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Abstract

Purpose of review—Older adults with cancer have complex medical needs and often 

experience higher rates of treatment-related toxicities compared to their younger counterparts. The 

advent of health information technologies can address multiple gaps in the care of this population. 

We review the role of existing and emerging technologies in facilitating the use of comprehensive 

geriatric assessment (CGA) in routine clinics, promoting symptom reporting, and monitoring 

medication adherence.

Recent findings—Increasingly studies demonstrate the feasibility of implementing electronic 

CGA in routine oncology practices. Evidence also suggests that electronic symptom reporting can 

improve outcomes in patients with cancer. In addition, technology devices can be used to promote 

adherence to cancer therapy.

Summary—There are many opportunities for information technology to be integrated into the 

management and treatment of older adults with cancer. However, further evaluation of these 

technologies is needed to ensure that they meet the needs of the targeted end-users.
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Introduction

Cancer is a disease of aging, and the majority of cancer cases are diagnosed in older adults 

[1]. Older patients with cancer are at increased risk of treatment-related toxicity and other 

adverse outcomes including hospitalizations, functional and cognitive decline, and death [2–

6]. They are also largely excluded from oncology clinical trials, limiting generalizability of 

available data [7]. Given their complex medical needs and the lack of evidence-based data to 
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guide management, the care of older adults with cancer is often challenging, requiring 

coordination of multiple healthcare teams and caregivers.

To maximize outcomes for older adults with cancer, it is important to identify individual 

needs and underlying impairments in order for healthcare professionals to assist with 

decision-making and guide supportive interventions during treatment [2]. A comprehensive 

geriatric assessment (CGA) can be helpful in this setting.[8] CGA is a set of validated tools 

to assess domains such as physical function, nutritional status, medications, social support, 

cognitive function, and psychological health [9]. Studies have shown that a CGA provides a 

more accurate determination of functional age in older patients with cancer compared to 

chronological age or physician-assigned performance status alone [2]. A CGA has also been 

shown to predict risk of severe chemotherapy toxicity in older adults [2, 10]. For example, 

the presence of hearing impairment on a CGA was shown to predict grade 3–5 toxicities in 

older patients receiving chemotherapy, suggesting that the ability to receive and adhere to 

treatment plan recommendations (such as appropriate use of supportive care medications) 

can significantly impact outcomes. Older adults also have a higher prevalence of depression, 

anxiety and cognitive impairment compared to younger patients, which is associated with 

underreporting of symptoms and medication non-adherence [11–13]. Medication adherence 

and symptom reporting are both potentially modifiable risk factors for adverse events in 

older adults with cancer, but data on interventions to address these factors are very limited.

Both the National Comprehensive Cancer Network (NCCN) and International Society of 

Geriatric Oncology (SIOG) recommend that all older adults with cancer should routinely 

undergo a CGA to assist with treatment decision-making [14, 15]. However, the time and 

resources required to incorporate a CGA into clinic visits remain the primary barriers for 

implementation. Therefore, there is a need to increase the adoption of CGA among general 

oncologists and to address the associated resource limitations.

The advent of health information technologies can address multiple gaps in the care of older 

adults with cancer. Studies suggest that the uptake of technologies among older adults is 

rising, although it still lags behind that of younger adults. According to the Pew Research 

Center, the percentage of older adults who reported using the internet increased from 14% in 

2010 to 58% in 2015 [16]. In the National Health and Aging Trends Study, 64% and 76% of 

older adults used computers and cellphones, respectively [17]. From 2011 to 2014, an 

increasing number of older adults used technologies to obtain health information (16% to 

18%), fill prescriptions (8% to 10%) and contact clinicians (7% to 12%). Some potential 

applications are shown in Table 1 [18]. With the increasing adoption of technologies in older 

adults and the aging of the baby boomer generation, the use of technology applications for 

health purposes is likely to increase, thus targeting aging specific issues (Table 2). In this 

paper, we review the role of existing and emerging technologies in facilitating the use of 

