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Abstract: The technological developments in healthcare may help facilitate older adult nutritional
care. This scoping review includes research in technology and nutrition to (1) explain how technology
is used to manage nutrition needs and (2) describe the forms of technology used to manage nutrition.
Five major databases were the foundation for papers published from January 2000 to December 2020.
The most common type of technology used is software to (1) “track, plan, and execute” nutrition
management and for (2) “assessing” technology use. “Track, plan, and execute” includes tracking
food intake, planning for changes, and executing a plan. “Assessing” technology use is collecting
nutrition data from a provider’s or an older adult’s self-use of technology to understand dietary
intake. Hardware is the second most type of technology used, with tablet computers for software and
internet access. The findings reveal that software for older adults lacks standardization, the Internet
of Things is a promising area, the current device emphasis is the tablet computer, and broadband
internet access is essential for nutrition care. Only 38 studies were published in the last five years,
indicating that nutrition management for older adults with hardware or software has not reached a
significant research mass.
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1. Introduction

The percentage of older adults aged 65 and older increases daily [1]; however, not
all older adults are able to access technology. Ten percent of the United States (U.S.)
population does not use the internet; 25 percent are 65 years and older [2]. Yet, studies
show that computer-based touch-screen assessment systems [3] and robots with specific
responsiveness to diet [4] improve nutrition awareness among older adults. Older adults
navigate technology differently compared with other age groups [5], and consideration for
this difference should be considered in helping this population adopt new technology to
improve their quality of life (QOL). Including older adults in the mainstream inclusion of
technology and new designs could help decrease the risk of age-related health conditions,
such as weight loss from inadequate nutritional intake [6].

1.1. Biological Aging and Nutrition

Physiological changes in the cardiovascular, neurological, respiratory, and muscu-
loskeletal systems are a natural part of biological aging and are a primary factor of age-
related chronic illness [7]. These age-related conditions increase an older adult’s risk for
poor nutritional status [8]. Age-related changes in appetite, ability to taste and smell,
and level of food involvement [9] can further worsen nutrition status, chronic diseases,
disabilities, and QOL [10]. Optimal dietary intake can increase lifespan [7,11-14] and inde-
pendence and minimize healthcare costs [15,16]. Therefore, health status can vary widely
among older adults, and technology may help better manage variability among older adults
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as they age and optimize diet quality [17]. A registered dietitian nutritionist (RDN), an
expert in food and nutrition, can provide evidence-based nutrition recommendations and
guidance to address barriers older adults may face in achieving optimal dietary intake.

1.2. The Nutrition Care Process

The nutrition care process (NCP) is a systematic framework that RDNs use to provide
individualized, high-quality medical nutrition therapy and is composed of four intercon-
nected steps: (1) assessment (document nutrition and medical history; biochemical data;
medical tests; anthropometrics; and nutrition-focused physical examination); (2) diagnosis
(use the collected data to make a diagnosis), (3) intervention (select targeted interventions
and goals); and (4) monitoring/evaluation (ensure goal completion [8]). An RDN can
work with an older adult to detect and treat nutrient deficiencies, improve or maintain
body composition, manage diet-related health conditions, and enroll in food assistance
programs [18]. Technology can enhance the management of this framework.

1.3. Accessing Nutrition Professionals and Services

The exponential increase in the aging population has encouraged “aging in place”,
a practice where older adults live in their community homes independently, safely, and
comfortably [19]. Up to 98% of older adults are community-dwelling and live outside
nursing homes [20]. Healthy dietary patterns can facilitate “aging in place” by helping
to prevent and/or manage chronic diseases while also helping to optimize physical and
cognitive functioning [15,16,21]. Efforts to address nutritional status among older adults
include government-funded meal support and health support programs [22,23]. Addition-
ally, RDNs can help older adults optimize their nutrition status. However, older adults
face barriers in accessing an RDN and nutrition services, which include residing in rural
areas, disabilities and mobility issues, low socioeconomic status, and accessibility to trans-
portation or health care services [24,25]. Some older adults lack knowledge of unintended
weight loss’s negative consequences on their health [26,27]. Others face psychosocial barri-
ers, like loneliness and isolation, which can affect their desire to eat, and some older adults
are unwilling to be screened for malnutrition [28]. In the U.S., federal medical insurance
for older adults covers nutrition therapy and group education classes only for specific
diseases [29,30]. As a result, one-on-one nutrition counseling sessions and education pro-
grams are limited to subsets of older adults [31,32]. Technology-based interventions are
promising strategies to overcome barriers older adults face and help them access nutrition
services [23]. The technology could bring value to conducting nutrition assessments, pro-
moting healthy eating, and improving dietary quality and nutritional status [33-35]. As a
result, incorporating technology in the care of older adults may enhance nutrition care and
status, promote “aging in place”, and improve QOL [6,23].

1.4. Technology for Aging

Caregivers have introduced technologies to assess, track, and manage older adults’
health [36,37] along with promoting “aging in place” [38]. These technologies incorporate
digital health, which helps people manage and monitor their health [39]. Both older adults
and their healthcare clinicians can use digital health technologies, including sensors found
in wearable devices, smart homes, mobile and video communications, and social net-
works [36,37]. Telehealth, a video communication technology, allows healthcare providers
to deliver medical care and education to people in remote rural areas [24]. These tech-
nologies may help improve health outcomes and increase access to nutrition information;
nevertheless, use among older adults to provide routine nutrition care is limited [23,40].

Learned as an outcome of the COVID-19 pandemic, technologies can become a routine
part of healthcare practice [41] and can support health management. In response, U.S.
Medicare expanded coverage of telehealth services and agreed to temporarily reimburse
RDNis for telephone assessments and services [42]. Some reimbursements continue as a
new norm for coverage [43]. However, in the U.S., Medicare only covers medical nutri-
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tion therapy for older adults with diabetes, kidney disease, or those 36 months after a
kidney transplant [23,40]. The pandemic has also reinforced older adults’ desire to “age in
place” [38], which can be feasible with technology adoption.

1.5. Research Objective

Providing older adults with healthcare services using technology is efficient, con-
venient, and cost-effective. Technology reduces patient wait time, and research shows
older adults find using technology to access healthcare services acceptable [24]. Exploring
older adults’ technology use to manage their nutrition would be advantageous to better
incorporate existing and new technologies into the older adults” nutrition care plan. The
primary objective of this scoping review is to assess the extant research on using technology
to manage nutrition for and by older adults. The secondary objective is to describe the
technology used and nutrition areas of focus of the extant research.

The remainder of this paper provides a detailed methodology of the search strategy,
inclusion and exclusion criteria for studies, and how the articles were analyzed. The authors
then describe the types of research studies extracted, the technology utilized, and the areas
of nutrition the technology seeks to address. This paper closes with an interpretation
and synthesis of the extracted studies, implication for practice, and recommendations for
future research.

2. Materials and Methods

The Preferred Reporting Item for Systematic Reviews and Meta-analysis for Scoping
Review (PRISMA-5cR) guidelines [44] and the PRISMA (http://www.prisma-statement.
org/?AspxAutoDetectCookieSupport=1, accessed on 11 October 2023) (Preferred Reporting
Items for Systematic Reviews and Metanalysis (PRISMA)) model [45] were used to perform
a scoping review of the literature. Steps for conducting this review were adopted from the
5-step approach [46]. A scoping review methodology was selected based on the need to
identify the type and extent of the research evidence [47], mainly to map out the type and
nature of the technology used to manage older adults” nutrition [48].

2.1. Research Methods

To build a foundation, we searched several nutritional science and business databases
for peer-reviewed journal papers. At first, we assumed that if our research topic was
an emerging phenomenon, research would exist in the top journals of our disciplines in
nutrition and information systems (IS). The paper search began with prominent nutrition
and IS journals. Table 1 summarizes the selected journals in alphabetical order. The IS
journals chosen to be included in the preliminary search are considered prominent because
they are included in the top eight journals as determined by the senior scholars of the
Association for Information Systems [49]. Of the six nutrition journals selected, all but one
are considered Quartile 1 or 2 journals based on the Clarivate Analytics Journal Citation
Report [50]. The nutrition journals selected also frequently cover topics related to nutrition
interventions, nutrition assessment, education, aging, and utilizing technology to manage
nutrition. The one journal considered a Quartile 3 journal is the Journal of Nutrition in
Gerontology and Geriatrics since the journal is dedicated to covering papers related to
nutrition and aging.

Next, we researched prominent nutritional science and business databases. Our
nutrition-focused databases were PubMed and Web of Science. The business databases
for IS research were Business Source Elite, Abstracted Business Information/INFORM
(ABI/INFORM) Collection, and ScienceDirect.
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Table 1. List of nutrition and information systems (IS) journals included in the initial search.

Nutrition Journals IS Journals

American Journal of Clinical Nutrition European Journal of Information Systems
Journal of Nutrition Education and Behavior Information Systems Journal

Journal of the Academy of Nutrition and Dietetic Information Systems Research

The Journal of Nutrition

Journal of Association for Information Systems

The Journal of Nutrition in Gerontology and Geriatrics Journal of Information Technology

Nutrients

Journal of Management Information Systems

Journal of Strategic Information Systems

MIS Quarterly

Finally, we considered secondary source papers. These papers surfaced through
references within the papers retrieved from the databases or suggested by colleagues.
While not comprehensive, this list represents a measure of older adult technology use of
nutrition found in the nutrition, IS, and gerontology disciplines.

Our team of two authors and a trained research assistant searched for articles and
checked each other’s work. We searched the databases with a combination of three groups

Y ”vou "o

of keywords: (1) “older adult”, “senior”, “elderly”, “geriatric”, “aging”, and “older person”;
(2) “nutrition”, “diet quality”, “diet”, “nutritional status”, “health”, and “undernutrition”;
and (3) “technology”, “telenutrition”, “telehealth”, “digital health”, “eHealth”, and “infor-
mation systems”. The initial search and screening for articles occurred between January

2021 and March 2021.

2.2. Eligibility Criteria

Papers about older adults that addressed technology to manage nutrition were in-
cluded. All papers were published between 1 January 2000 and 31 December 2020 and were
written in English. Papers included qualitative and quantitative studies, mixed methods
studies, randomized controlled trials, interventions, literature reviews, future research
designs, and commentaries. Papers that did not include older adults or examine technology
usage to manage nutrition were excluded. Additionally, we excluded studies of older adults
that addressed only nutrition or technology, conference abstracts, and poster sessions.

2.3. Study Selection

We created a data extract for each database and journal search to record the citation
and the paper’s PDF file. To understand how each study framed the search terms, we
conducted an initial screening by examining the title, abstract, and keywords. We sought
to understand whether our search word combination explained an older adult’s use of
technology for nutrition care. Our abstract review examined how researchers referenced
older adults. If terms such as elderly, seniors, and senior citizens were used, the paper
was included. If the extant research included participants by age group and older adults
were among them, the paper was included. We separately completed a full-text review
of the retained articles against our inclusion criteria. We then met to discuss and resolve
disagreements related to study inclusion. In a final evaluation of the remaining full-text
articles, we excluded additional articles after further discussion.
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2.4. Data Charting

We extracted the following information for each paper: authorship, type of study,
study population, type of technology used, country, study purpose, and nutrition/medical
outcomes. Data from each article were sorted into a summary table (Table 2, forthcoming)
and synthesized. After that, the studies were characterized and described based on tech-
nology (Table 3) and nutrition (Table 4) areas of interest. Additionally, the two researchers
further categorized the use of technology to manage and care for older adults” nutritional
needs into three domains—hardware, software, and various information and communica-
tions technology (ICT). For nutrition, the high-level categories were nutrition areas of focus
and study setting.

