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Abstract

Background: With the rising prevalence of aging worldwide, there is a necessity for reliable and frequent assessments of older
individuals’ health status to manage and potentially prevent age-related complications. Digital health technologies (DHTs), such
as wearable devices, provide an opportunity to gather objective, continuous, and unobtrusive measurements, enabling effective
health management in everyday life.

Objective: We aimed to evaluate the relationship between digital endpoints and frailty, nutritional status, and patient-reported
outcomes (PROs) in older individuals, as well as quantified their compliance and comfort with DHTs.

Methods: In two cross-sectional studies, namely the Geriatric Anorexia Studies 1 and 2, including three in-clinic visits and 2-3
weeks of at-home monitoring, 94 participants (mean age 72.98 years, SD 6.28 years) were stratified based on their frailty status
(n=39, 41%, nonfrail; n=45, 48%, prefrail; and n=10, 11%, frail) and nutritional status (n=70, 74%, with normal nutrition and
n=24, 26%, at risk for malnutrition), as assessed in a clinical setting using the Fried Frailty Score and the Simplified Nutritional
Appetite Questionnaire, respectively. We remotely monitored older adults using different DHTs. At home, participants were
monitored with a wrist accelerometer for physical activity, continuous glucose monitoring (CGM) for glucose concentration, a
digital body scale for weight and body composition, and a digital nutritional scale for meal tracking. Compliance with devices
was assessed via wear time and correct at-home usage, while comfort was evaluated using questionnaires. The association between
digital endpoints and frailty/nutritional status was investigated via linear regression, followed by ANOVA, and the relationship
between digital endpoints collected at home and PROs was evaluated via Spearman’s ρ. Weight and body composition were also
assessed during in-clinic visits with a research-grade scale, used to validate the at-home digital body scale measurements, via the
intraclass correlation coefficient, Pearson’s R, and Bland-Altman plots with mean bias.

Results: Physical activity digital endpoints collected at home were significantly different across frailty and nutritional groups
and significantly correlated with self-reported appetite, fatigue, and physical function (eg, for mean daily activity in the maximum
60 minutes of activity, ρ=0.28, –0.23, and 0.47, respectively). More than 80% of participants reported that all devices were mostly
to very acceptable to wear/use: 95% (88/93) for the body scale, 86% (43/50) for CGM, 80% (40/50) for the nutrition scale, and
91% (84/93) for the wrist accelerometer. Compliance ranged from 60% of monitoring days for the digital nutrition scale to 90%
for the wrist accelerometer.

Conclusions: Physical activity digital endpoints show clear prognostic significance for frailty and malnutrition in older individuals
and reflect self-reported measures. DHTs can be reliably deployed at home for older individuals to measure their physical activity,
weight and body composition, glucose concentration, and meal intakes, thus enabling patient-centric, data-centric clinical trials.
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Introduction

Aging is a worldwide phenomenon that is rapidly gaining
attention due to the increasing prevalence of older adults and
the profound impact it has on individuals and society [1,2].
Aging is associated with a wide variety of comorbidities, such
as reduced appetite, undernutrition with associated weight loss
and changes in body composition, decreased exercise capacity,
and frailty [3]. These conditions are commonly referred to as
anorexia of aging (AoA) [4-7].

To diagnose and monitor age-related diseases, typical
assessments include, but are not limited to, physical function,
weight, and appetite [8]. These assessments are traditionally
performed during in-clinic visits using nonscalable devices (eg,
research-grade scales to measure weight and body composition)
and questionnaires (eg, the Fried Frailty assessment [9]).
Notably, in-clinic assessments might not reflect the variability
observed in daily life [10,11], because the visits are sporadic
and limited in time and space, and participants’ performance
can be affected by the presence of observers [12]. In addition,
self-reported assessments inherently lack objectivity, particularly
for individuals with cognitive impairments, making comparisons
between individuals difficult [6]. Finally, in-clinic visits require
individuals to travel to clinical trial sites, which can be
burdensome, especially for those with reduced mobility and/or
those living in rural areas [13].

To overcome the limitations of traditional assessments of
age-related diseases and address the need for objective, remote,
and unobtrusive high-frequency measurements, the use of digital
health technologies (DHTs) has been explored in the literature
[11,14]. DHTs refer to a broad category of tools, platforms, and
systems that integrate software, hardware, and data analytics to
monitor different aspects of health and support clinical
decision-making, enhance health care management, and improve
patient engagement [15]. This work focuses on DHTs to monitor
age-related conditions: wearable accelerometers, digital body
weight and nutrition scales, continuous glucose monitoring
(CGM) devices, and smartphone apps, whose applications are
described next.

Wearable accelerometers, such as smartwatches and lumbar
belts, allow for objective measurements of the variability of
physical activity and gait in daily life. Their use in older
individuals has been widely explored in the literature, showing
their potential to unlock new insights into older adults’ frailty
and overall health status [16,17].

Digital body scales, deployed in free-living environments, may
afford an opportunity to monitor weight and body composition
remotely and with more granularity (eg, daily) and to
automatically share data with clinical practitioners. This may

enable the early detection of weight loss, weight cycling, or
sarcopenia, which are associated with disability and mortality
in older adults [18,19].

DHTs can also be used to remotely monitor meal intake and
glucose concentration, which can indicate alterations in eating
behavior, mitigating the risk for malnutrition and potentially
preventing the onset of metabolic disorders [20,21]. Handwritten
food diaries are often used to report information about meal
timings and amounts, but they rely on users’ memory to recall
the food consumed, and require the burdensome task of
estimating portion size, thus lacking accuracy and
reproducibility. In addition, they provide unstructured data,
requiring time-consuming and error-prone data harmonization
prior to analysis [22-24]. To streamline dietary behavior
monitoring, digital nutrition scales can be used to automatically
pull meal timings from the network and objectively calculate
the serving weight [25,26], resulting in standardized data that
can be sent in real time to physicians, dietitians, or nutritionists
to accelerate their clinical interpretation. The smartphone apps
linked to nutrition scales can provide users with additional
features, such as reminders at regular time intervals, which
increase compliance and data completeness [27], and the
integration of food composition databases, which streamlines
the calculation of meals’ nutritional content. More advanced
tools, such as the one proposed by Ryu et al [28], can perform
automatic estimation of meals’ macronutrient content by
leveraging artificial intelligence models to analyze food pictures
taken by individuals.

Furthermore, continuous glucose monitoring (CGM) devices
represent state-of-the-art systems to track glucose concentration
continuously, with wide applications in the diabetes space across
different age ranges [29,30]. Although there is evidence for the
use of CGM in different disease areas, including obesity [31],
eating disorders [32], or following bariatric surgery [33], its
application in healthy older individuals has been poorly
explored.

