
photos and videos (Damasio and Quico, 2004).   

 
Devices with monitoring functions and those requiring a direct interface with 

caregivers and providers need infrastructure for support.  Support centers such as these 
exist in Europe and are assisted by various governments, including that of the European 
(EU).  For instance, the United Kingdom (U.K.) supports telecare infrastructures that 
promote technologies that aim to prevent, monitor, and detect depression among older 
adults (European Commission, 2010). 
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CHAPTER 7: MOBILITY IMPAIRMENT 
 
 

7.1.  Definition of Mobility Impairment 
 
Mobility impairment is sometimes understood narrowly as a limitation in 

ambulation.  In the disability arena, however, it is defined as a limitation or inability to 
use one or more extremity, or a lack of strength to walk, grasp, or lift objects.  Mobility 
impairment can result from a multitude of factors including injury, disease, or congenital 
disorder, and as such can lead to temporary or chronic loss of function (Colorado State 
University, 2012).  Functionally, mobility impairment is also associated with limitations in 
basic tasks such as activities of daily living (ADLs), which include using the bathroom, 
dressing, and bathing.  Loss of ADL abilities, in turn, is a strong risk factor for overall 
loss of independence.  

 
A number of common chronic conditions can lead to mobility impairment.  

Neurological conditions such as Parkinson‟s disease and stroke, arthritis, visual 
impairment, hip fractures, obesity, and respiratory conditions can all limit mobility 
(Walsh, Roberts, and Bennett, 1999; Centers for Disease Control and Prevention, 
2010a; Vincent, Vincent, and Lamb, 2010; Abe et al., 2011).  In particular, arthritis and 
obesity both contribute to wear on the knees and hips, two joints that are critical for 
lower-extremity mobility.  Mobility impairment often occurs simultaneously with other 
chronic conditions, which can exacerbate both conditions.  Further, the sedentary 
behavior that characterizes immobile individuals is a risk factor for other conditions and 
syndromes, including decubitus ulcers (bedsores), loss of bone density, and frailty.  For 
example, mobility impairment can lead to weight gain and obesity, conditions that can 
exacerbate mobility impairment by preventing exercise that could improve mobility 
status (Lindgren et al., 2004; Chen et al., 2006).  Because mobility impairment can 
inhibit individuals' ability to leave their homes and interact with others, it can also 
contribute to social isolation and depression, topics that are discussed in Chapter 6 of 
this report.  Mobility impairment can also be caused by other factors such as accidents 
or congenital disorders and, depending on the nature of these factors, can be long-term 
or temporary.  The technologies that are described in this chapter offer assistance to 
individuals with both temporary and permanent mobility impairments. 

 
Mobility impairment presents a number of specific challenges to patients, 

caregivers, and health-care professionals.  For patients, these difficulties can include 
challenges with movement and navigation around obstacles, loss of lower-extremity 
strength and range of motion, a growing need for assistance from others with ADLs, and 
difficulty in accessing medical facilities and services.  Mobility impairment presents 
challenges to clinicians, including lack of accurate information on immobile individuals' 
daily activities and movement patterns, which might be used to identify and implement 
strategies to mitigate the health problems that both cause and result from mobility 
impairment.  Caregivers and health-care professionals often experience injuries 
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associated with caring for immobile individuals because of the frequent need to lift and 
transfer these individuals. 

 
 

7.2.  Prevalence of Mobility Impairment 
 
Mobility impairment affects large portions of the older population and populations 

with disabilities, and is often a result of the pathological effects of common chronic 
diseases of aging.  Mobility impairment is often assessed using surveys that ascertain 
information such as walking abilities and ADL performance, and to a lesser degree in 
specialized studies that focus in depth on mobility itself.  In 2010, among community-
dwelling adults, 1 percent of those age 18 to 45, 2 percent of those age 45 to 64, 4 
percent of those age 65 to 74, and 11 percent of those age 75 and over had ADL 
limitations; while 1 percent, 4 percent, 7 percent and 19 percent of these age groups, 
respectively, had limitations performing instrumental activities of daily living (IADLs) 
such as shopping and cleaning (Centers for Disease Control and Prevention, 2011b). 
 The prevalence of these limitations is clearly much higher among those living in 
institutional settings. Although difficulty with ADLs and IADLs can be the result of 
mobility impairment, other factors may also influence the ability to perform these 
activities.  For example, cognitive decline, sensory impairment, and functional decline 
(discussed in Chapter 4, Chapter 5, and Chapter 8, respectively) can significantly 
impact an individual‟s ability to perform ADLs and IADLs, in conjunction with or 
independent of mobility impairment. 

 
Mobility impairment increases in tandem with other chronic conditions of aging.  

For example, mobility impairment increases as visual impairments increase; visual 
impairments among older adults are in turn associated with a greater likelihood of 
bumping into obstacles and decreased walking speed (Turano et al., 2004).  Similarly, 
arthritis affects 34 percent of adults age 65 and over and this condition is also a risk 
factor for mobility impairment: 80 percent of patients with arthritis report having some 
degree of movement limitation (Centers for Disease Control and Prevention, 2011a).  
Rarer conditions such as rheumatoid arthritis and Parkinson's disease also limit 
mobility.  Parkinson's, which affects between 2 and 4 percent of older people, causes 
difficulty initiating voluntary movements, loss of balance, rigid muscles, and pain, all 
symptoms that inhibit mobility (Nussbaum and Ellis, 2003).  Obesity is a major cause of 
mobility impairment regardless of age.  According to the National Health Interview 
Survey, 28 percent of people age 18 to 49 experience mobility difficulties and are obese 
(Iezzoni et al., 2001), putting them at increased risk of greater challenges with mobility 
and other types of disability. 

 
Hip fractures are a major risk factor for mobility impairment among older adults.  

Although the rate of hip fracture among this population has declined over the last 20 
years, it remains a leading cause of disability in old age (Stevens and Anne-Rudd, 
2010).  Hip fractures are discussed further in Chapter 1, which focuses on falls. 
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Mobility impairment may result from paralysis due to various causes, such as 
spinal cord injury.  Approximately 5.3 million people in the U.S. suffer from paralysis, 
with 1.3 million suffering from it due to spinal cord injury.  Other causes of paralysis 
include multiple sclerosis (939,000 cases), cerebral palsy (412,000 cases), and 
traumatic brain injury (242,000 cases).  The causes of paralysis affect people of all 
ages, not just older adults (Christopher and Dana Reeve Foundation, 2012a; Rubin, 
2009).  Paralysis is especially prevalent among military personnel who account for 7 
percent of people paralyzed due to an accident-related injury (Christopher and Dana 
Reeve Foundation, 2012b). 

 
 

7.3.  Costs and Burdens Associated with Mobility Impairment 
 
Older adults and others with mobility limitations are susceptible to debilitating, 

costly medical conditions and procedures, including bedsores, and knee and hip 
replacements.  Additionally, mobility-impaired individuals often require extensive 
assistance, either from professional or informal caregivers in performing daily living 
activities.  Professional assistance, especially institutionalized care, can be extremely 
expensive.  Moreover, informal caregivers also suffer financial burdens as their 
caregiving responsibilities may cut into their work time and productivity. 

 
Bedsores offer one example of a costly medical problem that originates in part 

from mobility impairment.  Bedsores are caused by prolonged pressure that interrupts 
delivery of oxygen and nutrients to the skin.  Problems resulting from bedsores can 
range from mild irritation to severely infected wounds that may expose both bone and 
muscle.  Mobility impairment increases the risk of bedsores because affected 
individuals often remain sedentary for long periods of time, thereby increasing pressure 
in concentrated areas.  Approximately 10 percent of nursing-home residents age 64 and 
over experience bedsores (Centers for Disease Control and Prevention, 2009a).  In 
2006, 503,300 hospital admissions were attributed to bedsores, with costs totaling $11 
billion (Agency for Healthcare Research and Quality, 2008). 

 
Knee and hip replacement are surgical approaches to addressing mobility 

impairment among both older individuals and people with disabilities.  In 2009, 364,000 
knee replacement and 158,000 hip replacement procedures were performed on people 
age 65 and older (Centers for Disease Control and Prevention, 2009b).  The average 
cost in 2004 for knee replacement surgery was $13,200 and the average cost for hip 
replacement surgery was $14,500 (Wilson et al., 2008). 

 
Reduced mobility is a leading cause of long-term care service utilization.  

According to a meta-analysis of nursing-home admissions studies, difficulty performing 
three or more ADLs predicted admission into nursing homes.  A 1999 survey of nursing-
home residents identified the most common ADLs with which residents needed 
assistance and showed that one in three residents were admitted with conditions that 
impaired their ability to walk and that these residents required daily assistance with 
walking (Gaugler et al., 2007; Centers for Disease Control and Prevention, 1999). 
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Many older adults and others with disabilities suffering from mobility limitations 

receive informal care from family members or friends.  For example, older adults who 
experience a fall because of mobility impairment or who sustain fall-related injuries that 
result in mobility impairment may be unable to care for themselves, manage their 
households, or run errands while they recover from their injuries.  Older adults and 
people with disabilities who do not regain the ability to walk are at extremely high risk of 
permanent loss of independence, which further elevates the importance of informal 
caregivers.  In addition to the physical and psychological burdens of caregiving, there 
are economic implications for these caregivers.  In 2007, the value of informal 
caregiving was estimated to be $375 billion per year (AARP, 2008).  Caregivers 
encounter costs in the form of lost wages, pensions, earned interest, employer matched 
retirement savings, Social Security benefits, and out-of-pocket expenses.  Caregivers 
who live near the person for whom they care have the lowest yearly costs, $4,570 in 
annual out-of-pocket expenses; caregivers who live with the person they care for have 
$5,885 in annual out-of-pocket expenses; and other caregivers have $8,728 in annual 
out-of-pocket-expenses (AARP, 2008).  

 
 

7.4.  Available Mobility Impairment Technologies and Evidence of 
Their Benefits 

 
A number of technologies are available to support older adults and people with 

disabilities who are challenged by mobility limitations.  Although most of these 
technologies address the needs of the user, some provide support for caregivers or 
information for health-care professionals. 

 
Neuromuscular Electrical Stimulation for Rehabilitation 

 
Neuromuscular electronic stimulation (NMES) is a technological advancement that 

uses a power source and electrodes placed on the skin to provide low-voltage electrical 
impulses to stimulate weakened muscle groups.  The device delivering NMES can be 
used to strengthen muscles and improve mobility among patients with certain chronic 
diseases, as well as those who are confined to bed for extended periods of time 
(Needham, Truong, and Fan, 2009).  Data from another study showed that older adults 
with chronic obstructive pulmonary disease (COPD) who used NMES devices 
experienced improved muscle function, improved ability to perform endurance activity, 
and no longer exhibited breathlessness after combining NMES with their exercise 
regimen (Neder, Sword, and Ward, 2002).  When NMES was combined with routine 
physical therapy, patients showed increased muscle strength relative to those who had 
physical therapy alone (Needham, Truong, and Fan, 2009). 

 
Wheeled Mobility Equipment 

 
Wheeled mobility equipment is effective in preserving the independence of 

individuals with mobility impairments (Trefler et al, 2004; Martorello and Swanson, 
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2006).  This class of assistive devices includes manual and power wheelchairs as well 
as scooters.  While manual, four-wheeled chairs are propelled by the user, power 
wheelchairs are heavier pieces of equipment that have four to six wheels, are powered 
electrically, and are guided using a hand-held joystick.  Scooters differ slightly from 
wheelchairs in that they have three or four wheels, are controlled with handlebars, and 
have more precise turning radiuses relative to power wheelchairs.  Compact scooters 
are scooters that can be folded for easy storage (Disabled World, 2009). 

 
Newer electric wheelchairs include both reclining and upright models.  Reclining 

wheelchairs allow the user to manually shift the incline of the chair, ranging from a 
seated to a reclining position.  This feature allows the user to improve circulation to the 
lower extremities and guard against decubitus ulcers.  The upright model allows users 
to move from a seated to a supported standing position.  This technology allows the 
user to have a greater range of motion and to maintain a higher level of independence 
by permitting the user to reach high places such as cabinets and sinks without 
assistance (Cooper and Cooper, 2009).  To address patients‟ susceptibility to bedsores, 
many high-tech wheelchair and scooter cushions are adjustable, allowing patients to 
alternate the seated pressure on the body that often contributes to bedsores.  The 
pressure alternation schedule can be modified based on patients‟ needs. 

 
New two-wheel mobility or “stand-up” technologies offer an additional option for 

mobility assistance.  Unlike wheelchairs or scooters, these devices allow users to 
navigate their environment from a standing position.  Stand-up technologies use a 
gyroscope to maintain stability and employ a vast network of sensors that respond to 
changes in user body position to brake, accelerate, and turn.  This design allows users 
to move smoothly at high speeds and make quick and smooth turns around obstacles.  
The devices are available for indoor, outdoor, or multi-terrain use.  Standing up can be 
appealing for users with mild to moderate mobility impairment that do not require seated 
technology, and for users concerned about the stigma of using seated mobility devices.  
However, stand-up technologies may also pose dangers for users with certain mobility 
impairments or conditions such as muscle weakness or compromised balance that may 
increase the risk of falling while operating such devices. 

 
Mobility Aids 

 
Mobility aids are devices such as crutches, canes, walkers, and lifts that help 

people move in their environment (U.S. Library of Medicine, 2010); they can also enable 
users to maintain independence and reduce health-care costs (Rentschler et al., 2003).  
Lifts have been adopted not only by consumers, but also by providers who use them to 
lift patients onto examination tables.  Assisted lift chairs allow caregivers to move and lift 
immobile individuals in a manner that reduces risk of injury to both the caregiver and 
patient (Montemerlo et al., 2002).  More traditional aids such as walkers, canes, and 
crutches are effective in assisting seniors in moving independently while supporting 
their weight and helping them to maintain their balance.  While canes provide 
asymmetric support when only one is used, crutches ensure symmetric support that can 
prevent overexertion of one of the lower limbs (Wasson et al., 2008). 
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Physicians are required to make their practices accessible to people with 

disabilities, including mobility impairments.  To comply with the ADA (Americans with 
Disabilities Act of 1990) requirements, they often use lift devices such as those 
discussed earlier as well as examination tables that can be lowered and raised as 
needed.  Other aspects of the medical experience must also be accessible to immobile 
individuals, including wheelchair-accessible scales, mammography equipment, and 
other devices (U.S. Department of Justice, 2010). 

 
Some mobility aids have been developed specifically for people with Parkinson‟s 

disease but can be useful for any mobility impairment.  One type of aid is a walker that 
remains stable until the user lightly squeezes a handle break allowing the walker to 
move.  This allows the walker to remain stable while the user is getting up or sitting 
down and keeps it stable until the user is ready to move.  This aid also has a seat and is 
capable of rolling up curbs.  Another aid is a cane that projects a bright red line across 
the user‟s path to indicate where their foot should fall as they take each step.  This 
additional visual guidance can help improve the user‟s stride and confidence, and can 
assist in breaking Parkinson‟s-related “freezing episodes,” which are characterized by 
the temporary loss of the ability to move and respond to visual cues such as laser-
projected lines (National Parkinson Foundation, 2012). 

 
Rehabilitative Devices 

 
Some recent innovations target not the assistance, but the rehabilitation of mobility 

impairments.  One currently available rehabilitative technology allows the user to safely 
practice and improve walking, balance, and posture with support in order to regain 
muscle strength and mobility.  This device consists of a harness attached to an 
overhead, ceiling-mounted “trolley” that moves with patients as they walk, and a winch 
that supports a fraction of patients‟ body weight and is adjustable.  This apparatus 
allows the user to engage in practical activities such as walking, sitting down, standing 
up, and walking up and down stairs without fear of falling or loss of balance and work 
toward eventually supporting their entire body weight during these activities.  The device 
has been tested and deemed safe for people of a wide range of weights and walking 
speeds (Hidler et al., 2011). 

 
Multi-Purpose Devices 

 
There are several devices on the market for people in need of multiple assistive 

functions, including mobility assistance, rehabilitation, and lift functions.  One such 
device provides the user with freedom of movement due to its wheelchair capacity, and 
its ability to raise the user to mid- to eye-level heights with a lift function, in some cases 
bringing the user to a standing position.  Some chairs are designed to lift and transfer 
users to a bed, a car, or enable them to use the bathroom without assistance and 
therefore allow the user to live a more independent life.  Certain chairs can also serve a 
dual rehabilitative function by providing support during exercise, in addition to their 
standard functionalities.  Other multi-purpose devices can climb curbs or even stairs, 
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while others have a power lift function that allows caregivers to maneuver a seated user 
up the stairs (National Institute of Standards and Technology, 2006).  Advancements in 
multi-purpose devices of this nature increase their users‟ self-sufficiency in performing 
self-care and other activities that are dependent on mobility, and in doing so can also 
ease the burden of family and friends providing care to an impaired individual. 

 
 

7.5.  Mobility Impairment Technologies Under Development 
 
Several technologies are currently under development that may help extend 

independence for individuals with mobility limitations.  In general, these new 
technologies offer features that improve or enhance the functionality of existing 
technologies targeting people with mobility impairments.  These include intelligent 
mobility aids such as autonomous wheelchairs and smart/robotic walkers, mobile 
robotic assistants, and improved rehabilitative devices. 

 
An autonomous wheelchair is being developed at the Massachusetts Institute of 

Technology (MIT) that determines its location by using sensors to create a virtual map 
of the environment.  This wheelchair is activated by voice commands, which may make 
it particularly appealing for users with limitations in both upper and lower extremity 
function (Computer Science and Artificial Intelligence Laboratory, 2008).  The 
wheelchair "learns" the layout of the environment with voice instructions from the user 
or caregiver, and it can learn to return to a previously identified location in response to a 
verbal command.  Researchers also intend to implement a collision-avoidance system 
in future models and add mechanical arms to allow users to pick up and manipulate 
objects (Chandler, 2008). 

 
Technological developments are also leading to improvements in walkers.  

