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    Chapter 17   
 The Patient of the Future: Participatory 
Medicine and Enabling Technologies       

       Michael     Christopher     Gibbons       and     Yahya     Shaikh    

    Abstract     Several forces will progressively change the current US healthcare system. 
First, patient factors will likely exert the greatest impact. The rapidly growing US 
population, a growing percentage of seniors, increasing prevalence of chronic disease, 
increasing racial/ethnic diversity and persisting healthcare disparities will strain an 
already overloaded system. Second, healthcare system factors are also contributing to 
challenges. Shortages in the healthcare workforce, the rising costs, complexity and 
chronicity of care, the burdens of caregivers as primary health providers, the failure to 
address social determinants of health and the emergence of retail healthcare will exac-
erbate that strain. This chapter discusses implications of these forces in the context of 
health information systems evolving to meet these healthcare challenges. We conclude 
with a case study of a potential future patient-centered health information system and 
a discussion of patient-oriented features of effective health information systems.  

  Keywords     Consumer health technology   •   Population health   •   Prevention and well-
ness   •   On demand healthcare   •   Health innovation   •   Caregivers   •   Chronic disease self 
management   •   Populomics   •   Telehealth   •   Telemedicine  

17.1         Changes in Patient Populations and Health Care 

17.1.1     Introduction 

 A fundamental premise of this chapter is the notion that healthcare systems in the 
future will be very different than they are now or have been. Patients will interact 
with future healthcare systems in some ways that are similar to historic and current 
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practices, but undoubtedly they will need to do so in many new ways in the future. 
To be useful, health information systems must be responsive to current healthcare 
realities, and also to new and unique interactions, tasks, behaviors and needs of 
patients, providers and others who will engage patients, to help them achieve their 
personal health goals. 

 The chapter starts with patient and population factors which will likely exert the 
largest impact on healthcare, and a look at changes in healthcare itself. This is fol-
lowed by a discussion on the implications of changes on health information. These 
factors have the potential to change many aspects of care: access, quality, costs and 
patients’ experience and satisfaction with its delivery. Advances in information and 
computer technologies, especially remote clinical sensing, will facilitate the care of 
individuals to empower patients and to meet emerging healthcare challenges. New, 
more powerful health information systems will also shape the scope and practice of 
the healthcare processes they will support. The chapter closes with a case study of a 
potential health information system of the future, from the patient perspective.  

17.1.2     The Changing US Healthcare Landscape 

17.1.2.1     Changes in the Patient Population 

  An Increasing US Population  – The US population has grown since 1950 from a 
base of 152 million Americans, with an additional 156 million added between 1950 
and 2009 [ 1 ). Projections suggest the number of people living in the US will increase 
to 400–450 million people by 2050 [ 1 ,  2 ]. The doubling of the US population (152 
million in 1950 to 308 million in 2009) has been remarkable compared with other 
industrialized countries. Germany and Italy, for instance, grew by only 21 % and 
30 % respectively during the same period. Several other countries particularly in 
Eastern Europe, have actually had reductions in population [ 1 ]. 

  An Aging US Population  – Since 1950, the US population has aged, with 
increases in the total number of seniors (those over age 65 years) and the proportion 
of seniors relative to the total population. In 1950, the median age of US was 
30.2 years with children under the age of 5 accounting for 10.8 %. By 2000, the 
median age had risen to 35.3 years while children under the age of 5 accounted for 
only 6.8 % [ 1 ]. By 2010 the median age increased to 37.2 years with those under the 
age of 5 dropped to 6.5 % [ 3 ]. On the other end of the age spectrum: in 1950, seniors 
represented 8.1 % of the US population, increasing to 12.8 % in 2009 and projected 
to reach 20.2 % by 2050. By then, one in fi ve persons or over 88 million people will 
be age 65 or older. Of these, 32.5 million or approximately 7.5 % of the US popula-
tion are projected to be over the age of 80 [ 1 ]. 

