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Background: The US population is aging and has an expanding set of healthcare
needs for the prevention and management of chronic conditions. Older adults contribute
disproportionately to US healthcare costs, accounting for 34% of total healthcare
expenditures in 2014 but only 15% of the population. Fully automated, digital health
programs offer a scalable and cost-effective option to help manage chronic conditions.
However, the literature on technology use suggests that older adults face barriers to the
use of digital technologies that could limit their engagement with digital health programs.
The objective of this study was to characterize the engagement of adults 65 years and
older with a fully automated digital health platform called Lark Health and compare their
engagement to that of adults aged 35-64 years.

Methods: We analyzed data from 2,169 Lark platform users across four different
coaching programs (diabetes prevention, diabetes care, hypertension care, and
prevention) over a 12-month period. We characterized user engagement as participation
in digital coaching conversations, meals logged, and device measurements. We
compared engagement metrics between older and younger adults using nonparametric
bivariate analyses.

Main Results: Aggregate engagement across all users during the 12-month period
included 1,623,178 coaching conversations, 588,436 meals logged, and 203,693 device
measurements. We found that older adults were significantly more engaged with the
digital platform than younger adults, evidenced by older adults participating in a larger
median number of coaching conversations (514 vs. 428) and logging more meals (174
vs. 89) and device measurements (39 vs. 28) all p < 0.01.

Conclusions: Older adult users of a commercially available, fully digital health platform
exhibited greater engagement than younger adults. These findings suggest that despite
potential barriers, older adults readily adopted digital health technologies. Fully digital
health programs may present a widely scalable and cost-effective alternative to traditional
telehealth models that still require costly touchpoints with human care providers.

Keywords: telemedicine, mobile health, engagement, chronic disease management, geriatric population,
preventative care
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HIGHLIGHTS

- Personalized digital health programs can meet the growing
needs of a rapidly expanding population of older adults.

- Older adults over 65 years showed greater engagement than
adults aged 35-64 years with a fully automated health
coaching platform.

- Engagement of older adults in a fully digital health platform
highlights the potential for widespread adoption, and this
supports continued research to optimize digital health
interventions for older adult users.

INTRODUCTION

Digital health has grown considerably in recent years, with
revenue increasing from $4.4 billion in 2016 to $6 billion in
2017 and an estimated 200 new health apps being released
per day (1). Since the onset of the COVID-19 pandemic in
2019, telehealth and digital health utilization rates have further
increased (2, 3) with high patient satisfaction (4). The growth of
digital health coincides with the US population aging, with adults
65 years and older comprising 15% of the population in 2014
and projected to grow to 21% in 2030 (5). Despite accounting
for only 15% of the population, older adults accounted for 34%
of total healthcare expenditures (6). Digital health innovations
offer an affordable and scalable mechanism to address older
adults’ unique needs, helping them better manage their health
and retain their autonomy (7, 8). However, to be effective for
these purposes, older adults must engage with digital health
technologies. A variety of digital health offerings are covered
by Medicare (9, 10), but the technologies used to enable such
programs may present unique barriers to older adults such as
prior experience, attitudes, usability, trust, and physical and
cognitive abilities (11, 12).

Older adults have a high prevalence of chronic diseases;
86% have at least one chronic condition such as diabetes or
hypertension, 56% have two, and 23% have at least three (13).
Self-management of these chronic conditions is essential to
minimize healthcare spending. In 2016 alone, $730 billion was
attributable to modifiable risk factors including high body mass
index (BMI), blood pressure, and fasting glucose, and the largest
fraction was for those aged 65 and older (14). Digital health
programs may help older adults manage modifiable risk factors
through interventions that engender positive behavior changes
in physical activity, weight management, nutrition, medication
adherence, and monitoring of clinical indicators like blood
pressure and glucose (15, 16). Digital health programs may
increase access to primary and specialty care, especially in remote
or underserved areas or in populations with challenges like
poor mobility (17). By increasing access to care and improving
patient health, digital health programs may lessen the burden on
healthcare systems (18).

Adoption and use of digital technologies by older adults
are important topics, as these individuals tend to be slower
than younger adults to adopt new technologies (19). However,
older adults are rapidly integrating technology into their lives
and are more likely to use technology when they perceive

a benefit (20). Questions around older adult engagement
with digital health technologies are important, as greater
engagement has been associated with improved health outcomes
(21, 22). Additionally, elucidating interactions between users
and digital platforms helps to tailor these platforms to user
preferences, which is associated with increased engagement
(23). Though digital health appears promising for older
adults, there are little data characterizing their engagement
with digital health platforms. This knowledge gap hinders
the potential for digital health programs to better serve
the needs of older adults. Investigations of older adults’
engagement with fully digital health platforms are necessary
to help pave the way for the field and inform future studies
and interventions.

The purpose of the present study was to characterize the
engagement of adults 65 years and older with a mobile
digital health platform called Lark Health and to compare
their engagement to that of adults aged 35-64 years. We
chose the comparison group of 35-64 years based upon this
group having adopted digital technologies later in life, rather
than having grown up with such technologies (24). The Lark
digital health platform delivers personalized health coaching
to promote wellness or to prevent, delay, or manage chronic
diseases through promoting positive behavior changes. Lark
programs are delivered via artificial intelligence (AI) with a
responsive coaching interface on a smartphone. We analyzed
data from users enrolled across four digital health programs
to determine whether engagement, defined as participation in
coaching conversations, meal logging, and device measurements,
varied by age. We hypothesized that older adults would have
less engagement in the digital platform than younger adults
due to barriers to technology use common to this age group,
which would be reflected by lower participation in coaching
conversations and fewer meals logged and device measurements.