Traditionally, design of these devices has focused solely on the user‟s stability.  
Researchers are now developing robotic walkers that not only address stability, but also 
provide navigation functions that help users avoid obstacles even in narrow spaces.  
Researchers at Carnegie Mellon University are developing a robotic walker that can 
detect different surfaces, as well as varying surface conditions to help it find and 
navigate the most suitable path for the user.  Researchers are also examining how to 
incorporate video messages in the walker that can alert users to their surroundings to 
provide additional supplementary information that contributes to both stability and 
mobility (Morris et al., 2003).  

 
 

7.6.  Experiences of Other Countries with Mobility  
Impairment Technologies 

 
A new technology is being developed in Israel that monitors patients' sleep 

movements to assist caregivers and clinicians in preventing bedsores.  The device can 
be placed under a patient's mattress to monitor movements during sleep.  Care 
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providers can then review this information and use the data to ensure that patients have 
shifted their bodies sufficiently during the night to avoid bedsores (Zimlichman, 2011). 

 
Wheelchair technology that utilizes artificial intelligence is being developed in both 

Japan and Canada.  A Japanese company has developed a wheelchair that can be 
controlled by the user‟s brain: sensors placed on the head transmit the brain‟s electrical 
impulses (i.e., the user‟s thoughts and intention to move) to an onboard laptop that 
collects, analyzes, and translates these impulses into commands that guide the 
wheelchair.  Thus, instead of using the upper limbs to operate a joystick or turn a 
manual wheelchair, users simply “think” the directional command and the wheelchair 
will respond (Gonsalves, 2009).  

 
In Canada, artificial intelligence is being leveraged to develop an autonomous 

wheelchair.  Similar to the autonomous wheelchair being developed at MIT, this 
technology involves a wheelchair base that complies with a user‟s personalized settings 
and voice commands, and that can detect and avoid obstacles.  The chair also includes 
a joystick that is capable of overriding the voice-controlled interface if the user desires 
(Applied AI Systems, 2010). 

 
A number of technologies being developed outside the U.S. are dedicated to 

assisted walking.  As discussed in Chapter 8 on functional decline, in Israel and Japan, 
robotic suits are being designed to assist individuals with mobility impairment.  The 
robotic suit being developed in Israel is battery-operated and uses a combination of 
sensors that detect upper-body movement, body braces with motorized leg joints and 
crutches, and a small computer to process the incoming data and control the suit‟s 
motors.  This device can both enhance the user‟s strength and compensate for muscle 
weakness, depending on the nature and severity of the impairment. The robotic suit 
being developed in Japan consists of robotic supports that can attach to the arms, legs, 
and torso, depending on the user‟s needs.  When the wearer initiates movement, the 
brain sends nerve impulses to the relevant muscles, causing them to contract.  These 
nerve signals generate electrical impulses on the surface of the skin.  The device 
monitors these signals and then responds such that the assistive limbs move in 
coordination with the body.  This device can assist individuals with more severe 
impairments recover lost movement, while enhancing the strength of those with less-
severe muscle weakness.  Ultimately, devices that provide support, enhancement, or 
recovery of function support users‟ independence and self-sufficiency and decrease 
reliance on assistive services or caregiving. 
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CHAPTER 8: FUNCTIONAL DECLINE AND 

LOSS OF INDEPENDENCE 
 
 

8.1.  Definition of Functional Decline 
 
Functional decline is a complex process triggered by one or more underlying 

pathologies that leads to impairment or functional limitations, and that may ultimately 
result in disability and institutionalization.  There are numerous models for 
understanding age-related functional decline and loss of independence.  Among these 
is a model that defines the disablement process as the interaction of acute and chronic 
health conditions with environmental factors that advance or delay loss of function 
(Verbrugge and Jette, 1994).  Other experts view disability as impairments in bodily 
function that limit activities, including activities of daily living (ADLs), and restrict 
participation in society (Freedman, 2010).  ADLs are basic activities that self-reliant 
people carry out on a daily basis, such as eating, walking, dressing, and bathing (Katz, 
1963).  Instrumental activities of daily living (IADLs) are other activities commonly 
associated with independent living, such as grocery shopping, housekeeping, and 
financial management (Lawton and Brody, 1969). 

 
Functional decline is a broad term that can describe decreases in both physical 

and cognitive abilities and functionality.  This chapter addresses the physical aspects of 
functional decline.  Health-care professionals often assess physical decline in terms of 
markers, including: decline in physical activity levels and generalized “wellness” that 
signal the onset or worsening of pathology; gait and balance impairments that impact 
mobility and increase the risk of falls, and the ability to perform ADLs and IADLs that are 
necessary to maintain independence. 

 
Early identification of disability precursors facilitates intervention, and timely 

detection of events associated with functional decline or limitations--such as falling--can 
greatly enhance the ability of health-care professionals and informal caregivers to 
effectively respond.  However, there are a number of specific challenges associated 
with addressing functional decline.  Many of these issues involve lack of awareness on 
the part of older adults, caregivers, and health-care professionals to existing levels of 
function as well as indicators of clinically meaningful changes in function.  For example, 
older adults are frequently unaware of their level of activity, thereby making it difficult for 
them to determine if their level of function is declining.  Similarly, caregivers of older 
adults may not notice that an older adult is walking less or with an unstable gait.  Other 
challenges associated with addressing functional decline involve the ability to generate 
ongoing information that is useful for decision-making.  For example, sleep disturbances 
can be a marker of functional decline, but it can be difficult for a remote caregiver to 
know that an older adult is experiencing disturbed sleep.  Further complicating these 
issues are challenges associated with ensuring adequate communication among 
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patients, caregivers, and health-care professionals regarding functioning.  Finally, 
monitoring function can be challenging for older adults if the means of generating data 
requires a high level of engagement on the part of the patient. 

 
 

8.2.  Prevalence of Functional Decline 
 
Many older adults experience limitations in their ability to perform ADLs.  In 2007, 

25 percent of independently living Medicare recipients reported difficulty with one or 
more ADLs.  This proportion rose to 46 percent among older adults in community 
housing with services and 83 percent among those in long-term care facilities.  An 
estimated 38 percent of independently living older adults require assistive equipment 
(such as walking or bathroom aids), 6 percent require personal assistance with ADLs, 
and 22 percent require both equipment and personal assistance for ADL performance 
(Federal Interagency Forum on Aging Statistics, 2010).  Other data indicate that 38 
percent of adults age 65 and older report disabilities in areas such as ambulation and 
self-care that put them at risk for loss of independence.  Moreover, 56 percent of adults 
age 80 and older report severe disability, and 29 percent report needing help with ADLs 
(Administration on Aging, 2009).  Minority women over 60 are at particularly high risk for 
physical decline.  Compared to their white counterparts, non-white women had poorer 
lower extremity function, experienced greater difficulty performing ADLs, and were more 
likely to use assistive walking devices (Ostchega et al., 2000). 

 
Incremental changes in functional decline that lead to more serious impairment are 

more difficult to ascertain than ADL performance since they can be subtle, and require 
frequent and detailed assessments that are not part of the standard of care (Rantz et 
al., 2008).  As a result, reliable statistics on antecedent conditions (e.g., gradual 
declines in activity and mobility) that may predict gross functional decline and eventual 
loss of independence are limited.  Chronic conditions that are causally associated with 
functional decline occur with high frequency in the U.S.  For example, according to the 
2007-2009 National Health Interview Survey (NHIS), approximately 50 million adults (22 
percent) have been diagnosed with arthritis, a condition that causes gait disorders, 
reduced mobility, and other functional limitations, and an estimated 21 million people (9 
percent) have activity limitations due to this condition (Centers for Disease Control and 
Prevention, 2011).  In turn, gait disorders and mobility limitations are established risk 
factors for falls because they increase the risk of stumbling, tripping, and the inability to 
regain stability when balance is lost.   

 
These limitations can be especially serious when they occur in conjunction with 

other complex, age-associated health issues such as loss of muscle mass, cognitive 
decline or impairment, poor eyesight, and neuropathy (Alexander and Goldberg, 2005; 
Menz et al., 2004).  Falls, which are discussed in detail in Chapter 1 of this report, often 
result in hip fractures, which are a leading cause of institutionalization in old age, 
especially among adults age 80 and older.  Growth in the older population and the 
associated increase in functionally impaired older adults have led to increased demand 
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for technologies that address prevention, detection, and mitigation of functional decline 
and impairment in this population. 

 
 

8.3.  Cost and Burdens Associated with Functional Decline 
 
Older adults identify good physical functioning as a central factor in maintaining a 

high quality of life (Webb et al., 2010).  Those who rely on others for assistance with the 
fulfillment of basic needs such as transportation or ADLs, are more socially isolated, 
have poorer nutrition and exercise habits, and do not receive medical care as often as 
they need to (Prinz, Cramer, and Englund, 2008).  Thus, there are numerous non-
financial burdens associated with functional decline and impairment, and these occur 
with greater frequency as function decreases. 

 
The emotional and monetary burdens of functional decline and impairment on 

informal caregivers of older adults and others with disabilities are also considerable.  In 
2007, for instance, it was estimated that informal caregivers provided $375 billion in 
unpaid health care and support to older adults with ADL or IADL limitations (AARP, 
2008).  These costs derive from a variety of caregiving elements, including time, 
transportation, lost wages, and decreased productivity, as well as stress and worry.  
Long-distance caregivers incur the highest costs ($8,728 in out-of-pocket expenses per 
year) relative to caregivers who live with an older adult ($5,885 per year) and those who 
live close by ($4,570 per year) (AARP, 2008).  Forty-three percent of caregivers indicate 
they had no choice but to assume these responsibilities, yet many of them are 
unprepared to handle caregiver burden on top of their jobs and their own household 
responsibilities (National Alliance for Caregiving and AARP, 2009).  One study found 
that patients who reported compromised ADLs tended to have caregivers who reported 
higher caregiving burden, with transportation and financial management predicting the 
highest levels of burden and, in some cases, strong feelings of resentment (Razani et 
al., 2007).  Studies have also linked caregiving to risk of poverty later in life because 
caregiving reduces caregivers‟ earning potential and depletes savings accumulated 
during their younger years (Wakabayashi and Donato, 2006).  Women tend to provide a 
disproportionate amount of informal caregiving, particularly among minorities, and 
therefore tend to be disproportionately affected by the burdens associated with 
caregiving.  However, caregiving burdens vary based on a number of factors, including 
income, age of the caregiver, age of the care recipient, and severity of disability 
(National Alliance for Caregiving and AARP, 2009). 

 
Estimates of the total health-care spending attributable to functional decline and 

impairment are significant, particularly among those with chronic diseases as well.  
According to a study conducted for ASPE, in 2006, an estimated $146 billion was spent 
on functional limitations among community-dwelling residents (without comorbid chronic 
diseases); $236 billion was spent on those in need of IADL and ADL assistance; and 
$268 billion was spent on assistance for other functional deficits.  The same report 
found that functional limitations raise annual health-care costs for adults with chronic 
conditions, regardless of the number of chronic conditions they suffer from, and 
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regardless of the services they seek (e.g., ER, prescriptions, inpatient, home health 
services) (Lewin, 2010).  Average annual health-care costs for older adults whose 
functioning has declined to the point where nursing-home care is needed are 
considerably higher than those for their independently living counterparts ($57,022 vs. 
$12,383 per person per year).  

 
Some older adults turn to long-term care insurance to cover a portion of these 

expenses, but the cost of these policies is rising rapidly suggesting that they will soon 
become unaffordable for an even larger share of those who could benefit from them 
(Kaiser Commission on Medicaid and the Uninsured, 2006).  While those who do not 
have financial assets depend on Medicaid from the outset, the majority simply pay out-
of-pocket for skilled nursing care or assisted-living facilities until they exhaust their 
financial resources and transition to a Medicaid-covered facility.  Future limitations on 
access to long-term care may be due to a combination of increases in the cost of 
services and coverage, the aging of the population, and the growing demand for health-
care services that will place an unprecedented strain on Medicare, Medicaid, and 
health-care providers.  These factors will ensure that controlling costs while providing 
high-quality care will become an even higher health-care priority that will require 
especially innovative solutions (Crossen-Sills, Toomey, and Doherty, 2009).  Indeed, 
because of the significant costs associated with long-term care relative to independent 
living, the extent to which transitions can be avoided or delayed presents significant 
opportunities for cost savings (Federal Interagency Forum on Aging-Related Statistics, 
2010).  Technologies that target functional decline and impairment are one strategy to 
address these opportunities.  

 
 

8.4.  Available Functional Assessment and Assistive Technologies 
and Evidence of Their Benefits 

 
Numerous technologies aimed at assessment of physical activity, wellness, gait, 

and balance, as well as ADL and IADL performance, are currently available (Center for 
Aging Services Technology, 2007).  Some devices exclusively target older adults and 
individuals with disabilities, while others provide support to both caregivers and care 
recipients.  The latter devices seek to facilitate communication, increase shared 
knowledge, and define and implement holistic care plans. 

 
Declines in overall physical activity levels and generalized wellness can signal 

functional decline or impairment.  A variety of technologies are available to monitor 
activity levels.  Some of these devices are worn by the user to detect events such as 
falls, some are embedded in the user's environment to track complex activity patterns, 
and others are wearable devices aimed at measuring and promoting physical activity.  
These technologies serve a diversity of functions ranging from encouraging exercise to 
complex assessments of gait, balance, and sleep patterns (Zhang et al., 2003). 
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Wearable Devices 
 
A number of monitoring technologies can be worn by the user.  Examples of data 

collected by these devices include time spent engaged in physical activity (Zhang et al., 
2003), energy expenditure (Zhang, Pi-Sunyer, and Boozer, 2004), and gait (Huddleston 
et al., 2006).  Advances in these technologies have resulted in the availability of very 
small sensors that can be applied in a variety of ways.  For example, they can be 
embedded in special clothing such as shirts (Lee and Chung, 2009) and vests (Pandian 
et al., 2008), and they can be embedded in straps that are worn on the chest, waist, or 
arms (Pruitt et al., 2008).  Once identified, information from these devices can serve as 
a resource for risk assessment and rehabilitative interventions to improve factors such 
as strength and mobility.  Some wearable technologies use multiple sensors placed 
across the body for detailed gait, balance, and activity assessments (e.g., Intelligent 
Device for Energy Expenditure).  However, these technologies can be cumbersome to 
wear for the extended periods of time that are necessary to allow continuous 
assessment.  Other, less sophisticated wearable activity monitors offer continuous data 
collection at relatively low cost and can provide a means for continuous assessments 
that would otherwise require frequent office visits.  In some cases, these technologies 
can also serve as part of intervention strategies such as encouraging physical activity to 
reduce the risk of falling (Landi et al., 2007).  They can also provide feedback to users, 
their family members, and health-care professionals (LeadingAge CAST, 2007).  At 
least 11 reports have described the strengths and limitations of these wireless systems 
and most have concluded that sensors perform well in accurately measuring older 
adults' activity (Murphy, 2009).  However, it is also important to note that these 
technologies have yet to be proven effective in reducing negative health consequences 
such as falls or in mitigating functional decline and impairment. 

 
Some wearable activity-monitoring technologies focus specifically on promotion of 

wellness-oriented behaviors that inhibit functional decline and impairment such as 
exercise and weight loss.  These technologies encourage users to increase their activity 
levels by providing timely feedback and cueing, and allow the integration of wearable 
devices with online platforms and wellness communities.  For example, these 
technologies can serve as weight-management tools by measuring energy expenditure 
and activity levels, body mass index (BMI), and caloric intake (Murphy, 2009).  The data 
from these devices can be transferred to an online platform where users can monitor 
their weight loss and activity levels and communicate with an online community.  For 
individuals who are mobile, but need to engage in ongoing self-management, these 
devices allow users to become active partners in their own health and wellness 
activities in a manner that inhibits functional decline and impairment (Richardson, 2010).  
For healthy, aging adults, these technologies can encourage activity and maintenance 
of mobility.  For frail and at-risk individuals, the devices can encourage sufficient activity 
to preserve or improve existing levels of function. 

 
One study found that participants who wore activity monitors as part of a physical 

activity program were more active at a six-month follow up than control groups, and 
were just as active as participants who received telephone-based counseling.  At a 12-
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month follow up, the activity-monitoring and control groups were equally active, whereas 
the telephone group maintained higher levels of activity (Napolitano et al., 2010).  This 
suggests that monitors were effective in promoting short-term behavior change, but 
were not sufficient in isolation to support long-term behavior change.  Further research 
may improve our understanding of how best to use monitors, possibly in combination 
with other forms of support, to sustain long-term behavioral change favoring increased 
activity.  

 
Obesity is a predictor of functional decline and impairment and another parameter 

that activity-monitoring technologies specifically target.  One study used activity 
monitors to measure caloric intake, physical activity levels, and energy expenditures in 
a group of diabetes patients participating in a 12-week exercise intervention.  Although 
participants lost weight, the lack of a control group creates challenges for interpreting 
these findings (Jung et al., 2010).  However, another study using activity monitors 
demonstrated an inverse relationship between daily steps and risk factors that are 
predictive of long-term risk for cardiac events.  These results suggest that physical 
activity monitoring may help assess risk for pathology and/or chronic disease that 
threaten independence, thereby allowing interventions to be implemented (Sisson et al., 
2010).  These studies provide support for the idea that physical activity monitoring may 
be useful among relatively healthy adults (Jakicic et al., 2010). 

 
In the event of an emergency, many wearable monitoring systems are designed to 

alert caregivers via wireless networks, email, or text, and some systems can alert an 
emergency call center.  These systems often focus on falling, but some also incorporate 
electrocardiographic sensors and detect cardiac events (Pandian et al., 2008).  Some 
wearable fall detectors have automated fall detection capability that can replace call 
buttons and require no action on the part of the user.  Others are pendants worn around 
the neck or wrist and require the user to activate the alarm in the event of a fall or other 
medical emergency (Roberts and Mort, 2009).  Chapter 1 of this report explores these 
technologies in greater detail in relation to falls.  