  Increasing Prevalence Of Chronic Disease  – In the US, chronic diseases are the 
leading cause of illness, morbidity and mortality, accounting for most of health-care 
expenditures [ 4 ]. Half (50.9 %) of all adults in the US have at least one chronic 
disease and over a quarter (26 %) of all adults and more than 50 % of seniors will 
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have two or more chronic conditions [ 5 ]. In 2011, seven of the top ten causes of 
death in the US were chronic conditions, including (heart disease, cancer, chronic 
lung diseases, stroke, Alzheimer disease, diabetes, and kidney diseases). Individuals 
with chronic diseases need and utilize a signifi cant amount of health care services 
and resources. In addition, chronic conditions puts a tremendous burden on patients, 
their families and employers, among patients who stay in the workforce and those 
who must leave it prematurely due to disability [ 4 ]. 

  Increasing Racial and Ethnic Diversity  – According the Census Bureau, the US 
population is becoming progressively diverse, racially and ethnically. Minorities 
who now comprise 37 % of the population are projected to become 57 % by 2060 
[ 2 ]. The non-Hispanic white population is projected to peak by 2024, at 199.6 mil-
lion, and then to decrease slowly, falling by 20.6 million during 2024–2060. The 
overall Hispanic population is projected to more than double to 128.8 million by 
2060. By 2060, nearly one in three US residents will be of Hispanic descent, up 
from one in six today. The Asian population is also projected also to more than 
double, from 15.9 million (5.1 %) in 2012 to 34.4 million (8.2 %) in 2060. The 
African American population is expected to increase to 61.8 million (14.7 %) over 
the same time period. American Indian and Alaska Native and Hawaiian and Other 
Pacifi c Islander populations are also projected to increase substantially, but will 
comprise about 1.5 % each of the total population over the same time frame. The 
number of people who identify themselves as being of two or more races is pro-
jected to more than triple, from 7.5 million to 26.7 million over the same period [ 2 ]. 

 The cumulative effect of these changes on the total US minority population by 
2060 will result in older consumers being predominately non-Hispanic white. 
Younger individuals will be increasingly minority and the US will become a 
majority- minority nation for the fi rst time by the year 2043. At that time, the non- 
Hispanic white population will still be the largest single group, but no single racial 
group will form a majority of the total US population [ 2 ]. 

  Persisting Healthcare Disparities –  Racial and ethnic demographic shifts are 
important to consider because patients and consumers from these population groups 
tend to have poorer health outcomes, less access to health care, lower adoption of 
healthy behaviors and lower exposure to health-promoting environments. For exam-
ple, non-Hispanic black adults are at least 50 % more likely to die of heart disease 
or stroke prematurely (i.e., before age 75 years) than their non-Hispanic white coun-
terparts [ 6 ]. The prevalence of adult diabetes is higher among Hispanics, non- 
Hispanic blacks, and those of other or mixed races than among Asians and 
non-Hispanic whites [ 7 ]. Infant mortality is more than double the rate for 
 non- Hispanic blacks than for non-Hispanic whites [ 8 ]. Because individuals from 
racial and ethnically diverse populations have and continue to experience poorer 
access to and quality of healthcare services than their white counterparts, they are, 
by defi nition, medically underserved and disenfranchised. 

 Each year since 2003, the Agency for Healthcare Research and Quality (AHRQ) 
has reported on the status of health care disparities in the US. The National 
Healthcare Disparities Report (NHDR) focuses on more than 200 health care pro-
cess, outcome, and access measures, covering a wide variety of conditions and 
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settings [ 9 ]. As in previous years, the most recent report found disparities in access 
to and quality of care to be common across racial and ethnic populations and that 
most of these are not changing [ 9 ]. A few measures of disparities have changed 
unevenly and inconsistently, but over time, there have been no sustained improve-
ments [ 9 ]. 