The systematic evaluation and early assessment of frailty and
malnutrition are crucial to identify individuals at the highest
risk for adverse outcomes, allowing the development of
individualized care plans, optimization of physical and mental
health, and improvement in overall quality of life for the aging
population [34]. In this paper, we investigated the use of DHTs
to remotely characterize frailty and malnutrition in older adults.
For this purpose, we conducted two cross-sectional studies,
namely the Geriatric Anorexia Studies 1 and 2 (GAS-1 and
GAS-2), in which older individuals, aged 65-96 years, with
different frailty and nutritional statuses were monitored both
during in-clinic visits and at home with various DHTs: lumbar
and wrist accelerometers, a digital body scale, a digital nutrition
scale with a smartphone app, and CGM. Our previous study
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[35] examined the relationship between older individuals’ frailty
status and digital endpoints of gait and physical activity using
GAS-1 data only. This study integrated GAS-1 and GAS-2 data
and broadened the scope by exploring digital endpoints of
physical activity, glucose concentration, body composition, and
meal composition in relation to (1) the effectiveness of physical
activity digital endpoints in distinguishing between frailty and
nutritional status and in correlating with self-reported measures
and (2) compliance and comfort with DHTs deployed remotely
to measure body weight, glucose concentration, and dietary
behavior in order to support the design of more patient-centric
clinical trials.

Methods

Dataset: Geriatric Anorexia Studies
The dataset used in this manuscript combined data collected in
two studies: GAS-1 (NCT04858932), which monitored
community-dwelling older adults, and GAS-2 (NCT05211973),
which monitored a cohort of older individuals in long-term care
(LTC) settings, such as nursing homes or assisted-living
facilities. Both studies included three in-person visits at the
participant’s facility, where traditional assessments were
performed, including questionnaires and weight and body
composition data collection via research-grade scales, and 2-3
weeks of at-home monitoring, where DHTs were deployed to
collect data remotely. Both studies targeted participants aged
65 years or older, with a Montreal Cognitive Assessment
(MoCA) score of ≥19. Additional details on the study design
and inclusion/exclusion criteria are reported in Multimedia
Appendix 1.

Ethical Considerations
Both studies were reviewed and approved by the Boston
University Medical Campus and Boston Medical Center
Institutional Review Board (IRB #H-40837 and #H-42048). All
participants provided written informed consent prior to
enrollment into the study. All study procedures were in
accordance with the relevant guidelines/regulations, including
data privacy and the Declaration of Helsinki. Data transmission
protocols were reviewed by the Boston University Information
Technology and the IRB for security and privacy. No
identifiable data were used to initialize the devices. Secure File
Transfer Protocol (sFTP) was used to transfer data between
Boston University and Pfizer, following Good Clinical Practice
guidelines, Boston University Information Technology, and
Spivack Center for Clinical and Translational Neuroscience
policies.

DHTs Used in the Two Studies
Physical activity data were collected using the GENEActiv
accelerometer (Activinsights Ltd), which was worn on the
nondominant wrist. A lumbar accelerometer was used only in
GAS-1, and the related gait endpoints have been discussed
elsewhere [35].

Weight and body composition measurements were collected
using two scales, the Tanita MC-780U scale (Tanita Corporation
of America) and the Renpho ES-BR003 body scale (Renpho
Joicom Corporation). The former, used only during in-person

visits by study staff, is a Food and Drug Administration
(FDA)–cleared scale that uses bioelectrical impedance analysis
(BIA) from footplate and hand electrodes [36] and stores data
on a wired computer. The latter, used both during in-clinic visits
and at home, is a cost-effective, rechargeable, consumer-grade
scale that uses lower extremity BIA and stores data through a
connection to its own app downloaded on the iPhone XR (Apple
Inc) provided. Participants were instructed to use the Renpho
body scale every day in the morning upon waking.

The Freestyle Libre Pro CGM (Abbott Laboratories) was used
only in GAS-1 to automatically measure the glucose
concentration every 15 minutes.

Finally, GAS-1 participants were instructed to use the Renpho
ES-SNG01-W smart nutrition scale (Renpho, Joicom
Corporation), a digital food scale, paired via Bluetooth with the
Gennec app, to capture meals’ weight and integrate nutritional
insights from a food database, helping keep an automatic and
comprehensive food diary. As a backup collection system,
participants photographed the weight displayed on the scale
using the iPhone provided. Participants were required to perform
these operations both before and after consuming each meal,
including prepackaged meals provided to them by Epicured.

Assessment of Frailty and Nutritional Status
In this research, the Fried Frailty Score (FFS) was used to
evaluate frailty. The FFS involves both questionnaires and
objective physical performance tasks (ie, unintentional weight
loss, self-reported exhaustion, weakness, slow walking speed,
and low physical activity), resulting in a total score of 0-5, which
is used to stratify individuals in three frailty groups: nonfrail
(FFS=0), prefrail (FFS=1-2), and frail (FFS=3-5) [9]. In some
studies [35,37], the FFS has also been used to categorize
individuals into two robustness groups, robust (FFS=0, ie,
nonfrail), and nonrobust (FFS=1-5, ie, combining prefrail and
frail).

In this research, the Mini Nutritional Assessment – Short Form
(MNA-SF) and the Simplified Nutritional Appetite
Questionnaire (SNAQ) were used to evaluate nutritional status.
The MNA-SF includes six questions about food intake, recent
weight loss, current mobility, psychological stress or acute
disease, neuropsychological problems, and the BMI or calf
circumference, resulting in a total score of 0-14, indicating
malnutrition (≤7), risk for malnutrition (8-11), and normal
nutrition (≥12) [38]. The SNAQ is a four-question tool scored
using a 5-point Likert-scale also used to evaluate the nutritional
status, resulting in a total score of 4-20, where higher scores
indicate better appetite. In particular, scores≤14 have been
reported to indicate a significant risk for weight loss of >5%
within 6 months [39,40] and to be a marker of malnutrition risk
in healthy community-dwelling older adults [41].

Patient-Reported Outcomes
Patient-reported outcomes (PROs) were measured during
in-clinic visits and at home on paper by participants. Appetite
and fatigue PROs were measured daily. The question on appetite
was “How would you rate your appetite during the past 24 hours
from 0 to 10 (0=no appetite, 10=very good appetite)?,” while
the fatigue question was “How would you rate your physical

JMIR Aging 2026 | vol. 9 | e77816 | p. 3https://aging.jmir.org/2026/1/e77816
(page number not for citation purposes)

Camerlingo et alJMIR AGING

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


fatigue during the past 24 hours from 0 to 10 (0=no fatigue,
10=worst-possible fatigue)?” These questions were developed
by Pfizer based on concept elicitation interviews and cognitive
debriefing of questions and response options with the population
of interest, following the “FDA Patient-Focused Drug
Development Guidance Series for Enhancing the Incorporation
of the Patient’s Voice in Medical Product Development and
Regulatory Decision Making” [42]. Finally, the well-known
PROMIS (Patient-Reported Outcomes Measurement Information
System) Physical Function 10a was used during the in-clinic
visits [43].

