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Abstract

While changes in brain structure are common across the lifespan, it is difficult to differentiate benign variations from early
disease pathogenesis, especially in patients participating in home-based rehabilitation. Cognitive declineis frequently linked with
normative aging, but its early detection can facilitate preventative interventions, particularly in patients at high risk of cognitive
impairment, like older women. Although women have fewer modifiable risk factors for dementia than men, wearables have the
potential to establish new digital endpoints that facilitate the management and/or prevention of abnormal brain aging. Sleep,
which is necessary for maintaining overall brain health, is one behavior tracked via wearables, for which an ever-growing body
of pilot and validation phase studies exists; yet, endpoints defining optimal sleep are not one-size-fits-al, as individual
differences in chronotype necessitate new strategies to personalize care. Though sex-based differences in circadian rhythm are
well established, little is understood about which sleep features and thresholds are uniquely important to cognitive function in
women. In this editorial, we discuss recent findings on the use of wearables to track sleep and cognitive health in women, while
highlighting the challenges and opportunities for implementing meaningful digital endpoints for future work.

(IMIR Preprints 12/08/2025:81318)
DOI: https://doi.org/10.2196/preprints.81318

Preprint Settings

1) Would you like to publish your submitted manuscript as preprint?
 Please make my preprint PDF availableto anyone at any time (recommended).

Please make my preprint PDF available only to logged-in users; | understand that my title and abstract will remain visible to all users.
Only make the preprint title and abstract visible.

No, | do not wish to publish my submitted manuscript as a preprint.

2) If accepted for publication in aJMIR journal, would you like the PDF to be visible to the public?

' Yes, please make my accepted manuscript PDF available to anyone at any time (Recommended).
Y es, but please make my accepted manuscript PDF available only to logged-in users; | understand that the title and abstract will remain v
Y es, but only make the title and abstract visible (see Important note, above). | understand that if | later pay to participate in <a href="httf
No. Please do not make my accepted manuscript PDF available to anyone. | understand that if | later pay to participate in <a href="https:/

https://preprints.jmir.org/preprint/81318 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Zawadaet d

Original Manuscr ipt

https://preprints.jmir.org/preprint/81318 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Zawadaet d

Editorial

Tracking cognitive function with wearables during
telerehabilitation: can nighttime sleep regularity and respiratory
measures be used as sex-specific digital endpoints?

Abstract

While changes in brain structure are common across the lifespan, it is difficult to differentiate
benign variations from early disease pathogenesis, especially in patients participating in home-
based rehabilitation. Cognitive decline is frequently linked with normative aging, but its early
detection can facilitate preventative interventions, particularly in patients at high risk of
cognitive impairment, like older women. Although women have fewer modifiable risk factors
for dementia than men, wearables have the potential to establish new digital endpoints that
facilitate the management and/or prevention of abnormal brain aging. Sleep, which is
necessary for maintaining overall brain health, is one behavior tracked via wearables, for which
an ever-growing body of pilot and validation phase studies exists; yet, endpoints defining
optimal sleep are not one-size-fits-all, as individual differences in chronotype necessitate new
strategies to personalize care. Though sex-based differences in circadian rhythm are well
established, little is understood about which sleep features and thresholds are uniquely
important to cognitive function in women. In this editorial, we discuss recent findings on the
use of wearables to track sleep and cognitive health in women, while highlighting the
challenges and opportunities for implementing meaningful digital endpoints in future
telerehabilitation programs.

Keywords: Sleep; wearables; digital health; women’s health; cardiopulmonary health; cognition;
dementia; telerehabilitation

With the rapid adoption of wearables in home-based rehabilitation, also known as
telerehabilitation, programs, there is an emerging need to establish clinically meaningful digital
endpoints. For patients with neurologic or functional deficits, like those with hospitalizations
for stroke or chronic obstructive pulmonary disease (COPD), who participate in
telerehabilitation programs, existing research has shown the effectiveness of interventions to
monitor and track exercise through digital endpoints, like steps per day derived from wearable
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pedometers [1,2]. Although the technology to personalize exercise recommendations for these
patients exists, barriers to participation in home-based rehabilitation programs remain,
including high drop-out rates [3,4]. To better understand patient behavior, researchers in the
wearable device space should investigate the link between sleep measures and changes in
mood and cognition, particularly in women, who are at a higher risk of cognitive decline,
including Alzheimer’s disease and dementia [5]. This is exceptionally helpful for clinicians
overseeing rehabilitation cohorts, wherein deficits might emerge over time and not be
accurately captured in surveys due to participant self-report bias or cognitive decline [6].
Rather than provide a comprehensive review of wearables in the telerehabilitation space, the
aim of this editorial is to emphasize specific aspects of recent wearables research that may be
translated into telerehabilitation and other home-based monitoring programs, helping
investigators formulate novel digital endpoints related to sleep.