 The reasons for the existence and persistence of health disparities are complex 
and thought to be related to sociocultural, socioeconomic, behavioral and environ-
mental factors within the context of current and historical biases and prejudices 
found within the healthcare system and within the larger society [ 10 ]. In addition, 
signifi cant levels of mistrust and challenges in cross cultural communication have 
been found among many racial and ethnic minority patients and their health care 
providers [ 11 – 14 ].  

17.1.2.2     Changes in Healthcare 

  Shortages in Healthcare Manpower  – The core of US healthcare system has been 
historically comprised of physicians, nurses and other professionals employed 
within hospitals/health centers. Studies project shortages in the numbers of US 
healthcare providers:

•    Demand for physicians continues to grow faster than supply. This will lead to a 
projected shortfall of between 46,100 and 90,400 physicians by 2025 [ 15 ].  

•   Projected shortfalls in primary care will range between 12,500 and 31,100 physi-
cians by 2025, while demand for non-primary care physicians will range between 
28,200 and 63,700 physicians [ 15 ].  

•   Expanded medical coverage achieved under the Affordable Care Act (ACA) 
once fully implemented will likely increase demand by about 16,000–17,000 
physicians (2.0 %) over the increased demand resulting from changing popula-
tion demographics and an aging physician workforce [ 15 ].    

 The greatest shortfall, percentage-wise, will be among surgical specialties (exclud-
ing obstetrics and gynecology) refl ecting little projected growth in the supply of sur-
geons and limitations on the ability to augment staffi ng with other types of clinicians. 
While the shortfall is expected to affect everyone, it will likely be more harmful to 
vulnerable and underserved consumers and patients in rural or inner-city areas [ 16 ]. 
Some experts believe the physician shortage to be relative, a result of inadequate distri-
bution of physicians across the country, rather than an actual overall shortage [ 17 ,  18 ]. 

 Experts have also indicated that a nursing shortage exists [ 19 ]. In 2002, the short-
age of registered nurses was estimated to be approximately 125,000. Primary driv-
ers of this shortage are: an aging nursing workforce, increased demands due to 
population demographic shifts and expansion of government sponsored insurance. 
It is expected that the trend will progress over time, with a projected shortage of 
400,000–808,000 RNs by 2020 [ 20 ]. Regardless of cause, whether referring to spe-
cialists, primary care providers or nurses, many patients and consumers live without 
adequate access to the core medical providers of our healthcare system. 
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  Caregivers as Providers   –  The bulk of health care services to patients over the 
course of their lives is delivered by family members and friends, not healthcare 
professionals [ 21 ]. Nearly four out of ten adult Americans (39 %) report “providing 
care to an adult relative or friend”. In addition, nearly half (47 %) of adults say that 
they expect to be a caregiver for an aging parent or other elderly relative at some 
point in their lives [ 21 ]. 

 Caregiver activities range from providing simple assistance with routine house-
hold tasks or providing emotional support to carrying out complex medical proce-
dures. More than half of all caregivers report having to perform medical/nursing 
tasks for patients with multiple chronic physical and cognitive conditions. Caregiver 
provided medical tasks include: managing and administering multiple medications, 
caring for wounds, giving injections or intravenous therapy, providing incontinence 
support and/or care coordination [ 21 ]. Most caregivers receive little training or sup-
port from medical professionals, having to learn to perform tasks on their own, with 
many reporting fear about their ability to carry out tasks properly [ 21 ]. Caregiving 
can be stressful and time consuming, with tremendous impacts on the physical, 
mental, fi nancial and social health of caregivers. As the US population continues to 
age, the need for caregivers will undoubtedly continue to rise [ 21 ]. 