Technology type data used in each study were recorded into the following categories:
home-based sensors, smart devices (TV, smart scale, adaptive kitchenware), mobile de-
vice sensors, fitness devices, assistive robots, tablet computers, computers, smartphones,
telephones, webcams (photos, video monitoring), internet access, videoconferencing (per-
sonal and health-related), and software (applications, web-specific resources) (Table 3).
Additional information was extracted from each article to identify the technology used
to manage nutrition, the nutrition focus, the specific end-users of interest, and the study
setting (community vs. institutional) (Table 4). These categories were determined a priori
and post hoc by the second author, an expert in IS, and finalized with the first author.

Data on each study’s nutrition area of focus were recorded and placed into the follow-
ing categories and subcategories: assessment, monitoring, and/or tracking; weight and
body composition; nutrition status; education/counseling; diet intake/diet quality; and
activities of daily living (ADL). The first author, an RDN, identified these categories and
finalized them with the second author. Each retained article was reviewed to understand
who the end user was. We then noted the “distinction of end-user based on three types
we created and defined as follows: (1) self-use of technology (SUT, where older adults use
technology to manage nutrition and health); (2) provider use of technology to support
older adults (PUT, where providers use technology to optimize or enhance the care of older
adults); and (3) ability or readiness to use technology (ART, where older adults or providers
received technology education or training, [51]”. Studies were characterized and described
based on technology and nutrition areas of interest. After reviewing findings, integration
of technology, and nutrition characterization, the two researchers further analyzed and
integrated the nutrition and technology characterizations of interest into three domains.



Nutrients 2023, 15, 4402

6 of 45

Table 2. Summary of studies using technology for managing nutrition for older adults.

ID Authors Type of Study Population Type of Technology Location Purpose Medical/Nutrition Outcomes
Investigate 3D animation software to ~ The 3D animation software helped
develop nutritional education facilitate older adults
software using interface user desi understanding of nutritional

Co.mp};ter, soﬁtware (3Dt guidelines spgciﬁc to older adults:gn education congtent. Compared
s1 Alietal, INT Ave 6074 vears. 11 = 6 ?gleTiastlicr)‘ln Zr; ft?zla:fen}f; Kuala Lumpur, Lack of computer literacy and with a control group that used
2013 [52] & years, triti gl ducati Malaysia impaired perception and cognition booklets, each group completed
3;; ;;l?rilerrenaliiC(?nlggsk create a limitation in older adults’ tasks, and the digital software user
use of computers. Assisted explored content using the
computer interaction with 3D software package faster than those
animation may address that concern.  using the traditional booklet.
Various types of Co-creation of services and products
information for older adults adheres to an This study discusses challenges
communication and ecological approach to promote that emerged during the first year
technology: senior healthy aging. Using technology in of creating this new platform for
living lab p;romoting the background to support healthy investigating the role of
Angelini et al Age 65 years and older aging at aging at I’:ome with nutrition to cope with frailty, information communication and
S2 2016 [53] v Qual home, age 60 and older multidisciplinar Romandy, Switzerland improved autonomous mobility to technology (ICT) when designing
impending retirement, n = 100 co-crea tiorllgo ¢ soZial and foster independence, and social products and services for older
technology innovative communication of older adults. This  adults. Older adults are insecure
roducts. services. and study describes the roles with ICTs. The causes vary with
p " ’ for old / technologies can have when age, culture, health conditions,
Pa) éicltlsces orolder co-creating with older adults, the and application context.
methods needed, and the challenges.
Novel Assessment of Nutritionand ~ The NANA toolkit was compared
Aging (NANA) validation study of ~ with standard measures of diet
older adults self-reported diet intake  (four-day food diary), cognitive
using a touch screen computer. The  ability (processing speed), and
s3 Astell et al., Quant Mean age 71.9 years ;r:))rl:fhustgexe;e?czlsxt Sheffield and St. study also examined if data physical activity. Data collected
2014 [3] (range 65-89), n = 40 puter, ’ Andrews, U.K. collection can occur over several with the NANA toolkit were

software (NANA)

nonconsecutive weeks.
Bland—-Altman analysis was used to
explore differences between energy
and macronutrient intake data.

significantly correlated with a
standard food diary, cognitive
processing speed, and physical
activity measures.
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Table 2. Cont.

ID Authors Type of Study Population Type of Technology Location Purpose Medical/Nutrition Outcomes
The app served as a reminder of
available, relevant food options.
By the end of the day, it
encouraged some participants to
eat or drink more, whereas others

- . became aware of food selection
Undernutrition remains a prevalent . .
. options to ensure sufficient
Tablet computer, and persistent problem among older protein, energy, and fluids. Some
Aureetal, Mean age 81 years " Three Norwegian adults. This study explored whether L 4 )
S4 Qual software (APPetitus), . L participants made no effort to
2020 [54] (range, 68-95), n = 18 s municipalities a tablet-based application supported o .
mobile internet access " change their diet despite feedback
nutritional self-care among older . .
adults that they did not eat or drink
' enough. Findings confirm the
feasibility of using technology in
nutrition interventions for older
adults. Technical support from
health professionals facilitated app
and tablet use.
Mobile Health Obesity Wellness Older rural adults with obesity are
Intervention (MOWI) in rural older  interested in using technologies to
Older adults, mean age 72.9 adults with obesity, consisting of improve their health. Barriers to
years (SD 4.6), n = 29; clinicians, nutrition and exercise sessions, implementation exist based on
Batsis et al., mean age 47.7 years (SD 12.1),  Fitness device, . could be helpful to improve physical ~ technology complexity and access.
S5 2019 [55] MM n =7, community leaders, mean = home-based sensors New Hampshire, U.S. function and create accountability. Clinicians and community leaders
age 64.3 years (SD 8.73), n = 4; The study purpose was to explore believed that technology could
total n = 40 how technology could improve the help provide older adults insight
health of rural older adults with into health, create accountability,
obesity. and motivate behavior change.
Patient-oriented fe.edback with There is potential acceptability
self-aware messaging based on . .
. and value for implementing a
adaptable sensor technologies was .
L. L . rural, telehealth-delivered
promising for eliciting behavioral intervention for older adults with
Older adults, mean age 72.9 change and could improve physical . .
A Tablet computer, 3 . . obesity. Participants saw the
years (SD 4.6), n = 29; clinicians, P lehealth vi function and reduce obesity. This ial of . .
Batsis et al mean age 47.7 years (SD 12.1) software, teehea th via study sought to understand how a potential of MOWT in overcoming
S6 v INT, Qual : "7 internet video devices, New Hampshire, U.S. geographic barriers to accessing

2020 [56]

n =7, community leaders, mean
age 64.3 years (SD 8.73), n = 4;
total n =40

fitness device (obesity
wellness)

potential Mobile Health Obesity
Wellness Intervention (MOWTI)
among older adults with obesity
could enhance physical functioning.
The remote intervention consisted of
weekly nutrition counseling and
biweekly exercise sessions.

healthcare for rural communities
and creating accountability for
participants. Participant feedback
about improving implementation
included adding regular social
connectedness to the program.
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Table 2. Cont.

ID Authors Type of Study Population Type of Technology Location Purpose Medical/Nutrition Outcomes
As of 2018, Medicare has covered
the D1abete§ Prt?ventlon Prog.ram Of the 16 participants recruited,
(DPP), making it more accessible to . o
. retention was 75%, and the
older adults. This study tested the o
Beasley et al Mean age 70.1 years Fitness device feasibility and acceptability of attendance rate averaged 80%
S7 v INT, MM : . - New York City, U.S. . . across the six sessions. Focus
2019 [57] (SD5.6),n =16 videoconferencing implementing a telehealth-adapted . o .
. groups provided positive opinions
6-week DPP at a New York City
. and suggested a greater focus on
senior center. Feedback can be di .
. . ietary strategies.
incorporated to design
an effective trial.
Participants saw an added value
of using technology. Attitudes and
Low adherence to technologies to wishes for technology to support
self-manage health among older health differed by health domain
adults may occur because their (i.e., nutrition, cognition, physical
preferences are not considered when  functioning, well-being). All
designing new health care participants saw the importance of
technologies. This study examined keeping track of their diet, but 50%
older adults’ (1) current practices in  of participants would not use a
Mobile phone, fitness health management; (2) attitudes website or an app to monitor diet.
S8 Cabrita et al., Qual Mean age 69 years (range 65-78),  device, smart scale, Overijssel, Netherlands toward technology to support Participants were not aware of

2019 [54]

n=12

software
(Activity Coach)

healthy behaviors, including
nutrition, physical and cognitive
functioning, and well-being;

(3) wishes and expectations from
technology; and (4) attitudes toward
using technology in health
management after monitoring
weight, physical functioning, and
daily emotions for 1 month.

how technology could manage
nutrition. Some wished they could
receive healthy recipes tailored to
medical needs. Fears around
technology included: identity
theft, replacement of human touch,
and disuse of existing abilities.
After 1 month of using technology,
attitudes improved. Technology
that supports aging in place
should target health literacy.
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Table 2. Cont.

ID Authors Type of Study Population Type of Technology Location Purpose Medical/Nutrition Outcomes
Participants’ nutrition knowledge
significantly improved;
self-efficacy about a healthy diet
showed marginal improvement.
Nutrition knowledge was

Understanding whether mobile positively correlated with intensity
technologies support self-directed of surfing the Internet or
Mean age 65.0 years . . L .
Touch screen tablet learning for older adults is unclear. reviewing the electronic course
. (SD 8.33); group 1, age range - - . i, . .
Chiu etal., computer, internet, . This study assessed if nutrition material. Participants reported
S9 INT, MM 50-60 years, n = 6; group 2, age Taiwan X . . . . e .
2019 [58] software (health education combined with mobile feeling “freshness”, “joyfulness”,
older than 65 years, n = 15; total . " . ”
n=21 knowledge) technology-supported teaching and “great achievement” because
increases participant knowledge of of the combined course. Those
and self-efficacy for a healthy diet. who reviewed the electronic
course material or searched for
health information online showed
a significantly greater
understanding of and self-efficacy
for a healthy diet.
MHealth tools’ effectiveness in
managing chronic diseases, such as . . Lo
diabetes, warrants further Effecgyeness of an 1ntell'vent10n is
4 . conditional on locomotion,
exploration. Investigate the whereas eagerness to engage is
Dusas et al Mean age 67.6 vears Tablet computer, fitness effectiveness of the mHealth motivate d’g oal a sgtt?n S
S10 & 7 Quant, INT g A device, software Maryland, U.S. app—intended to track glucose, Yy 8 pp gs-
2018 [59] (SD5.8),n =27 . . . L . Program adherence was
(DiaSocial) exercise, nutrition, and medication . . .
. . associated with a more significant
adherence—for improving health L .
. reduction in glycated hemoglobin
behaviors among older veterans (HbA1c) levels
with poorly controlled type 2 '
diabetes using a 13-week pilot study.
This paper presents NutElCare, a
nutritional recommendation system  The research design for an app
to help older adults develop healthy  developed specifically for older
diet plans based on nutritional adults provides recommendations
Espin et al Computer, tablet guidelines. This study highlights based on expert guidelines for
S11 v FRD Older adults computer, developed Granada, Spain )

2016 [60]

software (NutElCare)

outcomes of nutritional
recommender systems and the
design and components of
NutElCare; future directions
are provided.

older adults to develop a diet plan.
As an end-user influencer, the app
includes adapting

taste preferences.
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Table 2. Cont.