 
Passive Monitoring Systems 

 
Passive in-home monitoring systems consist of sensors that are installed or 

embedded in the user's living environment and collect information without active input or 
engagement on the part of the user.  These systems typically have motion sensors as 
well as other environmental sensors (e.g., temperature, humidity, and contact) that are 
strategically placed in various settings, including the home, assisted-living facilities, 
nursing homes, and hospitals.  These systems can detect movements and movement-
related parameters such as gait and balance, and other indicators of routine activities 
such as cooking and bathroom use.  Based on data collected during a calibration 
period, these systems can “learn” a user's routine and use this information to infer 
whether observed periods of heightened activity or marked inactivity are benign or 
suggestive of outcomes such as a decline in function, acute illness, or a fall (Virone, 
2009).  For example, sensors in and around the kitchen can record movements and 
activities related to meal preparation, such as opening and closing the refrigerator, 
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using the stove, or movements near the sink while cleaning dishes (Glascock and 
Kutzik, 2006).  Food preparation is an IADL for which decreased activity might indicate 
a decline in mobility, disease, or depression, all of which can signal a decline in global 
function.  Research suggests that these systems are capable of inferring these activities 
with a high degree of accuracy (Dalal et al., 2005). 

 
These systems also have the ability to detect potentially dangerous situations such 

as falls through motion sensors, cameras, vibration sensors on the floor, or a 
combination of these technologies (Stone et al., 2009).  Further, these passive-
monitoring systems can be linked to online platforms that generate and transmit alerts 
to a family member, neighbor, or call center.  Clinicians and family members can also 
monitor this information online to observe activity patterns and to ensure that care is 
delivered quickly (Alwan et al., 2006). 

 
Unlike wearable devices, passive systems have the advantage of blending into the 

environment and are therefore not dependent on user compliance.  Glascock and Kutzik 
reviewed the evolution of passive-monitoring devices and a variety of their features.  
They also conducted a two-city field test, installing motion sensors in the homes of older 
adults to passively monitor waking time, falls, overnight bathroom use, medication 
compliance, meal preparation, and global activity.  In that study, the passive device had 
98 percent reliability for detection and recording of events and successfully transmitting 
data to a website for review.  A series of case studies evaluating caregiver “action” after 
receiving a monitoring alert demonstrated the efficacy of passive monitoring.  In each 
case, a nurse monitor was able to intervene early and act on clinically relevant 
information in a manner that would have not been possible had the system not provided 
the relevant data (Glascock and Kutzik, 2006). 

 
Another report assessed the psychosocial impact of passive monitoring on patients 

and caregivers.  During the four months of this study, neither patients nor caregivers 
reported significant changes in quality of life.  Although the number of hours of 
caregiving increased, there was no reported increase in caregiver strain.  This study 
suggests that this technology led family caregivers to become more engaged in the care 
process in ways that did not increase their perceived burden.  The same study also 
offers a window into the potential of these technologies to “predict” acute events.  
Several patients experienced unfavorable changes in functional status in the days 
immediately prior to hospitalization, suggesting that passive-monitoring technologies 
detect the types of changes that in some cases may be used to intervene to prevent or, 
at a minimum, lower the likelihood of costly transitions to higher levels of care through 
crisis avoidance (Alwan et al., 2006). 

 
Monthly monitoring fees and related expenses vary among passive activity-

monitoring systems.  However, these costs can be offset by the cost savings associated 
with avoiding or minimizing unplanned doctor visits, laboratory tests, and hospital stays 
(Glascock and Kutzik, 2006).  One study demonstrated the costs and benefits of 
passive monitoring in a three-month study at three assisted-living facilities (Alwan et al., 
2007b).  Monitored participants required fewer ER visits and fewer hospital days than 
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unmonitored ones and incurred significantly lower health-care costs for billable services: 
$17,407.02 for monitored participants, including monitoring costs, compared to 
$67,753.88 for unmonitored controls (Alwan et al., 2007b).  A recent white paper 
discussed the benefits of another in-home passive activity-monitoring technology in a 
Philadelphia PACE (Program for All-Inclusive Care of the Elderly) Program.  The 
program combined daytime remote monitoring with intermittent care and provided a 
supportive, but less expensive alternative to nursing-home admission.  This report 
serves as additional evidence of potential cost savings associated with passive-
monitoring technologies among older adults with functional decline or impairment 
(Business Wire, 2010). 

 
Devices for Sleep Monitoring  

 
Sleep disturbances have profound implications for global health and wellness and 

are a common symptom of obstructive sleep apnea (Patel, Alexander, and Davidson, 
2007).  Sleep apnea, in turn, is a risk factor for a number of conditions that can have a 
substantial impact on health, and ultimately, functional status.  Sleep apnea is a risk 
factor for cardiovascular disease (Gottlieb et al., 2010), hypertension (O‟Connor et al., 
2009), stroke (Redline et al., 2010), and diabetes (Punjabi et al., 2004), all of which can 
be fatal (Punjabi et al., 2009).  Sleep disturbances can also lead to daytime fatigue 
(Chartier-Kastler and Davidson, 2007), which in turn elevates the risk of falls, vehicular 
accidents, compromised immune function, and lower quality of life (Schneider and 
Stanley, 2007).  Sleep-monitoring technologies seek to provide early detection and 
monitoring of sleep disturbances so that the impact of these disturbances on function is 
minimal. 

 
Sleep disturbances can be detected with passive sleep-monitoring systems, 

thereby enabling caregivers to intervene and prevent more serious outcomes (Tyrer et 
al., 2007).  These systems offer effective approaches for early detection of sleep 
disturbances that are integrated into the user‟s environment (Mack et al., 2009).  Other 
approaches to sleep monitoring require a higher level of engagement on the part of the 
user.  For example, actigraphy is a sleep-monitoring technique that employs an 
accelerometer similar to those used in wearable activity-monitoring devices.  The device 
is worn overnight on the wrist, and distinguishes between periods of sleep and 
wakefulness based on wrist movements.  One significant limitation of this technology is 
that it cannot distinguish restless sleep from restless wakefulness (Jean-Louis et al., 
2001).  It tends to over-estimate sleep periods when an individual who is awake lies in 
bed with minimal or no motion; it is also unable to identify restful rapid eye movement 
(REM) sleep or episodes of apnea (Mack et al., 2006).  On the other hand, actigraphy 
provides a low-cost, home-based alternative to polysomnography, a traditional and 
costly sleep assessment that is most often conducted in a sleep clinic or hospital setting 
(Ayas et al., 2010). 

 
Ballistocardiography, which measures ballistic forces on the heart through 

pressure sensors, is emerging as a sleep assessment that uses passive monitoring to 
overcome non-compliance issues associated with actigraphy.  These devices monitor 
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physiological changes during sleep, as well as sleep disturbances, with minimal 
disruption to the user‟s environment (Mack et al., 2006).  For example, one 
ballistocardiographic system in particular uses foam bed pads placed between the 
sheets and mattress.  The pads connect to pressure sensors that detect changes in the 
air pressure in response to cardiac, respiratory, and musculoskeletal movement.  Not 
only are these devices better suited to the home environment than is actigraphy, but 
clinical trials have shown they are as accurate as electrocardiographic equipment for 
measuring cardiac parameters and are superior to actigraphy in detecting sleep onset 
(Mack et al., 2009a).  

 
Load cells are another passive home sleep device that are both easy to deploy 

and unobtrusive to the user.  Placed at the corners of a bed under the bedposts, load 
cells measure changes in force, or “load,” associated with the user‟s movement in bed 
(Adami et al., 2010).  These cells distinguish different movements and record the time 
intervals in which they occur.  They can also detect physiological data, such as heart 
rate and respiration, thereby permitting monitoring of sleep disturbances associated with 
cardiac events and sleep apnea (Adami, 2006).  Investigators are currently exploring 
load cells as an alternative to existing lab-based sleep-monitoring systems, such as 
polysomnography (Beattie et al., 2009).  

 
Interactive communication  

 
Another approach to assessing older adults' overall levels of wellness and function 

is through interactive communications devices.  These devices are designed to allow 
patients, family members, and physicians to share data, but they also permit these 
stakeholders to interact in ways that facilitate improved care coordination.  The devices 
present the user with a series of wellness questions such as how they are feeling, how 
well they slept the previous night, their mood, their ability to perform ADLs, and their 
compliance with medication usage.  These interactive platforms can play an important 
role in overall function by strengthening users' awareness of their functional status.  
Data are transmitted to a family or professional caregiver who can call and follow up 
with the user to help with self-management skills, provide informal care, or arrange for 
supportive services. 

 
Several interactive wellness systems have emerged to facilitate the exchange of 

health and wellness information among individuals, families, and caregivers.  While 
these systems do not involve physiological monitoring, they do attempt to improve 
wellness checks and health management, as well as support independence using 
convenient and more frequent communication with caregivers.  Features of these 
systems may include medication reminders, online journals to track diet, medication, 
and exercise, and a web portal for health-care professionals and patients to review data 
and interact with one another.  While some of these systems are mobile, others are 
based on touch-screen home computers with interfaces that are easy for older adults to 
use (RAND, 2000).  Current evidence supporting the benefits of these platforms is 
modest.  One study evaluated the effectiveness of an interactive wellness system that 
allows diabetes patients to answer daily health questionnaires through a desktop 
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application.  The information is automatically transferred to a case manager who 
reviews the data and contacts a physician if symptoms warrant clinical intervention.  
Patients reported improved quality of life and reduced need for services (inpatient, ER 
visits, post-discharge and outpatient visits), as well as small improvements in physical 
health assessments (Cherry et al., 2002).  Overall, research on use of these systems for 
maintaining functional abilities is encouraging, but not definitive. 

 
 

8.5.  Functional Assessment and Assistive Technologies  
Under Development 

 
A number of technologies that are under development address various aspects of 

functional decline and impairment, ranging from new approaches to detection of subtle 
changes in gait and balance to complex systems that integrate multiple data streams 
from the home in order to identify declining function.  Functional decline and impairment 
are closely associated with increased incidence of falls; as such, technologies that help 
detect and prevent falls also assist in mitigating functional decline and impairment. 

 
Older adults frequently experience reduced sensation in their extremities, often 

related to neuropathy or neuropathic complications from diabetes.  Loss of sensation in 
the feet in particular is associated with poor balance, slower and irregular gait, and 
increased fall risk (Priplata et al., 2006), all of which reduce older adults‟ ability to 
remain active and thus increase the risk of functional decline and impairment.  A 
pressure-sensitive shoe insole is one device that is being developed to identify balance 
problems indicative or predictive of functional decline.  Sensors embedded in the 
insoles of shoes measure pressure distribution across the foot.  This device will be used 
to identify balance problems that may indicate functional decline or worsening 
impairment.  In addition to identifying data patterns that may indicate balance difficulties, 
the functionality of this device may be expanded to include the transmission of alerts in 
response to foot pressure patterns that indicate the user is experiencing difficulty 
walking (Trafton, 2006). 

 
Similarly, researchers have begun testing insoles that deliver vibrations to the foot 

to stimulate nerves and heighten sensation.  In one study, these vibrations reduced 
body sway and increased balance and steadiness in older adults (Priplata et al., 2003).  
Another group showed that impulse-generating insoles worn while walking reduced gait 
variability in older adults regardless of their experience with falls, suggesting that this 
technology may have applications for improving steadiness among people with a history 
of falling and known functional decline (Galica et al., 2009).  Another group is 
developing a wireless device that analyzes step patterns, speed, and foot positioning.  
This device, which straps to the ankle and can be worn with any footwear without 
interfering with normal walking, wirelessly relays information to laboratory-based 
computers.  Data are analyzed to identify factors related to gait disorders and functional 
decline, such as poor balance, heel strike timing, and variations in walking speed that 
can be used to inform clinical interventions (e.g., targeted exercise regimes or physical 
therapy) (Bamberg et al., 2008). 
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In addition to currently available, wearable technologies, emerging technologies 

that are embedded in the user‟s environment are being developed to monitor key 
parameters associated with functional decline and detect changes in ability and/or 
emerging impairment.  Many of these technologies target issues associated with 
walking and balance.  For example, one technology employs portable gait mats 
containing sensors that enable researchers and clinicians to detect, analyze, and 
intervene when evidence of gait abnormalities are detected that are indicative of both 
functional decline and fall risk.  These mats record each footfall as users walk across 
the sensors, and data are transmitted wirelessly to a computer for analysis.  They also 
measure information such as stride length, timing, and pressure distribution across the 
foot and detect high-risk patterns.  These devices can replace labor-intensive paper and 
pencil methods (such as chalking or inking the feet, video recording, and hand-timing of 
strides), thereby eliminating not only the measurement errors associated with these 
methods but also the need for a trained professional to observe the older adult for risk 
assessment (McDonough et al., 2001).  The devices have been validated for use in 
functional decline and also fall risk assessment (Low, Tani, and Chandra, 2009).   

 
Passive infra-red (PIR) sensing is another example of a gait assessment method 

that is used in the home.  This technology employs an array of narrow-band infra-red 
sensors that are arranged on walls or ceilings to detect movement.  These sensors can 
measure relevant factors such as walking speed and they can also distinguish “typical” 
and “atypical” movements in a manner that might indicate functional decline and that 
may not be readily detected in a clinical setting but are evident in the course of daily 
activities in the home.  These PIRs have been shown to estimate walking speed more 
accurately than standard clinical timed walking tests (Hayes et al., 2009) and they 
measured walking speeds as accurately as gait mats (Hagler et al., 2010). 

 
Many older adults use aids such as walkers and canes to assist with ambulation, 

making these "low-tech" aids an appealing target for technology enhancement.  A few 
groups are currently exploring how to engineer these common aids to serve as both 
assistive devices and gait-assessment tools.  One technology involves embedding force 
sensors in the handles of “smart walkers” and combining them with wheel-based 
odometers.  This walker can passively monitor parameters such as stride time, step and 
stride length, and walking speed.  Thus far, studies of this device have been restricted 
to the lab, but as these technologies are fine-tuned, they could be adapted for passive 
monitoring in the home to evaluate gait, balance, and mobility during routine activity 
(Alwan et al., 2007a).  Such a walker could also be engineered to actively assist users‟ 
movements by, for example, helping those with visual impairments avoid obstacles 
(Alwan et al., 2005). 

 
Ambient intelligence is an emerging field that combines the sensor-based 

technologies discussed in this chapter such as sleep and passive physiological 
monitoring devices with “sensitivity” to the environment and users‟ needs (Intille, 2005).  
Ambient intelligence relies on sensory input from the home environment, such as 
information on motion, light, temperature, radiation, sound, and walking or standing 
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pressure, as well as physiologic data that are collected from the user.  The combination 
of these diverse information streams makes it possible to profile the user‟s home, 
thereby enabling the device to make adjustments in response to the user‟s presence 
and preferences, and also to detect or avert emergencies.  For example, a kitchen stove 
left unattended for a specified period of time would set off an alarm.  An unanswered 
doorbell when the user is at home and not hearing-impaired might trigger an emergency 
call.  This technology must address a number of practical challenges, such as 
distinguishing the user from a guest in his or her home.  One solution currently in 
development is a small wearable tracking "button” that alerts the system to the 
resident‟s presence in a particular room (Cook, Augusto, and Jakkula, 2009).  A number 
of research teams are working on refining such adaptive technology networks (Rantz et 
al., 2008; Kaye and Hayes, 2006). 

 
 

8.6.  Experiences of Other Countries with Functional Decline 
Assessment and Assistive Technologies 

 
International efforts to develop, validate, and promote the use of assistive 

technologies in the home are widespread and for the most part similar to efforts in the 
U.S.  However, several unique technologies under development internationally focus on 
assisted walking.  In Israel, a battery-operated robotic suit is being developed to enable 
individuals with lower-limb disability or paralysis to walk.  The suit uses a combination of 
sensors that detect upper-body movement, body braces with motorized leg joints, 
crutches, and a small computer to process incoming data and control the suit‟s motors.  
Although developers have initiated a device safety trial and plan a clinical trial, the 
results have not yet been published.  However, preliminary data show that users are 
able to sit, stand, and ambulate safely and independently with the device. 

 
Japan has a similar robotic suit in production.  This full-body suit is designed to aid 

and potentially rehabilitate individuals with limited mobility.  It consists of robotic 
supports that attach to the arms, legs, and torso, depending on the user‟s needs.  When 
the user initiates a movement, the brain sends nerve signals that cause muscles to 
contract.  These signals generate electrical impulses on the surface of the skin.  The 
robotic suit monitors and responds to these impulses by moving the assistive limbs in 
coordination with the body.  The assisted motion combined with the suit's ability to 
reduce the physical load on the user‟s muscles augments the user‟s strength, and 
increases mobility (Zelinsky, 2009).  This robotic suit, like the Israeli one, has the 
potential to improve mobility in older adults and therefore support independent living. 

 
Work on social alarms (Empirica and World Research Centre, 2010), wearable 

ambulatory devices (Liu, Inoue, and Shibata, 2009), physiological monitors (Lai et al., 
2009), home telecare (Nikus et al., 2009), telehealth (Koch and Hagglund, 2009), and 
smart home technologies (Friedewald et al., 2005) is abundant and similar to that being 
conducted in the U.S.  However, other countries have made greater strides in adoption 
and integration of certain technologies into their health-care systems (Empirica and 
World Research Centre, 2010).  Finland has also received recognition for the integration 
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and widespread use of wrist-worn alarms and for initial exploration of video-based 
telecare services.  Germany and Sweden have developed video-telecare systems, 
although they are not widely used.  Germany has enacted policies that better integrate 
these technologies into health-care provision and integration structures that have 
promoted the use of such technologies (Empirica and World Research Centre, 2010).  
In general, however, the EU‟s increasing interest in ambient assistive technologies has 
spawned research and development activities, but there has been little integration into 
the social care system. 
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CHAPTER 9: HEALTH INFORMATION 
TECHNOLOGIES AND THEIR INTERPLAY WITH 

OTHER AGING SERVICES TECHNOLOGIES 
 
 

9.1.  Introduction 
 
The preceding chapters of this report describe various technologies to assist older 

adults and people with disabilities.  These include implanted and wearable devices, 
sensors that are embedded in users‟ homes, approaches to the delivery of health-care 
services from remote locations, and technology-enhanced improvements of common 
assistive devices, such as canes and hearing aids.  These aging services technologies 
(ASTs) seek to address a wide array of problems, including limited mobility, poor vision, 
and a variety of challenges associated with the management of common chronic 
conditions of aging. 