  Rising Healthcare Costs  – US health care costs have risen, largely unabated, for 
more than 20 years. Projections suggest that US health care spending will surpass 
$10,000 per person in 2015 [ 22 ] and that national health expenditures will consume 
more than 20 % of the US Gross Domestic Product by 2018 [ 23 ]. At the current rate, 
healthcare spending threatens the integrity of the Medicare and Medicaid programs 
and makes health care unaffordable for those with low incomes and/or without 
insurance. The rising rate drives employers, particularly of smaller businesses, to 
reduce or discontinue providing health insurance for employees because they can no 
longer afford premiums [ 23 ]. To help manage costs, employers and other payers are 
increasingly shifting costs to employees and their families by offering modest ben-
efi t packages with out-of- pocket costs. Enhanced benefi ts may be possible, but only 
at higher costs [ 23 ]. 

  Recognition of the Impact of Social Determinants on Health  – It has been increas-
ingly recognized that social factors play an important role in determining morbidity, 
mortality, disability and health outcomes [ 24 – 32 ]. Growing evidence suggests that 
medical care, while critical to health, is not the only infl uence. Experts suggest that 
the independent infl uence of medical care alone on mortality may in fact be as low 
10–15 % in the US [ 33 ,  34 ], and there is increasing acceptance of the importance of 
social factors in health and well-being [ 35 ,  36 ]. It is estimated that as many as 50 % 
of all deaths in the US involve behavioral causes. Health-related behaviors have 
been shown to be strongly shaped by social factors, including income, education, 
employment, isolation, social support, socioeconomic status and stress [ 37 ], and the 
effects of any single social factor are often contingent on a host of other factors [ 37 ]. 

 Emerging evidence suggests that social and genetic causes of disease are not 
mutually exclusive and that genetic endowment is not unalterable as once thought. 
Gene expression may occur only when impacted by social or environmental factors. 
In turn, physical and social environments may be impacted by social policy [ 37 ]. 

17 The Patient of the Future: Participatory Medicine and Enabling Technologies



288

  Retail Healthcare in America –  Patients and consumers can be frustrated by poor 
access to care, unclear or confusing health information, long wait times for physi-
cian offi ce appointments and overcrowded emergency departments. Utilization data 
indicates that patients are increasingly demanding care that meets their needs [ 38 ]. 
Retail clinics, commercial acute care facilities that provide services evenings and 
weekends in convenient locations (groceries, drugstores, general retailers, etc.) have 
emerged as viable sources of acute and preventive care with predictable wait times, 
easy access, lower costs and clear, transparent patient information [ 38 ]. Growing 
data shows consumers satisfaction with retail clinics. In 2011, 19 % of consumers 
reported using a retail clinic vs 15 % in 2010 and 13 % in 2009; 30 % of consumers 
said that they would use a retail clinic if it considerably reduced their wait time [ 38 ]. 
A recent analysis of retail clinic services found they outperformed emergency 
departments and ambulatory care facilities in 7 measures of quality [ 39 ].    

17.2     Implications of Change on Health Information Systems 

 Changes in the US population and in healthcare will affect health information sys-
tems. Systems of the future must support the needs of a rapidly expanding population 
of patients, caregivers and healthcare in the face of decreasing healthcare manpower. 
Experience with telemedicine and tele-health suggests it will be impractical, incon-
venient and unnecessary for patients to see a physician for every problem. 

 An aging population with chronic disease will require health information sys-
tems and other information tools to support longitudinal care of increasing com-
plexity as patients accumulate physical and cognitive limitations caused by the 
co-morbidities of multiple conditions over decades. Future systems will need to 
aggregate clinical information and data from a wide variety of sources and process 
as well as interpret data and provide feedback to support patients’ adherence, educa-
tion and health behavior changes. 

 Increasing racial and ethnic diversity of the population will require health infor-
mation systems to facilitate and support socio-culturally and linguistically compe-
tent interactions between patients and providers. In addition to anticipating and 
supporting language, literacy, numeracy and health literacy needs, systems and pro-
viders will need to help patients make informed inferences, choices and decisions 
about their health to prevent and mitigate delays and errors in care or communica-
tion and enable truly informed consent. 