METHODS
Study Design

This was a longitudinal, observational study of participants
who were users of the Lark Health disease management and
prevention programs. We considered measures of engagement
from the program start until 12 months later. The study received
exemption status from Advarra (Protocol #Pro00047181)
Institutional Review Board (IRB) for retrospective analyses of
previously collected and de-identified data.

Participants and Recruitment
Participants in this study were individuals who qualified for any
of four digital health programs (see Figure 1) offered through
existing partnerships between Lark Health and health insurance
companies, employers, or other organizations, and who owned
an Android-enabled smartphone or iPhone.

Lark recruits eligible users via direct referrals from health
plans and/or healthcare providers, digital awareness campaigns
(e.g., Facebook ads), and a large managed services organization.
The Lark programs are a covered service under the insurance
plans of these users. Eligibility differs for each clinical program
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FIGURE 1 | Overview of the common technological components of the Lark digital health programs.
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based on the program focus [e.g., Diabetes Prevention Program
users must meet risk criteria established by the Centers for
Disease Control and Prevention (25), Diabetes Program users
must have a diagnosis of diabetes, and Hypertension Program
users must have a diagnosis of hypertension]. A user’s health
plan confirms their eligibility for a particular program prior to
enrollment. There are no specific eligibility requirements for
the General Wellness Program, and these users are eligible to
enroll if their insurance covers preventive wellness programs.
Participants who opted in a program received a link via text
message to download the Lark program to their smartphones.
Some participants received a connected device (e.g., digital
weight scale) as a part of their specific program.

Participant inclusion criteria were: (1) enrollment in a Lark
Health program between January 1st, 2019 and July 28th,
2019; (2) aged 35 years and older; (3) those who received
a connected device as a part of their program; and (4)
those who completed at least one educational mission (i.e.,
an educational lesson that included a series of automated
check-ins with the digital coach and coaching conversations
around a topic related to the program focus). We selected the
date-range criteria to reduce time-dependent variations in the
content of coaching and types of participant-coach interactions
offered within each program. We further focused our analyses
by excluding young adults 18-34 years who would require
separate considerations due to lifetime technology exposure,
users who did not have a connected device since they were
not participating in a full version of a program, and users
who did not complete any educational missions since they did
not demonstrate a minimum level of intent to participate in
their program.

Digital Health Platform

The Lark digital health platform provides automated and
personalized coaching using conversational AI. Each program
has weekly “educational missions” consisting of daily check-
ins and educational material around a weekly topic related
to the focus of each program. The Lark programs differ in
clinical focus and content (e.g., diabetes prevention, hypertension
management) and employ a standard set of engagement methods
that include automated coaching conversations, meal logging,
and device measurements. Every Lark program includes Al
coaching on lifestyle choices such as healthy eating, physical
activity, sleep, and stress management. The Al coach employs
elements of cognitive behavioral therapy to encourage users
to adopt healthy behaviors and build self-management skills
and knowledge to sustain these behaviors. Users receive regular
“calls-to-action” and “nudges” that either encourage them to
engage with the Lark platform through actions like having
a coaching conversation or offer them positive reinforcement
(e.g., great job on your walk today). Users have the option to
set a weight-loss goal and receive personalized coaching. Lark
responds immediately with personalized feedback when users
log data such as weight or meals, or when they indicate they
want to have a conversation. Lark also provides daily and weekly
summaries of progress. The intuitive meal-logging system uses
natural language processing to provide personalized coaching
regarding meal content and quality. Lark can also gather data
from external devices like activity trackers that are connected
to Google Fit or iOS Health Kit. The AI coach is available for
unlimited use 24h a day if users want to check in to discuss
challenges or progress. The main technological aspects of these
programs are summarized in Figure 1.
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Measures of Engagement With the Digital
Health Platform

We defined three metrics to quantify the engagement of users
with the digital health platform. Coaching conversations included
interactions between the AI coach and user and included
educational missions. Meals logged included data provided by
users regarding food intake. Device measurements included
measurements obtained from the smart and connected devices
(i.e., digital weight scale, glucometer, or blood pressure monitor).

We considered the total number of coaching conversations,
meals logged, and device measurements experienced over the
first 12 months after the program start date. We did not
separately assess engagement metrics per program due to uneven
sample sizes, but we did separately analyze two program-specific
groupings, (1) clinically oriented (diabetes prevention, diabetes
care, and hypertension care) and (2) wellness (prevention).

Statistical Analyses

We conducted all statistical tests in Python version 3.7.3. We
checked distributions for each variable and compared age groups
on continuous measures with the Mann-Whitney U-test (U-
statistic) using the “mannwhitneyu” function from the scipy.stats
module in python due to non-normal data, and Chi-Square
tests ()2 statistic) using the “chi2_contingency” function from
scipy.stats for categorical data. Users self-reported their age,
gender, weight, and height upon enrollment in the Lark digital
platform. We calculated body mass index (BMI; kg/m?) from
height and weight. We reported medians with interquartile (IQ)
ranges for demographics and user characteristics for: (1) all users,
(2) users 65 years and older, and (3) users 35 to 64 years, as well
as the distribution of users across program types (Table 1).

We compared age groups (i.e., older adults vs. younger adults)
on engagement metrics (i.e., number of coaching conversations,
meals logged, and device measurements). We also compared
these engagement metrics between age groups for two program-
specific groupings (i.e., clinically oriented vs. wellness) and
within each age group between these program groupings. We
reported both medians with IQ ranges and means with 95% Cls
for all engagement metrics in Tables 2, 3. We used an alpha <0.05
to evaluate significance for all tests.