ID Authors Type of Study Population Type of Technology Location Purpose Medical/Nutrition Outcomes
Report the development of a
nutrition application and the Access to technology enables older
Group 1, older adults, mean age introduction of the app to healthcare  adults to take an active role in
Farsio et al 78 years (range 41-96), n =29;  Tablet computer, Three Norwegian professionals and older adults health monitoring. Goals for
S12 201] 9[23] v Qual group 2, health care software (APPetitus), munici alitie§ in-home care. Understand if meeting enabled access include
: professionals, mean age 43 years ~ mobile internet access P healthcare professionals believe the  ease of use, support for the
range 23-65), n = 24 apps are relevant and identif technology, and relevant a
& PP y 8, PP
barriers to using the app for content.
nutrition.

. . Findings show that older adults
gflgétli}f};s(ﬁcﬁaj:gofse of increased their communication
populations, few studies have and liter.a cy.knowlgdge through
targeted older adults receiving home the aPphcanon.. This study
care services. Determine areas h1gh}1gh.ts the 1mp9rtance Of.

" Mean age 86.0 years Smartphone, tablet relevant to older adults’ health and applications specifically designed
Goransson et al., (SD 6.5), n = 17 older adults for older adults. However, overall
S13 INT . computer, developed Southwestern Sweden self-care for regular assessment of .
2020 [61] receiving . health among older adults did not
software (Interaktor) support using a developed . :
home care L improve at six months. Common
application for older adults I d health h
receiving home care. Describe older self-reported health concerns that
adults’ usage of the ;‘PP and could impact nutrition include:
evaluate the impact on health and difficulty performing activities of
health literacy over 6 months daily living, constipation, diarrhea,
y ’ loss of appetite, difficulty eating.
The development of an online
survey estimates user compliance
ith dietary guidelines using an
Group 1, age 18-30 years, with ¢ )
n = 44,534; group 2, age 31-50 This paper describes the research :tsli?:})hs};ssigzgltahzr?elitirf:re' The
. years; n = 52,599; Online survey (CSIRO and user experience of the survey y provie
Hendrie et al., . . . . assessment in three areas where
S14 2017 [62] Quant group 3, age 51-70 years; healthy diet score Australia and summarizes how compliant the survey user could improve
n = 44,096; survey) self-reported diets are with the y P ’

group 4, age 71+ years;
total n = 145,975

Australian dietary guidelines.

Although not statistically
significant, adults 51-70 years and
70+ years had higher dietary
scores than adults 50 years and
younger.
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Table 2. Cont.

ID Authors Type of Study Population Type of Technology Location Purpose Medical/Nutrition Outcomes
This study was performed to Sifgniﬁ'cant increases in awareness
empower older adults with © ?e 1inpgrtance Zflr.ll? tlr.ltlon, ¢

Devices (assistive technology to shop, cook, and eat Eginegr?nigr;:;gt’i;r? ar:deag/lzizsess

S15 Hermann etal., Quant Older adults, n = 100 technology and Oklahoma, U.S using an education program. and use of assistivle technolo

2012 [63] / a : i’ P T Evaluate the effectiveness of a devi Likelihood of old gg It
ppropriate software) curriculum to increase awareness of evices. Likeltood ot older adu
assistive technology to manage food contacting a -
and nutrition. government—sponsor?d assistive
technology program increased.
Inconspicuous
technologies:
e  Home-based
Zflr\lfsil?érs{mental Identify significant behavior change
movement, door, indicators using statistical Sensor data about the presence or
bed Vibrat/ion , techniques that differentiate absence of movements allows
pres,sure prox,imity long-term and short-term changes in behavior change analysis, as seen
S16 Kaddachi et al., Quant Mean age 88.3 years (SD 4.5), fem era{ure ! France behavior. Early detection of in activity periods. room ,entries
2018161 n=9 hurrlfidity lig:ht long-term behavior changes in sleep imgafrment ’visits time ’
. Smart de;/ices: 'TV mobility, memory, nutrition, and outdoors, and nut,ritionail
scale, medicine bo/x social life indicators is important for activities/
¢ ' improving older adults” healthcare '
Mobile device sensors services.
(in-phone embedded):
GPS, accelerometer,
gyroscope, step detector,
proximity
High acceptance of ASA24 was
found among diverse samples.
The ASA24 interface was not
‘ intuitive for young chil.drer.l and
g Ty, | Yrows: smarphone Descrbe essonseamed from e 94 2041 ehnoogl s
517 Kirkpatrick et al., Quant 52, age 10-13 years, n = 294; tablet computer; internet; Canada Zﬁfi;shtgﬁt aosfs f;;ig}iiﬁiﬁg The findings highlight the
2017 [64] 53, age 10-13 years, n = 98; online survey (Automated y & importance of piloting protocols

54, age 36-82 years, n = 331;
S5, age 48-88 years, n = 264

Self-Administered 24 h)
(ASA24)

dietary recall data among several
population subgroups in Canada.

and consideration of tailored
resources to support participants.
Older adults appeared to be more
patient than younger adults by
completing multiple passes to
collect recall data.
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ID Authors Type of Study Population Type of Technology Location Purpose Medical/Nutrition Outcomes
Most participants used mobile
0,
The rapid increase in electronic phor})es (91:4%) and computers
. (86.1%) and had access to the
health technologies warrants
. Internet (92.6%). Preferences for
exploring whether these tools can be . . .
d for older adults with mild other eHealth interventions varied
used for o . . with educational level;
Computer, smartphone cognitive impairment. Describe university-educated participants
LaMonica et al Mean age 67.6 years (SD 8.5) interrl::et v;ebsitep ' patterns of Internet use and interest ex resseg reater intgrest irllj
S18 2017 [65] ' Quant s n - %,21 - resourcés Sydney, Australia in and preferences for eHealth intr;rventiois related to mood (p =
- technologies among older adults T p=
(health-related) with cognitive impatrment 0.01), socialization (p = 0.02),
Prevalence data needed to zrgilinotli}ér(i:sgf 1e)x,eircliies eHealth
determine the feasibility of future ro fgrences varied with t}.le
eHealth efforts for the aging pI . . .
opulation were collected diagnosis for interventions
pop ' targeting sleep, nutrition, vascular
risk factors, and memory.
V\}llea;iiz}e:}z’;;ii(e'g" Virtual coaching is a promising Coaching should be considered
Ic)o Y itiv;z clinical), option to help extend older adults’ holistically, including physical and
519 Lete etal., Lit Rev Older adults ser%?ors (é h s;cal Spain time to live interdependently. cognitive training, nutrition
2020 [66] affective é%"f:iﬁ}; o ! p Present a survey of different (self-management of weight and
clinical %ur ngl ture ! approaches in virtual coaching for healthy eating behavior), social
objects)’ ’ older adults. interaction, and mood.
Participants were motivated and
Weight loss and low dietary intake ieafl'?rl:(l)fo()f ucs}llr; lglefﬁejse:vlecfe;
during and after hospitalization are BY € 568 |
common among older adults and related to thg 1mmatur1ty of the
Tablet computer, can impact health outcomes. Assess ?r?ctl.S:i-gr?Z};lgaistzgt‘ifrrlsigge
Lindhardt & Mean age 79.85 years (SD 7.85),  developed software the acceptability, feasibility, and .
520 Nielsen, 2017 [67] MM, INT n=25 (nutrition application), Denmark preliminary efficacy of challenged by exhaustion among

internet

technology-supported energy- and
protein-enforced home-delivered
meals for older adults discharged
from the hospital.

patients and the acceptability of
the nutrition intervention; the
mortality rate was high. The
intervention group increased their
muscle strength more consistently
than the control group.
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Rapid dev.elopment of new . The diet of older adults was
technologies has sparked interestin . .
C . improved by advice on healthy
Group 1, older adults, mean age the use of assistive robots in eating or monitoring to improve
Lukasik et al., 75.3 years (S].D 84), n =126; i France, Greece, Italy, managing the care of older adults. diet. An age-related difference
521 MM group 2, caregivers, mean age Assistive robot Y The study aimed to answer how
2018 [4] Poland, Great Britain . was observed. Older adults less
38.5 years (SD 13.0), n = 126; both older people and caregivers ¢ -
- . ey . requently accepted reminders of
total n = 252 perceive the possibility of using an - o
o mealtimes or drinking liquids
assistive robot for
o than younger adults.
nutritional support.
This study showed the feasibility of
a co-calibration method, coQoL, by High PROs and TechROs
quantifying relationships between correlated with physical activity,
patient-reported outcomes (PROs) social support, anxiety, and sleep
and technology-reported outcomes of various durations. The coQoL
(TechROs); PROs included nutrition, method feasibly co-calibrates
Manea & Wac, Mean age 69.8 years (SD 7.4), . . . physical activity, social support, constructs within seniors” physical
522 2020 [68] Qual n=239 Fitness device Hungary, Spain anxiety, depression, memory, quality = behaviors and psychological states.
of life, and sleep. The study assessed ~ Some PRO nutrition outcomes
the quality of data collected from a assessing Mediterranean dietary
wearable technology fitness device,  patterns and malnutrition had
while participants’ daily lives strong correlations with
unfolded to inform the design of TechRO data.
personalized behavioral studies.
Interventions reviewed including
telehealth, group education, and
The demand for both domiciliary skill developmenF workshops
. . . show promise to improve
and family caregivers to provide .
. . outcomes of older adults. There is
in-home assistance for older adults, .
: . . moderate evidence to support the
including food-related tasks, is . . . -
Marshall et al Telehealth (nutrition increasing. A narrative review inclusion of family caregivers as
S23 2017 [69] Lit Rev Age 65 years and older care) Australia summarized the role of both part of the nutrition care team.

domiciliary and family caregivers in
providing individualized nutrition
support for community-dwelling
older adults with malnutrition.