 The reduction of healthcare disparities presents special challenges to future 
health information systems and providers:

•    Although patient education and training are necessary and are important means 
of addressing healthcare disparities, their current implementation has not resulted 
in discernable or sustained change or reduction. Therefore, alternatives, improve-
ments and new techniques in teaching and training patients and their caregivers 
are needed if these are to have any impact on disparities.  
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•   The assessment of social, behavioral and environmental determinants of health 
may require discovery and inference from new types of patient data that are cur-
rently not being collected, including those generated by patients, either actively 
and/or passively.  

•   Emerging health information systems may not reduce disparities, and in fact, 
may exacerbate existing and/or introduce new disparities due to differential abil-
ities of populations to utilize and/or benefi t from them.    

 Understanding how health information and systems, their design, implementa-
tion and deployment can impact population health to reduce disparities is a frontier 
in clinical and population health informatics and healthcare services research. 

 Health information systems of the future must support all stakeholders that com-
prise patient-centered care teams. As part of supporting the functions of the Patient 
Centered Medical Home (PCMH), systems must support the needs and activities of 
informal caregivers (as an integral part of care coordination). Without recognition 
and support in the form of (education, training and communication with the medical 
team), caregivers (and the patients for whom they provide services) are vulnerable 
to poor outcomes due to unseen, unaddressed and undocumented needs. Rather than 
lowering costs, this will likely increase costs because patients will continue to use 
expensive services emergently (i.e., emergency departments and hospitals) and 
unnecessarily. 

 Retail healthcare can provide both competition and solutions for improving 
 support for PCMHs. Healthcare retailers have fi nancial incentive to encourage 
patients to use their facilities. In the future, retail healthcare will include the deploy-
ment of information tools for patients to augment their care and deepen patient 
health engagement. One possible evolution is for retail clinics to become part of the 
medical neighborhood of a PCMH and its health information network to make all 
care transparent. 

17.2.1     Patient Centered Health Information Management 

 The evolution of patient-centered health information management will require EHR 
system interoperability with a vast array of clinical, patient and consumer oriented 
tools, sensors and devices. Future systems must enable providers to manage these 
devices and their data while providing the patient culturally and linguistically 
appropriate just-in-time assistance and support that fi ts into (rather than disrupts) 
patient lifestyles. 

 Smartphones provide new opportunities for patient-centered health information 
support as many patients try and use personal digital health tools. It is reported that 
over one million “apps” are available through Android, Google and Apple [ 40 ], 
with 40,000 health apps being available on the iTunes (Apple) store alone! [ 41 ]. In 
addition, while consumers are increasingly turning to online resources for fi rst-line 
health information and support, possibly because access is easier than for providers 
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[ 42 ]. Many patients also engage in online communities of care (i.e. Patients like me, 
Cure Together) that connect patients with similar illnesses and/or problems. 

 Consumer-targeted health information technologies [ 43 ,  44 ] help patients man-
age their own care and decisions and can be benefi cial in improving health 
[ 43 – 45 ]:

•    Web-based interventions have been shown to improve depression, anxiety or 
stress [ 46 ].  

•   Mobile messaging supports chronic disease self-management [ 47 ] with a variety 
of tools aimed at helping patients to control asthma [ 48 ].  

•   Social media and/or video-based digital health tools also augment in-person 
interactions with peers and health professionals as patients navigate their condi-
tions and search for support.  

•   Social media is also challenging fundamental notions of medical research:

 –    Electronic recruitment of geographically dispersed or sparse cohorts can 
occur quickly.  

 –   “Citizen science” (patient originated and conducted “studies”) conducted in 
online communities (Patients like me, Cure Together, Association of Cancer 
Online Registries, Smart Patients) may ignore traditional constraints of 
research: evidence-based hypotheses, theory-based intervention design, peer 
review and even informed consent. Many patients, caregivers and consumers 
view the ability to conceive and conduct these “studies”, independent of for-
mal research communities, as empowering and able to challenge traditional 
research processes. “Citizen science” does not wait for the approval of the 
scientifi c community and may provide the patient’s voice in hypothesis 
generation.       