Comfort and wearability questionnaires were used at the last
visit to gather feedback on the use of DHTs. The questionnaires
included 10 items, with rated questions and free-text comments,
reflecting what has been already used in previous studies across
different populations [44,45]. In this research, the scores of the
questions were not aggregated, but we focused only on the
following two questions provided separately per device: “Please
rate the ease of wearing and/or using the device,” where
participants could answer on a 1-7 scale (1=very acceptable,
7=very unacceptable), and “Would you be willing to use the
device in the future, and if so, for how long?,” where participants
could select from “No,” “Yes, less than 1 week,” “Yes, 1-4
weeks,” and “Yes, more than 4 weeks”.

Endpoint Generation
Physical activity endpoints were derived from the GENEActiv
wrist accelerometer using the vendor-supplied proprietary
algorithm. This algorithm aggregates the 50 Hz triaxial raw
accelerometry data into 1-minute summaries by extracting the
signal vector magnitude (SVMg). Based on SVMg thresholds,
the algorithm distinguishes wear from nonwear periods, and
during wear periods, it classifies activity as sleep, sedentary,
light, moderate, and vigorous. Visit days were excluded from
the analysis, as they contained only partial recordings. In
addition, only participants with at least 4 compliant days were
included in the analysis. For each compliant day, the following
physical activity endpoints were derived: time in sedentary
activity (hours), time in nonsedentary activity (hours), time in
sedentary-to-light physical activity (SLPA; hours), time in
moderate-to-vigorous physical activity (MVPA; hours), mean
SVMg (arbitrary units [a.u.]), 95th percentile of SVMg (a.u.),
mean SVMg during the maximum 6 minutes of activity (M6min;
a.u.), and mean SVMg during the maximum 60 minutes of
activity (M60min; a.u.). The last two endpoints have been used
in the literature to quantify the average activity during the most
active 6 and 60 minutes of the day and have shown significant
association with traditional measures of functional capacity in
older individuals [46]. Finally, physical activity endpoints were
averaged across compliant days for each participant.

The following measurements were collected using the Renpho
body scale and the Tanita scale: weight (kg), muscle mass (kg),
fat mass (kg), fat-free mass (kg), bone mass (kg), and water
mass (kg). All body composition measurements were converted
to percentages of weight. In-clinic and at-home body
measurements were averaged across the three visits and at-home
monitoring days per participant, respectively.

To obtain meal-related endpoints, timestamps, which were
manually transcribed from each meal photo by two scientists
and an independent reviewer, were associated with a meal
weight. Weight entries from Gennec and the photos were then
paired using their timestamps and meal names. In some cases,
weight data were available only from Gennec, if participants
did not take the photo correctly (eg, it was too blurry, or the
weight was not photographed) or if participants did not take a
photo at all. In other cases, weight data were available only
from the photo if participants did not connect Gennec to the
Renpho nutrition scale, they did not open the app to trigger a
new meal recording, or the meal was not left long enough on
the scale for the app to record the weight. When the weight was
available from both sources, the average weight was computed
for both pre- and postmeal entries. The meal net weight (g) was
computed as the difference between the post- and premeal
weights.

In the case of prepackaged meals, the meal macronutrient
content was available, including energy (kcal), fat (g), sodium
(g), potassium (g), carbohydrates (g), protein (g), and potassium
(g). The net macronutrient content of the meal was computed
by applying the percentage of consumed meal weight (ratio of
meal net weight and premeal weight) to the macronutrient
content of the prepackaged meal, under the assumption that
participants consumed the same percentage of macronutrients
in the meal. The net macronutrient content was computed only
for the prepackaged meals. Meal duration was obtained as the
time that elapsed between the pre- and postmeal times. The
averages of net weight, energy, macronutrient content, and
duration across meals were extracted per participant.

The following endpoints were computed from the Abbott
Freestyle Libre Pro CGM data for each at-home monitoring
day: mean (SD; mg/dL), minimum (mg/dL), maximum (mg/dL),
time in range (TIR, %, defined as the percentage time within
70-180 mg/dL), time below range (TBR, %, defined as the
percentage time below 70 mg/dL), and time above range (TAR,
%, defined as the percentage time above 180 mg/dL). CGM
endpoints were averaged across monitoring days per participant.

PROMIS Physical Function 10a scores were converted to
t-scores (mean 50, SD 10, representing the US general
population) according to standard guidelines [43]. PROMIS
Physical Function 10a t-scores as well as appetite and fatigue
PRO scores were averaged across monitoring days per
participant.

Statistical Analysis
The relationship between frailty and nutritional groups was
investigated via chi-square tests performed between pairs of
categories (ie, FFS vs MNA-SF, FFS vs SNAQ, MNA-SF vs
SNAQ), with scatter plots and Spearman’s correlation.

The endpoints derived from DHTs at home were tested to assess
whether they distinguished the frailty or nutritional groups. For
this purpose, a linear regression model was leveraged, with the
average endpoint as a dependent variable and the group (ie,
nonfrail/prefrail/frail, nonrobust/robust, or normal nutrition/at
risk for malnutrition), age, and sex as independent variables.
Height was also added as an independent variable for models
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investigating differences in weight and body composition
endpoints.

Model residuals were characterized in terms of normality via
the Shapiro-Wilk test and homogeneity of the variance across
groups via Levene’s test. The presence of an overall statistically
significant association between endpoints and groups was
investigated via one-way ANOVA in the case of normality and
homogeneity of the residuals, Welch’s ANOVA in the case of
normality but nonhomogeneity of the residuals, or the
Kruskal-Wallis test in the case of nonnormality of the residuals.
For P<0.1, post hoc pairwise tests were performed to assess
differences between pairs of frailty groups via least square
comparisons following ANOVA or Wilcoxon tests following
the Kruskal-Wallis test. The 0.1 threshold was chosen to flag
digital endpoints exhibiting potential trends across groups,
thereby reducing type II error. No correction for multiple
comparisons was applied [47].

The association between digital endpoints with PRO scores was
assessed using Spearman’s correlation (ρ) to account for outliers.

Agreement between the Renpho body scale (test device) and
the Tanita scale (reference device) endpoints collected during
in-clinic visits was assessed using the intraclass correlation
coefficient (ICC; two-way random-effects model, absolute
agreement) following benchmarks reported by Cicchetti et al
[48]: ICC≤0.4, poor agreement; ICC=0.4-0.59, fair agreement;
ICC=0.6-0.74, good agreement; and ICC=0.75-1, excellent
agreement. The mean difference (bias), limits of agreement
(LoA), mean absolute difference, mean percentage error, and
Pearson’s correlation coefficient (R) were also computed. Scatter
plots and Bland-Altman plots with 95% LoA were used to
visualize agreement.