 
A key feature of many of the ASTs that are explored in this report is their ability to 

generate, collect, and transmit health information that is not usually collected as part of 
routine medical care.  There are many examples of this type of information, including 
gait instability and sleep quality collected from home-based sensors, adherence to 
prescription drug regimens collected from medication management technologies, and 
diabetes self-management activities collected through remote patient monitoring (RPM) 
technologies.  The data collection and management functions of ASTs have the 
potential to create synergies for patients, providers, and caregivers when interfaced with 
health information technologies (health IT) (Blumenthal and Glaser, 2007).  Common 
examples of health IT include electronic health records (EHRs), personal health records 
(PHRs), and electronic prescribing. 

 
If effectively integrated with one another, ASTs and health IT can work in 

conjunction as especially rich sources of health information that could enhance the 
quality of clinical care and decision-making.  Health IT systems with which ASTs could 
interface range from those that store and report information, such as laboratory results, 
to those that share information about patients across institutional and geographic 
boundaries, to more complex systems that provide clinicians with real-time alerts and 
provide clinical decision support (CDS) based on all available patient information.  
Recent initiatives and policies encouraging the adoption of health IT, coupled with a 
growing awareness of the importance of both health IT and ASTs on the part of 
providers, patients, disability services, family and community stakeholders suggest that 
the next few years may bring new opportunities to leverage these resources for the 
collective benefit of all stakeholders.  However, although meaningful efforts are 
underway to facilitate the interplay between health IT and ASTs, a number of significant 
challenges remain to be addressed before this goal is met. 
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9.2.  The Interplay Between Aging Services Technologies and Health 
Information Technology 

 
If fully and appropriately integrated, ASTs and health IT can provide patients, 

clinicians, and caregivers with enhanced information that can not only improve patient 
self-management and provider care management and decision-making, but also reduce 
burden on informal caregivers.  For example, integration of sleep quality and medication 
data into patients‟ personal health records (PHRs) facilitates access to personalized 
information about specific health conditions and self-management challenges.  This 
type of readily available information empowers patients to become effective partners in 
managing their health and health care.  Moreover, integration of data from patients‟ 
ASTs into EHRs can supplement the information captured during office visits with 
additional, targeted longitudinal data, resulting in a more comprehensive picture of 
patient health.  An AST-enhanced EHR of this type would provide clinicians with 
important, timely information that would otherwise not be available, and that could be 
used in making complex care decisions, such as adjusting medication dose in response 
to monitoring data.  Additionally, the integration of health IT and ASTs can help ensure 
that providers, patients, and caregivers alike have access to the most current data to 
help them discuss and develop the most appropriate treatment protocols.  Medication 
management and remote patient monitoring offer examples of how ASTs may interface 
with health IT to create synergies that cannot be realized when either technology is 
used alone. 

 
Chapter 1 of this report discusses care issues and ASTs that are relevant to the 

risk of falls, a serious and costly outcome that becomes more likely as individuals age.  
Technology-enhanced strategies to reduce the risk of falls have been developed for 
both acute and long-term care (LTC) settings, as well as for home use, and many of 
these technologies can interface with health IT.  For example, CDS systems can alert 
clinicians to factors that may increase the risk of a fall, including side effects or 
interactions among medications.  Health IT can also guide physicians in implementing 
post-fall interventions that facilitate rehabilitation, thereby reducing the risk of 
subsequent falls.  There are also many products on the market that are designed for 
home use, and these can also interact with health IT in ways that inform patient care.  
For example, many technology-enhanced fall prevention strategies involve tracking the 
user's activities, including the number of steps taken, walking velocity, stride, balance, 
and other fall-related factors.  These systems often have the capacity to transmit data to 
health-care professionals, to store data in a PHR, or to integrate data into an EHR in a 
manner that helps identify changes in an individual‟s fall risk and thus provide alerts 
when intervention is needed.  In addition to improving health outcomes by reducing the 
prevalence of falls and associated health problems, AST and PHR/EHR integration can 
provide patients, providers, and caregivers with greater peace of mind in the knowledge 
that changes in fall risk can be detected and acted upon. 

 
The role of ASTs in chronic disease management is explored in Chapter 2 of this 

report.  A key issue in this chapter is clinicians‟ need for longitudinal measurements on 
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key parameters, not just “snapshot” data collected during office visits.  A number of 
RPM technologies that are designed for home use have the potential to achieve this 
goal and enhance the impact of health IT by supplementing EHR data with additional, 
disease-specific information collected between office visits.  For example, a diabetic 
patient's glucose measurements can be consistently tracked by RPM technologies that 
transmit this information to a primary-care provider who can identify any clinically 
meaningful changes in glucose that warrant action.  In addition to helping clinicians 
identify actionable health events that occur between patient office visits, the serial data 
collected by these systems can help EHRs and PHRs become dynamic, rather than 
episodic sources of health information that allow providers to consider the totality of all 
available information when making decisions. 

 
Chapter 3 examines the importance of medication management among older 

adults and people with disabilities because these populations often may take multiple 
medications that are prescribed by a variety of providers and filled by more than one 
pharmacy.  Differing administration schedules and dosing are additional factors that 
contribute to medication errors and adverse drug events among these populations.  
Specific EHR functions, such as electronic prescribing and CDS-assisted prescriptions, 
are examples of health IT functions that can facilitate medication management by 
reducing these challenges.  Integrating electronic medication administration records and 
medication adherence data into EHRs provide additional examples of how medication-
focused technologies can work with health IT to enhance the availability of information 
to help clinicians improve patient care.  ASTs such as medication reminders, 
dispensers, and monitors can enhance the utility of health IT by providing medication 
compliance information and adherence processes. 

 
For example, home-based medication management systems that can transmit 

data to the user's health-care provider can supplement EHR data in a manner that gives 
the clinician detailed information on numerous parameters related to patients' 
medication adherence, information that is not otherwise available to the clinician.  These 
systems can alert the provider if a patient's medication is not taken, filled, or refilled as 
prescribed.  Availability of this information could help with clinical decision-making in 
situations where unfavorable signs and symptoms could be caused by an allergic 
reaction to a prescribed medication, a drug interaction, or non-compliance with 
appropriately prescribed medication. 

 
The relationship of ASTs in detecting and treating depression is the focus of 

Chapter 6.  Telemental health strategies, such as those employed by the Veterans 
Administration, offer a particularly good example of the interface of ASTs and health IT 
in this area.  These technologies allow patients to access their PHRs, transmit vital 
signs, and interact with mental-health professionals across long distances.  Data 
generated through telemental health encounters then become part of the patient's EHR.  
When combined with other EHR data, including prescription medications the patient 
may be taking for other health issues, mental-health information can be viewed and 
interpreted in the context of the patient's full clinical profile, thereby providing clinicians 
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with a more detailed and complete picture of the patient and most appropriate 
interventions. 

 
Chapter 8 of this report explores ASTs in the context of functional decline.  

Technologies targeting this broad care issue often involve monitoring physical function 
(e.g., activities of daily living) through wearable devices or systems of sensors that are 
embedded in the environment.  Depending on the complexity, these technologies can 
generate multiple data streams that track diverse measurements ranging from 
ambulation to sleep quality.  All of these data can interface with health IT in ways that 
provide clinicians with a more complete and dynamic patient profile.  They can also 
provide timely insight into changes in functional status that may signal changes in 
underlying health status, emerging or worsening impairment, or the need for 
modifications in the patient‟s care plan.  For example, sleep disturbance monitoring 
systems, such as actigraphy, a wrist-based sleep monitor that uses wrist motions to 
track sleep disturbance; and ballistocardiography, a bed-sensor-based system that 
measures patients‟ sleep movement to detect disturbances, stream data to clinicians on 
parameters that can assist in the mitigation of sleep apnea and other sleep disturbance 
conditions that might otherwise go undetected.   

 
In addition to providing access to clinically relevant, longitudinal information on 

physical function, these technologies allow clinicians and caregivers to respond quickly 
to changing functional status and care needs, and can be particularly valuable at times 
when older adults and people with disabilities are transitioning across care settings 
(e.g., to better inform transfer and discharge planning).  In addition, including functional 
status information in a PHR that is accessible to family and/or professional caregivers 
allows them to coordinate and deliver supportive services that protect patients‟ 
independence.  This comprehensive data profile can improve caregivers‟ ability to 
detect changes in health status and chronic conditions early on and thereby facilitates 
accurate diagnoses and better care.  Finally, integrating activity monitoring data with 
electronic prescribing can provide insight into potential side effects of newly prescribed 
drugs and provide clinicians with an opportunity to modify drug regimens using 
information that would otherwise be unavailable. 

 
The effective integration of ASTs and health IT has the potential to facilitate care 

delivery across multiple provider settings, generate significant improvements in quality 
and the patient experience, and help contain health-care costs.  However, while many 
existing systems and devices allow such integration, challenges remain with respect to 
their widespread use in order to realize these benefits.  The following section provides 
an overview of these challenges, which cut across multiple care settings and forms of 
technology, and highlights some of the progress to date in surmounting them. 

 
 

9.3.  Barriers to Integrating ASTs with Health IT 
 
Although there are many examples of how ASTs and health IT can work together 

to dramatically enhance care and the experiences of patients, providers, and 



146 

 

caregivers, there are significant barriers to this integration, chief among which are 
issues associated with interoperability, as well as privacy and security. 

 
Interoperability 

 
The synergies that can be realized through the interface of ASTs and health IT are 

predicated on interoperability, which can be defined simply as the ability to exchange 
data or information (Mead, 2006).  Without it, the benefits offered by these technologies 
can only be realized independently (Martin, 2007).  In the context of medication 
management, for example, available technologies and health IT in settings that provide 
care to older adults and people with disabilities often lack interoperability or even 
connectivity.  Furthermore, the individual components of these systems such as bar-
code administration, decision support applications, and pharmacy database systems 
may operate independently in a single care setting due to lack of interoperability 
(National Academy of Sciences, 2007).  Basic issues such as the absence of data-entry 
standards, differing data formats, and dissimilar interfaces can pose challenges for 
interoperability and information exchange.  These technical considerations often inhibit 
progress toward effective interfacing of ASTs and health IT, even among stakeholders 
who recognize the value of this integration (Bates et al., 2001). 

 
A number of strategies are being pursued to address interoperability issues, many 

of which focus on common approaches to structuring and formatting health information 
so that data can be more seamlessly integrated and easily exchanged.  For example, 
the data exchanged between ASTs and health IT must contain standard medical 
terminology so that the information is unambiguous.  This "semantic interoperability" 
requirement permits data exchange and processing across platforms by relying on a 
shared understanding of common information.  For example, if sensor-based data are to 
interface with an EHR in a way that can alert providers or caregivers about the 
possibility of a fall, the terminology and data used to describe ambulation, posture, gait, 
weight, and other factors need to be defined and interpreted by both technologies in the 
same manner. 

 
Another important component of information exchange is "syntactic 

interoperability," which refers to the ability of data to be exchanged while allowing 
messages sent from one system to be processed by another in a way that identifies 
where relevant data are located (e.g., with a message containing a header, a glucose 
measurement, and the date and time of the measurement).  This process occurs 
through application of data standards for system messaging.  Health Level Seven (HL7) 
is one of the most widely used standards for clinical information system messaging 
(Mead, 2006).  Each HL7 message has a unique structure composed of segments for 
each field in the patient record.  Thus, one segment will have demographic information, 
while another may have information on medication history.  If an AST sends an HL7 
message to an EHR that can process these messages, then the EHR will be able to 
identify, locate, and store information regarding the individual‟s medical history, current 
clinical condition, allergies, or contraindications without compromising any data in the 
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exchange.  If, on the other hand, the EHR cannot process HL7 messages, it may fail to 
integrate some or all of the information from the AST. 

 
As older versions of HL7 standards (i.e., version 2.x) cannot handle full semantic 

or syntactic interoperability (Mead, 2006), the evolution of the HL7 standard to Version 
3.0 is one approach to addressing the interoperability challenges that characterize 
Version 2.x.  A particularly important feature of Version 3.0 is a Reference Information 
Model (RIM) that provides unambiguous definitions of the semantics in most clinical 
messages (Mead, 2006).  This improvement facilitates semantic and syntactic 
interoperability, fundamental features of information exchange that were cost-prohibitive 
in Version 2.x.  Additional efforts are underway to address other barriers to 
interoperability, some of which focus on care settings of central interest to older adults 
and people with disabilities.  For example, HL7 defined the essential functions of EHR 
systems to be used in LTC settings, where ASTs may be of particularly high value to 
patients, providers, and their families (Health Level Seven, 2010).  These functions 
include functional assessment questionnaires and three-way e-prescribing, which may 
both be important in the future, and other functions that can be considered optional.  
Criteria for determining conformance with these new profiles were also established to 
serve as a reference for parties wishing to develop or purchase EHR systems that are 
interoperable with ASTs in the LTC setting.  

 
Integration of telehealth data into EHRs provides clinicians and care providers with 

continuous information about patients‟ health status between office visits.  This has now 
become possible due to a recent HL7 standard called the Personal Health Monitoring 
Report (PHMR), which is based on the HL7 Clinical Document Architecture (CDA) that 
specifies the structure and semantics of clinical documents for the purpose of 
information exchange (Health Level Seven, 2011).  It applies a detailed format to 
transform diverse types of data into standardized PHMR documents.  The resulting 
documents are evaluated to determine conformance with this format, thereby enhancing 
semantic interoperability (Health Level Seven, 2011). 

 
These same standards can offer opportunities for interfacing AST and health IT 

that extend beyond telehealth.  Other recently developed interoperability standards 
relevant to LTC and post-acute care settings include:  

 
1. The HL7 CDA for the Continuity of Care Document (CCD) Standard (Health 

Level Seven, 2010), which facilitates electronic exchange of patient summaries 
between settings primarily during transfers (e.g., from a LTC facility to a hospital);  

2. The National Council for Prescription Drug Programs (NCPDP) Script 10.6 
Standard, which allows LTC facilities to electronically enter and deliver 
prescriptions and physician orders to a pharmacy (National Council for 
Prescription Drug Programs, 2010); and 

3. The CDA Framework for Questionnaire Assessment (Health Level Seven, 2011), 
which allows standardized capture and exchange of functional assessments, 
including federally mandated assessments like MDS and OASIS that are relevant 
in LTC settings. 
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Despite this progress, however, more interoperability standards are needed for 

sensor-based and wearable activity data, functional assessments and information about 
ADLs that can be inferred from sensor data, sleep quality assessments, computer-
based cognitive assessments, and medication administration and adherence records to 
more fully integrate ASTs with other health IT systems and maximize their potential.  
Further, these standards will not only facilitate transmission of device data to health-
care providers, but will also ensure that data can be shared among providers, patients, 
and caregivers to grant all parties equal access to critical health information. 

 
Privacy and Security 

 
Although ASTs have the ability to improve the daily lives of older adults and those 

with disabilities, improve care coordination, reduce provider and caregiver burden, and 
reduce health-care costs, concerns remain regarding the privacy and security of health 
data collected by these technologies and exchanged across platforms.  Patients have 
an expectation that their health information will remain private, accessible only to 
individuals directly involved in their care and it will not be made public or shared in other 
ways.  They also expect that this information will be secure, meaning that organizations 
maintaining patient data have safeguards in place to ensure that private health 
information is not stolen, lost, or inappropriately disclosed to unauthorized parties.  
Specific examples of privacy and security concerns include security breaches by 
hackers in search of personal information, and unauthorized disclosure of sensitive 
information such as HIV status. 

 
Data-sharing among information systems, providers, and care settings, including 

that which occurs at the interface of ASTs and health IT must address the need for both 
privacy and security.  These concerns may be particularly relevant to older adults and 
people with disabilities who are more likely to obtain services from a large number of 
providers relying on a range of data sources.   

 
The Health Insurance Portability and Accountability Act (HIPAA) was enacted to 

ensure the privacy and security of individuals‟ identifiable health information and, in part, 
to improve the efficiency and effectiveness of the health-care system through the 
adoption of national standards for electronic health care transactions.  The HIPAA 
Privacy and Security Rules require privacy and security protections for individuals‟ 
health information--paper, electronic, and oral communications--collected or transmitted 
by “covered entities.” HIPAA applies to any provider that bills electronically, including a 
diverse array of entities such as hospitals, private practices, nursing homes, and home 
health agencies.  These covered entities are some of the primary agents capturing 
patients‟ health information, and they are also the entities most likely to see the benefits 
of the enhanced interplay between ASTs and health IT.  For example, a home health 
agency may deploy telehealth devices in patients‟ homes to capture vital signs and 
perform remote monitoring to assist with the management of chronic conditions.  These 
data may then be imported into EHRs maintained by primary-care physicians and 
potentially shared with specialists.  However, the use of these devices by covered 
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entities may raise potential privacy and security concerns and thus pose certain 
challenges under HIPAA rules because they may not be designed with appropriate 
security features to guard against unauthorized access to patient information.  For 
example, electronic blood pressure cuffs that store and transmit readings often lack 
features such as password protection.  Moreover, if the data transmissions are 
facilitated and/or stored by a third party that is not a covered entity, such as a 
technology vendor, patients and physicians may require reassurance that the company 
adequately protects and secures this information. 

 
Even in settings where ASTs and health IT have been effectively integrated, there 

are concerns about PHI security with respect to access control.  Health IT systems are 
set up as networks that store and manage patient data and users with appropriate 
privileges can access this information for a variety of functions related to patient care 
and are often able to share this information across organizational and provider 
boundaries (Gallaher et al., 2002).  Although these exchanges help make health 
information available where it is needed, they can also pose challenges in terms of 
determining who needs access to what PHI data elements in which provider settings.  
These questions can be daunting for a number of reasons, including the large number 
of providers from whom older adults and people with disabilities receive care; the 
frequent use of emergent care among these patient populations; changes in patients' 
health status that might require modifications in access to their PHI on the part of their 
providers; as well as changes in providers and care settings.  For instance, while the 
management of congestive heart failure may be the responsibility of a hospitalist during 
an acute-health episode, this responsibility may shift to a home-health agency after 
discharge and ultimately back to a primary-care physician after recovery.  These factors 
can lead to inconsistent application of access protocols across providers and settings 
that may exacerbate concerns about unauthorized users‟ access to identifiable data--
concerns that will only increase as information exchange becomes more widespread 
(Ferreira et al., 2006). 