Moderate evidence supports the
role of domiciliary caregivers in
implementing nutrition screening
and referrals and implementing
malnutrition interventions with
the support of health

care professionals.
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The effectiveness of telehealth to Malnutrition-related telehealth
Brisbane, Australia; improve malnutrition among older interventions for older adults
Telehealth via telephone  Oslo, Norway; adults requires exploration and living at home may improve
Marx et al or internet video Greifswald, Germany; understanding if health care quality of life and dietary intake.
524 2018 [70] v Lit Rev, MM Age 65 years and older devices “possibly Singapore or resources may be appropriately The approach seems feasible and
(malnutrition-related Malaysia;” Aarhus, engaged. Deliver cost-effective. Data suggest
care) Denmark; Herlev, malnutrition-related interventions to  telehealth may improve nutrition
Denmark; Netherlands a group of community-dwelling status, physical function, hospital
older adults. readmission, and mortality.
Videoconferencing has provided
rural hospitals with healthcare
information and education for
more than 6000 services to 45 rural
. Describe the use of telehealth for .fac111t1es. Chmcal.consulta.t 1ons
Telehealth via internet . li f ol 1 include access to information that
McCabe et al videoconferencing nutrition counseling of older adults may not have been otherwise
S25 7 COM Age 65 years and older . . Arkansas, U.S. in rural areas and the participation . .
2001 [24] (medical nutrition . L available and access to specialists
of dietitians in video technology for . e s
therapy) . like dietitians for individual or
healthcare delivery. .
group collaboration. A
videoconferencing nutrition
consultation is described, as is the
role of the caregiver during these
virtual nutrition consultations.
The purpose of the Malnutrition
Quality Improvement Initiative
(MQii) is to: (1) serve as a toolkit
gsed by an 1nterd1§c1phnary teamto o tions included the
improve the effectiveness and T
L - development of electronic clinical
.. timeliness of malnutrition care; (2) "
Software (malnutrition o . measures of malnutrition, such as
. facilitate the adoption of .
McCauley et al., quahty mp rovement malnutrition electronic clinical global comp OSltg measures ?md a
526 2019 [71] CcoOM Age 65 years and older integrated into us. quality measures (€CQMs) to help complementary interdisciplinary

electronic health care
records)

improve health outcomes; and (3)
expand the availability of tools that
can be integrated into electronic
health record (HER) systems to
minimize administrative burden and
improve quality of care and
documentation.

quality improvement toolkit. The
initiative established the first
nutrition-focused national
learning collaborative.
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Food intake monitoring A Co‘mpkte solut‘ion for
technology solutions: Studying the extant literature is monitoring the diet of older a.ldults

derstand if in a rural setting doeslnot exist.
e  Smartphone. necessary to unds . Future efforts should include
Image-based technology a viable SO} ution for technology that identifies the user,
Moguel et al., . (webcam). . . older adults in 1.‘ura.l S ettings. addresses a solution for uploading

S27 2019 [72] Lit Rev Age 65 years and older Wearable device. Spain Evaluate th.e sulltablhty of food user data, enhances self-service

. Smart home intake fnomtormg.systems fOlf ollder treatment solutions, and

(sensor). adults in rural regions and existing incor N If-adanti

i hnological proposals for food porates sefracaptive

Internet of things. tec gica’ prop demographic profiling solutions to

Tablet computer. intake monitoring. bridge the gap between users and

technology knowledge.
Person-centered health care

Tablet computer, warrants that patient care is directed ~ The program was a valuable tool
software (collection of toward capable people based on for assessments, seminars, and an

508 Ploeg et al., Qual Mean age 78.7 years (SD 6.1), information health risk, ~ Ontario, their preferences, needs, and values.  interdisciplinary approach to care.

2019 [73] n=32 needs, and goals); Canada Understand how a new How the information was shared,
personal health records multicomponent care program and the kind of benefit that could
and secure messaging improves the quality of be expected were unclear.

primary care.
A tablet-based digital guide to
Dysphagia (difficulty or discomfort ~ dysphagia provides care homes
in swallowing) is a risk factor for with an applied, interactive,
poor nutrition among older adults, work-based approach to education
Care home staff, nursing, Tablet computer, l}:)lut optirr}izing support for nur§ing and training gf the entire
. . . ome residents can be challenging. workforce. Videos, text, and
Pownall et al care assistant team, and catering  software (education and Evaluate use of a digital dysphagia photos were valuable for
529 v Qual staff, n = 37; care home monitoring application England

2019 [74]

managers, n = 4; quality
managers, 11 = 4; residents, n = 6

for staff for patient
dysphagia)

guide in care homes. Data are based
on a consensus from interviews and
focus groups on prioritizing the
need for information and exploring
the acceptance of an education tool
for care workers.

addressing different learning
styles. A resource accessible in
snips of learning addresses a range
of learning styles. The flexibility of
computer-based content in
real-time enhances knowledge and
skill development for caregivers.
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Four types of health information
were provided: “coping with
aging, dietary nutrition, physical

This study identified the health eoﬁtz‘ec;ssé:;iemz?:éhealt ’
information needs of SOC users to rep .
help improve health information Con'.lprehenswe. needs that involve
services for older adults. Three ‘s;;giiﬂseai;h;;s:es’}:v 1stil(1:51e
research questions were asked: (1) health. A lareer nugmpbe}; of posts
. What type of health information is ’ & pos
Website resource discussed in SOCs? (2) Based on the were related to Western medicine
Qian & Gui, Age 60 years and older, (development of senior . . . . than to TCM. Posts related to TCM
S30 Quant X ) .. Wuhan, China health information that users post in . . R
2020 [75] n = 14,933; website posts online communities) SOCs. do their health information mainly were associated with the
(SOCs) ! . . . categories “coping with aging”
needs change over time (including and “physical exercise”. whereas
preference for traditional Chinese h physic £ di /
medicine (TCM) vs. Western the pro pc/)/rnon of "dietary
medicine)? (3) How popular are nutrition” posts related to TCM
different types of health information vas lower. Rglhatesl to the category
osted in SOCs? dietary nutrition”, terms that
P ’ came up in SOCs were “vitamins,
fats, and proteins”, indicating that
older adults may focus on
problems with a healthy diet.
The intervention group was
instructed on how to use a
smartphone application for three
Evaluate the effectiveness of the mont.hs. Th? a.ppl.ication iptegrates
combined use of smartphone and physical activity information from
smart band technology for three a fitness bracelet and self-reported
Smartphone, fitness months combined with counseling ﬂfel?;Srl;glit;(gfiilggélgﬁ'ar?fiﬁﬁes
device, software (intervention) vs. counseling alone number of steps me.asure c{;with an
Recio-Rodriguez (activity and diet . (control) to increase physical activity P
531 FRD Age 65-80 years, n = 160 Spain accelerometer, adherence to the
etal., 2019 [76] (Intellectual levels and adherence to the Mediterranean diet. sitting ime
Property Registry No. Mediterranean diet. Assess the effect bodv composition ! ualit go i fé
00/2017/2438)). of the two interventions on body Yy p d y ’

composition, cognitive performance,
quality of life, and independence in
activities of daily living.

cognitive performance, and
independence in activities of daily
living. All variables were
measured at baseline and after
three months. At six months, a
follow-up telephone call collected
dietary and physical activity data.
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Two main themes emerged. The
first theme captured experiences
and perceptions of using
technology to participate in
nutrition care. Patients found the
technology useful, valuable, and

. easy to use, but they valued
This research was a sub-study of a . . .
Touch screen tablet feasibili . . interactions with staff. The second
easibility study, with the primary
computer, software - 1 - . theme captured the spectrum of
Roberts et al (ordering meal aim to explore patient perceptions tient participation, ranging from
532 obers e aly Qual Age 60-83 years, n =11 oreering meas, Australia and acceptability of a health patien parucipation, fanging o
2020 [77] ’ self-monitored dietary . E . . learning about nutrition to
) . information technology intervention - .
intake, and guided . . . self-monitoring and evaluating
ot - to improve the dietary intake of - }
nutrition goal setting) . . A and showing behavior change.
patients during hospitalization. Pati . L .
atients enjoyed gaining nutrition
awareness and knowledge. Most
patients self-monitored food
intake and goals being assessed,
and some reported changing the
foods they ordered based on the
information learned.
Emerging technology:
. Robot.
. Smart home.
: énfrnft of things. There is limited evidence of the
. T;rfsez-. role of assistive technology for
dimensional food This study investigated the roles of ~ persons with sarcopenia.
" f S10 00 assistive technology to overcome Promising areas for this
printer. sarcopenia-related functional population include smartphone
Scottetal., . Technology for activity: . decline. Management components applications, smart homes,
533 2018 [78] Lit Rev Older adults . Wearable. Australia included poor strength and mobility =~ wearables, robotics, and 3D food
. Software. and/or supporting health behaviors, printers. Assistive technologies
. Video game. including nutrition, which can help may contribute to maintaining
° Virtual reality. prevent sarcopenia progression. adequate nutrition and physical
Technologv for activity, which may slow the
nutrition'gy condition’s progression.

. Software.
. Meal delivery.
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Access to affordable, healthy food
and transportation provided a
The aging US population warrants a Z;gt?riflc:r?ctl zil;file; tti(r)l hi}alg};(})lcal
better understanding of ecological food invironmei t P§rtici ants
factors and their impact on older were trained in a d.vocac skills
adults’ food environment. The goals and shared findines witK relevant
of the Food Environment . &
Tablet computer, . policymakers. At months 3, 6, 12,
software (Discover Assessment Study (FEAST) were to: and 24, proximal and distal effects
tool, application t0y (1) use the Healthy Neighborhood of the C,(?mmunity—en agement
Sheats et al Mean age 70.8 years (SD 7.7) colléctpfata about Discovery tool (Discovery tool) to process were docume%ltid and
S34 2017 [79] v MM n.— 3 o aspects of the California, U.S. collect data (geocoded photos, audio chowed individual-. community-
) en}\)/ironment that ma narratives) about aspects of the and policy-level im; /acts Findir? ;:
facilitate or hinder Y participants’ environmental add E)o thz literaturg on lr.mow &
.. facilitators and barriers to healthy . . .
healthy living) L. . low-income, racially diverse, older
living; food-related behaviors were adults are impacted at the
also assessed and (2) use the individual. s (I)DC ial and
findings to advocate for change in . ¢ /
partnership with local environmental levels to access,
decision-makers and policymakers. choose, and.purchase healthy
foods. Multilevel solutions
involving a variety of sectors
are needed.
A home-based exercise and
Tablet computer, e L .