All statistical analyses were performed in R version 3.4.2 (R
Foundation for Statistical Computing) using the following main
packages: car for type III ANOVA, BlandAltmanLeh for
Bland-Altman plots, and psych for the ICC.

Results

Demographics
In total, 94 older individuals (n=48, 51%, females) aged 65-96
(mean 72.98, SD 6.28) years with a BMI of 17.3-50.4 (mean

25.81, SD 4.60) kg/m2 were recruited across GAS-1 (n=50,
53%) and GAS-2 (n=44, 47%) and were monitored with DHTs
at home for 8-16 (mean 12.43, SD 1.20) days (excluding visit
days). Of the 94 participants, 7 (7%) reported partial use of
walking aids (eg, cane, walker, or leg braces), and 6 (6%)
reported previous hip or knee replacement.

According to the MNA-SF, nutritional status was classified as
“normal” for 67 (71%) participants (mean age 72.39, SD 5.57
years), of which 28 (42%) were females, and “at risk for
malnutrition/malnourished” for 27 (29%) participants (mean
age 74.44, SD 7.69 years), of which 20 (74%) were females.
According to the SNAQ, nutritional status was classified as
“normal” for 70 (74%) participants (mean age 73.58, SD 6.17
years), of which 36 (51%) were females, and “at risk for
malnutrition/weight loss” for 24 (26%) participants (mean age
71.21, SD 6.39 years), of which 12 (50%) were females.
Participants’ characteristics are presented in Table 1, stratified
by frailty phenotype. Chi-square tests showed expected
significant associations between groups (FFS vs MNA-SF:
P<.001; FFS vs SNAQ: P<.01; MNA-SF vs SNAQ: P<.05).
Scatter plots with Spearman’s correlation between the FFS,
MNA-SF, and SNAQ are reported in Figure S1 in Multimedia
Appendix 1.
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Table 1. Participants’ demographics characteristics and compliance with digital tools, stratified by frailty group.a

Total participants
(N=94)

Frail group (n=10;
FFS≥3)

Prefrail group (n=45;
FFS=1-2)

Nonfrail group (n=39;

FFSb=0)

Characteristics

48 (51)10 (100)18 (40)20 (51)Enrolled female participants, n (%)

72.98 (6.28, 65.00-
96.00

74.20 (10.53, 65.00-
96.00

74.60 (6.62, 65.00-93.0070.79 (3.34, 65.00-81.00Age (years), mean (SD, range)

25.81 (4.60, 17.30-
50.40

25.49 (10.23, 17.30-
50.40

26.52 (3.51, 20.80-35.3025.06 (3.39, 18.60-29.80BMI (kg/m2), mean (SD, range)

Race , n (%)

18 (19)2 (20)11 (24)5 (13)Black/African American

73 (78)7 (70)33 (73)33 (85)White

3 (3)1 (10)1 (3)1 (2)More than one race

FFS , n (%)

39 (41)——c39 (100)0

33 (35)—33 (73)—1

12 (13)—12 (27)—2

7 (7.4)7 (70)——3

3 (3.2%)3 (30%)——4

MNA-SFd score

67 (71)1 (10)35 (78)31 (79)Normal (score 12-14), n (%)

27 (29)9 (90)10 (22)8 (21)At risk for malnutrition/malnour-
ished (score 0-11), n (%)

13.00 (3.00, 3.00-
14.00)

9.50 (4.5, 3.00-14.000)13.00 (2.00, 8.00-14.00)13.00 (2.00, 10.00-14.00)Total (score 0-14), median (IQR,
range)

SNAQe score

70 (74)3 (30)36 (80)31 (79)Normal (score 15-20), n (%)

24 (26)7 (70)9 (20)8 (21)At risk for weight loss/malnutrition
(score 4-14), n (%)

15.50 (2.75, 6.00-
18.00)

12.00 (5.50, 6.00-
16.00)

15.00 (2.00, 11.00-18.00)16.00 (2.00, 12.00-18.00)Total (score 4-20), median (IQR,
range)

12.43 (1.20, 8.00-
16.00)

12.44 (1.31, 9.00-
15.00)

12.44 (1.98, 8.00-16.00)12.30 (0.67, 11.00-13.00)At-home monitoring days (excluding
visit days), mean (SD, range)

100 (8.00, 21.00-
100.00)

100 (8.00, 54.00-
100.00)

100 (9.00, 21.00-100.00)100 (3.50, 42.00-100.00)Compliance with wrist accelerometer
(%), median (IQR, range)

92.30 (8.33, 0.00-
100.00)

91.99 (38.78, 45.45-
100.00)

92.30 (9.09, 0.00-100.00)92.86 (8.01, 40.00-100.00)Compliance with Renpho body scale
(%), median (IQR, range)

100 (24.04, 8.33-
100.00)

100 (0.00, 75.00-
100.00)

100 (44.23, 25.00-100.00)100 (11.54, 8.33-100.00)Compliance with CGMf (%), median
(IQR, range)

78.57 (76.23, 0.00-
100.00)

7.14 (16.07, 0.00-
71.43)

78.57 (50.00, 0.00-100.00)81.82 (45.64, 0.00-100.00)Compliance with Renpho nutrition scale
(%), median (IQR, range)

aContinuous data are reported as the mean (SD, range), categorical data are reported as the median (IQR) or n (%), and compliance data are reported
as the median (IQR, minimum-maximum).
bFFS: Fried Frailty Score.
cNot applicable.
dMNA-SF: Mini Nutrition Assessment – Short Form.
eSNAQ: Simplified Nutritional Appetite Questionnaire.
fCGM: continuous glucose monitoring.
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Physical Activity at Home Distinguishes Frailty and
Nutritional Status and Correlates With PROs
A compliant day was defined as a day with at least 18 hours of
wear time, in agreement with previous literature [49,50],
resulting in a mean percentage compliance of 92.04% (SD
17.32%, range 21.00%-100.00%) across participants (Table 1).
Data from 3 (3%) participants with less than 4 compliant days
were excluded from the analysis, resulting in 91 (97%)
compliant participants. During compliant days, participants had
a mean wear time of 23.13 (SD 0.82, range 19.91-24.00)
hours/day. Questionnaire responses showed that of 93
participants, 84 (91%) found the wrist accelerometer mostly to
very acceptable to wear (Figure 1A), and 82 (89%) indicated
that they would wear the wrist accelerometer for more than 1
week (Figure 1B).