 The rapid growth of the use of these platforms and innovations suggests that 
these trends will continue for the foreseeable future and that future health informa-
tion systems could benefi t by incorporating these technologies into care to better 
engage and empower patients [ 49 – 51 ], and to meet the IHI “Triple Aim” of (a) 
improving the patient experience of care (including quality and satisfaction), (b) 
improving the health of populations and (c) reducing the per capita cost of health 
care [ 52 ].   

17.3     The Patient of the Future: Care, Self-Care 
and Technology 

 Understanding how patients, consumers, providers and organizations located in dif-
ferent places may work together in an integrated and coordinated fashion may be 
facilitated by an “ecosystem” organizational perspective. Serbanati defi nes a health-
care ecosystem as a collaborative, multidisciplinary and cross-organizational medi-
cal and social care delivery network, with the patient or consumer at the center. 
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Using an Internet-based broadband infrastructure, participants share electronic 
information, use e-services and collaborate as needed and as directed by the patient 
to address health concerns [ 53 ]. Marschollek [ 54 ] refers to such systems as sensor 
enabled Health Information Systems, highlighting the need for such systems to sup-
port decentralized, patient-centered and personalized care while seamlessly inter-
facing with the many sources of information in a person’s environment. 

 At least three types of benefi ts will be realized by patients using these systems:

    First: Patients will be in constant connection with digital sensors and tools.  These 
tools will provide real time decision support, enhance patient engagement in 
health and enable them to stay in contact with the people, information and 
resources they need to become healthy and stay well. Patients will live in con-
stant contact with medical, social and behavioral supports to reach their health 
goals. These virtual “health and care” ecosystems will be accessible by patients 
“on demand”, anytime, anywhere they need them. Providers will be able to man-
age patient-generated health data using emerging big data techniques to study the 
health of populations for care and research.  

   Second: Patients will benefi t when data from multiple sources are integrated to yield 
new insights (“smart” environments).  For example, it may be useful to know an 
asthmatic patient’s respiratory rate heart rate and blood pressure during exercise. 
A clinician (using an algorithmically generated display) can calculate the 
patient’s work of breathing. This information can enable real time predictions for 
the likelihood of an impending asthma attack.  

   Third: “Smart” environments will be able to respond to real-time patient sensor 
data and adjust to benefi t the patient.  To illustrate this point, imagine that our 
asthma patient lives in a “smart” home (a residence equipped with technology 
that facilitates monitoring of residents aiming to improve health, quality of life 
and promote independence) [ 55 ]. Mobile sensor and wireless network technolo-
gies can extend monitoring beyond the “smart” home into external activities. 
Such ubiquitous computing provides the basis for “ambient” assisted living tech-
nologies [ 55 ]. The “smart” home can be networked to a broader “health and 
care” ecosystem to become part of the patient’s personal ecosystem in which 
clinical algorithms detect when the patient’s work of breathing is consistent with 
an impending asthma attack and can assess measures of contributory factors such 
as temperature, medication utilization and patient activity to determine the need 
for an intervention such as raising the humidity of the home environment, deliv-
ering a dose of rescue medication and/or alerting an on-call nurse to the potential 
of an emerging asthma attack.    

 This “network of networks” of wireless body sensors, “smart” home, “ambient” 
assisted living environment and the broader “health and care” network (medical and 
social information, services and providers) can (using big data and cloud technolo-
gies) allow processing of immense amounts of data [ 56 ] and integration of that data 
from a wide variety of sources (i.e., all asthmatic patients within a geographic 
region) in real time [ 56 ]. Over time, these “health and care” ecosystems will be able 
to “learn and predict” patient behaviors, needs and outcomes, and automatically 
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respond in ways to prevent acute events or to optimize health outcomes based on 
aggregated patient data.  