 
Recognizing that privacy and security issues pose significant challenges to 

information exchange and the full realization of its benefits, the Agency for Healthcare 
Quality and Research (AHRQ) and the Office of the National Coordinator for Health 
Information Technology (ONC) are leading a number of initiatives to better understand 
stakeholders‟ progress in planning and implementing health information exchange and 
the policies and infrastructure to support it.  For example, ONC‟s State Health 
Information Exchange Program aims to assist states in developing comprehensive 
infrastructure for health information exchange (HIE) that allow health data collected at 
doctors‟ offices and other locations to be transferred seamlessly among various medical 
locations and technologies (Williams et al., 2012).  Among the program‟s requirements 
is that states submit and implement robust privacy and security plans, utilizing 
encryption, controlled access, and other security measures to ensure that patients‟ 
health information is protected (Office of the National Coordinator, 2012).  These plans 
also call for standardized approaches to user authorization and authentication, audits of 
patient record access and modification, identification of patients, and data security 
(Dimitropoulos, 2007b).   
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These strategies can also help address many of the privacy and security concerns 

that relate to the interface of ASTs and larger health IT systems.  However, they are 
likely to be less useful for consumer-focused technologies such as those used in the 
home that have the capacity to transmit information to an EHR or PHR, and those that 
use internet and mobile technologies.  For example, mobile devices can be tracked 
electronically and may lead to unintended exposure of the user‟s location, thereby 
compromising privacy.  Thus, to ensure integrity and confidentiality, direct downloading 
of patient data to a personal digital assistant (PDA) owned by a health-care professional 
must be constrained by location or ownership information (Zheng et al., 2007).  To 
address these issues, a growing body of research is focusing on developing 
mechanisms to address privacy and security concerns related to internet and mobile 
technology-based health-care applications (Zheng et al., 2007).  For instance, efforts 
are underway to develop privacy trust negotiation protocols for mobile health-care 
systems that promote trust between mobile devices and back-end health information 
systems in compliance with predefined access control and disclosure policies (Dong 
and Dulay, 2006). 
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CHAPTER 10: BARRIERS AND POTENTIAL 
STRATEGIES TO PROMOTE DEVELOPMENT, 

ADOPTION, AND USE OF 
AGING SERVICES TECHNOLOGIES 

 
 

10.1.  Overview 
 
In fulfilling the requirements of the Aging Services Technology (AST) Study 

mandated in Section 13113(c) of the American Recovery and Reinvestment Act (ARRA) 
of 2009, the preceding chapters present information on available and emerging 
technologies for care issues that affect a great number of older Americans, people with 
disabilities, their caregivers, and health-care providers.  The chapters also examine 
evidence on the effectiveness of these technologies in addressing these care issues 
and explore other countries‟ experiences with developing or supporting similar or new 
aging services technologies (ASTs).  Given the interplay of many ASTs with EHRs and 
other forms of health IT, a separate chapter highlights how the effective integration of 
these technologies can improve their capabilities and functionalities, while increasing 
their benefits as well (Chapter 9). 

 
Another requirement of the AST Study was to identify and examine barriers to the 

development, adoption, and use of ASTs by different stakeholders, as well as potential 
strategies for addressing them.  While the original plan was to include discussion of 
these barriers in each care issue chapter, because many of them are common across 
care issues, they are presented together here in a freestanding chapter. 

 
Not surprisingly, financial barriers to AST development are prominent and appear 

consistently across the care issues reviewed in this report, as well as in the broader 
literature on barriers to technology development.  Due to limitations in governmental 
and non-governmental resources, strategies calling for expanded government coverage 
of ASTs are unlikely to be feasible in the absence of compelling evidence as to the 
savings that could accrue as a result of their use.  However, as stated above, 
consideration of such strategies and the likelihood of their adoption are beyond the 
scope of this study.  Accordingly, this chapter focuses on strategies for addressing 
barriers to AST development, adoption, and use that can be largely implemented with 
existing resources and infrastructures.  

 
Some of the AST barriers explored in this chapter apply to older adults and 

individuals with disabilities who use these technologies, while others apply to caregivers 
and providers.  Following a discussion of these barriers and how they relate to various 
stakeholders, the chapter presents potential strategies for addressing them, a 
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discussion of barriers that are especially relevant to payers, and a discussion of barriers 
to AST development. 

 
 

10.2.  Barriers to Adoption and Use among Consumers, Caregivers, 
and Providers 

 
Although previous chapters in this report summarize the research supporting the 

health benefits and cost savings of a number of ASTs, in practice, receipt of these 
benefits is predicated on the assumption that stakeholders first adopt ASTs and then 
sustain their use for a sufficient period of time to realize their benefits.  However, a 
number of barriers inhibit adoption and use of ASTs, with these barriers often applying 
to multiple stakeholder groups. 

 
Lack of Awareness and Evidence of Effectiveness  

 
Research suggests that consumers and caregivers lack knowledge of existing 

ASTs, the value and utility of these technologies, as well as how to acquire and use 
them (Brownsell, 2004).  Although lack of awareness is due in part to the novelty of 
some of these technologies, a more important explanation is the dearth of resources 
providing information about them, what they do, evidence of their benefits, where to 
purchase them, and how to use them. 

 
Lack of AST awareness is present among not only older adults and informal 

caregivers, but also among paid caregivers and health-care professionals despite their 
role as trusted referral channels and influential change agents (LeadingAge CAST, 
2008).  One reason that health-care professionals are unaware of ASTs is that the 
professional, peer-reviewed literature to which they often refer for information and 
guidance does not contain a great deal of published research on ASTs or their interplay 
with health IT.  Indeed, because professional societies often base continuing education 
and practice recommendations on accumulated evidence from peer-reviewed sources, 
it is not surprising that health-care professionals have had limited exposure to AST-
related information.  This gap in the scientific literature creates challenges for AST 
adoption among providers because many of these technologies have not been 
adequately evaluated in the field, and therefore often lack recognition from professional 
organizations (Wasson et al., 2008).  Further, professionals may be reluctant to 
recommend AST use in the home for their patients because of the perceived and real 
lack of scientific evidence supporting their effectiveness.   

 
In a health-care environment in which decision-making is increasingly evidence-

based, the lack of published, quantitative information on the effectiveness of ASTs can 
dramatically inhibit adoption among providers and patients alike.  Another consideration 
relevant to awareness of ASTs among providers is the fact that most physicians are 
trained in hospitals, but most consumer-focused ASTs are used in long-term and post-
acute care settings, as well as in the home.  As a result, physicians may not have 
adequate exposure to the breadth of technology-enhanced supports that are available 
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to older or disabled patients outside of acute-care settings.  Other professionals (e.g., 
hospital discharge planners) with a role in influencing receipt of post-acute services are 
also based in acute-care settings and may be similarly disadvantaged with respect to 
knowledge of ASTs. 

 
Potential Strategies to Increase Awareness and Improve Evidence  
of Effectiveness 

 
Strategies to increase awareness of ASTs include creative approaches to 

disseminating information from published peer-reviewed research about the efficacy 
and cost-effectiveness of many of these technologies.  Research results could be 
efficiently disseminated through existing infrastructures and the resources of diverse 
professional, national, and community organizations that are relevant to AST 
stakeholders.  For example, as part of their scientific meetings and scholarly 
publications, physician member organizations could be encouraged to develop 
continuing medical education and other professional activities that focus on increasing 
members‟ awareness of ASTs and the interplay between ASTs and health IT.   

 
Another potential agent for dissemination is the Home Health Quality Improvement 

(HHQI) National Campaign.  This is a joint project of CMS and the Home Health Quality 
Improvement Organization Support Center (HHQIOSC) to connect the home health 
community and Quality Improvement Organizations (QIOs), and to serve as a resource 
for improving patient care quality.  To this end, HHQI could provide a platform for 
disseminating information about ASTs, including incorporating a discussion of ASTs into 
its best practice intervention packages (BPIPs), monitoring their uptake, and reporting 
the findings to assist with rectifying the general lack of awareness among consumers 
and caregivers.  Further, the CMS-funded National Coordinating Center for Integrating 
Care for Populations and Communities is currently working to expand the diversity of 
HHQI users beyond home health to all health-care settings, making it a potentially 
powerful vehicle for increasing awareness among a broader health-care audience as 
well. 

 
These organizations could also engage in other outreach activities to keep 

members informed about the value of ASTs; to facilitate understanding of how access to 
these technologies can be helpful to them, their patients, and patients' families; and to 
inform members about ongoing developments in the field.  Further, the scholarly 
journals that are produced and edited by these organizations could promote research 
on ASTs‟ effectiveness by dedicating sections or an entire issue to AST research and 
by encouraging submission of letters and research notes focusing on the interface 
between ASTs and patient care.  These approaches will not only help address barriers 
associated with awareness among health-care professionals, but they will also target 
the dearth of published research on the effectiveness of these technologies. 

 
Private non-profit organizations focusing on service provision for older adults and 

people with disabilities could also play a pivotal role in increasing awareness of ASTs 
among consumers.  National organizations represent thousands of social service 
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agencies across the country, many of which provide diverse services to older adults and 
their families.  These organizations could be encouraged to educate communities on the 
value of ASTs and promote their use among their constituencies.  Local Area Agencies 
on Aging (AAAs), national family caregiver support programs, as well as aging and 
disability resource centers offer additional examples of national networks of aging-
focused organizations with infrastructures that could be harnessed to increase 
awareness of ASTs among older adults and their families across the country.  These 
efforts could be supplemented by continued efforts by federal agencies, as well as 
support from the AAAs in collaboration with other organizations that have expertise in 
ASTs, or in offering information on technology-enabled care and support services. 

 
Stigma 

 
The stigma associated with some ASTs on the part of older adults and individuals 

with disabilities has a direct impact on adoption and sustained use of these 
technologies.  For example, one study of personal emergency response systems 
(PERS) showed that 80 percent of older adults with these systems who had fallen did 
not use their alarms, and that chief among the reasons for reported non-use were 
concerns about independence and perceptions on the part of the users that they did not 
need help (Fleming and Brayne, 2008).  Stigma is a particularly difficult challenge with 
assistive devices that are visible to others (e.g., hearing aids and wheeled mobility 
equipment [WME]) because these technologies can unfavorably influence users‟ 
feelings about themselves, and also raise concerns among users about others‟ 
perceptions of them.  For instance, older adults may be concerned that using a fall 
detection technology signals vulnerability or frailty to others, creating a sense of loss of 
independence.  Similarly, WME users may have concerns about the perceived negative 
connotations associated with the use of these devices, and thus may be reluctant to use 
these devices despite the potential benefits that can be realized by their use (LaPlante 
and Kaye, 2010).  Feelings of stigma can not only influence users' willingness to use 
ASTs, but also adversely impact how the technologies are used (e.g., episodic, rather 
than continued use) among those who do adopt ASTs and diminish the assistance and 
benefits they provide (Sirey, Bruce, and Alexopoulos, 2005). 

 
Potential Strategies to Address Stigma  

 
One approach to dealing with AST-associated stigma involves achieving a better 

understanding of its specific underlying factors among older adults and people with 
disabilities, and using this understanding to provide families with new strategies and 
tools that will help them to encourage adoption and continued use of these 
technologies.  For example, children of older adults who are at high risk of falling may 
benefit from innovative approaches to communicating the utility, value, and social 
acceptance of a home monitoring or PERS system.  It is not surprising that addressing 
the psychological and social factors associated with AST use has been proposed as a 
key strategy to ensure both the adoption of and compliance with these technologies 
(Kim, Paper, and Weiner, 2002).  Similarly, improved understanding of the components 
of AST-associated stigma could help technology developers address these concerns in 
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the design stage by making ASTs less conspicuous and more aesthetically appealing.  
These strategies could be augmented by additional approaches such as public 
education campaigns that could be implemented at the community, state, or national 
level (Conner, 2008).  These campaigns could target consumers, caregivers, as well as 
providers in an effort to encourage social acceptance of ASTs, and to promote them as 
an extension of routine self-care.  Additionally, such educational and outreach activities 
could be implemented by social service agencies, AAAs, and other established entities 
that are closely tied to local provision of aging services. 

 
Privacy and Security 

 
Issues related to privacy and security act as barriers to AST adoption for all 

stakeholders.  Some of these issues were discussed in Chapter 9, which dealt with the 
interplay of ASTs and health IT.  Similar privacy and security concerns exist for ASTs 
alone and can generally be divided into two categories: those related to protocols 
dictating the release of patient-level information from providers to other parties, and 
concerns about how information flows among providers and across care settings 
(National Research Council, 1997).  Organizational policies regarding what patient-level 
information can be shared, with whom, when, and under what circumstances are often 
unclear and not communicated adequately to patients.  As a result of these ambiguities, 
patients and family members may develop concerns about how electronic health 
information is maintained within health-care organizations (CAPSIL, 2007).  In addition 
to intra-organizational data-handling ambiguities, patients and families may be 
concerned about issues related to the extent to which health information is shared 
across providers and provider settings.  This is particularly relevant to older adults and 
people with disabilities because these groups often have complex medical profiles that 
involve receipt of care from multiple specialists in different facilities or different 
geographic locations. 

 
The Health Insurance Portability and Accountability Act (HIPAA) applies to ASTs 

and other systems that collect, store, or transmit protected health information (PHI).  
Although this law was designed in part to protect privacy and PHI, it can also act as a 
barrier to AST use.  The HIPAA Privacy Rule sets boundaries on the use and release of 
health records and generally limits release of information to the minimum that is needed 
for the purpose of disclosure (U.S. Department of Health and Human Services, 2006).  
As a result of these efforts to protect and empower patients (as well as concerns about 
civil and criminal penalties for violating patients' privacy), many providers have 
responded by imposing strict regulations on the sharing of health information outside of 
their institutions (Mandl, Szolovits, and Kohana, 2001).  In some cases, concerns about 
these penalties may drive providers to take more extreme measures that may restrict 
patients‟ access to their own health information and impede the sharing of important 
information among care providers, particularly related to transitions of care.  Such 
restrictions on the flow of health information across institutions can reduce the utility and 
impact of ASTs that rely on smooth information flow between and among providers. 
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Along with health information privacy concerns, personal privacy concerns have 
also been raised about the fundamental nature of some ASTs.  For instance, wearable 
electronic tracking devices that are designed to address wandering behaviors are 
viewed by some as intrusive on individual freedoms, particularly when use of these 
technologies is initiated by someone other than the patient or when the user is unable to 
provide consent because of cognitive impairment (Abowd et al., 2002).  Similarly, some 
home-monitoring systems and smart homes involve video cameras or other 
technologies that closely track and transmit information on patients' movements.  
Concerns have been raised about privacy and consent in these settings as well (Gentry, 
2009).  Although family members are often supportive about the use of these 
technologies because they reduce caregiver burden and increase users' safety, some 
research suggests that families nonetheless have privacy concerns about their use 
(Landau et al., 2010).  

 
Potential Strategies to Address Privacy and Security  

 
Examples of approaches to address privacy and security concerns associated with 

ASTs include development of transparent data-sharing policies, securing the patients‟ or 
legal representatives‟ consent when it can be reasonably obtained, providing patients 
with opportunities to opt-out of information sharing, and modifying certain types of data 
to protect privacy without compromising the functionality, utility, and benefits of ASTs.  
Development, implementation, and monitoring of policies, procedures, and safeguards 
can help ensure AST data are accessible only to authorized users, that patient 
information is adequately protected and that it is shared only with people who need to 
see it (Gentry, 2009).   

 
In terms of some of the personal privacy concerns involving use of ASTs by 

cognitively impaired older adults, these could be dealt with in a manner that leverages 
applicable guardianship and legal representation laws, as well as current efforts to 
encourage documentation of advanced directives.  That is, family-based discussions 
about care, including end-of-life preferences, could be expanded to include discussions 
of ASTs.  With increased awareness of ASTs, conversations focusing on whether 
wearable devices or in-home monitoring would be acceptable to an older adult could 
become part of routine advanced care planning and documentation, thereby eliminating 
concerns that cognitively impaired individuals are being monitored against their wishes.  
Existing research has already summarized evidence about effective approaches to 
advanced care planning.  These strategies could be applied to discussions about 
preferences regarding AST use in old age or in cases of severe injury or disability that 
render patients incapable of expressing their wishes (Agency for Healthcare Research 
and Quality, 2003).  

 
Privacy concerns about systems such as those that have video cameras installed 

in bathrooms (where many falls occur) can also be addressed using software functions 
that obscure image details, but still allow the system to perform the fall detection 
algorithms and relay an alert signal without an accompanying image when a fall is 
detected.  Many ASTs are designed to avoid transmission of identifiable images when 
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relaying data.  Then, to address some of the broader aforementioned concerns about 
data security, many use secure connections and data encryption, or only provide data to 
a patient‟s authorized health-care providers.  Activity-monitoring technologies are one 
example of a class of technologies that provide these protections.  Educating 
consumers and caregivers about these types of protections using the approaches 
outlined earlier in this chapter may also help increase awareness of strategies that 
address the range of privacy and security concerns that AST use may raise. 

 
Usability  

 
Usability is critical to encouraging widespread adoption of ASTs (Agency for 

Healthcare Research and Quality, 2008).  It is also critical for sustained use, which is 
central to realizing the benefits of these technologies.  These issues are particularly 
relevant for older adults who have limited familiarity with technology and for people with 
disabilities whose physical limitations may create challenges to routine technology use 
(e.g., when paralysis of the arms impedes use of a hand-operated computer keyboard, 
mouse, touch-pad or touch-screen).  A key factor affecting usability relates to the user 
interface.  Many consumer-focused ASTs require a basic understanding of computer 
applications, which many older adults do not have.  Even among older adults with 
computer skills, the capacity can be lost over time in the presence of cognitive and/or 
functional decline.  Further, AST functionality can be hidden in layered menus that may 
be difficult for older users to explore and master.  Older adults may therefore be 
resistant to adopt or quick to abandon ASTs if they are not easy to use.  Other features 
of the user interface can also act as barriers to adoption and sustained AST use.  For 
example, the touch-screens and small buttons on some mobile phones require fine 
motor skills that could pose challenges to both older adults and people with disabilities 
who experience difficulties with upper extremity function or dexterity.  Medication 
management technologies that have small screens and multiple buttons provide 
additional examples of devices that may present barriers to effective use. 