ANOVA showed a significant effect of frailty status on all
physical activity endpoints except SLPA (Table 2). Time spent
in sedentary activity, nonsedentary activity, and MVPA (Figure
2A) was significantly different across frailty groups: the nonfrail
group spent significantly more time in nonsedentary activity
compared to both prefrail and frail groups, significantly more
time in MVPA compared to both prefrail and frail groups, and
significantly less time in sedentary compared to the frail group.
In addition, the mean and 95th percentile of SVMg, as well as
M6min and M60min (Figure 2B), were significantly different
across frailty groups. The results were concordant when
comparisons were performed across the two robustness groups,
with the nonrobust group showing significantly higher time in
sedentary activity and lower time in nonsedentary activity,
MVPA, mean SVMg, 95th percentile of SVMg, M6min, and
M60min, compared to the robust group.

Furthermore, a significant age effect was observed for time
spent in nonsedentary activity (P<.01), MVPA (P<.01), mean
SVMg (P<.05), and 95th percentile of SVMg (P<.01), while a
significant effect of sex was observed for M6min (P<.001),
with female participants showing a lower M6min (mean 528,
SD 135 a.u.) compared to male participants (mean 679.2, SD
270 a.u.).

Physical activity endpoints related to high-intensity activity,
that is, M6min and M60min (Figure 2D) were significantly
different across SNAQ groups. None of the physical activity
endpoints showed a significant difference across MNA-SF
groups (Table 3).

Two participants did not complete the appetite and fatigue
questionnaires at home, resulting in a total of 92 (98%)
respondents. The question on appetite was answered at home
for an average of 13.31 (SD 2.28) days per participant, with an
average score of 8.02 (SD 1.87) across participants. The average
appetite score differed across frailty groups (F2,87=4.53, P=.01),
robustness (F1,88=5.24, P=.02), and nutritional (MNA-SF:
F1,88=4.76, P=.03; SNAQ: F1,88=18.42, P<.001) groups, as
illustrated in Figure S5 in Multimedia Appendix 1. M6min
(ρ=0.3, P<.01) and M60min (R=0.28, P<.01) showed a
significant correlation with the average appetite score.

The question on fatigue was answered at home for an average
of 13.27 (SD 2.34) days per participant, with an average score
of 2.95 (SD 2.09) across participants. The average fatigue score
differed across frailty groups (F2,87=10.01, P<.001), robustness
(F1,88=14.52, P<.001), and nutritional (MNA-SF: F1,88=4.01,
P<.05; SNAQ: F1,88=6.01, P<0.5) groups, as illustrated in Figure
S6 in Multimedia Appendix 1. M60min (ρ=–0.23, P<.05)
showed a significant but weak correlation with the average
fatigue score.

All participants completed the PROMIS Physical Function 10a
questionnaire, resulting in a mean t-score of 52.28 (SD 9.01)
across participants. The average t-score differed across frailty
(F2,89=12.68, P<.001), robustness (F1,90=11.6, P<.001), and
nutritional (MNA-SF: F1,90=4.83, P<.05; SNAQ: F1,90=20.2,
P<.001) groups, as illustrated in Figure S7 in Multimedia
Appendix 1. The time spent in nonsedentary activity (ρ=0.35,
P<.001), the time spent in MVPA (ρ=0.42, P<.001; Figure 2E),
the mean SVMg (ρ=0.32, P<.01), the 95th percentile of SVMg
(ρ=0.4, P<.001), M6min (ρ=0.34, P<.01), and M60min (ρ=0.47,
P<.001; Figure 2F) were significantly correlated with the
PROMIS Physical Function 10a t-scores.
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Figure 1. Scores from the comfort and wearability questionnaires, stratified across frailty groups. (A, B) Renpho Body Scale, (C, D), CGM, (E, F),
Renpho Food Scale, and (G, H) GENEActiv accelerometer. The color indicates the frailty phenotypes: nonfrail (red), prefrail (green), and frail (blue).
Most of the participants found the devices easy to wear or use and indicated their willingness to wear or use them for at least 1 week regardless of their
frailty status/score. CGM: continuous glucose monitoring; FFS: Fried Frailty Score.
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Figure 2. (A, C, E) MVPA and (B, D, F) and M60min across (A, B) frailty groups, (C, D) across nutritional groups, and (E, F) against PROMIS Physical
Function 10a t-scores. (A-D) Data are reported in boxplot representation: central horizontal lines represent the median, boxes mark the IQR, black lines
are the whiskers, and black dots indicate outliers. H-scores, degrees of freedom, and P value of Kruskal-Wallis checking the association between average
endpoints and groups are reported in the title. Colors indicate the frailty group (nonfrail [red], prefrail [green], and frail [blue]) or the nutritional group
(normal nutrition [green] and at risk for malnutrition [purple]). Frail participants showed significantly lower MVPA and M60min, and participants at
risk for malnutrition showed significantly lower M60min and a smaller MVPA median value. (E, F) Data are reported as scatter plots, where each dot
represents the average across participants’daily measurements. Colors indicate the frailty group, while shapes indicate the nutritional group. Spearman’s
correlation and related P values are annotated. Significant correlation with self-reported physical function was observed for both MVPA and M60min.
FFS: Fried Frailty Score; M60min: maximum 60 minutes of activity; MVPA: moderate-to-vigorous physical activity; PROMIS: Patient-Reported
Outcomes Measurement Information System; SNAQ: Simplified Nutritional Appetite Questionnaire.

JMIR Aging 2026 | vol. 9 | e77816 | p. 9https://aging.jmir.org/2026/1/e77816
(page number not for citation purposes)

Camerlingo et alJMIR AGING

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Physical activity endpoints averaged across all participants and across frailty and robustness groups.

Nonrobust group (n=52),
mean (SD); ANOVA
F-score, P val-
ue/Kruskal-Wallis H val-

ue, P valuea

Frail group (n=10),
mean (SD); P val-
ue vs prefrail
group

Prefrail group
(n=42), mean (SD);
P value vs nonfrail
group

Nonfrail/robust
group (n=39), mean
(SD); P value vs
frail group

Total participants (N=91),
mean (SD); ANOVA
F-score, P value/Kruskal-

Wallis H value, P valuea

Physical activity endpoint

12.17 (1.78); F1,87=4.78,
P=.03

12.77 (1.57); .1512.03 (1.82); .1211.03 (2.11); .0211.68 (2.00); F2,86=3.50,
P=.04

Time spent in sedentary

activity (hours/day)b

2.43 (1.36); H1=12.97,
P<.001

2.33 (1.18); .902.45 (1.41); <.0013.59 (1.38); .022.92 (1.48); H2=13.04,
P=.002

Time spent in nonseden-

tary activity (hours/day)b

13.56 (1.76); F1,87=2.86,
P=.10

14.13 (1.86); —13.43 (1.74); —12.72 (2.07); —d13.20 (1.94); F2,86=2.14,
P=.12

Time spent in SLPAc

(hours/day)