CGA, enhancing patient reporting of symptoms, and medication adherence.
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Using electronic geriatric assessment to guide decision-making and 

interventions

Oncologists routinely use performance status scales to guide management in patients with 

cancer. The most commonly used scales are the Eastern Cooperative Oncology Group 

(ECOG) score and Karnofsky Performance Scale (KPS) Index [19, 20]. Both of these scales 

are based on physician’s perception of a patient’s functionality. Although they are highly 

prognostic, they do not accurately predict treatment tolerance and toxicity [2]. On the other 

hand, CGA domains such as functional and cognitive impairment, weight loss, lack of social 

support and increased comorbidity burden are associated with treatment toxicity [2, 10, 21–

23]. Depression, polypharmacy, and burden of symptoms, in addition to the aforementioned 

domains, are also associated with poorer overall survival [24–28]. For older patients with 

cancer undergoing surgery, CGA domains also predict a higher risk of post-operative 

complications, hospitalizations and mortality [29–31]. Despite the value of CGA for 

predicting adverse outcome, only 19% of community oncologists reported using it in routine 

practice [32, 78]. The lack of success is partially due to the time and resources needed for 

incorporation of a CGA into clinic visits; the addition of even 5–10 more minutes can be 

challenging in clinical practice. The mean time for CGA completion for both physician or 

physician designee (i.e., staff, nurse) and patient is 24 minutes (physician: 7 minutes; 

patient: 17 minutes) [9, 33]. There is also a lack of guidance for general oncologists on how 

to tailor treatment based on the CGA information, as most are not trained to interpret these 

data, and clinical trials evaluating CGA-based interventions are ongoing. Referring all older 

patients to a geriatric oncologist or a geriatrician is not practical given the limited number of 

these experts, and most institutions do not have these resources available.

The use of an electronic CGA may potentially address some of these gaps. In a feasibility 

study, Hurria and colleagues administered a CGA to 100 older patients with solid tumors 

(median age=71 years) via a virtual web server developed at City of Hope [34]. Patients 

completed the CGA using a touchscreen technology (iPad). Compared to the conventional 

method, no significant differences in the completion times were found with the electronic 

CGA (median 15 vs. 16 minutes; P=0.50). However, almost two-thirds of the patients 

reported that they preferred the electronic system versus the conventional method, and fewer 

than 10% required assistance using it. In a similar study conducted in a group of patients 

with hematologic malignancies reported by Bhatt and Colleagues, 97% required no 

assistance when electronic CGA was administered using an iPad [35]. However, the mean 

time required to complete the patient portion of the CGA was 36 minutes.

A third study by McCleary and colleagues assessed the feasibility of a computer-based CGA 

in 38 older patients (median age=77 years) with gastrointestinal cancer [36]. All of the CGA 

domains were self-administered and were performed in clinic prior to their provider visit or 

during chemotherapy infusion. A research assistant was available to help if needed. The 

CGA was not integrated into the EMR. The authors reported that 49% of patients required 

assistance completing the CGA (in contrast to less than 10% in the aforementioned two 

studies) due to lack of computer familiarity or needing assistance with the computer mouse. 

Median time to completion was 23 minutes.
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Although both studies by Hurria and Bhatt failed to demonstrate reduced completion time 

using the electronic CGA, they prove its feasibility in older patients with cancer and 

introduce the potential for a home-based CGA. Oncologists can then review this prior to in-

person clinic visits. The difference in median time to completion of CGA is likely secondary 

to the varying number of self-reported vs. objective assessments included. The study by 

McCleary and colleagues also highlights the importance of the usability of a technology 

device in the older population. The Alliance A171603 study is currently ongoing to 

determine the feasibility of electronic CGA in both academic and community clinics. 

However, the tool is currently not integrated into the electronic medical record (EMR). This 

is an important consideration in the design of any electronic assessment and reporting tools 

given the widespread adoption of EMR by office-based physicians. Integration of CGA into 

the EMR allows these variables to be captured easily in the clinic notes and provides the 

ability to track outcomes over a period of time for quality improvement and health services 

research.