A growing number of recent publications highlight potential use cases for sleep digital
endpoints relevant to telerehabilitation. In one such article, Swanson et al. used a wearable to
examine relationships between cognitive performance and sleep features in older adult women
[7]. Their cross-sectional analysis involved a subsample of participants enrolled in the Study of
Women’s Health Across the Nation (SWAN) who completed an at-home wearables study during
follow-up visit 15 in 2015-16 (n = 1,177; mean age = 65) [8]. Participants were instructed to
wear an Actiwatch-2 (AW-2; Philips Respironics, Bend, OR) on their non-dominant wrist for 7
days to record critical sleep features: timing (average midpoint from sleep onset to wake) and
regularity (midpoint standard deviation). Cognitive performance was measured via motor,
visual, learning, and memory questions in these validated assessments: the East Boston
Memory Test, Symbol Digit Modalities Test, and Digit Span Backwards exam.

Metabolic burden in participants was high, with 63.5% hypertensive and 17.6% diabetic. The
majority of participants had two or more comorbidities (54.9%) and a waist circumference
indicating central obesity (59.9%). Importantly, at baseline, the average participant was at
intermediate risk for a heart attack or stroke within the decade (mean Atherosclerotic
Cardiovascular Disease risk score (ASCVD) = 9%). The authors adjusted linear regression
models for relevant covariates to explore associations between sleep and cognition.
Importantly, irregular sleep timing was linked with improved working memory (B = 0.50; p =
0.004) and worse delayed (B = -0.36; p= 0.006) and immediate verbal memory (3 = -0.29; p =
0.020). While late sleep timing, defined as a midpoint after 4:00 AM, was associated with
decreased processing speed (B = -1.80; p = 0.008), early sleep timing (a midpoint before 2:00
AM) was associated with worse delayed verbal memory (B = -0.37; p = 0.047). Notably, a
sensitivity analysis revealed that the magnitude of the effect of sleep irregularity on working
memory was greater in hypertensive participants (interaction B=--3.35, p=.039). In addition, as
the magnitude of ASCVD risk increased, so did the strength of the association between early
sleep timing and delayed verbal memory (interaction B=-8.83, p=.026), drawing attention to
the impact of cardiovascular disease (CVD) risk factors on sleep and cognitive decline in older
women.

Swanson et al’s study builds upon current literature specific to aging by highlighting relevant
modifiable sleep measures for endpoint analysis and considering a range of CVD risk factors
[7]. Only ASCVD and hypertension revealed significant interactions with sleep-cognition
associations in this study, both of which are linked with increasing white matter hyperintensity
(WMH) volume in middle-age [7,9]. It is plausible that the lack of associations for some factors,
such as diabetes which is a known risk factor for dementia, represents an age-related baseline
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for otherwise “healthy” women. The circadian clock controls blood pressure and the
hypothalamic-pituitary-adrenal (HPA) axis, which regulates blood glucose levels. As age and
dementia risk increase, the circadian clock weakens [10]. After hypertension emerges, vascular
changes influence the development of WMHs, amyloid-[3 deposits, and cerebrovascular disease
(CeVD)-related atrophy, all contributing to cognitive decline [11]. Downstream these changes,
HPA dysfunction may, in some cases, lead to diabetes or central obesity via insulin resistance,
which then modulates the association between some sleep factors and cognition [12, 13].

Despite the growing adoption of wearables for sleep monitoring, like the AW-2 used in
Swanson et al’s study, these studies reflect significant heterogeneity with regard to
methodologies and primary endpoints, leaving researchers with no clear starting point for
variables uniquely important to women’s health [14-16]. Additionally, deriving actionable
information for women’s health from objective sleep data remains a challenge for multiple
reasons. First, the proportion of participants in sleep studies with wearables has been
overwhelmingly male (61%) [17]. This is complicated by the fact that individual sleep
chronotypes change across the lifespan, necessitating robust methods that account for within-
person variability and establish patient-specific baseline measures, rather than rely on
population-based thresholds [18]. Such an approach is appropriate for dynamic monitoring in
real-world settings, automatically accounting for variability in environment.