1.04 (0.72); H1=20.60,
P<.001

0.97 (0.58); .851.05 (0.75); <.0011.90 (0.96); .0021.41 (0.93); H2=20.68,
P<.001

Time spent in MVPAe

(hours/day)b

112.1 (25.9); H1=8.81,
P=.003

108.1 (23.6); .61113.0 (26.5); .01130.3 (27.6); .04119.9 (29.0); H2=9.05,
P=.01

SVMgf (a.u.g)b

314.4 (75.0);
F1,87=16.50, P<.001

305.3 (66.6); .81316.6 (77.5); <.001394.2 (79.4); .01348.6 (86.2); F2,86=8.19,
P<.001

95th Percentile SVMg

(a.u.)b

525.4 (177.0); H1=15.57,
P<.001

480.7 (110.0); .50636.0 (189.0); <.001705.9 (242.0); .002602.8 (225.0); H2=16.13,
P<.001

M6minh (a.u.)b

268.6 (79.1); H1=21.34,
P<.001

238.1 (60.1); .14275.9 (81.9); <.001360.2 (93.7); <.001307.8 (96.6); H2=23.42,
P<.001

M60mini (a.u.)b

aF-scores and P values for ANOVA or H values and P values for Kruskal-Wallis tests for the effect of frailty and robustness status on physical activity
endpoints are reported, along with P values of post hoc pairwise comparisons.
bPhysical activity endpoints significantly different across both frailty and robustness groups.
cSLPA: sedentary-to-light physical activity.
dNot computed.
eMVPA: moderate-to-vigorous physical activity.
fSVMg: signal vector magnitude.
ga.u.: arbitrary units.
hM6min: maximum 6 minutes of activity.
iM60min: maximum 60 minutes of activity.
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Table 3. Physical activity endpoints averaged across nutritional groups, as assessed using the MNA-SFa and the SNAQb.

SNAQMNA-SFPhysical activity endpoint

At risk for malnutrition (n=24),
mean (SD); ANOVA F-score,
P value/Kruskal-Wallis H val-

ue, P valuec

Normal nutrition (n=67),
mean (SD); ANOVA
F-score, P value/Kruskal-

Wallis H value, P valuec

At risk for malnutrition
(n=26), mean (SD); ANOVA
F-score, P value/Kruskal-

Wallis H value, P valuec

Normal nutrition (n=65),
mean (SD); ANOVA
F-score, P value/Kruskal-

Wallis H value, P valuec

11.41 (2.16); F1,87=0.18, P=.6711.78 (1.95); F1,87=0.18,
P=.67

11.47 (2.00); F1,87=0.60,
P=.44

11.76 (2.01); F1,87=0.60,
P=.44

Time spent in sedentary
activity (hours/day)

2.70 (1.39); H1=0.572, P=.453.01 (1.51); H1=0.572,
P=.45

2.75 (1.49); H1=0.31, P=.582.99 (1.48); H1=0.31,
P=.58

Time spent in nonseden-
tary activity (hours/day)

12.92 (2.32); F1,87=0.36, P=.5513.30 (1.79); F1,87=0.36,
P=.55

12.92 (2.02); F1,87=1.16,
P=.29

13.31 (1.91); F1,87=1.16,
P=.29

Time spent in SLPAd

(hours/day)

1.19 (0.78); H1=1.61, P=.201.48 (0.97); H1=1.61,
P=.20

1.31 (0.89); H1=0.37, P=.541.44 (0.95); H1=0.37,
P=.54

Time spent in MVPAe

(hours/day)

116.7 (26.7); H1=0.342, P=.56121.0 (28.5); H1=0.342,
P=.56

117.6 (24.7); H1=0.367,
P=.54

120.8 (29.3); H1=0.367,
P=.54

SVMgf (a.u.g)

332.3 (83.9); F1,87=3.32, P=.07354.4 (86.8); F1,87=3.32,
P=.07

337.0 (84.5); F1,87=0.08,
P=.78

353.2 (87.0); F1,87=0.08,
P=.78

95th Percentile SVMg
(a.u.)

506.3 (158.0); H1=7.16, P=.007637.3 (236.0); H1=7.16,
P=.007

537.6 (136.7); H1=1.21,
P=.27

628.8 (248.0); H1=1.21,
P=.27

M6minh (a.u.)

272.4 (90.5); H1=5.32, P=.02320.5 (96.1); H1=5.32,
P=.02

286.2 (89.3); H1=1.30, P=.25316.5 (98.7); H1=1.30,
P=.25

M60mini (a.u.)

aMNA-SF: Mini Nutrition Assessment – Short Form.
bSNAQ: Simplified Nutritional Appetite Questionnaire.
cF-scores and P values for ANOVA or H values and P values for Kruskal-Wallis tests for the effect of nutritional status on physical activity endpoints
are reported.
dSLPA: sedentary-to-light physical activity.
eMVPA: moderate-to-vigorous physical activity.
fSVMg: signal vector magnitude.
ga.u.: arbitrary units.
hM6min: maximum 6 minutes of activity.
iM60min: maximum 60 minutes of activity.

DHTs Can Enable Patient-Centric Clinical Trials in
Older Individuals
The accuracy of the weight and body composition measurements
from the Renpho Body Scale and the Tanita scale was compared
during in-clinic visits. Perfect agreement (ICC=1) and
correlation (R=1) were observed for weight. Mean percentage
errors<1% were found for weight and water mass and <4% for
muscle mass, fat mass, and fat-free mass. Interestingly, a higher
error and nonhomogeneous bias were observed when
considering absolute rather than percentage measurements. A
comprehensive comparison between the Renpho Body Scale
and the Tanita scale is reported in Multimedia Appendix 1.

Compliant days at home using the Renpho Body Scale were
defined as those with at least one measurement, resulting in an
average percentage compliance of 88.36% (SD 20.49%) across
participants. Only 1 (1%) participant did not collect any at-home
measurements (0% compliance; this participant felt unsafe using
the scale without assistance), while 39 (41%) participants
weighed themselves every day (100% compliance). Furthermore,
2 (2%) participants were unable to connect the body scale to

the app; thus, only their weight was captured, not the body
composition measures.

Questionnaire responses showed that 88 (95%) of 93 participants
found the Renpho Body Scale mostly to very acceptable to use,
and 89 (97%) of 92 participants indicated that they would use
the body scale for more than 1 week.