 
Electric wheelchairs can require fine motor skills of the hand for routine operation.  

Older adults and people with disabilities who utilize these wheelchairs must have the 
cognitive and physical abilities to maneuver using the joystick, a skill set that is 
sometimes absent in these populations (Yu, Spenko, and Dubowsky, 2003).  Further, 
walkers, scooters, and similar motorized mobility technologies are often hard to 
maneuver in small areas and can be challenging to transport from place to place without 
outside assistance.  

 
Effective incorporation of ASTs into daily routines is another barrier to usability.  

Older adults and people with disabilities who have developed longstanding routines may 
find it difficult to adopt and regularly use ASTs, particularly if the technology is not 
perceived as fully compatible with their existing routines.  Although the added value of 
an AST may be obvious to both consumers and their caregivers, skepticism and inertia 
can be powerful forces acting against modification of existing behavior patterns 
(Veldhoven, Vastenburg, and Keyson, 2008).  Medication management technologies 
that do not take lifestyle patterns into account are an example of ASTs that users may 
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not be able to easily incorporate into their daily routine.  Some medication management 
technologies have dosing and scheduling protocols that do not provide the flexibility that 
many older adults need because of their active schedules (Agency for Healthcare 
Research and Quality, 2008). 

 
Usability issues also apply to caregivers who, along with users, are often intimately 

involved in operating and maintaining ASTs, as well as monitoring the information they 
generate.  Optimally, these technologies reduce rather than increase caregiver burden.  
However, while many ASTs are effective monitoring tools, they can also increase 
caregiver burden by producing copious amounts of information that needs to be 
reviewed, and by generating false positives on occasion (e.g., an alert that a fall 
occurred when it did not) that leads to unnecessary action and anxiety.  Finally, even 
the most user-friendly AST will not provide benefit to the user if it is unreliable.  For 
example, if a device aims to read street signs for a visually impaired user, it needs to 
read a variety of street signs with a high degree of accuracy.  If the device is not 
reliable, not only does it fail to benefit the user, it may also introduce a hazard if it 
provides inaccurate information.  For instance, a technology that cannot read certain 
types of street signs accurately may direct a visually impaired person in the wrong 
direction, resulting in disorientation and anxiety for both the user and family members. 

 
Barriers associated with usability also apply to providers.  One study found that 

human/machine interface flaws in a Computerized Physician Order Entry (CPOE) 
technology created 22 types of new medication errors largely because of a deficient 
interface with the provider.  This study reported that the technology had numerous lines 
of similar-looking text, did not have a windows-based structure or intuitive graphical 
navigation, and that small font sizes created difficulties in reading drug names and 
dosing levels.  It is therefore not surprising that usability issues create significant 
barriers to AST adoption on the part of providers (National Academies Press, 2007).  In 
addition to technical usability issues, the “digital divide” that is characteristic of at least 
some LTC facilities, can present a significant barrier to AST adoption and 
implementation.  Many care settings lack a sophisticated “computer culture,” have 
minimal computer equipment available and little use of it, and poor computer literacy 
among staff members.  Therefore, to achieve the more widespread and effective use of 
sophisticated technology, these facilities must first surmount fundamental obstacles 
such as computer literacy and comfort.  

 
Potential Strategies to Address Usability  

 
User-related issues can be addressed most effectively in the design phase, when 

an AST is first being developed.  The likelihood of favorable usability and acceptability 
ratings is generally higher when devices are developed with input from intended user 
groups.  ASTs are unique in that both patients and caregivers purchase these 
technologies, and therefore devices must appeal to two sets of overlapping, but not 
identical user preferences.  This context is important to understand because a device 
that improves patient health but is difficult for a caregiver to operate is less likely to be 
purchased and adopted than a device that meets the demands of both the patient and 
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caregiver (Mahoney et al., 2007).  “User-centered design strategies” take these factors 
into account and address them by engaging AST users during certain phases of the 
design process, whether they are patients, caregivers, or care providers.  These 
strategies can involve convening focus groups during the development phase to 
ascertain users‟ specific needs; product testing of prototypes to determine how well 
users interact with and/or feel a device meets their needs (e.g., large displays, intuitive 
controls); and education and training for caregivers, patients, and providers when the 
device becomes available on the market for purchase. 

 
For maximal adoption and sustained use, it has been proposed that ASTs should 

be aesthetically appealing to users, non-intrusive, discreet, and non-stigmatizing 
(Boissy et al., 2007).  Examples of design efforts to address these criteria include: large 
buttons that are easy to press and highly visible; batteries that do not require frequent 
replacement; home-based systems and devices that are small in size, easy to navigate, 
do not create an 'institutional feel', and do not compromise users' sense of dignity and 
independence (e.g., small hearing aids that match the user‟s skin tone or are worn 
inside the ear canal).  In spite of these design-related efforts to improve usability, 
perceived or actual burden on the user can result in non-compliance.  In situations 
where compliance is anticipated to be a meaningful barrier to adoption or sustained use, 
ASTs that involve passive monitoring rather than active engagement on the part of the 
user can provide a solution (LeadingAge CAST, 2008).   

 
Education and training that target all user groups are important means of 

addressing barriers to usability.  Strategies that can help older adults and people with 
disabilities, as well as their families and professional caregivers become comfortable 
with ASTs as well as “low-level” computer software, include classes that are tailored 
specifically for each market segment, the provision of appropriate training materials 
(e.g., simplified manuals and step-by-step user guides), the establishment of 
community-based technology mentoring programs aimed at encouraging use of ASTs, 
and the distribution of demonstration videos (Gilly, Schau, and Wolfinbarger, 2003; 
National Alliance for Caregiving 2011).  Many of these educational programs could take 
place in collaboration with existing community-based resources such as local senior 
centers, AAAs, aging and disability resource centers, national family caregiver support 
programs, and faith-based senior groups.  They could also occur in collaboration with 
the types of online communities described in Chapter 6, which explored social-
networking technologies to address depression. 

 
Addressing issues associated with AST reliability is another approach to mitigating 

usability barriers.  A device that does not function consistently and reliably will lead to 
distrust and discontinued use.  Durability is a related concept that is especially important 
for ASTs that are worn or otherwise used actively and frequently by patients or 
caregivers.  Extensive testing of technology prototypes under different operating 
conditions in both the lab and the field can help identify any reliability and durability 
issues and allow designers and developers to address these issues before bringing the 
technology to market.  Ideally, field testing would recognize the diversity of residential 
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settings in which older and people with disabilities live, and involve adequate testing in 
all of these settings to ensure equal reliability across these settings. 

 
Provider Workflow and Interoperability  

 
As discussed in earlier chapters and especially in Chapter 9 of this report, which 

dealt with the interface of ASTs and health IT, a number of provider-focused 
technologies (e.g., telehealth, telepharmacy) that are relevant to older adults and people 
with disabilities have the potential to be integrated with health IT.  Consumer-focused 
technologies (e.g., remote patient-monitoring systems) also have this potential, although 
many of these can also operate as stand-alone systems.  Despite this potential, there 
are challenges associated with integrating ASTs with health IT.  These barriers often 
involve considerations related to disruptions in provider workflow and interoperability 
between ASTs and health IT. 

 
In provider settings where ASTs are integrated with health IT or where ASTs are 

initially implemented, providers may perceive the technology to be impractical, rigid, or 
complex.  They may also believe that new technologies disrupt workflow and add little 
value to patient care relative to the additional effort, cost, and perceived interruption 
(Balfour et al., 2009).  In some cases, these perceptions are substantiated by the 
requirements that are imposed by certain technologies.  For example, systems that are 
designed to reduce medication errors generate computerized alerts or warnings that 
induce clinicians to reconsider their actions in the course of routine patient care.  These 
alerts can be regarded as "workflow blocks" if physicians have to work around the alert 
to access other screens or to continue in the course of care.   

 
It has also been shown that clinicians tend to override alerts if they occur in large 

numbers (National Academies Press, 2007) and that repeated false alarms or a high 
volume of marginally medically consequential alerts can lead to “alert fatigue” on the 
part of users that reduces the overall value of the technologies themselves.  Indeed, 
clinician bypasses or systematic adoption of workarounds can result in errors that can 
jeopardize patients (Vogelmeier, Halbesleben and Scott-Cawiezell, 2008).  The 
workflow of non-physician staff can also be disrupted as a result of improper 
implementation of ASTs, thereby increasing staff time and labor costs.  For example, 
the implementation of an EHR system without electronic medication administration and 
point-of-care documentation when medications are administered in a nursing home 
would force nurses to document administration on paper and then enter this information 
into the EHR at the nurses‟ station, thereby introducing not only avoidable steps, but 
also the possibility of transcription errors.  Beyond the disrupted workflow that results 
from system design, productivity often declines when a new system is implemented and 
staff members need to learn how to use it.  Inadequate training and monitoring during 
this critical period can further contribute to difficulties in smooth implementation of new 
technology-enhanced patient care systems. 

 
Interoperability presents another barrier to AST adoption.  In settings where health 

IT is in place and functioning well, integration of new ASTs into existing systems may be 
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inhibited by the interoperability issues outlined in Chapter 9.  This may be particularly 
challenging for ASTs designed for use in the home.  For example, consumer-focused 
remote monitoring systems that can track important clinical information such as blood 
pressure may not be easily incorporated into EHRs.  Further, the relatively large number 
of AST products on the market creates practical challenges for integrating information 
into patient records due to lack of standardization of data elements and data formats. 

 
Finally, acute, post-acute, and long-term environments often lack electronic data 

interoperability and interconnectivity.  Data elements that are particularly relevant for 
older adults and people with disabilities (e.g., ADL-related functions) are not typically 
collected in routine EHRs that are maintained by acute-care facilities.  These practical 
challenges pose significant impediments to the integration and use of AST data in a 
manner that can directly benefit older and people with disabilities who are frequent 
users of post-acute and long-term care (LTC).  A system-level example of an 
interoperability consideration that is specific to the LTC setting involves e-prescribing 
systems.  These systems were originally designed for two-way communication 
(physician to pharmacy) and not the three-way communication that is often needed in 
these settings (e.g., LTC facility to physician to pharmacy) (Spiro, 2008).  Another 
example is the challenge of integrating medication adherence records, obtained from 
monitored medication dispensers, into primary care physicians‟ EHRs, which may be 
unable to capture and process this type of data. 

 
Potential Strategies to Address Provider Workflow and Interoperability 

 
It is critical that, prior to AST or health IT implementation, health-care providers 

and clinicians consider how technologies will be used and integrated into their 
organizational workflow.  Thus, understanding and addressing workflow in different 
provider settings is crucial to the design and implementation of these technologies to 
help ensure that they are suitable for a given operational structure.  Designs that 
accommodate these considerations and offer comprehensive and accessible patient 
profiles are likely to be favored over systems that do not (National Academies Press, 
2007).  Accordingly, solicitation of input from end-users during the development and 
implementation processes may be an easy and beneficial approach to addressing 
barriers associated with workflow.  Further, systems that provide effective interfaces 
(e.g., clear presentation, inclusion of necessary details, and simple and easy-to-learn 
functionality) may amplify the benefits of ASTs, particularly when workflow is considered 
during development.  Ensuring appropriate staff training before, during, and after 
implementation, along with a carefully monitored transition period, are also strategies 
that can maximize system uptake and sustained use and minimize adoption of 
workarounds or modifications in workflow that diminish use and the efficacy of the 
technology.  Availability of effective post-implementation customer support can also 
supplement a closely monitored transition period and promote sustained use. 

 
Incorporating ASTs with proven effectiveness into ongoing and newly initiated 

health-care delivery programs is another strategy that can promote AST adoption and 
use on the part of providers.  There are a variety of innovative programs and 
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approaches that cut across settings and that are structured to generate gains in both 
quality and efficiency.  For instance, the Patient Protection and Affordable Care Act 
(ACA) offers opportunities for innovative health-care delivery approaches that can 
leverage increased adoption and use of ASTs to help increase the quality and efficiency 
of services provided in various health-care settings.  Such programs (e.g., accountable 
care organizations (ACOs), bundled payment approaches, person-centered medical 
homes, home health services, and hospital readmission reduction programs) offer 
opportunities for increased quality and efficiency through incorporation of ASTs into 
their operational models.  Under these programs, exchanging health information and 
coordinating care among providers, as well as with patients and their caregivers, are 
essential to gains in quality and efficiency of care while containing costs.  The need for 
health information exchange, in turn, requires that technology vendors (of both ASTs 
and health IT) implement interoperability standards and work together on systems and 
data integration. 

 
There have been several recently initiated efforts to overcome barriers to 

interoperability, and these are described further in Chapter 9.  Examples of progress in 
this area include defining functional profiles with standard descriptions and a common 
understanding of the essential functions of EHRs to be used in LTC settings (Health 
Level Seven, 2012).  The National Council for Prescription Drug Program (NCPDP) has 
created a standard called SCRIPT that facilitates transfer of prescription data among 
pharmacies, prescribers, intermediaries, and payers.  SCRIPT has been endorsed by 
the federal government for use in electronic prescribing, and meets the needs of the 
LTC settings in which many older adults and people with disabilities receive services.  

 
Liability 

 
Some health-care professionals believe that ASTs could increase their liability 

exposure, thereby creating a barrier to adoption (LeadingAge CAST, 2008).  There are 
numerous AST-related scenarios that providers believe could lead to litigation.  For 
example, if an older adult with a remote-monitoring system falls and stops moving for a 
long period of time, the cessation of movement could be mistakenly interpreted by a 
staff person as a nap, rather than a fall.  In this case, the fall could go undetected for a 
long period of time, ultimately potentially resulting in harm to the individual, additional 
service use such as a hospitalization, and/or legal costs that could have been avoided 
were it not for use of the technology (CNA, 2010).  The perception that ASTs may 
increase liability risk is compounded by the widespread feeling that increased risk 
comes without accompanying benefits or protections (LeadingAge CAST, 2008).  In 
addition to liability concerns related to the clinical application of ASTs, there are 
additional challenges related to litigation stemming from security breaches.  For 
example, if a server is hacked resulting in the loss of private information such as Social 
Security numbers, diagnosis information, or credit card information, this could place 
providers at risk of litigation.  These concerns are closely related to the discussion of 
privacy and security discussed earlier in this chapter.  
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Potential Strategies to Address Liability 
 
Strategies to address providers' liability concerns include promoting a clear 

understanding both the strengths and limitations of the technologies, establishing 
internal procedures to mitigate true risks and clarifying providers‟ responsibilities in 
service agreements with patients and caregivers.  These approaches can target both 
data security issues and potential physical harms that may result from using the 
technologies.  Providers and other staff can also be engaged in ongoing education 
regarding data security, systems can be set up to require periodic password changes 
and data security certifications can be developed and mandated for appropriate staff.  
Another approach to mitigating liability concerns stemming from data security is for 
technology developers to include legal experts in the review of system security 
procedures and documentation (CNA, 2010).  Providers can generate demand for 
heightened security by purchasing data systems that meet specific security thresholds.  
These include implementing firewalls, security certificates authentication, device-level 
authentication, and strong passwords, among others.  In addition, service providers can 
institute protocols that respond to potentially high-risk scenarios.  Using the example of 
a lack of movement from a remote-monitoring system, a staff member could call the 
individual‟s home to check in if the system does not generate a motion alert.  If there is 
no answer, a staff member would be dispatched in a campus setting or emergency 
services would be called in a community setting.  Thus, data generated by ASTs 
themselves could be harnessed in new ways to reduce liability exposure while 
simultaneously increasing safety. 

 
 

10.3.  Barriers to Adoption Associated with Payers 
 
Again, while alternative financing strategies are beyond the scope of this study, it 

bears mention that, at present, neither public nor private payers have meaningful 
incentives to cover the costs of ASTs or the professional services they deliver.  In many 
cases, lack of coverage is associated with the absence of compelling scientific evidence 
supporting the cost-effectiveness of these approaches under prevailing pay-for-service 
models.  However, even in cases such as telehealth where there is evidence supporting 
the technology's benefits, incentives are not aligned in a manner that promotes broad 
coverage of ASTs by public or private payers.  Similarly, RPM systems and the costs 
associated with ongoing monitoring are not covered by most insurance.  There are, 
however, some Medicaid home and community-based (HCBS) waiver programs that 
provide coverage for PERS (in 44 states), telehealth (in 7 states), medication 
management services (in 16 states), and behavioral monitoring (in 1 state) (LeadingAge 
CAST, 2011a).  Although these benefits are important, they do not reach the vast 
majority of older adults and people with disabilities who could potentially benefit from 
access to these technologies. 
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Potential Strategies to Address Barriers to Adoption Associated with Payers 
 
Given the difficulties associated with extending reimbursement to ASTs and that 

financing is not a focus of this study, the following discussion focuses on strategies to 
address payer-related barriers without major changes or expansions in financing.  
These strategies generally involve efforts to better align incentives to encourage 
providers to appropriately and effectively adopt ASTs.  A number of initiatives are 
currently underway that could help to achieve this goal, and others could be 
implemented by leveraging existing infrastructures and initiatives in new ways.  One 
example of efforts to align incentives involves provisions under the ACA that reduce 
Medicare payments to hospitals with high readmission rates (Congressional Research 
Service, 2010).  If ASTs or the interplay of ASTs with health IT were found to effectively 
reduce preventable readmissions, adoption and/or partnering with long-term and post-
acute care providers who use such technologies effectively might become more 
attractive for hospitals.  Thus, efforts to generate this evidence may result in adoption of 
ASTs with the goal of reducing readmissions.   