RESULTS

Per our inclusion/exclusion criteria, the final sample size
included in the analyses was 2,169 users. Older adults aged 65+
years comprised 14% of the sample, and the remaining 86%
consisted of adults aged 35-64 years. Per design, we had complete
separation between age groups (Table 1). Older users were more
likely to be male than younger users (37 vs. 32%; p < 0.01) and
had a lower body weight (87 kg vs. 93kg; p < 0.01) and BMI (32
vs. 33 kg/m?; p < 0.01) at program enrollment (Table 1). We
did not observe a difference in the distribution of users across
programs between the two age groups (p = 0.49).

Aggregate engagement across all users during the 12-month
period included 1,623,178 coaching interactions, 588,436 meals
logged, and 203,693 device measurements. We observed that

older adults engaged with the Lark digital health platform
to a greater degree than younger adults, evidenced by a
significantly larger median number of coaching conversations (U
= 233,794; p < 0.01), meals logged (U = 212,673; p < 0.01),
and device measurements (U = 238,056; p < 0.01) across all
programs (Table 2).

When we separately considered user engagement per thematic
program grouping (i.e., clinically oriented vs. wellness), we again
observed that older adults engaged with the Lark platform to
a greater degree than younger adults. Compared to younger
adults, older adults had a higher median number of coaching
conversations (U = 144,761; p < 0.01), meals logged (U =
138,824; p < 0.01), and device measurements (U = 140,316; p
< 0.01) for clinically oriented programs and a higher median
number of coaching conversations (U = 10,114; p < 0.01), meals
logged (U = 7,909; p < 0.01), and device measurements (U =
12,590; p < 0.01) for the wellness program (Table 3).

We further found that within each age group, older adults
enrolled in the wellness program had a higher median number
of coaching conversations (U = 309,663; p = 0.03) and meals
logged (U = 258,785; p < 0.01) compared with older adults
enrolled in the clinically oriented programs (Table 3). Older
adults did not differ in device measurements (p = 0.15) between
program-specific groupings. In contrast, younger adults enrolled
in the wellness program had a lower median number of coaching
conversations (U = 6,599; p = 0.02) and meal logging (U =
6,109; p < 0.01) compared to younger adults enrolled in the
clinically oriented programs (Table 3). Younger adults also did
not differ in device measurements (p = 0.25) between program-
specific groupings.

DISCUSSION

The present study characterized the engagement of older adults
aged 65 and older with a digital health platform compared
to adults aged 35-64 years. Users of the Lark digital health
platform engaged with multiple modes of technology over a
12-month period, including navigating a mobile application
on a smartphone, engaging in conversational AI with a
digital coach, receiving and responding to prompts to interact
with the platform, logging meals, and monitoring progress
via measurements of weight, glucose, and blood pressure
collected via smart and connected devices. Contrary to our
main hypothesis, we observed that older adults engaged more
with these technologies than younger adults, evidenced by
engagement in a larger number of coaching conversations and
more meals logged and device measurements.

Older Adults Engaged With Fully Digital

Health Programs

The higher engagement observed in older adults in this study is
promising. Although the literature on the use of digital health
technologies among older adults is sparse, some evidence has
suggested they have lower levels of engagement than younger
adults due to barriers to use (11, 12). For example, older adults
experience declining physical and cognitive functioning (26),
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TABLE 1 | Participant demographics and characteristics and distribution of users across programs.

Full sample (N = 2,169) 35-64 years (n = 1,868) 65+ years (n = 301)

Median [IQ range] Median [IQ range] Median [I1Q Range] U-Stat.; p-val
Age [years] 53 [45, 60] 51 [43, 57] 68 [66, 71] 0;p < 0.01
Weight [kal 92 [79, 108] 93 [79, 109] 87 [75, 101] 199,447; p < 0.01
Height [cm] 168 [163, 175] 168 [163, 175] 168 [160, 175] 255,768; p = 0.01
BMI [kg/m?] 32 [29, 36] 32 [29, 37] 31 [28, 35] 174,003; p < 0.01
N [%] n [%] n [%] X2 Stat.; p-val
Gender F 1,448 [67] 1,264 [68] 184 [61] 11; p < 0.01
M 708 [33] 596 [32] 112 [37]
N/A 13[0] 81[0] 52
Race White 1,570 [72] 1,326 [71] 257 [85] 11; p = 0.001
Not White 599 [28] 542 [29] 44 [15]
Ethnicity Hispanic or Latino 210 [10] 192 [10] 13 4] 27; p < 0.0001
Not Hispanic or Latino 1,959 [90] 1,676 [90] 288 [96]
N [%] n [%] n [%] X2 Stat.; p-val
Programs Diabetes prevention 1,396 [64] 1,201 [64] 195 [65] 3;p=0.49
Diabetes care 86 [4] 69 [4] 17 (6]
Hypertension care 151 [7] 130 [7] 211[7]
Prevention 536 [25] 468 [25] 68 [22]

Data presented for the full sample and stratified by age into older (65+ years) and younger (35-64 years) groups. Statistical comparisons are between age groups for demographics,
characteristics, and distribution of users across programs.

TABLE 2 | Engagement metrics of users across all programs.