Shahrokni and colleagues at Memorial Sloan Kettering Cancer Center developed an 

abbreviated version of the electronic CGA known as the Electronic Rapid Fitness 

Assessment (eRFA) for older patients with cancer [37]. They tested this tool in 1024 older 

patients with cancer (mean age=80 years). Of these, 636 patients were referred for pre-

operative evaluation. The eRFA is partially integrated with the EMR where patients’ 

information and their medical record number are pulled from the EMR when questionnaires 

are generated. Patients then complete the CGA on computers, tablets, or smartphones either 

at home or prior to being seen in the clinic, and physicians are able to copy and paste the 

report into their clinic notes. The authors reported that the median time to completion of the 

eRFA was 11 minutes. Thirty-seven percent required assistance and 59% completed the 

assessment at home. This study supports the feasibility of an electronic CGA and provides a 

stepping-stone to the development of an electronic CGA. A CGA that is electronic and 

integrated to the EMR provides for easy data capturing and accessibility outside of a clinical 

encounter.

In multiple myeloma, there is an ongoing study assessing the use of a touchscreen tablet-

based brief geriatric assessment in older patients and its influence on decision-making 

(NCT03068637). The brief geriatric assessment collects information on comorbidities, 

activities of daily living (ADLs) and instrumental activities of daily living (IADLs), and 

categorized patients as frail, intermediate or fit. Preliminary findings showed that it is 

feasible, usable and acceptable to older patients with multiple myeloma, and that influences 

decision-making more than half of the time [38].

At the University of Rochester, we are in the process of integrating the CGA into our EMR 

(Epic by Epic Systems Corporation, Wisconsin). The goal is to facilitate completion of the 

CGA by patients via the EMR patient portal, thereby allowing physicians to review these 

remotely prior to the clinical encounters. For oncologists who do not have access to experts 

in geriatric oncology, the ability to review data remotely will also promote the platform for 

telehealth encounters and e-consults. Automated decision support tools to assist with 

interpretation of CGA and targeted recommendations may also be integrated into the system, 
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therefore overcoming the challenge with data interpretation. If successful, this will promote 

the uptake of CGA in routine oncology care.

Symptom reporting and management

Older patients can derive the same benefits from cancer treatments but even those in the 

fittest group who are typically enrolled on oncology treatment trials experience increased 

toxicity [39–42]. In addition, older patients are more likely to under-report symptoms such 

as pain, as they may view these as a normal part of aging or worry that their oncologist may 

discontinue treatment [43, 44]. Symptoms may also be under reported due to cognitive 

impairment and depression, both of which are prevalent in older adults. Patients may forget 

to mention the side effects that they experience early in the chemotherapy cycle that have 

since resolved, and thus may benefit from close and continuous monitoring of symptoms 

related to their underlying cancer and cancer treatment. Identifying toxicities early in the 

treatment course allows oncologists to intervene by adding or increasing supportive care 

medications, modifying the chemotherapy dose, referring to the appropriate specialists such 

as a palliative care provider and potentially a reduction in hospitalizations and ED visits.

To allow for continuous symptom monitoring, a number of electronic patient-reported 

outcome (PRO) systems have been developed and shown to be feasible for use in the clinical 

care setting. A 2014 meta-analysis identified 33 PRO systems that have been designed for 

patients with cancer [45]. Six systems were excluded from the analysis as the system 

features were not provided. Of the 27 systems, breast, prostate, gastrointestinal, 

gynecological and lung were the most common cancer subtypes included. Eight PRO 

systems monitor symptoms during active cancer treatment, and eleven capture data across 

treatment and survivorship periods. Most systems (78%) are designed for use in medical 

oncology clinics, and a majority are computer (63%) and tablet-based (52%) systems. The 

PRO systems differ in function and design, with various systems having the ability to be 

accessed from home and the clinic (33% from home, 30% from clinic and 37% from both) 

and some generating alerts and reports for physicians (67%), staff (59%), patients (29%) and 

caregivers (11%). Twelve systems were linked to an EMR. PRO reports were accessible 

immediately in 70%, and 93% displayed current as well as longitudinal PRO scores. Clinical 

responses to the PRO reporting most commonly included healthcare team follow-up (74%) 

and patient education (26%).