 
A lack of compelling research on the efficacy and cost-effectiveness of novel care 

models that could be enhanced with ASTs is a barrier that cuts across the care issues 
outlined in this report.  Without robust data supporting the role of ASTs or the interface 
of ASTs and health IT in improving care and health outcomes and reducing costs, 
payers will have limited incentive to encourage the adoption of these technologies.  The 
ACA established the Center for Medicare and Medicaid Innovation to help identify 
promising innovative practices that deliver better care at lower cost.  Substantial 
resources are now being made available to communities, health systems, and other 
organizations around the country to help achieve the Center‟s goals.  It is also important 
to note that an increasing number of technologies and telehealth services are eligible for 
reimbursement if certain criteria are met.  For new technologies that are not currently 
reimbursable, CMS has a formal process to evaluate technologies that show promise 
for the effective treatment or diagnosis of illness or injury to determine coverage. 

 
The emergence of ACOs may offer another opportunity to align incentives in a 

manner that promotes AST adoption.  These provider groups, consisting of hospitals, 
physician practices, and other health-care providers, partner to provide high-quality, 
coordinated care to patients (while affected patients are primarily Medicare 
beneficiaries, private payers are also partnering with ACOs to provide more efficient 
health care to their patients).  Other participating organizations may include long-term 
care, home health, and other providers that focus on older adults and people with 
disabilities.  Since ACOs are incentivized to be efficient care providers through the use 
of payments that reward improved care through collaboration, incorporating ASTs in 
their service provision presents an opportunity to improve quality and efficiency, 
especially if this is accompanied by adoption of health IT such as EHRs across care 
settings and interfacing ASTs with these health IT systems.   

 
Also part of the ACA, the Medicaid Health Home state option allows states to enroll 

beneficiaries with two or more chronic conditions, including serious mental illness and 
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substance use disorders, into health homes to enable coordinated treatment of their 
conditions.  These health homes are designed to be person-centered systems of care 
that facilitate access and coordination of primary and acute physical- and behavioral-
health care, and that provide long-term community-based services (Kaiser Family 
Foundation, 2011).  The ACA specifically encourages and supports the use of health IT 
among health-home programs to facilitate their implementation and operation.  This 
emphasis reflects the recognition that these programs and those they serve may derive 
particular benefits from the adoption of telehealth and behavioral-monitoring 
technologies, as well as from coordination and communication among the long-term and 
post-acute care providers that use them.   

 
Coordinated research and development efforts and studies examining the efficacy 

and cost-effectiveness of ASTs can serve to stimulate uptake of these technologies 
among health plans and providers (National Council on Disability, 2000).  Such studies 
can generate information about the effectiveness of various AST tools, their cost-
effectiveness, as well as insight into shortcomings and areas requiring further 
development.  Research on costs and benefits, both on an individual and a macro level, 
can also help support and justify investment in ASTs.  Translational research is another 
valuable tool that focuses on incorporating efficacious technologies into best practices 
(Mahoney et al., 2007).  Payers, including private health plans and long-term care 
insurance, are in a unique position to foster partnerships with providers, technology 
companies, and academia to evaluate the efficacy and cost-effectiveness of these 
technologies and technology-enabled interventions. 

 
 

10.4.  Barriers to Development 
 
There are a number of barriers that inhibit the development of ASTs.  These 

include limited actual market size and slow market growth rate despite the exceptionally 
large potential market for these technologies.  The limited uptake, in turn, results in 
limited private-sector investment in technology development for this market and an 
accompanying lack of investment in robust research to generate definitive information 
on efficacy.  In addition, there are significant up-front costs associated with both 
research and development of these technologies and bringing them to market.  These 
include the cost and time associated with the cycle of development, efficacy testing, and 
FDA approval (where applicable), as well as cost-effectiveness studies and translational 
research efforts that are sufficiently compelling to change practice and consumer 
behaviors.  These steps are time-consuming, funding is sparse and unreliable, and it is 
often the case that technology evolves faster than the ability of its developers to 
generate robust data.  In addition, there are not many large-scale demonstration 
projects to generate compelling evidence of the benefits and cost-effectiveness of these 
technologies (LeadingAge CAST, 2008).  If available, this type of information could be 
used to support marketing of these technologies and accelerate their adoption.  
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Potential Strategies to Address Barriers to Development of ASTs 
 
A number of strategies have been proposed to address barriers to AST 

development.  As noted above, limited market size and slow rates of adoption are 
limiting private-sector investment in ASTs.  Thus, removing barriers to adoption and use 
among older adults, people with disabilities, and health-care providers is one way to 
increase the actual market size and start addressing this barrier.  Growth in adoption 
would increase competition, decrease costs, and ultimately encourage private-sector 
investment in the development of more-advanced and better-designed ASTs. 

 
Other strategies include organizing the industry market through professional 

consortia aimed at accelerating the development, validation, evaluation, and adoption of 
ASTs.  Such consortia could foster partnerships between technology companies, aging 
services providers, and researchers; encourage user-centered design and development 
that engages the intended users; and conduct outcomes-oriented evaluations of ASTs 
in partnership with providers.  Another approach is to identify and promote business and 
operating models that support the ability to design, implement, evaluate, optimize, and 
sustain technologies.  These models could be used to encourage development of 
technologies that focus on “aging in place,” which is a basic element of the mission of 
many providers, health-care organizations, and technology developers.  In this vein, one 
group has highlighted 18 case studies of innovative long-term and post-acute care 
providers that partnered with technology companies to develop and explore technology-
enabled care models.  These models include partnerships with hospitals to coordinate 
care for chronically ill individuals; low-cost private-pay insurance programs that 
guarantee the delivery of home-based life-care services supported by technology; and 
using continuing care retirement communities to deliver home and community-based 
services efficiently and cost-effectively using remote monitoring, medication 
management, and call center technologies (LeadingAge CAST, 2011b). 

 
Another approach to spur the identification of innovative business models would be 

to create a “Grand Challenge” competition.  This competition would ask technology 
developers and business schools to partner for the purpose of developing innovative 
business and operational models that use both existing and novel technologies, as well 
as a “road map” to implementing these models in order to help providers and break free 
from entrenched legacies. One possible forum for these partnerships may be 
challenge.gov, a website on which federal agencies present real-time policy problems or 
competitive challenges to the greater public and offer prize money and other incentives 
for the best submissions. The website aims not only to raise awareness among citizens, 
but also to foster collaboration and solicit creative solutions to important policy issues.  
This website could be an ideal forum for engaging technology and business experts in 
removing barriers to ASTs development and adoption. 

 
Large employers can also act as a catalyst in the marketplace.  For example, they 

could encourage health insurance providers to incentivize providers to use telehealth for 
beneficiaries (employees or family) or to redesign employee benefits programs to 
incentivize employees‟ use of technology-enabled self-management, fitness, or other 
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wellness activities.  Another employer-based approach could involve caregiver support 
programs or educational resources that offer information to those serving in a caregiving 
role on available technologies and technology-enabled support services.  Employers 
could also potentially negotiate discounts with pre-screened technologies or services as 
part of their employee benefits packages.  These types of approaches would result in 
increased demand for ASTs, which in turn would encourage more investment and 
development. 

 
Finally, creating both research opportunities to demonstrate the efficacy of ASTs 

as well as avenues for dissemination of the findings can play a key role in overcoming 
barriers to development (de Joode et al., 2010).  This can be achieved through public-
private partnerships that encourage private-sector co-investment in robust, large-scale 
studies to demonstrate both clinical effectiveness and cost-effectiveness of these 
approaches.  These partnerships could include technology companies, private health 
insurance (e.g., Medicare Advantage and other capitated plans) and large health-care 
systems.  Popular media and social media coverage are other effective dissemination 
tools that allow broader outreach to large groups of users, providers, and payers.  The 
compilation and dissemination of evidence supporting AST adoption would ultimately 
increase market size and encourage investment in the development of new and 
improved technologies that spur innovation. 
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CONCLUSION 
 
Many care issues affect older adults and people with disabilities (and therefore, 

their caregivers and service providers).  These issues vary in terms of their effect on 
these groups‟ health and well-being, and the resultant costs and burdens.  The care 
issues addressed by this study affect a large number of one or more of these groups, 
and/or incur large costs or burdens on them and the health-care system.   

 
As age increases, so does the occurrence of numerous chronic conditions that can 

have a profound impact on the health and well-being of not only older adults who are 
affected by these conditions, but also informal caregivers who provide extensive support 
to affected individuals.  These conditions, as well as disabling injuries, result in multiple, 
complex care issues that can cause significant challenges to maintenance of health, 
functioning, and independence.  These care issues range from difficulties associated 
with engaging in appropriate disease management activities and managing medications 
to increased risk of falls and depression.  

 
Eight care issues were the focus of the initial chapters of this report.  These care 

issues share some common features, including high prevalence and cost.  For instance, 
one-third of adults age 65 and older experience a fall each year and 27 percent have 
diabetes.  Among all adults, one-third have uncontrolled hypertension and 75 percent 
report not taking their medications as prescribed.  Thirty-seven percent of people age 
90 and older have a diagnosis of dementia.  The high prevalence of these problems 
translates into significant challenges not only for patients, but also for health-care 
providers and informal caregivers who support these individuals. 

 
In addition to their high prevalence, the care issues discussed in this report are 

associated with extremely high costs.  Falls are estimated to cost more than $28 billion 
annually, medication errors are associated with an estimated $290 billion in avoidable 
medical expenditures, and treatment of Alzheimer's disease and dementia costs $183 
billion each year.  Given the high prevalence and costs of these care issues, 
implementation of cost-effective approaches to reducing the occurrence or severity of 
these problems could have a substantial impact on the health of affected individuals as 
well as the costs associated with their care. 

 
Although they share a number of similarities, these care issues also differ in 

important ways, particularly in terms of the specific challenges that they pose to patients 
and caregivers.  For example, challenges with medication management often involve 
the ability of both patients and caregivers to monitor and ensure compliance with daily 
dosing regimens, whereas depression may involve efforts to maintain and promote 
social interactions, and dealing with cognitive impairment is frequently associated with 
the need to monitor patients' movements to prevent wandering or other dangerous 
behaviors.  
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These care issues are not only complex in terms of the specific problems they 
pose to patients, providers, and caregivers, but they are often interrelated with one 
another in ways that directly affect numerous aspects of health and well-being.  For 
example, an older adult with cognitive impairment may not only be dealing with memory 
problems, but also with difficulties remembering to take their medications.  If their 
cognitive impairment is severe, it may also result in depression and social isolation 
because they are no longer able to make effective use of their social networks.  
Additionally, functional decline or impairments that reduce mobility may contribute to 
increased falls among older adults, as they lose their ability to move independently and 
maintain balance.  Moreover, these individuals may receive uncoordinated care from 
multiple community-based health-care providers, and may transition among care 
settings in response to acute health events, such as falls. 

 
Advances in computing and communications technologies have led to the 

development of aging services technologies (ASTs) aimed at addressing these and 
other care issues that are common among older adults and people with disabilities.  The 
specific impacts that these care issues have on patients and caregivers, as well as 
providers‟ growing need for access to timely, tailored patient information that provides 
insight into these specific problems has resulted in the development of a wide array of 
ASTs that seek to address one or more of the care issues explored in this report.  Some 
of these ASTs are designed for consumers (i.e., older adults, persons with disabilities, 
or their caregivers), others target health-care professionals, and still others are meant to 
be used by both.  Medication management technologies are an example of consumer-
focused products; computerized physician order entry (CPOE) is an example of a 
provider-focused technology; and remote patient monitoring (RPM) technologies serve 
both by transmitting patient data to providers for review and interpretation.  As a result, 
some ASTs are utilized primarily in the community, some in provider settings, and some 
in both.  Further, some of these technologies aim to detect the signs of unfavorable 
health symptoms, some aim to prevent onset or progression of disease, and others 
focus on treatment.  

 
Numerous consumer-focused ASTs are available to address these complexities 

and many either interact with or have the capacity to interact with forms of health 
information technology (IT) such as electronic health records (EHR) that are maintained 
by providers.  Understanding the interplay of ASTs and health IT is important because it 
provides insight into how the full capacity of both ASTs and health IT can be realized to 
support the needs of older and disabled individuals.  Despite the great potential for 
ASTs to enhance quality of life and independence, development and adoption have 
been slow and, for some technologies, sustained use among adopters is challenging.  
Nonetheless, a number of strategies are available that can begin to address these 
barriers and promote increased development, adoption, and use. 

 
Problems Addressed by Aging Services Technologies 

 
The care issues addressed in this report are associated with an extensive array of 

problems affecting not only affected individuals (older adults and persons with 
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disabilities), but also the caregivers and health-care providers who provide formal and 
informal support for them.  This study shows that ASTs address a wide variety of 
problems, some of which are specific to a particular case issue, while others are more 
general and cut across multiple care issues.  As a result, some ASTs are discussed in 
more than one chapter.  For instance, remote monitoring technologies are applicable to 
a number of care issues in this report and are discussed in the chapters dealing with 
falls, chronic disease management, and functional decline.  

 
It is generally the case that the specific problems that ASTs address are more 

varied for affected individuals than they are for providers or caregivers because more 
ASTs are marketed to, and meant for use by, these individuals than providers or 
caregivers.  For example, a multitude of consumer-focused technologies are currently 
available for cognitive training, medication management, self-monitoring of physical 
activity, and chronic disease management.  Although there are numerous technology 
products targeted at providers, these are often large, multi-function systems such as 
computerized physician order entry (CPOE), computerized decision support (CDS), or 
electronic health records (EHR), rather than technologies that address specific care 
issues.    

 
A common problem for many older adults and people with disabilities is a lack of 

timely feedback on health conditions and risk factors relevant to their clinical and 
behavioral profiles.  The absence of up-to-date, relevant information can inhibit 
individuals from effectively engaging in risk-reducing or health-promotion behaviors that 
help them remain independent in the community.  Many ASTs are equipped to provide 
individuals with ongoing information feedback on activities and behaviors related to 
these care issues.  For instance, chronic disease management technologies can 
provide real-time feedback to users on blood glucose levels and blood pressure, falls 
prevention technologies help users in ongoing self-monitoring of abnormalities of gait 
and balance, and medication management technologies provide users with reminders 
and prompts that help them stay on schedule with their medications.  All of these 
technologies share the goal of providing information on a continuous basis so that users 
can be more effective in managing their conditions and identifying when risk factors 
change in a way that signals the need to contact a caregiver or health-care provider.  
Similarly, basic internet access, as well as social networking sites for older adults and 
people with disabilities facilitates connections with friends, family, and peers in ways 
that help maintain and build social networks.  The benefits of these technologies cut 
across many care issues by enhancing social connectedness and overall quality of life, 
two factors that are often compromised among individuals in these populations. 

 
Just as ASTs seek to provide individual users with improved feedback using 

relevant data, these technologies can also address common problems experienced by 
caregivers.  These problems include the lack of real-time information on a patient‟s 
health status, difficulties in maintaining adequate communication with the patient, and 
challenges associated with being able to identify behavioral or other changes that might 
signal the need for additional supportive services or other changes in care planning.  
For example, medication and chronic disease management technologies as well as 
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various RPM technologies have the capacity to transmit data to a family member who is 
active in informal caregiving.  This information directly addresses caregivers' lack of 
access to timely information on their loved ones, and often permits them to engage in 
certain caregiving activities without having to be physically present with the individual in 
need of care. 

 
Among the most common problems that ASTs address for providers is lack of 

access to reliable, longitudinal, and clinically relevant patient data between office visits.  
Telehealth, and in particular, RPM are examples of ASTs that not only address these 
basic issues, but that also have implications for a variety of care issues such as chronic 
disease management, falls prevention, and depression.  These technologies allow 
providers to connect with patients, capture relevant data on an ongoing basis, and give 
feedback to patients in a manner that helps them to maximize their self-management 
capacity.  Another important feature of some ASTs involves their ability to interface with 
provider-based health IT such as EHRs, electronic prescribing, CPOE, and CDS 
systems.   

 
In contrast to some of the broad, cross-cutting ASTs reviewed in this report, others 

provide support to patients and caregivers that is highly specialized.  Examples of these 
technologies include cochlear implants for hearing impairments and neuromuscular 
stimulation for addressing decrements in balance.  These technologies tend to be less 
widely applicable, and some involve implantation, or other "invasive" approaches to 
utilization. 

 
Currently Available Technologies  

 
The study shows that a large and diverse variety of technologies are currently 

available to address many of the common problems faced by older adults and persons 
with disabilities who are dealing with the care issues highlighted in the report.  While 
some of these technologies are highly specific and focus on one or a few elements 
related to a single care or functional issue, others approach these care issues with 
broader approaches to technology-enhanced support for users and caregivers.  One 
way to think about currently available technologies is to consider the groups and 
settings that are the primary targets of specific products or technologies.  Although this 
approach to considering ASTs does not result in mutually exclusive categories, it is 
nonetheless a convenient way to consider ASTs that are currently available in the 
marketplace. 

 
Consumers 

 
This report finds that there are many ASTs targeted to consumers, and in 

particular to older adults, persons with disabilities, and their caregivers.  These 
technologies include implantable and other medical devices, software products, 
monitoring systems, assistive devices, social media, and smart home systems.  
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There are a wide variety of technologies that are delivered to consumers in 
"device" form.  Examples include table-top medication management dispensers, 
devices that allow tracking of glucose, heart rate, and physical activity, hearing aids, 
and wearable devices that permit self-monitoring of physical activity.  There are also a 
number of AST devices that can be considered more invasive, some of which, like 
cochlear implants, involve surgical implantation. 

 
Numerous software products are aimed at older adults, and many of these focus 

on cognitive or memory training.  Similarly, the internet offers many online communities 
and social media aimed at promoting interactions among older adults and those with 
disabilities.  Other ASTs leverage assistive devices like canes, walkers, and 
wheelchairs.  These technologies often involve sensors that collect information on 
movement or on the user's location.  There are also ASTs that involve sophisticated 
home-monitoring systems that can collect information ranging from activity and sleep 
patterns to abnormalities of gait and balance.  Finally, smart home systems feature 
complex, technology-enhanced approaches to facilitating routine activities that help 
maintain independence. 