. . nutrition intervention is feasible,
smartphone, fitness A pilot study to demonstrate safe. and capable of improvin
device, software feasibility and safety for improving & and cap mp &

. . frailty in adult candidates for a
(enhancement to frailty using a targeted two-phase lune transplant. More than half of
Singer et al., Mean age 62.9 years (SD 5.7), existing software San Francisco, intervention: (1) assessment, & transpiant. .
S35 INT the participants improved their

2018 [80]

n=15

(Aidcube™
(www.aidcube.com)) for
home exercise, diet, and
dietary goals),
telephone

California, U.S.

training, and baseline exercise
prescription and (2) home-based
exercise and nutrition recorded
with software.

frailty scores by the minimum
clinically important difference,
and an equal number of
participants went from frail to
not frail.
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Findings on older adult lifestyle
Novel hardware and Research focused on how novel ltolf}ia;nor in}c‘i itechgobﬁg S}fl,:) Vr\:
so?tviarea tech?loelg technologies are applied with older foinde f)enal Cin ssrilaally E;lot ;)tuilies
. . o8y adults and the many barriers when yu P ’
(i.e., mobile devices, . . s . More extensive trials are needed
introducing technology within this -
Takemoto et al., sensors, home-based . to understand better techniques
536 2018 [81] cOM Age 65 years and older sensors, software Us. demographic. Many technology and limitations to address the
(monit /rin mes) applications are available to monitor desien of computer-based
sm(;rt %on%’sgjvelf:a’ms health events and behaviors to aid irftseﬁr?tif)is 5:1: teiifnolo to
P ; g with the changes associated with s & 8y
tablets, telephone) aein assist with and easily collect
8Ing: accurate information about
day-to-day quality of life.
Many computer-based dietary
assessment methods have been
designed for children and the
;glzzgrfaérajuucl}tl z ﬁpa L;;;g);i;};f;e 83 Results indicate that the NANA
Study 1, mean age 72.0 years Touch screen designed technology for older {;;gz};;i;daizfarg/piﬁig; older
Timon et al., n = 40; study 2, mean age 75.9 computelj, softV\./are Sheffield and York, adults. Assess the validity ° f the adults. The NANA method
S37 2015 [82] INT rs. 1 = 18: study 3. mean (record dietary intake Eneland Novel Assessment of Nutrition and DAr 11 with a four-d
years, = "o st y , MEAN B and photo of food), and &a Ageing (NANA) method for dietary compares well w a. ourday
71.8 years, n = 36; total n = 94 ; . estimated food diary; potential
webcam recording and assessment in older hnoloev-based food di
adults using a touch-screen technology-based tood diary
computer and webcam to intake record for older adults.
understand an appropriate method
for tracking nutrition among older
adults.
An application was developed for a
home-based vitamin program using
a tablet computer. The study was
based on content specific to safe
exercise and vitamin and protein This is the first study to investigate
Tablet computer,
538 van den Helder FRD. MM Ace 55 vears and older. 7 = 240 software (exercis,e Amsterdam, intake for older adults. It aimed to the impact of home-based exercise,
etal., 2018 [83] ! §e 20y T Netherlands understand the impact of protein intake and technology for

application)

home-based exercise and protein
intake through a technology tool for
community-dwelling older adults.
This paper describes

the study protocol.

this population.
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Eighty percent of participants
completed the intervention.

Undernutrition can negatively Non-completers were older and
impact health and quality of life in had worse physical and cognitive
van Doorn-van Tablet computer, older adt.ﬂts. Bette.r monitoring of functioning. Thgre was better

539 Atten etal., INT, MM Mean age 77.3 years (SD 7.2), computer, sofWare Netherlands comm‘umty—dwell.mg older adults’ adherenf:e to weight

2019 [84] n =76 completers (diet e'and ngtrltlonal nutritional status is neede@. telemon}tor‘mg the.m to
questionnaires) Conduct a process evaluation of a telemonitoring using
multicomponent nutritional questionnaires. The intervention
telemonitoring intervention. was well-received by older adults,
with high satisfaction; satisfaction
was lower among nurses.
The six-month intervention was
evaluated using a parallel arm
pretest. The intervention group
received nutritional
telemonitoring, television
Older adults are at risk for messages, and dietary advice from
Computer, tablet malnutrition, and there is a need for  a nurse or a dietitian. The control
van Doorn-van computer, Bluetooth, ?nnovative resources to monitor a.nd group received usual care.

S40 Atten et al., lggg Age 65 years and older, n = 215 T\; (Bluetc;qih—cagable), Netherlands improve nut.r1t1onailst3tus.. Describe a/[eaiuremfents collectec}l1 at 4

2018 [85] software (diet an an intervention study design that aseline, after 4.5 months, and at
nutritional uses telemonitoring to improve the completion. Measures included:
questionnaires) nutritional status of nutritional status, behavioral

community-dwelling older adults.

determinants, diet quality,
appetite, body weight, physical
activity, physical functioning, and
quality of life. A process
evaluation assessed delivery,
feasibility, and acceptability.
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This intervention was
implemented by researchers and
healthcare professionals as
intended. Healthcare professionals
found the intervention acceptable.

Evaluate the feasibility and Of 2.0 participants, 9 dropped out.
. Participant acceptance was low
Computer, tablet effectiveness of a three-month e
van Doorn-van o . due to low usability of the
Mean age 77.4 years (SD 9.3), computer, TV, TV telemonitoring intervention to . ..
541 Attenetal.,, MM =11 set-top box. internet Netherlands improve communitv-dwelling older telemonitoring television channel.
2019 [40] - P bOX, ! P 4 & Participants had good adherence

software

adults’ nutritional status and
health outcomes.

but needed more help than
anticipated with using technology.
Compliance with several dietary
guidelines was observed. No
effects on nutritional status,
physical functioning, or quality of
life were found.

Ventura Marra et al.,

542 2019 [86]

Intervention group, mean age
58.6 years (SD 8.1), n = 29;
INT enhanced usual care group,
mean age 59.3 years (SD 7.4),
n = 30; total n = 59

Telehealth via internet
videoconferencing and
telephone (registered
dietitian nutritionist)

us.

Overweight and obesity negatively
impact health status, functionality,
and quality of life of adults and
older adults. Weight loss
interventions have been
predominantly conducted among
women, and accessing nutrition
services in rural communities can be
challenging. Evaluate the feasibility
and effectiveness of a 12-week
primary care-referred telenutrition
weight loss intervention.

Both groups saw a significant
reduction in body weight, waist
circumference, body fat
percentage, calorie intake, and
improved diet quality. After
controlling for time, no difference
was seen between groups. At

12 weeks, a more significant
proportion of participants in the
intervention group had lost at
least 5% of their baseline weight
than the enhanced usual care
group. Retention rates and
participant-reported satisfaction
and adherence were greater than
80% in the telenutrition group. A
larger trial over a more extended
period is warranted.
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Overall, 67% of participants
completed at least one recall, and
48% completed two or more.

Collecting accurate dietar; Participants who completed
S(fgg;ﬁr’iiﬂiet assessmeit data is essenti}all to multipﬁ)e recalls reportlZd higher
Ward et al software (,Myfoo d2, 4 understand diet-disease associations  self-confidence with technology
543 2019 [87] v MM Age 67-77 years, n = 282 online 24 h dietary ’ UK. at different stages of life. Evaluate and received a higher technology
recall application the feasibility of using Myfood24 as  readiness score than those who
(www.myfood24 ’( 02)) a dietary assessment tool for older did not complete any recalls.

Y e adults. Additional support may be
required to obtain multiple dietary
recalls in an older
adult population.

Telemedicine is an acceptable tool

for consistent diabetes education,
Age 55-64 years, 14.4%; - nutrition counseling, and diabetes
age 65-69 years, 32.3%; Telehealth via internet grrlcsi::tsi?ndggli ?;eaggzisgiiféTsr monitoring. It offers access to

Su4 West et al., RCT age 70-74 years, 24.4%; videoconferencing Rural upstate New York, change: e%(fmine roeress toward diabetes support, resources, and

2010 [88] age 75-79 years, 16.6%; (certified diabetes U.S. theseg z)als in ungl)ers‘o;rve d rural feedback from the convenience of
age 80 years and older 12.3%; educator) & their home. Overall, 68% of

total n = 610

older adults with diabetes.

behavioral goals set during the
intervention were rated as “met”
or “improved”.

Table Legend: App = application; COM = commentary; FRD = future research design; INT = intervention; Lit Rev = literature review; MM = mixed methods; Qual = qualitative;
Quant = quantitative; RCT = randomized controlled trial.
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Table 3. Forms of technology used to manage nutrition for older adults.

Hardware Software
End- Home- Smart Mobile Fitness Rotl))rOts Tablet Desktop Mobile Internet Various
ID Study Based N Device . . .. Com- or Laptop  or Smart- Telephone Webcam Videoconferencing Applications
User Devices Devices  Assistive Access ICT
Sensors Sensors puter Computer phone
Robots
Alietal.,
51 2013 [52] ART v %
Angelini
S2 etal.,, §8¥ V4
2016 [53]
Astell
S3 etal, SUT v Vv Vv
2014 [3]
Aure
S4 etal, SUT V4 Vv Vv
2020 [54]
Batsis
S5 etal., 1838¥ V4 V4
2019 [55]
Batsis
s6 etal, bt . J N Y,
2020 [56]
Beasley
S7 etal, SUT Vv Vv
2019 [57]
Cabrita
S8 etal., SUT 4 V4 v v
2019 [89]
Chiu
S9 etal., SUT vV v v
2019 [58]
Dugas
S10 etal, SUT Vv V4 Vv
2018 [59]
Espin
S11 etal., SUT 4 4 Vv

2016 [60]
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Hardware Software
End- Home- Smart Mobile Fitness Rotl))rOts Tablet Desktop Mobile Internet Various
ID Study Based N Device . . .. Com- or Laptop  or Smart- Telephone Webcam Videoconferencing Applications
User Devices Devices  Assistive Access ICT
Sensors Sensors puter Computer phone
Robots
Farsjo
S12 etal, ik J J Y,
2019 [23]
Goransson
S13 etal, SUT V4 Vv Vv
2020 [61]
Hendrie
S14 etal., ART Vv
2017 [62]
Hermann
S15 etal., ART 4 vV
2012 [63]
Kaddachi
S16 etal, PUT V4 Vv Vv
2018 [6]
Kirkpatrick
S17 etal, PUT Vv v/ Vv Vv Vv
2017 [64]
LaMonica
S18 etal., ART Vv v V4 v
2017 [65]
Lete
S19 etal, PUT vV Vv
2020 [66]
Lindhardt
& SUT
S20 Nielsen, PUT v v v
2017 [67]
Fukasik
o U s }
g PUT

2018 [4]
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Table 3. Cont.

Hardware Software
End- Home- Smart Mobile Fitness Rotl))rOts Tablet Desktop Mobile Internet Various
ID Stud Based N Device . . .. Com- or Lapto or Smart- Telephone Webcam Videoconferencing Applications
y ptop P g PP
User Devices Devices  Assistive Access ICT
Sensors Sensors Robots puter Computer phone
Manea &
S22 Wac, §8¥ v
2020 [68]
Marshall
523 etal, PUT Vv
2017 [69]
Marx
524 etal., §8¥ Vv Vv
2018 [70]
McCabe
$25  etal, IS,E; Vi
2001 [24]
McCauley
526 etal, PUT Vv
2019 [71]
Moguel
SUT
S27 etal., PUT V4 v V4 Vv v 4
2019 [72]
Ploeg
$28  etal, Sor J N
2019 [73]
Pownall
529 etal, PUT v Vv
2019 [74]
Qian &
S30 Gui, 2020 SUT Vv
[75]
Recio-
Rodriguez
S31 etal, SUT v vV v

2019 [76]
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Table 3. Cont.

Hardware

Software

ID Study

End-
User

Mobile
Device
Sensors

Home-
Based
Sensors

Fitness
Devices

Smart
Devices

Robots
or
Assistive
Robots

Tablet
Com-
puter

Desktop
or Laptop
Computer

Mobile
or Smart-
phone

Telephone Webcam

Internet
Access

Videoconferencing Applications

Various
ICT

Roberts
S32 etal.,
2020 [77]

SUT
PUT

v

Scott
S33 etal.,
2018 [78]

SUT

Sheats
S34 etal.,
2017 [79]

SUT

Singer
S35 etal.,
2018 [80]

SUT
PUT

Takemoto
S36 etal.,
2018 [81]

ART

Timon
S37 etal.,,
2015 [82]

SUT

van den
Helder
etal.,

2018 [83]

538

SUT

van
Doorn-
van
Atten
etal.,
2019 [84]

539

SUT
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Table 3. Cont.