Two examples of PRO systems that have been tested in randomized clinic trials of patients 

with cancer, but are not specific for older patients, are the Symptom Tracking and Reporting 

(STAR) and advanced symptom management systems (ASyMS). STAR is a web-based 

interface developed at Memorial Sloan Kettering Cancer Center to monitor patient 

symptoms during chemotherapy, and is primarily used for detection and communication of 

serious adverse events during clinical trials [46]. The platform includes a simple data entry 

interface, real-time report generation, and an alert system to e-mail clinicians when patients 

self-report serious toxicities. This PRO system is not integrated into the EMR. In the study, 

766 patients were divided into subgroups based on level of prior computer and email use. 

The median age of the patients in the computer-experienced and –inexperienced groups were 

60 (range 26–85) and 67 (range 38–91) years, respectively. Compared to the usual care 

Loh et al. Page 5

Curr Oncol Rep. Author manuscript; available in PMC 2018 March 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



group, patients who used the system had better health-related quality of life, fewer 

emergency room visits and fewer hospitalizations. They also received a longer duration of 

palliative chemotherapy (mean, 8.2 vs. 6.3 months, P=0.002) and had superior overall 

survival (mean, 31.2 vs. 26.0 months, P=0.03) [46, 47]. The benefits were seen in both 

computer-experienced and -inexperienced groups, but greater in those lacking prior 

computer experience. The authors hypothesized that inexperienced computer users may have 

less-developed health communication skills and a structured program for eliciting symptoms 

thus benefitted them more, but this needs further investigation. The authors did not provide a 

breakdown of the age groups of patients in the study and therefore the differential effects on 

younger and older patients are unclear.

ASyMS is a mobile phone-based remote symptom monitoring and management system that 

enables patients to track symptoms and quality of life and report these to their clinical teams 

[48]. Patients also instantly receive tailored self-care advice for managing chemotherapy 

side effects. The mobile application provides valuable support to patients on chemotherapy 

for symptom management and also improves patient-provider communication [48, 49]. In a 

study of 112 patients with breast, lung or colorectal cancer receiving outpatient 

chemotherapy (median age 56, SD 10.5; 28% received 5-flurouracil, epirubicin and 

cyclophosphamide, 20% received doxorubicin and cyclophosphamide) evaluating the effect 

of ASyMS on six common chemotherapy-related symptoms (nausea, vomiting, fatigue, 

mucositis, hand-foot syndrome and diarrhea), those who were randomized to the ASyMS 

arm reported less fatigue (67% vs. 81%, p=0.04) and hand-foot syndrome (12% vs. 24%, 

p=0.03) compared to the usual care arm. Similar to the prior study, the effects of the 

intervention by age groups were not provided. A larger study is currently ongoing to assess 

the effects of ASyMS on symptom burden, quality of life, supportive care needs, anxiety, 

self-care, self-efficacy, work limitations and cost effectiveness [50].

The benefits of these systems include the ability to electronically collect, store, and report 

PRO data in real time. However, the availability of a variety of PRO systems makes it 

challenging for oncologists to select one, and the logistics of integrating a PRO system into 

routine oncology workflow needs to be studied further. In older patients who live alone, the 

ability for caregivers to remotely monitor these symptoms is important to enhance caregiver 

engagement, although there are limited studies on this. In addition to symptom monitoring, 

collecting longitudinal geriatric assessment as part of PROs may provide valuable 

information in older patients as a comprehensive symptom assessment is not routinely 

incorporated into CGA.

Medication adherence

There is a growing use of oral cancer agents due to their efficacy, ease of administration, 

patient preference, increased availability and perceived better tolerability [51]. However, 

ensuring adherence to oral cancer agents is more challenging compared to parenteral 

therapy. Ensuring adherence to supportive care medications is also important to reduce 

treatment-related toxicities. Multiple studies have demonstrated that adherence rates to oral 

chemotherapies in the cancer population ranged from 46% to 80% in all patients [52–54]. In 

older adults, several factors contribute to medication non-adherence. For example, older 
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adults are less likely than younger adults to ask questions about cancer therapies,41 leading 

providers to assume they have a better grasp of how and why to take their medications than 

they may actually have; cognitive impairment (present in about 25–47% of older patients 

with cancer)[55, 56] and hearing loss (present in 25% of older patients with cancer)[2] can 