17.4     Case Study: The “Interactive Remote Lifestyle 
Assistant” (Irla) 

 To illustrate these benefi ts, we present a case study of a hypothetical sensor- enabled 
health information system for supporting chronic disease management: 

   Ruby C.       is a 76 year old Hispanic patient with congestive heart failure (CHF). She 
lives alone in a semi-urban mid-western state. Her husband died of a heart attack 
three years ago. Their three adult children have done well for themselves, but now 
live in other states with their own families. For many years Ruby struggled, requir-
ing at least 3 hospitalizations a year. Even though she was doing her best, Ruby and 
her children constantly lived in fear of the worst. But now, things are much better. 
Ruby’s new bathroom carpet automatically records her weight, just before she gets 
in the shower each day and the information is automatically sent to her health infor-
mation system and appropriate information forwarded to her electronic medical 
record. As Ruby tells it: 

   Whenever I gain 5 pounds or more, this “magic” carpet contacts IRLA. IRLA (the 
Interactive Remote Lifestyle Assistant) analyzes my eating patterns over the last week. 
Depending on the results, IRLA will suggest simple ways I can adjust my diet or cooking. 
IRLA also is able to contact the local grocery store and order foods I like and need and have 
them delivered right to my door or make a reservation for me at the neighborhood YMCA 
so I can get the exercise I need. Whenever my kids want to know how I am doing, IRLA 
keeps track of everything and can tell them anything they want to know. Whenever I need 
her or just want to talk, all I have to do is turn on the TV and press this button on one of my 
grandson’s game boxes and there she is. We talk and chat for as short or as long as I would 
like, day or night! If IRLA gets real worried, she will actually call my children to let them 
know what is going on, set up an appointment with my doctor and arrange for my church 
van to pick me up and bring me home after the visit.  

    In addition to CHF, Ruby also has asthma. Her doctor recently gave her a new 
digital asthma inhaler that automatically records the temporal and geospatial con-
text of each use then sends the data back to Ruby’s smartphone, IRLA and other 
connected devices within the network. IRLA automatically integrates this informa-
tion with data from these data streams are then utilized by an algorithm to identify 
patterns highly related to an asthma exacerbation. IRLA then activates connected 
devices such as humidifi ers, air fi lters and heaters in Ruby’s home to optimize her 
environment and decrease the likelihood of an asthma attack.  

  Over time IRLA “learned” that Ruby’s asthma triggers include, among other 
things, the spicy foods that she loves so much. Using this information, IRLA sug-
gested fl avorful recipes and foods that Ruby could cook, without the spicy ingredi-
ents that lead to asthma attacks, based on what was already in her refrigerator and 
kitchen cabinets. In addition, IRLA noticed that Ruby usually ate out at a restaurant 
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once a month, usually between the 1st and 5th of the month. Using this information, 
IRLA provided Ruby, on the last week of each month, with local restaurant and 
menu suggestions that avoided the spicy foods that often triggered her asthma 
attacks.   

 In this example, IRLA is the convenient, culturally and linguistically appropriate 
and competent, patient-facing interface to a sensor enabled health information sys-
tem. IRLA is managed by Ruby’s providers but under her control. IRLA is more 
than a database that collects and transmits data. IRLA relys on data from Ruby’s 
total environment:

•    Ruby’s medical history, encoded in her electronic health record  
•   Data from multiple sensors and sources including:

 –    Weight scale in the Bluetooth-enabled bathroom mat that wirelessly and auto-
matically transmits weight data to a “cloud” repository  

 –   Radio frequency identifi cation (RFID) tags embedded in food labels and bot-
tle caps of the food items she buys to help monitor sodium and nutritional 
intake  