Hardware

Software

ID Study

End-
User

Home- Mobile .
Smart . Fitness
Based N Device .
Devices Devices
Sensors Sensors

Robots
or
Assistive
Robots

Tablet
Com-
puter

Telephone Webcam Videoconferencing Applications

Various
ICT

van

Doorn-
van
Atten
etal.,

2018 [85]

540

SUT

van
Doorn-
van
Atten
etal.,
2019 [40]

541

SUT

Ventura
Marra
etal.,

2019 [86]

542

SUT

Ward
S43 etal.,
2019 [87]

SUT

West
S44 etal.,
2010 [88]

SUT

v

Total:

6 6 5 8

2

23

7 31 4

Table Legend: ART = ability or readiness to use technology; ICT = information and communication technology; PUT = provider use of technology in support; SUT = self-use

technology [51].
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Table 4. Nutrition area of focus and study setting to manage nutrition for older adults.

Nutrition Area of Focus Study Setting
Assessment, Monitoring, = Weight and Body - Education/ Activities of Acute/Long-Term Community
D Study and/or Tracking Composition Nutrition Status Counseling Daily Living Dwelling
S1 Ali et al., 2019 [52] vV Vv
Angelini et al., .
S2 2016 [53] V4 4 V/ frailty V4
Astell et al,, \/ detect for poor nutrition
S3 status to prevent vV
2014 [3] . .
frailty /sarcopenia
Aure et al.,
S4 2020 [54] v v
Batsis et al.,
55 2019 [55] v v
6 Batsis et al., N, N Y, v
2020 [56]
Beasley et al.,
57 2019 [59] v v v
Cabrita et al.,
S8 2019 [89] v v
Chiu et al.,
9 2019 [58] v v
Dugas et al,,
S10 2018 [59] v % %
Espin et al.,
St 2018 [60] v v v
Farsjo et al.,
S12 2019 [23] % 4 v 4
Goransson et al.,
513 2020 [61] v v Y
Hendrie et al.,
sS4 2017 [62] %
S15 Hermann et al., Y, N v

2012 [63]
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Table 4. Cont.

Nutrition Area of Focus Study Setting

D sway e Mooy Wesadbol  Nuionsaws St Dl sl AcidlmgTem  Communiy
s16 Kadgdoalcghzf)e]t al., v N V.
s17 Kirk;oalt;i&l;?t al., v J Y,
S8 e v v v
y y y y
S0 Nickson, 2017 (7 v v v v v v
o bk Y Y Y Y v
m Mkt / Y
M Y / y
S v v
5 Mo v v v
s Mo p v v

s Mogdad. /
s b v v v
S29 Po;}f)r{;l};ilal., v \/ hydration 4

0 Sl v v
s31 Recio-Rodriguez Y, J Y.

etal., 2019 [76]
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Table 4. Cont.

Nutrition Area of Focus Study Setting
Assessment, Monitoring, = Weight and Body .. Education/ Diet Intake/ Activities of Acute/Long-Term Community
D Study and/or Tracking Composition Nutrition Status Counseling Diet Quality Daily Living Care Dwelling
Roberts et al., .
S32 2020 [77] \/ screening Vv Vv v v
Scott et al., .
S33 2018 [75] V4 \/ sarcopenia v V4 Vv
Sheats et al., .
S34 2017 [79] y/environment vV
Singer et al., .
S35 2018 [80] V/ frailty Vv Vv
Takemoto et al., .
S36 2018 [81] V4 4 V4 vV / hydration V4
Timon et al.,
537 2015 [82] 4 v v
van den Helder
538 etal., 2018 [83] v v v v
van Doorn-van
S39 Attenetal., V4 Vv Vv v Vv
2019 [84]
van Doorn-van
S40 Atten et al., V4 Vv Vv Vv v Vv
2018 [85]
van Doorn-van
S41 Attenetal., vV Vv Vv Vv Vv Vv
2019 [40]
Ventura Marra
542 et al,, 2019 [36] 4 % v 4
Ward et al.,
543 2019 [87] v v
West et al.,
S44 2010 [88] v v v v
Total: 27 13 13 27 23 6 3 41

Table Legend: Acute = acute care, hospital; ADL = activities of daily living, such as preparing food; LTC = long-term care facilities (e.g., nursing home, assisted living facility) [51].
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3. Results

From the initial search, 254 papers were extracted, and 52 were added as identified with
other sources for 306 papers. A review of the remaining full-text articles was completed,
where additional articles were excluded from this study based on a lack of discussion of
nutrition, technology, or aging, resulting in the removal of 165 papers. Duplicates were
removed from the 141, leaving the full-text analysis of 79 papers. For the first round
of analysis, we removed 25 papers since they did not fully cover the topic areas. In a
second round of review, 11 papers were removed as a meticulous final review required
that papers be excluded. Debate and agreement on the inclusion or exclusion of a paper
ensued between the authors to develop the final list of papers. Forty-four full-text peer-
reviewed papers met the research criteria and were retained, as shown in Figure 1: process
of identification, and inclusion in this study: PRISMA diagram flow.

Records identified through Additional records identified
s database searching through other sources
=] (n =254) (n=52)
©
=
5 I |
L
=
]
= Records retreaded
(n =306)
v Records excluded; papers
Records screened »| did not cover all topics—
b (n =306) nutrition, technology and
'c aging (n = 165)
o
: I
bt
Records consider eligibly »| Records duplicates removed
(n=141) (n=62)
— I
o 1% review records excluded;
:ugn Full-text articles assessed for »  papers did not fully cover
= eligibility (n=79) nutrition, technology and
— l aging (n = 25)
)
Studies included in synthesis 2" review records excluded,
(n =44) with reasons (n =11)
e 1- Qutcome assessed
l was not nutrition
e 2 -Nodiscussion on
Commentary Future research population over 65
(n=3) design e 1- Nutrition and
(n=3) technology were
- separate programs for
§ Intervention Randomized the population
= (n=10) controlled trial * 1-Nodiscussion on
£ (n=1) nutrition
e 1-No discussion of
) litati technology
thera_nture Qualitative e 2 -Study results not
review (n=9) o L
significantly descriptive
(n=5) of nutrition
e 2- Nutrition intervention
Mixed method Quantitative did not use technology
(n=86) (n=28) e 1-Conference abstract
—

Figure 1. Process of identification and inclusion in this study: PRISMA diagram flow.
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3.1. Study Characterization

The final papers fit within eight categories: (1) commentary, (2) future research, (3) in-
tervention, (4) randomized, (5) literature review, (6) qualitative, (7) mixed methods, and
(8) quantitative. Some retained papers fit into multiple study categories, yet only the first
category associated with the study was summarized. Most studies examined the early
stages of using technology to manage nutrition, including older adults’” and providers’
technology preferences, research protocols, and pilot/feasibility interventions. Mixed
methods and qualitative studies explored the end users’ experiences and the cocreation of
digital nutrition interventions. Quantitative studies compared digital technologies with
traditional methods for collecting nutrition data [3,6,64,65].

3.2. Participant Characterization

Most studies’ target population focused on older adults (Table 2). Three studies
included older adults and their caregivers [4,55,56]. One study examined home care
staff working with older adults [74]. Three studies included older adults and other age
groups [53,62,64]. Eight studies included adults 50 years and older [52,58,62,75,80,83,86,88].
Older adults of interest included those with elevated body mass index [55,56,86]; those
who were lung transplant candidates [80]; and those with diabetes [59,88], prediabetes [57],
and cognitive impairment [64]. Most studies addressed community-dwelling older adults
(n =41). Target end users included: 23 papers on SUT (51.1%), 7 on PUT (15.6%), 11 on
SUT and PUT (24.4%), and four on ART (8.9%) as shown in Figure 2: target end users
of technology.

ART
8.9%

SUT & PUT
24.4%

SUT
51.1%

PUT
15.6%

Figure 2. Target end users of technology.

3.3. Technology Characterization

Our results revealed that most studies included multiple technologies, particularly a
combination of hardware and software (Table 3).

Software applications: Most studies extracted utilized software applications, specifi-
cally to “assess, track and monitor” older adults” health outcomes, including dietary intake
(n = 31 [3,23,40,52,54,56,58-65,67,71,73-85,87,89]). Thirteen applications served to help
provide food options, recommendations, remind older adults to eat or drink, or provide
nutrition education [23,40,52,54,56,58,60,61,67,75,77,83,85]. Nine studies used a software
application to track and analyze diet [3,59,62,64,76,79,82,87,89]. Timon et al. [82] vali-
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dated the Novel Assessment of Nutrition and Aging (NANA) method, where participants
recorded their food intake in software and took photos of the food consumed. Two software
applications, the Malnutrition Quality Improvement Initiative (MQii [71]) and a digital
Dysphagia Guide with Care Homes [74] were created to assist healthcare professionals
in improving the care provided. The MQii [71], along with the Health Tapestry program
(TAP-App [73]), integrated their applications with electronic health records to improve the
quality of care provided and documentation.

Software applications were accessed using a tablet computer (n = 21 studies, [3,
23,40,54,55,58-60,64,67,73-75,77,79-85,87]) or mobile/smartphone devices (n = 7 stud-
ies [61,64,65,76,80,81,89]). Nine extracted studies that utilized software applications also
incorporated internet access, where the end users needed the internet to connect to digital
healthcare resources or providers [6,23,54,58,64,67,78,84,89]. Three studies using software
applications utilized webcam technologies [3,81,82]. In addition to utilizing the software
application, some studies used other devices or sensors: five studies utilized a fitness
device along with software [56,59,76,80,89]. Three studies utilized a smart device with
a software application [40,63,89]. Takemoto et al. [81] described how technology could
enhance diet and activity assessments, demonstrating the use of software and home-based
and mobile device sensors. Scott et al. [78] reviewed how assistive technologies, such as
robots, home-based sensors, and mobile device sensors, could help overcome sarcopenia in
aging, which included a description of software applications.

Tablet computers: The second highest-use area of technology that emerged in the
literature is hardware. Significantly, tablet computer personal devices are most prominent
for software use and internet access. The most common technological hardware device
utilized in the extracted studies was tablet computers (n = 23). Most of the studies used
tablets for participants to access software [3,6,23,40,55,58-61,64,67,73,77-84,87]. Three
studies that used a tablet computer also used a fitness device [55,59,80]. Four studies
utilized tablet and webcam technology [3,72,81,82]. Some studies looked at different
devices to provide or access nutrition services, such as tablet computers, smartphones,
desktops, or laptops [40,60,61,64,72,80,81,84,85,87]. Tablet use was for various nutrition
areas of focus, such as collecting and monitoring nutrition outcome measures, including
dietary intake and providing nutrition education.

Notable mention technologies: To a lesser extent, the following technological devices
or software were found in the analysis: sensors and smart devices, robots/assistive devices,
desktop/laptop, mobile or smartphone, webcam, telephone, video conferencing, and
internet access. Nineteen studies explored the utilization of sensors and smart devices; this
included home-based sensors (n = 6 studies), mobile sensors (n = 5 studies), and fitness
devices (n = 8 studies). Ten studies utilize internet access as a core component of delivering
nutrition or health information.