 
These devices are designed primarily for use in the community.  However, many 

technologies that are oriented toward consumers have features that permit transmission 
of information to caregivers, thereby facilitating caregivers' ability to support users.  
Caregivers can capitalize on AST functionality by monitoring factors as diverse as blood 
pressure, sleep patterns, social connectedness, medication adherence, and appliance 
use. 

 
Providers 

 
Older adults and persons with disabilities receive services in multiple settings, 

including hospitals, nursing homes, and home health agencies.  Some of these settings 
have, or plan to adopt, technologies such as EHRs, CPOE, CDS, telehealth 
applications, and electronic prescribing.  Ideally, these technologies assist providers in 
maintaining accurate health information on their patients while simultaneously 
facilitating access to decision support and reducing medication and other errors.  
Although some of these technologies have the potential to interface with ASTs in ways 
that result in synergies for patients and providers, interoperability and other challenges 
have made these synergies difficult to implement in practice.  Developing interfaces that 
are compatible with multiple technologies will be a key step toward making these 
monitoring technologies especially effective. 

 
Aging Services Technologies That Address a Diversity of Care Issues 

 
There is evidence to suggest that ASTs hold promise for addressing specific 

problems associated with a number of the care issues examined in this report.  There 
are multiple examples of how these technologies provide meaningful support to 
patients, including provision of more and higher-quality health information, better ways 
to remain connected with caregivers, peers and health-care providers, as well as 
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provision of tailored support that addresses specific features of absent or declining 
function.  However, the published evidence supporting the benefits of ASTs is 
heterogeneous, with some ASTs having extensive evidence supporting efficacy and 
efficiency (e.g., technologies for monitoring of congestive heart failure) and others 
having more limited available data that support their benefits (e.g., online social 
networks aimed at reducing social isolation).  Thus, the extent of the evidence 
presented for various technologies that address specific care issues varies from chapter 
to chapter. 

 
Using medication management as an example, the research shows that currently 

available medication management technologies can address a number of specific and 
general health-care problems, including organizing and dispensing of medications (and 
therefore directly treating a care issue), as well as the provision of reminders and 
feedback on medication compliance (thereby helping to prevent future problems).  
These technologies also address general problems including collection of clinically 
relevant, longitudinal information that can be transmitted to informal and formal 
caregivers and providers to help them be more effective in supporting the patient.  
Further, these technologies have the capacity to upload information to personal health 
records, highlighting their ability to interface with health IT.  These technologies also 
allow health information that may be pertinent across a number of health issues to be 
collected and available for consideration by both patients and doctors, thus allowing 
patients to be provided with meaningful and tailored supports that directly benefit health, 
while also potentially reducing caregiver burden and increasing providers' access to 
timely, relevant information. 

 
The potential benefits to key stakeholders offered by medication management 

technologies can also be imparted through the use of other ASTs.  Fall prevention and 
chronic disease management technologies, such as bed sensors, have many of these 
potentially far-reaching benefits, and their efficacy in addressing specific care issues is 
further enhanced when they are integrated with health IT.  Additionally, certain 
technologies such as those that assist with medication management may help address 
a variety of care issues such as falls, functional decline, and depression.  Other 
technologies such as software that reduces social isolation among older adults may 
also alleviate depression. 

 
Evidence of Efficacy and Cost-Effectiveness 

 
There is a great degree of variability in the amount and quality of evidence 

supporting the efficacy and cost-effectiveness of ASTs.  In some cases, the evidence 
supporting certain ASTs‟ benefits is compelling, but for many, there is a lack of high-
quality research supporting their clinical benefits and cost-effectiveness.  For instance, 
multifactorial interventions for fall prevention that include health IT have been shown to 
be especially effective in reducing hospital-based falls.  These interventions can include 
technologies aimed at increasing physical activity and those that alert health-care 
professionals when patients are engaging in high-risk movements that signal increased 
fall risk.  Telehealth offers another example of an AST for which strong evidence of both 
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efficacy and cost-effectiveness are available, particularly in Veterans Administration 
(VA) settings.  A telehealth program instituted by the VA for the care of older patients 
with common conditions such as diabetes, hypertension, and COPD led to a 25 percent 
reduction in bed days and a 19 percent reduction in hospital admissions and re-
admissions.  The telehealth intervention also led to substantial cost savings, and had an 
86 percent patient satisfaction rate.   

 
Telehealth and RPM have been shown to be effective in reducing unfavorable 

outcomes in heart failure patients and there is evidence to suggest that they are also 
effective in managing diabetic patients.  Telemonitoring also appears effective in 
improving certain outcomes among individuals with hypertension and COPD.  Finally, 
telemental health technologies are supported by considerable evidence supporting their 
efficiency, cost-effectiveness, and their role in the provision of high-quality mental-health 
services. 

 
Passive activity-monitoring technologies, coupled with professional care services, 

have shown the ability to detect incipient health issues early on, facilitating the 
coordination and delivery of care services that support independence.  These 
technologies have shown promise in improving care recipients‟ quality of life when used 
by professional caregivers, reducing professional caregivers‟ burdens, reducing the cost 
of care, and allowing older adults to move out of nursing homes and into housing with 
service settings.  However, larger and more longitudinal demonstrations can help 
establish more definitively their efficacy, cost-effectiveness, and ability to prolong 
independence. 

 
Health IT applications such as CDS and CPOE have been shown to reduce 

medication errors in hospital settings, and electronic prescribing is effective in reducing 
medication errors in outpatient, inpatient, and intensive care settings.  Additionally, 
certain sensory impairment technologies are very effective at restoring the impaired 
sense at least to some extent.  Hearing aids and other implants are generally very 
effective in terms of allowing older adults to regain some of their sense of hearing.  
Technologies that convert text into speech, whether from a cellphone, computer, or 
other device, allow older adults with visual impairments to successfully use these 
devices. 

 
Despite the availability of evidence supporting the benefits of certain ASTs, others 

do not have compelling, and sometimes any, data supporting either their clinical efficacy 
or their cost-effectiveness.  Many of the ASTs that lack this type of information are those 
targeting consumers and caregivers who seek to address issues related to cognitive 
impairment.  Although a number of technology-enhanced products aimed at cognitive 
training are available, randomized studies of these approaches are limited, and often 
absent.  While some ASTs aimed at cognitive training appear to show benefits for short-
term memory training, long-term, sustained gains in memory have not been definitively 
demonstrated, and sustained use of these products appears necessary to maintain 
early gains. 
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Online social networks have been proposed as a technology-enhanced means of 
maintaining social connectedness, particularly among older adults who experience 
cognitive decline.  However, the efficacy of these approaches for preserving cognitive 
function has not been demonstrated.  Similarly, certain ASTs embedded in the home 
are designed to identify activities and movements that are indicative of mild cognitive 
impairment and dementia, but practical implications of this information for the provision 
of clinically relevant benefits has not yet been established.  A similar lack of 
demonstrable benefits applies to caregivers of these individuals.  For example, although 
some online support systems are designed to promote communication and reduce 
caregiver burden, the extent to which these benefits are realized by caregivers, and 
whether they reduce the well-documented physical and emotional strains of caregiving, 
have not been fully demonstrated. 

 
Technologies Under Development 

 
In addition to ASTs that are currently available, a wide variety of technologies are 

in various stages of development.  Most development activities are based in universities 
or small start-up ventures.  Some technologies under development offer improvements 
to existing products, while others are novel approaches to addressing the care issues 
explored in this report. 

 
One class of emerging technologies offers improvements in RPM, including 

innovations in both wearable and embedded devices.  Innovations in fall detection 
systems involve linking cellular communications devices to emergency call centers or 
informal caregivers.  It is likely that innovations in monitoring technologies will continue 
to evolve in tandem with the evolution of personal cellular technologies.  Further, the 
penetration of cellular technologies among younger adults will increase the likelihood 
that, by the time these individuals reach old age, they will be more likely to accept 
supportive services linked to cellular devices. 

 
Evolution in medication management technologies aims to make delivery of 

reminders more acceptable and useful to users by sending reminders based on the 
most favorable context, rather than based simply on clock time.  Technologies that 
incorporate tailored approaches to providing targeted supports may be increasingly in 
demand in the future as technology-savvy consumers demand products that are not 
only effective in their primary function, but that are both flexible and personalized.  In the 
future, approaches to delivery of medication reminders is likely to become increasingly 
linked to personal electronic devices because younger adults will have "aged in" using 
these devices for a wider variety of tasks than will have older adults today. 

 
Assistive devices such as canes are also the target of AST development.  New 

cane and walker technologies that are instrumented with sensors seek to integrate and 
stream data from sensors that measure motion, force, and other parameters using 
Bluetooth or Wi-Fi technologies.  These data can be transmitted to a clinician who can 
use the information to modify care plans if data suggest an imminent fall risk.  These 
technologies may be appealing to older adults because they have the potential to offer 
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meaningful improvements on a familiar and accepted assistive device that is already 
widely utilized.  The importance of assistive devices aimed at maintenance of 
ambulation cannot be overemphasized because loss of this ability is among the 
strongest risk factors for loss of independence.  Thus, ASTs that can be effectively 
integrated into common devices such as canes and walkers may have a particularly 
strong impact on maintenance of independence. 

 
AST development is leveraging existing technologies like global positioning 

systems to make new products that fill gaps in the market.  New technologies aimed at 
monitoring wandering behaviors among older adults with cognitive impairment are 
capitalizing on GPS technology to develop new approaches to provision of caregiver 
support for this serious issue.  Wearable systems that combine GPS and cellular 
technologies have the potential to increase safety and prolong independence among 
cognitively impaired adults.  They also provide substantial support to overburdened 
caregivers who are often the only resource that lies between an older adult with 
dementia and loss of independence in the community.  The ability of a remote caregiver 
to track a loved one over his or her home computer using GPS technology has far-
reaching implications for the ability of these caregivers not only to preserve the 
independence of loves ones, but also to substantially reduce both the direct and indirect 
costs associated with their caregiving. 

 
In contrast to ASTs that offer improvements to existing approaches or products, 

other technologies offer novel strategies to approaching various aspects of the care 
issues explored in this report.  In general, these new technologies tend to be highly 
specialized, and often involve implantation or ingestion.  Sensory impairments and 
medication management technologies offer examples of these trends.  Novel 
technologies in these areas involve replacement of deficient structures in the eye and 
ear with implantable devices such as telescopes, retinas, and cochleas.  These devices 
aim to address very specific sensory issues and are less focused on transmission, 
review, or monitoring of clinical information, and integration of sensory data with health 
IT than the other ASTs this report describes.  Although they might ultimately prove to be 
highly effective for some kinds of sensory impairments, novel technologies that are 
highly specialized and require surgical implantation may not be utilized by large 
audiences due to cost, lack of access to specialists who conduct the procedures, and a 
general aversion to elective surgery when viable alternatives are available for lower 
cost.  Further, the invasive nature of these technologies will require extensive clinical 
testing and high up-front costs, considerations that have important implications for when 
these products may ultimately make it to market.  Similarly, novel medication 
management technologies include pills that have tracers or dyes that help ensure that 
medication has been ingested, and in some cases, that facilitate tracking of physiologic 
responses to the medication after it has been ingested.  These evolving technologies 
are notable in that they have the potential to indicate that medication was actually 
ingested, a meaningful step forward over existing technologies that indicate only that 
medication has been dispensed. 
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Technologies Available Outside the United States 
 
This study finds that ASTs that are currently available in other countries are also 

available in the U.S. with few exceptions.  However, some technologies are 
implemented more widely and effectively outside the U.S., particularly in the European 
Union (EU).  As a result, some technologies such as fall detection and prevention 
systems, personal emergency response systems, technologies that address cognitive 
impairments, and telehealth technologies have greater penetration than they do in the 
U.S.  Other technologies have emerged in response to the need for access to health 
information for EU citizens who travel frequently across EU borders.  A key feature of 
these health IT and other EU-based AST initiatives is the existence of EU consortia and 
technology-oriented collaborations that have an interest both in moving AST 
development and implementation forward, as well as in integrating these technologies 
with health IT. 

 
Barriers to Development, Adoption, and Sustained Use of Aging  
Services Technologies 

 
Despite the array of ASTs that are currently available and under development, 

there are various barriers that inhibit development, adoption, and sustained use of these 
technologies.  Some of these barriers relate primarily to consumers and caregivers 
while others impact providers.  Some barriers relate specifically to payers and still 
others pertain to factors that inhibit development of new ASTs.  This study focuses on 
barriers outside of the financing context. 

 
Among the most far-reaching barriers to AST adoption among consumers is lack of 

awareness, on the part of both patients and providers, of available ASTs.  This lack of 
awareness relates in large part to ASTs that are targeted for home or personal use by 
affected individuals and their caregivers.  This barrier acts to inhibit demand for ASTs 
on the part of users, and impacts informal caregivers who often take active roles in 
medical decision-making for loved ones.  The general absence of widespread 
knowledge concerning available technology solutions results in an under-developed 
market for these technologies despite the well-recognized growth of the older population 
in the U.S.  Lack of AST awareness is also present among physicians and other health-
care professionals who are in key referral positions, including discharge planners and 
geriatric social workers.  Professional associations and scholarly journals do not focus 
heavily on the role of ASTs in patient care, and the lack of peer-reviewed data 
disseminated in these forums results in limited knowledge on the part of providers 
regarding not only the availability of ASTs, but also the evidence base supporting their 
efficacy.  Thus, although ASTs are widely available in the U.S., they are underutilized in 
part due to the combined lack of knowledge on the part of all key stakeholders, 
including patients, providers, and caregivers. 

 
Another barrier to AST adoption and use involves concerns on the part of both 

consumers and providers that privacy and security may be compromised when using 
these technologies.  Among consumers, increased attention has focused on these 



183 

 

issues in part as a result of frequent media coverage of data breaches, hacking, and 
theft of personal information.  Many consumers also have personal experiences with 
email scams and other technology-associated incidents that affect their confidence in 
the ability of others to act as responsible stewards of sensitive information.  These 
issues contribute to consumers' concerns about the security of their health data and the 
extent to which they can trust others with stewardship of sensitive information.  These 
concerns extend to consumers' willingness to use ASTs, and particularly technologies 
that transmit information or interface with health IT. 

 
Data privacy concerns that inhibit uptake of ASTs are not limited to consumers. 

Although these concerns were addressed by strict data-handling regulations under 
HIPAA, some technologies were not designed with adequate privacy and security 
safeguards in place to protect the information they collect.  As a direct consequence of 
these security concerns, many providers shy away from adopting certain technologies 
out of concerns about non-compliance with federal regulations. 

 
There are additional barriers to AST development that relate specifically to payers.  

Although there are notable exceptions, financial incentives are not currently aligned in a 
manner that encourages most public and private insurers to cover the services that are 
provided by ASTs.  This impacts demand and contributes to the ongoing cycle of under-
development of the AST marketplace.  Moreover, improvements to existing ASTs, as 
well as development of novel ones, require a strong market and market growth, two 
factors that are also currently under-developed.  These challenges result in low 
investment, which, when coupled with high up-front costs, limits both development and 
innovation. 

 
Strategies to Facilitate Development, Adoption, and Sustained Use of Aging 
Services Technologies 

 
Strategies that may be effective in addressing barriers to development, adoption, 

and sustained use of ASTs are as diverse as the barriers themselves, with some 
focusing on consumers and caregivers and others relating to providers, payers, and 
factors enabling AST development. 

 
Lack of awareness of ASTs is a cross-cutting barrier for a number of key 

stakeholders and effective strategies for addressing this barrier may be one of the most 
promising approaches to expanding AST use more generally.  Methods for improving 
awareness include provider-oriented activities aimed at increasing dissemination of 
high-quality, peer-reviewed data on the effectiveness of ASTs.  This can be 
accomplished with vehicles such as peer-reviewed journals, professional associations, 
continuing education activities, scientific meetings, and popular and social media 
campaigns.  Effective use of these existing, provider-focused information delivery 
mechanisms could increase patient demand for ASTs if the information delivered to 
providers affects the likelihood of their recommending AST use--and of patients and 
caregivers following such recommendations. 
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Additionally, focusing information dissemination efforts on existing organizations 
oriented toward the provision of services for older adults and persons with disabilities 
may be an effective strategy for improving AST use.  These organizations include social 
service agencies, Area Agencies on Aging (AAAs), University Centers for Excellence in 
Developmental Disabilities (UCEDD), and other, similar organizations.  There are 
thousands of these organizations across the country, and with focused efforts to 
educate clients and caregivers about available ASTs, they hold a great deal of promise 
for increasing awareness of these technologies.  Existing networks of community-based 
senior centers and disability support agencies could engage in similar education 
programs for their clients and their infrastructure could be leveraged to promote both 
awareness and utilization of ASTs. 

 
Strategies that address payment-related barriers could aim to better align 

incentives in a manner that encourages providers to adopt ASTs.  These could involve 
leveraging features of the Affordable Care Act (ACA) related to incentives for 
preventable hospital readmissions as well as incentives to improve chronic care 
management in diverse settings.  Other ways to align incentives to promote AST 
adoption beyond hospitals could involve accountable care organizations (ACOs).  
These organizations include long-term care and home and community-based services, 
in addition to hospitals or physician groups, and are incentivized to provide high-quality, 
efficient care.  To the extent that ASTs, and the interface of ASTs with health IT, help 
ACOs achieve their goals, they may be attractive options for these organizations. 

 
A fundamental barrier to AST development remains the limited market for these 

products despite an expanding potential consumer base.  It follows that increasing 
market size will help foster the investment that will fuel development and innovation.  In 
this context, a number of strategies could be explored to promote growth.  These 
include organizing consortia the goals of which are to foster partnerships among 
technology companies, aging services providers, disability service providers, and 
researchers, all with the common goal of generating high-quality products and 
expanding the market.  Other approaches to encourage development include identifying 
ways that large employers could create demand for these technologies through 
incentive programs or employee benefits that encourage use of ASTs.  Finally, 
identifying business models that communicate a clear return on investment would 
create further demand and foster development. 
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