Engagement metrics Values Full sample (N = 2,169) 35-64 years (n = 1,868) 65+ years (n = 301)

Number of coaching conversations Median [IQ range] 437 [281, 615] 428 [276, 598] 514 [312, 7201
Mean [95% ClI] 486 [474, 499] 474 461, 488] 561 [524, 597]

Number of meals logged Median [IQ range] 96 [39, 220] 89 [38, 201] 174 [54, 398]*
Mean [95% ClI] 176 [167, 186] 161 [151, 170] 273 [240, 306]

Number of device measurements Median [IQ range] 30 [10, 70] 28 [10, 67] 39 [15, 101]**
Mean [95% ClI] 71[55, 87] 69 [51, 88] 82 [69, 94]

Statistical significance based on comparison of the medians between age groups and denoted by ‘p < 0.05; “p < 0.01 next to older adult medians.
Data presented for the full sample and stratified by age into older (65+ years) and younger (35-64 years) groups. Median [Interquartile (IQ) Range] and Mean [95% Confidence Interval

(Cl)] provided for all comparisons.

which may directly affect their ability to visually navigate a
digital screen, remember how to interact with digital programs,
or understand technological prompts or notifications. However,
we observed that older adults engaged in more coaching
conversations, logged more meals, and recorded more device
measurements than younger adults. These interactions suggest
that despite potential barriers, adults over 65 years of age were
able to engage with an all-digital, app-based coaching platform. If
we consider our results in the context of commonly cited barriers
to technology use of older adults, our findings indicate that older
adult users were able to optically interpret text, use touch-based
interactions, navigate the in-app menu, take measurements with
smart and connected digital devices, pair connected Bluetooth
devices with their mobile phones, and maintain battery charge
to support device use.

Trust is another commonly cited barrier to technology use
of older adults, with an unwillingness to adopt technologies
stemming from high perceptions of risk and desire for
privacy (27). However, older adult users in this study shared
personal details including their age, gender, weight, height, meal
information, and health-related measurements. Potential trust-
building factors that may have been uniquely appealing to older
adults warrant further exploration. Research has shown that there
are both enablers to trust (e.g., fair data access, ease of use, lack
of judgment) and impediments (e.g., fear of data exploitation,
insufficient training) that digital health services must consider
when designing their platforms (28). Such elements are critical
since not just adoption of, but also effective engagement with,
digital health platforms is necessary to reap the greatest health
benefits and sustain these benefits (29).
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TABLE 3 | Engagement metrics of users over a 12-month period broken down by program-specific grouping into clinically oriented (diabetes prevention, diabetes care,
and hypertension care) and wellness (prevention).

Clinically oriented programs

Engagement metrics

Values

Full sample (n = 1,633)

35-64 years (n = 1,400)

65+ years (n = 233)

Number of coaching conversations

Number of meals logged

Number of device measurements

Wellness program
Engagement Metrics

Number of coaching conversations

Number of meals logged

Number of device measurements

Median [IQ Range]
Mean [95% Cl]
Median [IQ Range]
Mean [95% Cl]
Median [IQ Range]
Mean [95% Cl]

Values

Median [IQ Range]
Mean [95% Cl]
Median [IQ Range]
Mean [95% Cl]
Median [IQ Range]
Mean [95% Cl]

437 [281, 624 431 [278, 614] 485 [300, 706]"*
494 [479, 509] 486 [470, 503] 540 [500, 581]
106 [45, 224] 102 [45, 214] 141 [49, 368]*
183 [172, 194] 171 [160, 182] 252 [215, 288]
3019, 71] 2819, 67] 3813, 112
75 [54, 96] 7349, 97] 84 [69, 99]

Full Sample (n = 536)

35-64 years (n = 468)

65+ years (n = 68)

434 284, 585 423 [269, 5611 584 (398, 767]"

463 [441, 485 439 [417, 460 630 [548, 712]
69 [27, 187] 62 [25, 1521 285 [114, 493]""

157 [139, 175] 130 [113, 147] 347 [278, 416]
3013, 68] 2812, 63] 40 [29, 92
60 [53, 67] 58 [50, 66] 7353, 93]

Statistical comparisons based first on the medians between age groups and denoted by ‘p < 0.05; "p < 0.07 next to older adult medians for both program-specific groupings. Statistical
comparisons also presented based on the medians between program-specific groupings within each age group and denoted by 7 p <0.05; i p < 0.07 next to each age-group’s median

under the wellness program results.

Data presented for the full sample and stratified by age into older (65+ years) and younger (35-64 years) groups. Median [Interquartile (IQ) Range] and Mean [95% Confidence Interval

(Cl)] provided for all comparisons.

Studies of digital health technology use have shown that one
reason why older adults may engage less with these technologies
is simply that they are less likely than younger age groups
to be offered digital health access by their healthcare provider
(30). In fact, of those with access, one study of Canadian older
adults found that older adults sustained their use of health-
related mobile apps for longer than the general population
(31). Older adults may be characterized in their use of digital
technologies along a spectrum from non-users to savvy users like
the general population (32). Despite suggestions to the contrary,
some research has shown that older adults are willing to engage
with new technologies and demonstrate positive attitudes toward
technology (33). Although we did not independently assess each
potential barrier, our results also collectively suggest that older
adults will engage with digital health technologies when provided
the opportunity.

Facilitators and Patterns of Use of Fully
Digital Health Programs by Older Adults

The engagement of older adults with digital health is important to
the field of chronic disease management. Many chronic diseases
are preventable or effectively managed through lifestyle changes
(34, 35). However, direct contact with healthcare professionals
that may offer conventional lifestyle behavior coaching is a
challenge due to the shortage of practitioners that provide care
(36), and the costs associated with regular human-provided
care (37), resulting in unmet care needs of older adults.
Telehealth initiatives have been successfully deployed to older
adults for chronic disease management (38); however, classical
models of telehealth still require costly touchpoints with human

care providers to facilitate program engagement (39). The
engagement of older adults in the fully digital programs assessed
in this study demonstrates that older adults readily adopted
programs that did not require any human touchpoints and that
fully digital programs may therefore present a widely scalable and
cost-effective alternative to traditional forms of telehealth.