ANOVA did not show any statistically significant difference
across frailty, robustness, or nutritional groups for any of the
Renpho Body Scale endpoints. As expected, height showed a
significant effect on weight (P<.001). In addition, sex showed
a significant effect on muscle mass (females: mean 64.96%, SD
8.37%; males: mean 72.85%, SD 4.90%; P<.001), fat mass
(females: mean 30.92%, SD 8.87%; males: mean 23.30%, SD
5.13%; P<.01), water mass (females: mean 47.46%, SD 6.21%;
males: mean 55.32%, SD 3.84%; P<.001), and fat-free mass
(females: mean 69.08%, SD 8.88%; males: mean 76.70%, SD
5.13%; P<.01).

Muscle mass (ρ=–0.32, P<.01), bone mass (ρ=–0.23, P<.05),
fat mass (ρ=0.32, P<.01), fat-free mass (ρ=–0.32, P<.01), and
water mass (ρ=–0.31, P<.01) showed a significant but weak
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correlation with self-reported fatigue. Similarly, muscle mass
(ρ=0.32, P<.01), bone mass (ρ=0.21, P<0.05), fat mass
(ρ=–0.32, P<.01), fat-free mass (ρ=0.32, P<.01), and water
mass (ρ=0.31, P<.01) showed significant correlations with
self-reported physical function.

Of 50 participants, CGM data were available for 43 (86%)
participants: For 2 (4%) participants, the devices failed to
connect to the reader at the last visit; 1 (2%) participant lost the
device during the study; for 3 (6%) participants, the device fell
off during the second day of monitoring; and for 1 (2%)
participant, the device appeared damaged at the last visit (with
the adhesive partially removed and the needle bent sideways).

Excluding visit days, CGM data were recorded for an average
of 10.12 (SD 3.37, range 1.00-14.00) days, corresponding to an
average of 84.27% (SD 26.68%, range 8.33%-100.00%) of the
monitoring period. In total, 25 (50%) participants wore the CGM
every day (100% compliance). During days with CGM
recordings, the average wear time was 23.23 (SD 1.39, range
18.00-24.00) hours across participants.

Questionnaire responses showed that 43 (86%) of 50 participants
found the CGM device mostly to very acceptable to wear, and
42 (84%) of 50 participants indicated that they would use the
CGM for more than 1 week.

ANOVA did not show any statistically significant differences
across frailty, robustness, or nutritional groups for any CGM
endpoints. However, the frail group showed a higher TBR
(~7%), and a lower TIR (~8%) compared to nonfrail and prefrail
groups (Table S3 in Multimedia Appendix 1).

The minimum glucose concentration showed a significant
correlation with self-reported appetite (ρ=0.32, P=.04) and
self-reported fatigue (ρ=–0.31, P=.05).

Participants were considered compliant with using the Renpho
Nutrition Scale only if they weighed a meal both before and
after consumption. The percentage of days with at least one
compliant meal entry was an average of 60.29% (SD 37.00%,
range 0.00%-100.00%) across all participants. In addition, 1
(2%) participant was unable to record any meals with the
nutrition scale throughout the study, while 4 (8%) participants
weighed their meals only once (either before or after
consumption) throughout the study. Furthermore, 5 (10%)
participants were compliant every day (100% compliance), and
34 (68%) reported at least three meals on an average of 53.40%
(SD 24.68%, range 6.66%-92.31%) of the monitoring days.
Finally, across participants, a mean total of 25.34 (SD 23.24,
range 0.00-121.00) meals were correctly entered during the
study using the Renpho Nutrition Scale, resulting in 1267 total
meals.

Questionnaire responses showed that 40 (80%) of 50 participants
found the nutrition scale mostly to very acceptable to use, and
42 (84%) of 50 participants indicated that they would use the
nutrition scale for more than 1 week.

The histograms of meal net weight, meal duration, time between
consecutive daily meals, and number of daily meals are reported
in Figure S8 in Multimedia Appendix 1. ANOVA showed
significant differences between frailty groups only for the net

sodium (F2,45=4.4, P=.02) and net potassium (F2,45=3.6, P=.03)
content, which were lower in the frail group compared to the
nonfrail (P<.05) and prefrail (P<.05) groups. However, no
significant differences across robustness groups were observed
for any meal endpoints (Table S3 in Multimedia Appendix 1).

Sex showed significant effects on meal net weight (females:
mean 263.3, SD 79.8; males: mean 322.2, SD 72.2; P<.05) and
meal net protein (females: mean 19.71, SD 6.91; males: mean
25.39, SD 5.14; P<.05). Age showed a significant effect on
meal duration (F1,45=9.79, P<.01), with older participants being
associated with a longer meal duration. When grouping by
SNAQ (but not MNA-SF), participants at risk for malnutrition
reported a significantly lower number of daily meals (F1,46=6.89,
P<.05) and a significantly lower meal net weight (F1,46=6.83,
P<.05), as summarized in Table S4 in Multimedia Appendix 1.
After adding the meal net weight as a model covariate,
participants at risk for malnutrition exhibited a significantly
longer meal duration (F1,45=6.29, P<.05).

The meal net weight showed a significant correlation with
self-reported appetite (ρ=0.30, P<.05) and physical function
(ρ=0.48, P<.001).

Discussion

Principal Findings
We explored the use of DHTs, including wrist accelerometers,
body scales, CGM, and food scales, to remotely monitor the
overall well-being of older individuals at risk for frailty and
malnutrition. We observed that physical activity endpoints
collected at home with a wrist accelerometer and in the lab were
significantly different between frailty and nutritional groups.
Across all participants, a higher average daily time in SLPA
than in MVPA was observed; however, frailty status had a
significant effect only on MVPA, with the frail group spending
significantly less time in MVPA than the nonfrail group,
confirming previous findings [51,52]. A systematic review by
Tolley et al [53] reported that time spent in sedentary activity
is usually significantly lower in individuals who are frail
compared with those who are not. However, the relationship
between sedentary time and frailty status is not always consistent
[54], and higher sedentary time in nonfrail compared with frail
cohorts has also been reported [55]. In this work, sedentary time
was significantly higher in the frail compared with the nonfrail
group and in the nonrobust compared with the robust group.
These findings confirm those reported in our previous study
[35], where the frail group spent more time in sedentary activity
and less time in MVPA and exhibited significantly a lower 95th
percentile of SVMg. In this research, additional physical activity
endpoints, including time spent in nonsedentary activity, mean
SVMg, and mean activity during M6min and M60min,
distinguished frail and nonrobust groups from nonfrail and
robust groups. This difference is possibly related to the larger
sample size.