magnify this issue. Older patients often have difficulties with transportation, leading to 

missed appointments or unfilled prescriptions [57, 58]. Older patients have more 

comorbidities, putting them at increased risk of side effects and hospitalizations that lead to 

non-adherence [59, 60]. Polypharmacy, partially a result of comorbidity burden, is 

independently associated with non-adherence [61]. In the general geriatric population, 22% 

to 39% of older adults are on 5 or more medications, and in the older cancer population, 

prevalence of polypharmacy varies from 11% to 96% [62]. A retrospective study 

demonstrated that patients with breast cancer who were non-adherent to their chronic 

medications were associated with an increased risk for non-adherence to oral hormonal 

therapy, which suggests the potential need for intervention in this group of patients [63]. 

Non-adherence correlates with worse outcomes in cancer and other chronic conditions [64, 

65]. Given increased risk of non-adherence in older patients with cancer on oral therapies, 

improved monitoring of treatment adherence may improve outcomes.

Interventions to promote medication adherence have been studied extensively in other 

chronic illnesses. In a systematic review, multicomponent interventions were identified to be 

most effective [66]. These interventions included patient education and counseling in 

combination with other interventions, such as reminder devices, prefilled medications in 

blister packaging, automated telephone calls for missed doses or refills, and physician or 

patient feedback. Some of these interventions may be achieved through smartphones, text 

messaging, computer or tablet devices. Applications available on electronic devices can 

compile adherence reports, contain photos to help with identification and promote 

medication management [66, 67].

In 2017, the International Society of Geriatric Oncology (SIOG) published its 

recommendations on adherence to oral cancer therapy in older adults [68]. In line with the 

aforementioned systematic review, SIOG recommends that an integrated multicomponent 

intervention should be considered that includes patient education, monitoring and support. 

The society also recommends that technological methods such as audio-visual or text 

messaging, electronic mail and other automated alert systems may be used to promote 

adherence of oral cancer agents in older adults.

Two examples of technology devices that have been studied in the cancer population are the 

Medication Event Monitoring Systems (MEMS®) and GlowCap© [13, 69, 70]. The 

MEMS® is a medication bottle cap that keeps a record of the time and date the medication 

bottle is opened and closed, and this information can be assessed remotely using a mobile 

technology. GlowCap© is comprised of a cap and a bottle [71]. Similar to MEMS®, 

GlowCap© allows remote monitoring of adherence and provides reminder alerts. In a study 

of patients with gastrointestinal stromal tumors, the adherence rate to imatinib was 83% in 

the patients assigned to the GlowCap© group compared to 73.3% in the control group [72].
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Design Considerations for Older Adults

To increase the feasibility of technology devices for capturing patient-reported outcomes in 

older adults, the design of these devices needs to be tailored to the needs of the population. 

Rogers and colleagues proposed that successful design of technology depends on the match 

between the capabilities of the user and both the demands imposed by the system and of the 

task being performed [73]. It is important to understand age-related changes in motor 

control, perceptual function, and cognitive abilities when designing a system for older adults 

[73]. For example, using audio prompts to encourage symptom reporting using a technology 

device will likely be more effective in older adults with vision impairment but not in those 

with hearing impairment, who will benefit more from image or video prompts. The font size 

should also be appropriately large. For older adults who are health illiterate, picture and 

picture symbols can be more effective than words. A number of functions may also be 

considered when technology devices are designed for older adults. For example, the ability 

for older adults to record questions on the application so they can access these questions in 

future clinic visits. They will also benefit from the ability to access an up-to-date medication 

list from the technology device. Both of these functions will be very helpful especially in 

older adults on multiple medications or those with memory concerns.