Given that increased engagement with lifestyle interventions
has been associated with improved health outcomes (40), our
findings require further exploration of the underlying facilitators
supporting the engagement of older adult users. There are
other potential facilitators of engagement in digital health
programs besides age, such as clinician referral, incentives
(e.g., compensation) for participation, and disease diagnosis
(41). Exploring interactions between age and other potential
facilitators is an important future area of focus to determine how
to best facilitate program engagement for various subgroups. We
found that older and younger adults differed in their engagement
patterns between wellness vs. clinically oriented programs. In
younger adults, there were more coaching conversations and
meals logged in the clinically oriented programs when compared
to those enrolled in the wellness program. In contrast, older
adults in the wellness program had more coaching conversations
and meals logged when compared with older adults enrolled in
the clinically oriented programs. It is possible that the digital
coach presented older adults with an opportunity for social
interactions that they desired (42, 43), particularly when the
program was not focused on clinical issues. If older adults
viewed the digital coach as a form of social support, this could
explain the greater number of interactions of apparently healthy
older adults enrolled in the wellness program, and this would
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support the use of fully digital health platforms for not only
disease management but also for prevention of chronic disease—
a minority focus of currently available digital platforms (44).
Prevention is a critical area of focus for digital health programs
because these technologies have the potential to stabilize or
reverse the declining health of older adults before they need
clinical intervention. Future work is necessary to elucidate
these findings.

The results of this study must be considered with respect to
the median age of the sample (68 years). Although our hypothesis
was that older adults over 65 years would have less engagement
with digital programs due to real or perceived barriers to
technology use, a potential counter-hypothesis could be that the
“younger” end of the older-adult spectrum may include newly
retired individuals who have more free time to engage with digital
technologies than working-age adults. We may have observed
different results had we included the “oldest old” (>80 years) who
are even more likely to experience barriers to technology use (45).

Strengths and Limitations

We did not directly assess health outcomes as they related to
engagement metrics. Such an assessment would be complicated
due to the different outcomes associated with each of the different
programs and was beyond the scope of this study. However,
the high level of engagement of older adults is a promising
indicator of the potential for fully digital health interventions,
since we know from the published literature that those who
engage in lifestyle interventions to a greater degree are generally
more successful (40, 46). The present study included only users
of an existing commercial digital health product. However, a
strength is that these participants represented real-world users
of digital health programs rather than participants recruited as
a part of a carefully controlled research study. Users had no
contact with research staff; thus, their engagement with the digital
platform can be attributed to their personal choices rather than
instructions to behave in a particular manner. We observed
less diversity in race and ethnicity in older adults than younger
adults. Race and ethnicity have been found to be predictive of
digital health and technology use, with minority populations
less likely to engage (47). The fact that we had few older adult
users of non-white and Hispanic/Latino origins may support
these findings, and more work is necessary to improve inclusivity
and help mitigate health disparities. Finally, our measures of
engagement assessed the total number of engagement metrics
rather than temporal patterns of user-coach interactions, which
recent studies have suggested may be predictive of individual
outcomes (48). A more detailed understanding of the ways in
which older adult users interact with the digital platform will
be key to optimizing the mechanisms of coaching delivery (e.g.,
content, timing, and frequency) and platform navigations.

REFERENCES
1. Mathews SC, McShea M]J, Hanley CL, Ravitz A, Labrique
AB, Cohen AB. Digital health: a path to validation.

CONCLUSIONS

The present study found that older adults had greater
engagement in coaching conversations, meals logged, and device
measurements than younger adults, suggesting that older adults
were able to navigate a digital screen, interact with a fully
automated digital coach, and take measurements with smart
and connected digital devices. Health-related digital technologies
and digital coaches may offer older adults a way to manage the
large amount of information associated with lifestyle behavior
changes, and further, provide 24-h continuous encouragement
and support in sustaining these lifestyle changes. Our findings
collectively suggest that older adults will engage with digital
health technologies when provided the opportunity. These
findings support the use of fully digital health programs to deliver
behavior change interventions for older adults and provide a
foundation for future studies to explore age-specific relationships
of patterns of engagement and outcomes.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Advarra Institutional Review Board approval
(Protocol #Pro00047181) for retrospective analyses of previously
collected and de-identified data. Written informed consent for
participation was not required for this study in accordance with
the national legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

SG, NS, and OB wrote and edited the manuscript. ES performed
data analyses and edited the manuscript. JP provided clinical
oversight and edited the manuscript. SK designed the study and
contributed to writing and editing the manuscript. All authors
contributed to the article and approved the submitted version.

FUNDING

This study was funded by Lark Technologies, Inc.

ACKNOWLEDGMENTS

We thank the team at Lark for their assistance in managing the
data collection.

NP]  Digit
0111-3

2. Mann DM, Chen J, Chunara R, Testa PA, Nov O. COVID-19
transforms health care through telemedicine: evidence from the field.

Med. (2019) 2:1-9. doi: 10.1038/s41746-019-

Frontiers in Digital Health | www.frontiersin.org

August 2021 | Volume 3 | Article 642818


https://doi.org/10.1038/s41746-019-0111-3
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/digital-health#articles

Graham et al.