A link between nutritional status and physical activity in older
adults has already been hypothesized in the literature: Tamamura
et al [56] showed that patients with higher MNA-SF scores at
admission to rehabilitation wards had greater functional
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independence at discharge, and Hsueh et al [57] observed that
individuals without a healthy diet were more sedentary
compared with those with a healthy diet. In this study, we
showed that objectively and remotely measured mean activity
during M6min and M60min are significantly lower in
participants at risk for malnutrition compared with those with
normal nutritional status, as assessed with the SNAQ,
confirming the relationship between physical activity and
nutritional status in older individuals. Notably, physical activity
endpoints were not sensitive to MNA-SF groups, suggesting
that the SNAQ might be preferable as an anchor metric in studies
assessing minimal clinically important differences in digital
endpoints.

Wrist-derived physical activity endpoints have already been
associated with self-reported behaviors in older individuals [58];
here, we confirmed the relationship between physical activity
endpoints and self-reported measures of appetite [59], fatigue
[60], and physical function [61]. These findings suggest that
digital endpoints collected in free-living settings are concordant
with individuals’ perceptions, while unobtrusively providing
more objective and sensitive data to complement PROs, as
already noted in the literature [37,62]. Indeed, a ceiling effect
was observed in self-reported physical function scores but not
in physical activity digital endpoints. As noted previously [63],
despite the observed correlation, subjective and objective
physical activity measures may differ and should potentially be
used complementarily [64].

Our findings support the deployment of wrist accelerometers
in clinical studies as effective, noninvasive, and highly
informative tools for monitoring older adults’ physical activity
in free-living conditions and for obtaining insights into their
frailty and nutritional status. These tools enable vulnerable
populations, such as older individuals, to participate in clinical
trials with fewer burdensome visits, thereby expanding access
to care. In addition, tracking daily levels of physical activity
can help health care professionals assess mobility, sleep, and
overall well-being, in turn supporting the development and
adjustment of coaching programs for older individuals [65].

Furthermore, we showed that other DHTs can be effectively
deployed for older individuals to remotely monitor their weight,
body composition, glucose concentration, and meal intake, thus
enabling more patient-centric and data-centric clinical trials.

In this work, we showed that the Renpho Body Scale, a small
and cost-effective device (~US $30 compared with ~US $7000
for the Tanita scale) that offers scalability and ease of use for
both participants and health care professionals, provides accurate
measures of weight and percentages of muscle mass, fat mass,
fat-free mass, and water mass compared to the research-grade
Tanita scale. Although these findings should be further
corroborated by comparison against other highly accurate
measures of body composition (eg, dual X-ray absorptiometry),
they provide evidence for the feasibility of frequent monitoring
of weight and body composition in older individuals. These
measures can support monitoring underlying conditions, such
as AoA, fluid retention, or functional decline, and may be
indicative of medication effects [66]. For example, daily body
composition measurements can reveal reductions in bone mass,

which may indicate osteoporosis, or reductions in muscle mass,
which may lead to sarcopenia [67].

Data collected in this study using a digital nutrition scale showed
that participants at risk for malnutrition consumed a significantly
lower number of daily meals, resulting in lower macronutrient
intake, confirming previous findings [68,69]. However, as
suggested by Madeira et al [68], this relationship is not absolute:
eating more meals does not guarantee good nutritional status if
the meals are low in nutritional value. Therefore, a digital
nutrition scale represents a useful tool for comprehensive
assessment of total dietary intake and nutritional quality in
clinical trials. These measures are vital for establishing dietary
treatment strategies, tailored to meet individuals’ needs and to
prevent energy and nutrient deficiencies, which are associated
with increased length of hospital stay, hospital readmission,
decreased survival time, and increased incidence of infection
in hospitalized older patients [70,71]. Nevertheless, the lower
compliance with this device suggests the need for more
automated tools to track dietary behavior. For example, CGM
data coupled with suitable artificial intelligence algorithms
might offer a solution for automatically detecting meal intakes
[72].

The importance of monitoring daily glucose fluctuations,
including hypoglycemic periods and postprandial peaks, has
been increasingly investigated in recent years, and correlations
with various microvascular and macrovascular complications
have been identified [73]. Although CGM devices are widely
used in type 1 diabetes to capture dynamic glycemic profiles,
the applicability in older individuals has been less extensively
explored. Uotani et al [30] found that women with eating
disorders exhibit higher glucose variability and a greater
propensity for hypoglycemia, suggesting CGM as a valuable
tool for mitigating the risk for severe morbidity and mortality
in this population. Zhong et al [74] used CGM for 2 weeks in
698 healthy older individuals (median age 69.1 years), showing
excellent glycemic control with median TIR, TBR, and TAR
of 94.7%, 3.29%, and 0.64%, respectively. Compared to these
values, we observed a higher average TBR, suggesting that
older participants at risk for AoA may have poorer glycemic
control and may be more susceptible to hypoglycemia.

Understanding older adults’ perceptions of new technologies
is crucial for deploying these technologies in clinical trials and
everyday life [75,76]. Evaluating the acceptance of DHTs
involves measuring both participants’ self-reported usability
and acceptability as well as their level of continued use. In this
study, more than 80% of participants reported the devices to be
mostly to very acceptable to wear/use and indicated that they
would wear them for more than 1 week. These findings support
the deployment of DHTs for older individuals for longer
durations, for example, to assess treatment effects in
interventional studies or to track physical and physiological
changes over time in longitudinal studies, thereby accessing
more granular data than those collected sporadically during
in-clinic visits [77]. Compliance was also high: all participants
were compliant for more than 90% of monitoring days with the
wrist accelerometer, more than 85% with the digital body scale,
and more than 60% with the digital nutrition scale. CGM data
were available for 43 of 50 participants, who were compliant
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for more than 80% of monitoring days. These findings support
the deployment of DHTs in clinical trials involving older
individuals to enhance patient- and data-centricity. Although
limited data loss was observed in this study, some issues with
CGM and the nutrition scale highlighted the importance of
providing clear and detailed training materials to clinical sites
for future studies, potentially supported by artificial intelligence
[78].

Limitations
This study has several limitations. First, because it was
cross-sectional, causality between digital endpoints, frailty,
malnutrition, and other PROs cannot be established. In addition,
the sample size across frailty groups was unbalanced, with the
frail group accounting for only about 10% of the dataset and
all being female. To mitigate this limitation, analyses were also
performed by grouping nonfrail and prefrail groups into the

nonrobust category and by including sex as a covariate in
ANOVA models. Finally, because meal assessment occurred
in an unsupervised environment, results may have been affected
by unreported or misreported meals.

Conclusion
In conclusion, monitoring physical activity, weight, and dietary
intake represents a cornerstone of effective health management
in daily life. As the population ages worldwide, with the number
of people aged 60 years and older expected to double by 2050
to approximately 2 billion, understanding the implications of
aging becomes crucial for policymakers, health care
professionals, and society. In this context, digitalized data
collection represents a reliable and cost-effective approach to
reducing in-person visits, while providing health care providers
with rich longitudinal data on older individuals living in the
community or in assisted-living facilities.
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