Although studies are limited in older adults with cancer, the use of technology devices to 

assist with care has been investigated for older adults with other chronic illnesses. For 

example, one study in older adults with heart failure utilized a wireless wristwatch 

monitoring device that continuously collected temperature and motion data and a tablet 

device to track their weight and blood pressure. The adherence rate to the technology 

devices was at least 75%. A number of issues were identified including a small power button 

that was difficult for older adults to find and unreliable Wi-Fi hotspots that made it difficult 

for older adults to connect the devices to the internet [74]. A systematic review that included 

92 studies evaluating fall detection devices identified other challenges including subjects not 

remembering to use/wear the device, short battery power and intrusiveness [75]. These 

studies emphasize the importance of needs assessment with the patients, reliable cellular 

connectivity if real-time information is required and a simple and user-friendly design in 

technology devices. At our institution, we are currently conducting a pilot feasibility study 

to assess the use of a tablet-based system in the care of older patients with cancer receiving 

treatment. The system enables remote monitoring of symptoms and medication adherence 

by the providers as well as the caregivers. The tablet-based system consists of a touchscreen 

tablet with a stylus attached (for older adults who prefer tactile feedback) and has a reliable 

data plan for Internet access. It also provides visual prompts in writing with large font size 

and audio prompts with adjustable volume. All of these functions and design considerations 

may make older adults more amenable to using a technology device.

Research gaps

Many gaps remain in our understanding of the use of information technologies in older 

adults with cancer. First, existing studies on the use of information technology in cancer care 

were not limited to older adults, and therefore not focused on age-related changes in 

perceptual, cognitive, and motor systems which would impact uptake of the tools by older 
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adults with cancer [76]. Continuous needs assessment is crucial to understand older adults’ 

heterogeneous spectrum of capabilities and barriers to the use of technology devices due to 

underlying health status, health literacy and cognition so these can be tailored and 

individualized. Second, studies should focus on how interventions can promote and increase 

the uptake of the use of information technology tools in older adults, potentially through 

education and peer motivation. Third, randomized controlled trials need to investigate if 

older adults will derive the same benefits compared to their younger counterparts by 

conducting age-specific analyses when information technologies are incorporated in their 

care; for these studies, outcomes important to older adults such as quality of life should be 

included.

Conclusions

In summary, information technology can be used to assess and monitor older adults 

undergoing cancer treatments. Specifically, an increasing number of studies has 

demonstrated both the feasibility and the benefits of using technology devices in delivering 

CGA to assist with decision-making and intervention, monitoring symptoms and medication 

adherence. With the increasing complexity of cancer care, there are many opportunities for 

information technology to be integrated into the management of older adults with cancer. 

However, these technology devices need to be carefully studied in older adults with cancer 

to accommodate the unique needs of this population.
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Table 1

The use of information technology in cancer care [18]

Supporting and Empowering Patients

• Online psychosocial support

• Personal health information and diagnosis and treatment 
information

• Automated reminders of appointments and medications

• Decision aids for informed choice

• Emergency alert system

Between Providers

• Information exchange on work-up and 
treatment (such as electronic geriatric 
assessment)

• Virtual consultations

• Care coordination during diagnosis, treatment 
and survivorship phases

• Tele-ECHO*

Between Provider and Patient

• Information sharing on trial eligibility and treatment planning

• Symptom management and reporting

• Treatment and survivorship care plans

• Telemedicine

• Monitoring of medication adherence

• Monitoring of activities of daily living and falls

• Monitoring of exercise adherence

Between Provider and System

• Automated pharmacy ordering

• Communicating lab results

• Surveillance of practice pattern

Abbreviation: ECHO, Extension for Community Healthcare Outcomes

*
Tele-ECHO sessions bring together interdisciplinary specialists and community-based partners using web-based videoconferencing technology 

[77]

Curr Oncol Rep. Author manuscript; available in PMC 2018 March 30.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Loh et al. Page 15

Table 2

Aging specific issues where technology tools can be helpful

Aging specific issues Utility of technology tools

Polypharmacy Access to the dose, frequency and indications for each medication
Medication reminders
Monitoring of medication adherence

Cognitive impairment Monitoring of medication adherence
Appointment reminders
Medication reminders
Ability to record symptoms and questions in real-time
Delivery of cognitive rehabilitation

Nutritional impairment Weight tracking
Calories tracking
Reminders to keep hydrated

Comorbidities Blood pressure tracking
Weight tracking
Symptom monitoring
Appointment reminders

Physical impairment Delivery of exercise intervention
Activity tracking/monitoring
Emergency alert system for falls

Lack of social support Social platform
Education platform
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