Older Adults and Digital Health

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

J Am Med Informatics Assoc. (2020) 27:1132-5. doi: 10.1093/jamia/oc
aa072

. Gelburd R. The Coronavirus Pandemic and the Transformation of Telehealth.

US News. Available online at: https://www.palmettocareconnections.org/
news/the-coronavirus- pandemic-and- the- transformation- of- telehealth/
(accessed June 1, 2020).

. Ramaswamy A, Yu M, Drangsholt S, Ng E, Culligan PJ, Schlegel

PN, et al. Patient satisfaction with telemedicine during the COVID-
19 pandemic: retrospective cohort study. J Med Internet Res. (2020)
22:€20786. doi: 10.2196/20786

. US Census Bureau. National Population Projections. Population Estimates

Program (2017). Available online at: https://www.census.gov/data/tables/
2017/demo/popproj/2017-summary- tables.html (cited May 12, 2020).

. Mitchell EM. Concentration of Health Expenditures in the US Civilian

Noninstitutionalized Population, 2014. Rockville, MD: Agency for Healthcare
Research and Quality (US) (2017).

. Evangelista L, SR, Topol EJ. Digital health care for older
adults.  Lancet.  (2019)  393:1493. doi:  10.1016/S0140-6736(19)3
0800-1

. Wang J. Mobile and connected health technologies for older adults aging

in place. J Gerontol Nurs. (2018) 44:3-5. doi: 10.3928/00989134-20180
509-01

. Medicare.gov: Telehealth. Your Medicare Coverage. (2020). Available online

at: https://www.medicare.gov/coverage/telehealth (cited December 8, 2020).
Health and Human Services Administration. Policy Changes During COVID-
19. TELEHEALTH.HHS.GOV (2020). Available online at: https://telehealth.
hhs.gov/providers/policy-changes- during- the- covid- 19-public-health-
emergency/ (cited May 12, 2020).

Wildenbos ~ GA,  Jaspers MWM,  Schijven = MP,  Dusseljee-
Peute LW. Mobile health for older adult patients: using an
aging barriers framework to classify usability ~problems. Int
J  Med Inform. (2019) 124:68-77. doi: 10.1016/j.ijmedinf.2019.
01.006

Hall AK, Bernhardt JM, Dodd V, Vollrath MW. The digital health divide:
evaluating online health information access and use among older adults. Heal
Educ Behav. (2015) 42:202-9. doi: 10.1177/1090198114547815

Centers for Disease Control Prevention. Percent of U.S. Adults 55 and
Over with Chronic Conditions. National Center for Health Statistics. (2015).
Available online at: https://www.cdc.gov/nchs/health_policy/adult_chronic_
conditions.htm (accessed December 20, 2020).

Bolnick HJ, Bui AL, Bulchis A, Chen C, Chapin A, Lomsadze L, et
al. Health-care spending attributable to modifiable risk factors in the
USA: an economic attribution analysis. Lancet Public Heal. (2020) 5:e525-
e35. doi: 10.1016/52468-2667(20)30203-6

Alzeidan R, Shata Z, Hassounah MM, Baghdadi LR, Hersi A, Fayed A,
et al. Effectiveness of digital health using the transtheoretical model to
prevent or delay type 2 diabetes in impaired glucose tolerance patients:
protocol for a randomized control trial. BMC Public Health. (2019)
19:1550. doi: 10.1186/s12889-019-7921-8

Widmer RJ, Collins NM, Collins CS, West CP, Lerman LO, Lerman A.
Digital health interventions for the prevention of cardiovascular disease:
a systematic review and meta-analysis. Mayo Clin Proc. (2015) 90:469-
80. doi: 10.1016/j.mayocp.2014.12.026

Labrique AB, Wadhwani C, Williams KA, Lamptey P, Hesp C, Luk
R, et al. Best practices in scaling digital health in low and middle
income countries. Global Health. (2018) 14:103. doi: 10.1186/s12992-018-
0424-z

Centers for Disease Control and Prevention. Using Telehealth to Expand
Access to Essential Health Services during the COVID-19 Pandemic. National
Center for Immunization and Respiratory Diseases (NCIRD), Division
of Viral Diseases (2020). Available from: https://www.cdc.gov/coronavirus/
2019-ncov/hcp/telehealth.html (accessed December 10, 2020).

Vaportzis E, Giatsi Clausen M, Gow AJ. Older adults perceptions of
technology and barriers to interacting with tablet computers: a focus group
study. Front Psychol. (2017) 8:1687. doi: 10.3389/fpsyg.2017.01687
Berkowsky RW, Sharit J, Czaja S]. Factors predicting decisions
about technology adoption among older adults. Innov Aging. (2017)
1:igy002. doi: 10.1093/geroni/igy002

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Greenwood DA, Gee
review of reviews