Integration of technology and nutrition characterization: The use of technology is
the integration of “software and hardware [in] three domains as it relates to nutrition
management and the nutrition care process: (1) “track, plan, and execute” (track dietary
intake, plan changes, and execute nutrition plans); (2) “assess” (health data collection); and
(3) build knowledge (promote clinicians” and older adults’ nutrition understanding [51]).

3.4. Nutrition Focus Characterization

Most studies focused on multiple nutrition areas (Table 3), including assessment, moni-
toring, and /or tracking [3,4,6,23,24,53,56,59-61,64-68,73,77-79,81,82,84,85,87-89], nutrition
education and counseling [4,23,24,28,40,52,54-56,58-61,63,65-67,73-76,80,81,83-86,88], and
dietary intake and quality [3,4,23,40,57,59,60,62,64,67,69,74-78,81-86].

Nutrition assessment and monitoring: Many studies focused on nutrition assessment,
monitoring, or tracking dietary behaviors. In some studies, self-monitoring was assessed,
where older adults tracked dietary intake and nutrition-related markers, such as weight
and laboratory values [3,23,40,59,61,64-67,73,77,82,85,89]. Other studies focused on passive
monitoring, where technology was used to monitor and track older adults” movement
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and behaviors using wearable devices, sensors, and robots [4,6,53,60,68,81]. In several
studies, health professionals performed assessments and monitoring with videoconfer-
encing [24,56,87,88]. One study had older adults use a tablet application to collect data,
these data were used to identify environmental facilitators and food barriers to healthy
living [79].

Nutrition education and counseling: Studies that focused on nutrition education
included remote nutrition counseling and self-directed education, along with articles that
outline how technology can be used to improve dietary intake and nutritional status.
Several studies focused on webinars and “live” nutrition counseling [57,76,83,88] as ways
to provide nutrition information. Two papers used telephone sessions with an RDN [8,80].
One study trained long-term care staff to enhance their knowledge around nutrition related
topics [73]. One study educated providers on enhanced caregiver knowledge of dysphagia
in long-term care settings [73].

Studies that focused on self-directed nutrition education provided older adults nutri-
tion information. Two studies blended education sessions and self-directed learning [58,73].
Studies on self-directed nutrition education typically had older adults receive nutrition
information, such as recommendations, recipes, or patient-oriented feedback and messag-
ing. Afterward, older adults set personal nutrition goals to improve self-care, usually using
an application [23,40,52,54,56,59-61,67,77,84,85]. Most studies focused on self-directed
nutrition education were pilot studies, protocol papers, or formative studies that examined
older adults’ preferences and acceptability after interacting with the application. Chiu
et al. [58] and Ploeg et al. [73] utilized a combination of live-nutrition education sessions
and self-directed learning. Participants attended nutrition lectures and received a device
with nutrition-related films and applications downloaded [58]. Ploeg et al. [73] conducted
home visits, where older adults set goals with their healthcare providers. The health data
were stored on personal health records that both older adults and their providers could
access, and older adults could message their providers using their personal health records.

Some studies examined older adults’ preferences to better understand how to provide
nutrition information [4,70,71]. One study found that older adults and their caregivers
thought it would be helpful if a robot provided nutrition advice. Two studies synthe-
sized the literature and provided the best nutrition and health education practices using
technology [24,81].

Diet intake and quality: About half of the studies focused on assessing and tracking
dietary intake or improving diet quality. Studies examined how technology can be used
to evaluate dietary intake [3,23,57,82], diet quality [40,84,85], or dietary pattern adher-
ence [59,62,64,76,86].

Other studies provided tailored meal plans to improve nutrition [60,67,77]. Two pa-
pers focused on how caregivers could improve older adults’ dietary intake [69,74]. Other
studies obtained older adults’ views on how technology could improve their nutrition [4]
or synthesized the previous literature [78,81]. For example, Lukasik et al. [4] collected for-
mative data on how robots may help offer nutrition support to older adults and caregivers.
Their findings reveal that older adults accepted that a robot could remind them to eat and
drink for optimum food and fluid intake. Finally, one study looked at older adults who
participated in online communities and found that older adults’ posts related to “dietary
nutrition” often revolved around certain dietary nutrients of concern, such as vitamins,
fats, and protein [75].

Other nutrition areas: Less frequently considered nutrition topics included: nutri-
tional status (n = 12 studies), weight and body composition (n = 12 studies), and ADL
(n =7 studies). Several studies used technology to improve nutrition status for those older
adults that presented with malnutrition or that were at nutritional risk [40,54,67,84,85];
these studies explicitly addressed frailty and sarcopenia and optimizing weight status
among older adults. Other studies assessed malnutrition but without technology [60,61,77].
Three studies examined how technology can promote weight loss [55,56,86]. One study
described how caregivers could help treat and prevent protein-energy malnutrition. Two
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studies examined the existing research on how technology can help prevent and manage
malnutrition [70,81]. Specifically, Marx et al. [70] completed a systematic review assessing
how malnutrition-focused telehealth interventions could improve protein intake among
older adults and QOL. Several studies addressed how technology can help older adults
maintain their independence by completing food-related ADLs, including buying, prepar-
ing, and eating food safely and reminding them to consume meals and snacks.

4. Discussion

This scoping review examined the existing technologies used to support older adults
in managing their nutrition and food intake. It also described the areas of the NCP
in which technology can better serve older adults. Software applications were the most
common form of software mentioned in the literature. Tablet computers were the most used
hardware device. Figure 3, prominent uses of software application and tablet computers,
summarizes the areas of technology used to manage nutrition by software applications
and tablet computers. The primary nutrition areas of focus included: nutrition assessment,
monitoring, and/or tracking, nutrition education/counseling, and diet intake and quality.
These categories are integral pieces of the four steps of the NCP. Many of the nutrition
interventions sought to address age-related nutrition concerns that are well-documented
among this population and include: malnutrition, sarcopenia, frailty, and chronic conditions
with dietary implications. Additionally, the findings reveal that while telenutrition is a
feasible way to manage nutrition, more extensive studies are needed to ensure practical
utility and effectiveness in utilizing various software and applications, such as telenutrition,
to manage nutrition in this population.

Three Areas of Technology Use to Manage Nutrition Organized by the Top Two
Most Common forms of Technology: Software Applications and Tablet Computers

35.48%

Software Applications Tablet Computers

17.39%
- 45.16% .
39.13%

m Track, Plan, Execute = Assess = Build Knowledge

Figure 3. Prominent uses of software applications and tablet computers.

4.1. Software Applications Dominance

The prominent area of technology found in the extant research reviewed was software.
Sixty-eight percent (n = 31) of the studies used some form of software. The use of software
falls within four areas that we label as (1) track, plan, and execute; (2) assessment; (3) build
knowledge; and (4) social media. First, 45.16% of the studies use track, plan, and execute as
the use of software to track dietary intake, plan for any changes, and execute actions in the
plan. The software used was a mix of existing and existing software with modifications and
custom development. All the software was for niche use, including a limited population
and functional features. None of the articles included in this scoping review utilized
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commercially available software popular with everyday consumers. In the U.S., these
software applications include Lose It! [90], Fooducate [91], and MyPlate [92]. In many cases,
these apps are free; however, there is usually a cost for tracking important dietary intake
goals for older adults, such as fluid, protein, and sodium intake. Of concern, the typical app
promotion is for weight loss [93,94], which could create some confusion for older adults
since, in some older adults, weight gain is most important. Nevertheless, using software to
track, plan, and execute a nutrition program is essential.

The second area of software used in the studies is assessment, at 35.48% of the studies.
Assessment involves obtaining data through a provider’s use of technology to support
an older adult or an older adult’s self-use of technology. In this study’s papers, many
researchers converted existing forms to apps or web pages, which may be a future mandate
for nutritionists as data collection requirements expand. Government legislation and
regulation required the wholesale collection and sharing of health care data, as seen in
the U.S. HITECH Act, 2009 [95]. In that act, electronic medical records (EMRs) are a
clinical understanding of health care information between health care systems, networks,
and providers and are widely used. Electronic health records (EHRs) include medical
history, medications, treatment plans, etc., and are not as common in day-to-day use today.
Nutrition assessment, monitoring, and evaluation are essential components of the nutrition
care process to detect and treat poor nutritional status among older adults and understand
intervention efficacy [8].

Our findings reveal that technology may be a promising way to expand healthcare
providers’ ability to identify older adults with poor nutritional status or at nutritional
risk [61,77].

More research is needed to understand how utilizing these applications to track
nutritional status and diet can help reduce the number of adults at nutritional risk with
undetected malnutrition and how technology can help improve nutritional status.

However, collecting and addressing the requirements for older adult data is no small
task with or without EHRs. That said, sixty percent of older adults have two or more chronic
medical conditions [96]. They often receive transition care for their needs [8], which creates
a perpetual necessity to update data for many healthcare needs. Today’s remedies for
collecting these data include an ongoing requirement for older adults to answer questions
for those filling out or completing manual and electronic forms themselves. The Academy
of Nutrition and Dietetics recommends that nutrition practitioners improve evidence-based
outcomes to advance the relevance of nutrition programs [18]. Likewise, the NCP provides
a systematic framework for tailored, high-quality nutrition care that considers clients’
values, needs, and evidenced-based recommendations [97]. The ongoing need rests in
understanding that older adults have individualized diets based on nutrition needs, weight,
chronic illness, medical complexities, and involvement in their diet plans [8]. Against this
background, apps for evidence-based assessment will expand and need to be standardized.

Third, 16.13% of the studies use software to build knowledge, which is software to
develop a provider or older adult’s understanding of nutrition. The intent is to increase
an older adult’s learning on how nutrition can positively affect QOL. However, a health
improvement may not be seen; underlying hindrances may be due to nutrition-related
health issues, such as appetite loss and eating difficulties [61]. Yet, new visual techniques
may help build knowledge for older adults and providers. Three-dimensional animation
software has shown early promise to replace printed material for older adults [52]. Access
to snips of information, video, and text helps caregivers remedy dysphagia [74]. Many of
these software applications recognized the heterogeneity in our aging population and the
vital need for personalized dietary guidance and messaging to improve outcomes [54,59,60].
As a result, while standardization of app interfaces may be needed to enhance usability for
older adult end users, the nutrition content should be tailored to meet their health needs.
While software to build knowledge was not prominent, future research may show that
knowledge-building is inherent in tracking, planning, and executing software.
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Finally, at 3.23% of the studies using software, social media uses electronic networks
to support a healthy life. Online social communities for older adults are a venue for
discussing nutrition, exercise, and mental health. Research has indicated that in nutrition,
online communities promote topic discussion on aging where issues with diet develop [75].
Applications for sharing views and information, such as in social media committed to older
adult health, safety, and welfare, are of value to those more information technology-minded.