 –   Continuously indoor and outdoor atmospheric pollution sensors  
 –   Humidity and temperature sensors  
 –   Local traffi c conditions (for diesel exhaust fumes) and weather patterns  
 –   Direct input from Ruby  
 –   Information from her internist  
 –   The Bluetooth enabled peak fl ow meter attached to her asthma inhaler to 

monitor potential airway obstruction  
 –   Ruby’s activity and appointment calendar and diet tracker  
 –   Food databases from her favorite restaurant and grocer       

 IRLA helps coordinate Ruby’s health and social care activities and provides cul-
turally appropriate behavioral feedback to motivate long term behavior change. 
With data streams from Ruby’s ecosystem of devices and doctor, IRLA can then use 
machine learning and artifi cial intelligence, initiate certain actions autonomously 
and automatically record these actions in Ruby’s electronic health record for view-
ing by caregivers to whom Ruby has granted access (her physician, her pastor and 
her adult children). 

 Prior to IRLA, Ruby and her children always worried about keeping up with 
everything the doctor told them the last time they saw him. It was diffi cult because 
he always had to rush and the paperwork was always confusing. IRLA simplifi es the 
paperwork Ruby receives from her doctor and provides verbal reinforcement to help 
Ruby to become and stay healthy. Ruby’s children no longer worry about not know-
ing what is going on because they can obtain understandable online summaries of 
her activities, eating patterns or doctor’s instructions at any time without having to 
take off valuable time from work and loose income. 

 Finally, IRLA provides Ruby with suggestions and regular behavioral feedback. 
Timely practical feedback and instruction is a powerful form of reinforcement based 
on the data from recent patient actions. Regular behavior feedback has been shown 
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to be critical to initiating and sustaining behavior change and has been found to be 
a key component of successful consumer health informatics tools. This form of 
teaching has its roots in so-called “edutainment” and “health gaming”. Time and 
rigorous evaluation will be needed to determine the superiority of these approaches 
to traditional methods (which have not worked).  

17.5     Conclusions 

 As healthcare systems evolve, so too must health information systems and tools to 
meet the changing needs of patients and healthcare systems. The story of IRLA is 
hypothetical but the described technologies are currently possible or being devel-
oped. Their implementation into publicly or commercially available connected 
health information ecosystems is only a matter of time as industry and federal 
efforts are underway to lay the foundation for realizing these possibilities. 

 Health information systems of the future must provide much more than just a 
mechanism for health information exchange with a provider or health system. 
Robust health information systems of the future will likely share the following 
characteristics:

•    Systems will consist of distributed networked devices, tools, sensors and tech-
nologies, working together to provide alignment of decision support, behavioral 
motivation, education and health task support, while maintaining awareness of 
patient activity, response and needs. They will need to automate pre- programmable 
tasks where and when possible within patient home environments, in response to 
real time aggregated data.  

•   Systems must be interoperable with any patient’s health information ecosystem. 
They will need to receive and share data with a variety of clinical and nonclinical 
sources (including patient generated health data), based on patient preferences, 
information needs and tools (apps, consumer devices, fi tness trackers and other 
emerging technology), in human accessible/readable forms.  

•   Systems must put patients at the center of care. They must:

 –    Integrate and incorporate tele-health and remote technologies to make health-
care accessible, usable and convenient for patients  

 –   They must facilitate communication and other interactions among all stake-
holders in a patient’s care  

 –   They must summarize data and present it in forms that meet the literacy, 
numeracy and health literacy needs of patients at all levels in a culturally 
acceptable fashion.       

 It is challenging to conceive how healthcare services will be delivered to meet 
the needs of all Americans, but the evolving US patient population will require 
evolving ways of managing health information. Networked, sensor-enhanced, 
patient-centered health information systems hold great promise to facilitate this 
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evolution, to empower patients and to make the work of providers care teams and 
families more effi cient, more cost-effective and more responsive to patient needs to 
help the nation achieve its national health goals.     
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