PM, Fatkin K], Peeples M. A systematic
evaluating  technology-enabled  diabetes — self-
management education and support. J Diabetes Sci Technol. (2017)
11:1015-27. doi: 10.1177/1932296817713506
Kim JY, Wineinger NE, Steinhubl SR. The influence of wireless self-
monitoring program on the relationship between patient activation and health
behaviors, medication adherence, and blood pressure levels in hypertensive
patients: a substudy of a randomized controlled trial. ] Med Internet Res.
(2016) 18:5429. doi: 10.2196/jmir.5429
Alkhaldi G, Hamilton FL, Lau R, Webster R, Michie S, Murray E. The
effectiveness of prompts to promote engagement with digital interventions:
a systematic review. ] Med Internet Res. (2016) 18:e6. doi: 10.2196/jmir.4790
Alkire L, O’Connor GE, Myrden S, Kocher S. Patient experience in the digital
age: an investigation into the effect of generational cohorts. ] Retail Consum
Serv. (2020) 57:102221. doi: 10.1016/j.jretconser.2020.102221
Centers for Disease Control and Prevention. Diabetes Prevention
Recognition  Program  Standards and  Operating  Procedures CDC
Diabetes Prevention Recognition Program. (2018). Available online at:
www.cdc.gov/diabetes/prevention/recognition (accessed December 10, 2020).
Levine DM, Lipsitz SR, Linder JA. Changes in everyday and digital health
technology use among seniors in declining health. ] Gerontol Ser A. (2018)
73:552-9. doi: 10.1093/gerona/glx116
Fox G, Connolly R. Mobile health
generations: narrowing the digital
28:995-1019. doi: 10.1111/isj.12179
Adjekum A, Blasimme A, Vayena E. Elements of trust in digital health systems:
scoping review. ] Med Internet Res. (2018) 20:e11254. doi: 10.2196/11254
Yardley L, Spring BJ, Riper H, Morrison LG, Crane DH, Curtis
K, et al. Understanding and promoting effective engagement with
digital behavior change interventions. Am ] Prev Med. (2016)
51:833-42. doi: 10.1016/j.amepre.2016.06.015
Peacock S, Reddy A, Leveille SG, Walker J, Payne TH, Oster N V, et al.
Patient portals and personal health information online: perception, access,
and use by US adults. ] Am Med Informatics Assoc. (2017) 24:e173-
e7. doi: 10.1093/jamia/ocw095
Jaana M, Paré G. Comparison of mobile health technology use for self-tracking
between older adults and the general adult population in Canada: cross-
sectional survey. JMIR mHealth uHealth. (2020) 8:¢24718. doi: 10.2196/24718

technology adoption
divide. Inf Syst .

across
(2018)

Quan-Haase A, Williams C, Kicevski M, Elueze I, Wellman
B. Dividing the grey divide: deconstructing myths about older
adults’ online activities, skills, and attitudes. Am Behav Sci. (2018)

62:1207-28. doi: 10.1177/0002764218777572

Kuerbis A, Mulliken A, Muench F Moore AA, Gardner D. Older
adults and mobile technology: factors that enhance and inhibit utilization
in the context of behavioral health. Ment Health Addict Res. (2017)
2:1:11. doi: 10.15761/MHAR.1000136

Adams ML, Grandpre J, Katz DL, Shenson D. The impact of key modifiable
risk factors on leading chronic conditions. Prev Med (Baltim). (2019) 120:113-
8. doi: 10.1016/j.ypmed.2019.01.006

Kushner RE Sorensen KW. Lifestyle medicine: the future of chronic
disease management. Curr Opin Endocrinol Diabetes Obes. (2013) 20:389-
95. doi: 10.1097/01.med.0000433056.76699.5d

Markit TH. The Complexities of Physician Supply and Demand: Projections
From 2015 to 2030. Association of American Medical Colleges (2017).
Available online at: https://www.luminafoundation.org/wp- content/uploads/
2017/08/aamc- projections-update-2017.pdf (accessed December 10, 2020).
Osborn R, Doty MM, Moulds D, Sarnak DO, Shah A. Older Americans were
sicker and faced more financial barriers to health care than counterparts in
other countries. Health Aff. (2017) 36:2123-32. doi: 10.1377/hlthaff.2017.1048
Guo Y, Albright D. The effectiveness of telehealth on self-management
adults with a comprehensive
narrative review of the literature. ] Telemed Telecare. (2018)
24:392-403. doi: 10.1177/1357633X17706285

Henderson C, Knapp M, Ferndndez J-L, Beecham J, Hirani SP, Cartwright
M, et al. Cost effectiveness of telehealth for patients with long term
conditions (Whole Systems Demonstrator telehealth questionnaire study):
nested economic evaluation in a pragmatic, cluster randomised controlled
trial. BMJ. (2013) 346:£1035. doi: 10.1136/bmj.f1035