4.2. Tablet Computers Dominance

The second dominant area of technology used was a tablet computer; of the studies
reviewed, that number was 52.27% (n = 23). The primary use of tablets was for older
adults’ SUT. Following in structure with the areas of software we labeled earlier, a tablet
was used to track, plan, and execute within nine studies. Additionally, using a tablet
for assessment was included in nine studies and to build knowledge was a part of three
studies. Based on software as the predominant technology, it is unsurprising that the
tablet computer was number one in the hardware category. The final use for a tablet
computer was webcam capabilities for taking pictures of food before and after dining and
videoconferencing. Photographing a meal allows an older adult to record the nutrition and
calories consumed in the track, plan, and execute nutrition program. A tablet webcam was
used for videoconferencing by older adults to complete support calls regarding nutrition
follow-up or assistance. In one specific study, providers used a tablet with specialty
software to build knowledge supporting older adults. Video and 3D knowledge-building
resources for providers and older adults are a ready interactive opportunity.

Given the user-friendliness of tablets as well as the extensive device features, this type
of hardware holds promise to assist with various steps of the NCP, including connecting
older adults with providers for nutrition assessment and counseling, actively tracking
health information, and allowing older adults to set and strive to achieve tailored dietary
goals. Previous research has also noted that tablet computers are the most intuitive and
user-friendly for older adults [98].

4.3. Notable Mention Technologies

Our findings reveal that researchers used hardware including tablets, desktops, lap-
tops, and mobile or smartphones in 88.64% of the studies. This finding is significant because
the legacy technologies of desktop, laptop, mobile, or even smartphones are not the leading
technologies in current research. Based on the discussion above, tablet computers are the
most-used hardware when conducting recent research with older adults. Previous research
has noted that tablet computers are the most intuitive and user-friendly for older adults [96].
User-friendly acceptance indicates that investigations should be open to understanding
the effects of newer technology and its adoption by older adults in the future since tablets
may not continue as the prevailing technology. As technology changes, large-screen smart-
phones may prevail so that older adults maintain one device for voice, video, and internet
application engagement.

Regarding the Internet of Things (IoT) family, they appeared in 56.82% of the studies.
“IoT consists of objects embedded with technology that can sense or capture information,
communicate over the internet, and interact with its features or outside influences [51].”
The breakdown of studies extracted is as follows: home-based sensors (13.64%), smart
devices (13.64%), mobile device sensors (11.36%), and fitness devices (18.18%). There
seems to be a movement toward conducting more research on the IoT, such as fitness and
sensors; this is evident in current studies conducted from 2018 to 2020. The disciplines—IS,
nutrition, and gerontology—are likely to conduct more research on the value of sensors in
supporting older adults. Tracking and monitoring bring value by automatically assessing
and reporting care and QOL measures [6,76].

We have seen the importance of the internet in day-to-day life across different age
groups. While most of these studies did not explicitly mention internet use, internet use
is pervasive. It will be integral in any investigation where two or more people are linked
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to complete a task or transact using digital services. The pandemic has highlighted the
lack of broadband internet access to homes and small businesses nationwide. In particular,
older adults living in rural areas lack digital services [99]. And proper internet access has
become a necessity that U.S. legislators are interested in solving, as is evident in current
federal law considerations [100]. Increasing broadband internet access for older adults can
help offer digital nutrition services and help decrease social isolation in both community-
dwelling older adults and those residing in long-term care communities experienced
during the COVID-19 pandemic [101]. Research in videoconferencing will help bridge how
telemedicine, telenutrition, and socialization enhance an older adult’s QOL.

5. Implications

Our scoping review reveals that nutrition and technology are needed to support
an older adult’s QOL. The literature shows that software standardization is an essential
initial step to being able to track, plan, and execute nutrition programs. Practitioners
may not see existing software as transparent or simple enough for older adults to log and
photograph food as a clear intake record. The value of standardization is making software
use habitual as older adults maintain their nutrition across day-to-day and transition
care for rehabilitation. Second, under the topic of software is the standardization of
assessment software. When evident-based programs are needed, and the reporting values
of a track, plan, and execute software are not detailed enough, standardized assessment
software would be of value. The software input must be straightforward for the provider’s
assessment evidence area and simplistic for older adult entry.

This current study’s findings rest within four areas: (1) software for track, plan,
and execute and assessment functions lack standardization; (2) the family of the IoT is a
promising area for new research for older adults; (3) personal device use by older adults
appears to be evolving to the tablet computer; and (4) broadband internet is a technology
source to health and nutrition care. Researchers in countries on continents worldwide, such
as Australia, Asia, Europe, and North America, were involved in the findings revealed. As
the world population ages, research is needed to build knowledge on older adults’ nutrition
needs. Like innovation in any field, technology will be a part; however, how the end user
responds to a technology’s capabilities is imperative to the innovation’s success.

Against this background, we find that only 51.1% of the older adult end users are
engaged in the self-use of technology (see SUT percentage in Figure 3). The remaining use
of technology, found in this scoping review, is the provider use of technology in support
of the older adult, a combination of old adult self-users and provider users together, and
providing for older adults” ability or readiness to use technology. The expectations are
that while the use of technology by providers of older adults is routine during their care,
additional effort is necessary to place technology in the hands of the older adults. While
these implications are significant in their own right, considering this research’s practical
utility and effectiveness is also due for discussion.

Implications for Practical Utility and Effectiveness

Society has become aware of the daily effectiveness of technology for almost all of life’s
matters to enhance the average person’s QOL. Effectiveness with technology is ubiquitous
in a world of all devices, always on, with multiple modality access to the internet. That
said, technology integration is its users adopting the technology designed and deployed
by hardware and software companies. However, older adults and those with disabilities
adapt to technology since change is often required for older adults to use some hardware
and software.

Regarding older adults, in an ad hoc analysis of the practical utility and effective-
ness of nutrition and technology, we found in the papers for this study that most of the
extant research was formative. We analyzed 12 studies where outcome data were reported
from an intervention or randomized control trial to assess digital health’s practical utility
and effectiveness for managing nutrition in our aging population. Only 11 (25%) of the
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retained studies were interventions [52,56-59,61,67,82-84,86], and one (2.27%) was a ran-
domized control trial [88]. Eight studies examined used specially designed, proprietary
software (customized software), rather than software readily available to the public, to
assess or monitor nutrition status or provide nutrition education [52,58,59,61,67,80,82,85].
The other four studies used videoconferencing with older adults to provide education and
counseling [56,57,86,88]. Overall, the primary outcomes of these 12 studies also varied,
ranging from feasibility, acceptability, adherence, or changes in health markers pre- and
post-intervention, which included weight status, nutrition knowledge, and lab values.
While most studies support using technology to manage health, generalizing these find-
ings is limited by the small sample sizes in the 11 intervention studies, ranging from 6
to 94 participants. Therefore, capturing the effectiveness of videoconferencing and cus-
tomized software applications in improving older adults’ nutrition markers is difficult.
Additionally, interventions are needed to assess adopted versus adaptive technology use,
as well as to explore other hardware devices to manage health. Of these 12 studies ex-
tracted, only 4 examined fitness devices in conjunction with videoconferencing or software
applications [56,57,59,80].

The practical utility of hardware and software is evident in the expanding integration
into nutrition and healthcare management. As a result, more studies and support services
research will help older adults benefit from these technologies and ensure practical utility
in this population. Studies and services are time-sensitive since access to a hardware
device connected to the internet is required to take advantage of certain services, including
government-funded programs. For example, older adults were a priority to receive the
COVID-19 vaccine first; however, registration was only mainly online when the vaccines
were first rolled out to the public. Many older adults did not have the digital competency to
schedule an appointment at a vaccine site [102], highlighting gaps in the digital divide be-
tween younger (adopters of technology) and older adults (adaptors of technology) and how
this divide can result in health inequities [102]. Finally, some older adults have reported
forced adoption to utilize the patient portal by their physicians [103]. It is imperative that
further research is conducted to ensure the practical utility, adoption, and effectiveness of
technology to manage nutrition and promote health among older adults and those who
provide care for our aging population.

6. Future Research and Limitations

Further research is needed, because of COVID-19, to realize better the movement to
videoconference technology for health care digital information and support. The studies re-
viewed were pre-pandemic, and videoconferencing was considered a worldwide business
technology and became an emerging healthcare technology. With advancements in technol-
ogy and its use in health care, videoconferencing is destined to be the omnipresent software
in one’s browser. Similar to tablet hardware, this popular consumer-voted software will
become the leader. It will be best for older adults to follow where younger family members
lead on videoconferencing as with the tablet computer. Our search also reveals that few
studies addressed the use of social media by older adults; however, the new generation
of aging adults is technology-aware of the many personal devices, hardware, software,
and social media available. This next generation of older adults will likely not submit to
aging out of technology yet demand more age-specific technology. The use of social media
is a promising area to introduce future older adults to videos, 3D experiences, and new
learning to build knowledge.

How technology could assess dietary intake, improve diet quality, and food provision
was also studied to a lesser extent. Only one study examined the efficacy of protein-enforced
home-delivered meals selected from a tablet and monitoring intake for patients discharged
from the hospital [67]. Scott et al.’s [78] findings reveal that smartphone applications
can be used to access food delivery services. Given that the COVID-19 pandemic has
disrupted how we traditionally purchase food in the grocery store [104], future studies
should examine how to train older adults to use online grocery shopping to buy nutritious
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foods that meet their unique nutritional needs. Whether or not purchasing groceries online
impacts diet quality among older adults should also be examined. Digital technology
for food provisioning has increased the utilization of meal delivery kits (delivery of pre-
portioned, fresh ingredients and recipes); how these kits among older adults improve diet
quality with the help of an RDN should also be explored [105]. Additionally, since a critical
contributor to inadequate dietary intake among older adults is decreased food enjoyment
and food involvement (desire to prioritize food [9]), how these services improve these risk
factors should be examined.

Future studies involving any new investigation should be considered open to various
research methods. Further research should include a focus on increasing the number
of participants. While data are more obtainable when using secondary data sources,
participant group size can be an issue for new face-to-face studies. Older adults are
susceptible to exclusion from studies for reasons not typically found in younger age groups,
such as corrective eyesight limitations, increased chronic illness, and loneliness due to
social isolation [106]. These limited population studies are critical since older adults have
similarities yet are very heterogeneous in their medical and nutrition needs.

Findings from this research can be incorporated into the Theory of Andragogy [107]
to help inform the design of technologies and telenutrition programs for older adults
and healthcare providers. The Theory of Andragogy recognizes adult learners as mutual
partners in learning, acknowledging that their prior experience can help them learn a new
skill. When educating older adults and health professionals on using technology to manage
nutrition, we suggest training sessions based on learning objectives that fulfill the end
user’s requests, interests, and digital competence levels.

7. Conclusions

Our scoping review provides valuable evidence of the extant literature in the discipline
of technology, nutrition, and geriatrics. The time frame of the literature search was the last
21 years; however, the search results show that 86% (1 = 38) of the studies are within the
five years from 2016 to 2020. This study time frame reveals the broader understanding that
research interlocked in technology, nutrition, and geriatrics is new. And during this period,
the critical analysis of the findings reveals that software for older adults to track, plan,
execute, and assess evidence-based nutrition programs needs standardization. The IoT is
a promising area for new research in QOL, and personal device use appears to evolve to
the tablet computer. Finally, broadband internet is a vital nutrition care technology source.
The results suggest that research on older adults’ nutrition using technology is not yet a
formable research area; however, building knowledge is underway.
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