for older chronic  condition: a

Frontiers in Digital Health | www.frontiersin.org

August 2021 | Volume 3 | Article 642818


https://doi.org/10.1093/jamia/ocaa072
https://www.palmettocareconnections.org/news/the-coronavirus-pandemic-and-the-transformation-of-telehealth/
https://www.palmettocareconnections.org/news/the-coronavirus-pandemic-and-the-transformation-of-telehealth/
https://doi.org/10.2196/20786
https://www.census.gov/data/tables/2017/demo/popproj/2017-summary-tables.html
https://www.census.gov/data/tables/2017/demo/popproj/2017-summary-tables.html
https://doi.org/10.1016/S0140-6736(19)30800-1
https://doi.org/10.3928/00989134-20180509-01
https://www.medicare.gov/coverage/telehealth
https://telehealth.hhs.gov/providers/policy-changes-during-the-covid-19-public-health-emergency/
https://telehealth.hhs.gov/providers/policy-changes-during-the-covid-19-public-health-emergency/
https://telehealth.hhs.gov/providers/policy-changes-during-the-covid-19-public-health-emergency/
https://doi.org/10.1016/j.ijmedinf.2019.01.006
https://doi.org/10.1177/1090198114547815
https://www.cdc.gov/nchs/health_policy/adult_chronic_conditions.htm
https://www.cdc.gov/nchs/health_policy/adult_chronic_conditions.htm
https://doi.org/10.1016/S2468-2667(20)30203-6
https://doi.org/10.1186/s12889-019-7921-8
https://doi.org/10.1016/j.mayocp.2014.12.026
https://doi.org/10.1186/s12992-018-0424-z
https://www.cdc.gov/coronavirus/2019-ncov/hcp/telehealth.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/telehealth.html
https://doi.org/10.3389/fpsyg.2017.01687
https://doi.org/10.1093/geroni/igy002
https://doi.org/10.1177/1932296817713506
https://doi.org/10.2196/jmir.5429
https://doi.org/10.2196/jmir.4790
https://doi.org/10.1016/j.jretconser.2020.102221
http://www.cdc.gov/diabetes/prevention/recognition
https://doi.org/10.1093/gerona/glx116
https://doi.org/10.1111/isj.12179
https://doi.org/10.2196/11254
https://doi.org/10.1016/j.amepre.2016.06.015
https://doi.org/10.1093/jamia/ocw095
https://doi.org/10.2196/24718
https://doi.org/10.1177/0002764218777572
https://doi.org/10.15761/MHAR.1000136
https://doi.org/10.1016/j.ypmed.2019.01.006
https://doi.org/10.1097/01.med.0000433056.76699.5d
https://www.luminafoundation.org/wp-content/uploads/2017/08/aamc-projections-update-2017.pdf
https://www.luminafoundation.org/wp-content/uploads/2017/08/aamc-projections-update-2017.pdf
https://doi.org/10.1377/hlthaff.2017.1048
https://doi.org/10.1177/1357633X17706285
https://doi.org/10.1136/bmj.f1035
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/digital-health#articles

Graham et al.

Older Adults and Digital Health

40.

41.

42.

43.

44.

45.

46.

47.

Ely EK, Gruss SM, Luman ET, Gregg EW, Ali MK, Nhim K, et al. A
national effort to prevent type 2 diabetes: participant-level evaluation of
CDC’s National Diabetes Prevention Program. Diabetes Care. (2017) 40:1331-
41. doi: 10.2337/dc16-2099

Pratap A, Neto EC, Snyder P, Stepnowsky C, Elhadad N, Grant D,
et al. Indicators of retention in remote digital health studies: a cross-
study evaluation of 100,000 participants. npj Digit Med. (2020) 3:1-
10. doi: 10.1038/541746-020-0224-8

Brandtzaeg PB, Folstad A. Why people use chatbots. In: Kompatsiaris I,
Cave J, Satsiou A, Carle G, Passani A, Kontopoulas E, et al., editors. Internet
Science. INSCI 2017, Vol. 106373, Lecture Notes in Computer Science. Cham:
Springer (2017).

De Gennaro M, Krumhuber EG, Lucas G. Effectiveness of an empathic chatbot
in combating adverse effects of social exclusion on mood. Front Psychol.
(2020) 10:3061. doi: 10.3389/fpsyg.2019.03061

Cohen AB, Dorsey ER, Mathews SC, Bates DW, Safavi K. A digital health
industry cohort across the health continuum. NPJ Digit Med. (2020) 3:1-
10. doi: 10.1038/541746-020-0276-9

Piper AM, Garcia RC, Brewer RN. Understanding the challenges and
opportunities of smart mobile devices among the oldest old. Int ] Mob Hum
Comput Interact. (2016) 8:83-98. doi: 10.4018/]JMHCI.2016040105

Hibbard JH, Greene J. What the evidence about patient
activation: better health outcomes and care experiences; fewer data

shows

on costs. Health Aff. (2013) 32:207-14. doi: 10.1377/hlthaff.2012.
1061

Mitchell UA, Chebli PG, Ruggiero L, Muramatsu N. The digital
divide in health-related technology use: The significance of

race/ethnicity. ~ Gerontologist. (2019) 59:6-14. doi:
gny138

48. Chien I, Enrique A, Palacios J, Regan T, Keegan D, Carter D, et al. A
machine learning approach to understanding patterns of engagement with
internet-delivered mental health interventions. JAMA Netw open. (2020)

3:€2010791. doi: 10.1001/jamanetworkopen.2020.10791

10.1093/geront/

Conflict of Interest: SG, FS, NS, OB, JP, and SK receive a salary from Lark and
some authors might have some stock options in the event that the company could
go public at an unanticipated date in the future. The funder (Lark Technologies,
Inc.) had the following involvement in the study: collection of data, analyses, and
writing.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Graham, Stein, Shemaj, Branch, Paruthi and Kanick. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Digital Health | www.frontiersin.org

August 2021 | Volume 3 | Article 642818


https://doi.org/10.2337/dc16-2099
https://doi.org/10.1038/s41746-020-0224-8
https://doi.org/10.3389/fpsyg.2019.03061
https://doi.org/10.1038/s41746-020-0276-9
https://doi.org/10.4018/IJMHCI.2016040105
https://doi.org/10.1377/hlthaff.2012.1061
https://doi.org/10.1093/geront/gny138
https://doi.org/10.1001/jamanetworkopen.2020.10791
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/digital-health#articles

	Older Adults Engage With Personalized Digital Coaching Programs at Rates That Exceed Those of Younger Adults
	Highlights
	Introduction
	Methods
	Study Design
	Participants and Recruitment
	Digital Health Platform
	Measures of Engagement With the Digital Health Platform
	Statistical Analyses

	Results
	Discussion
	Older Adults Engaged With Fully Digital Health Programs
	Facilitators and Patterns of Use of Fully Digital Health Programs by Older Adults
	Strengths and Limitations

	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