Using the SleepImage ring, Ding et al’s study (n = 62; 67.7% women; mean age = 74; 80.5%
cognitively intact) extended the results of Swanson et al’'s work, finding that older adult
participants without cognitive impairment exhibited more consistent respiratory markers
during sleep [19]. For instance, mean SpO; (intraclass correlation coefficient (ICC): 0.62-0.85)
and minimum SpO, (ICC: 0.60-0.85) were found to be stable over 3 nights in participants
without cognitive impairment. Further demonstrating that sex-specific sleep patterns can be
captured by wearables, women exhibited more stable heart rate while men exhibited more
stable sleep duration. Considering these findings, researchers should explore sleep as a
multidimensional health metric, looking at sleep regularity, pulmonary measures, and
cardiovascular measures when selecting digital endpoints to assess. Although this study is
limited by its small sample size recruited from Boston University Alzheimer’s Disease Research
Center, which annually administers the Montreal Cognitive Assessment to participants to
adjudicate cognitive status, it is plausible that digital endpoints to track sleep health remotely -
and their associated clinically meaningful improvement thresholds - will be unique for men and
women [20].

The recent results from Nikbakhtian et al also highlight the importance of considering sex-
specific CVD markers when tracking sleep health remotely [21]. They investigated the role of
sleep onset in CVD development using a large population cohort study, the UK Biobank (n =
103,712; 57.9% female; aged 43-79), which used 1 week of wearable accelerometer data to
capture sleep measures. In contrast to male participants, who mostly experienced sleep onset
later in the night, women primarily experienced sleep onset between 10:00 and 11:00 PM, the
sleep onset time associated with the lowest incidence of CVD. Adjusting for CVD risk factors,
sleep regularity, and sleep duration, the associations between sleep onset time and CVD risk
persisted, yielding Cox proportional hazards ratios of 1.25 (1.02-1.52; p = 0.03), 1.24 (1.10-
1.39; p < 0.005), and 1.12 (1.01-1.25; p = 0.04) for sleep onset times of > 12:00 AM, < 10:00
PM ,and 11:00-11:59 PM. Notably, in sex-specific models, the associations between sleep onset
times of < 10:00 PM (1.63; 1.20-2.21; p <0.005) and > 12:00 AM (1.63; 1.20-2.21; p < 0.005)
were more pronounced in females. In contrast, only the association between sleep onset time
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of <10:00 PM and CVD was significant in males. Beyond Ding et al’s finding that breathing
measures may inform useful digital endpoints of cognitive health, these results highlight the
need for researchers to pay closer attention to CVD-related risk factors when interpreting sleep
data, particularly in women.

Combined, these studies introduce innovative perspectives for interpreting sleep data from
wearables; however, two current bottlenecks to developing clinically meaningful endpoints for
wearables remain: (1) the lack of standardized and validated algorithms for data from different
devices and (2) the lack of longitudinal sleep data captured beyond one-week periods [22-24].
Accurate longitudinal monitoring is especially relevant when conducting aging research in
dementia, when prevalence rates change drastically over short epochs. For instance, dementia
prevalence is <1% in adults under the age of 65 [25]. After 65, that number shifts to between 3-
11% and climbs to over 30% in adults over 85 [25]. Additionally, studies with less than 1 week
of data should be cautiously interpreted, as the limited datasets may not be representative of
an individual’s sleep routine.

Multiple aspects of these methodologies employed in these studies may have implications for
the future of sleep monitoring research in detecting cognitive impairment and dementia in
women. First, establishing specific sensor-based measures that are clinically useful for
identifying cognitive changes in women is crucial to developing digital endpoints for tracking
brain health across the lifespan. By identifying correlates between sleep measures and
cognitive survey scores, future researchers can develop predictive models for participants who
may miss survey response dates. Next, the influence of cardiovascular and pulmonary risk
factors on the association between sleep and cognition underscores the importance of tracking
comorbid burden to understand brain health [26]. Lastly, these remote monitoring approaches
could reach women in rural areas who might otherwise be unable to participate in in-clinic
monitoring, thereby addressing barrier and compliance issues by introducing enhanced
flexibility in rehabilitation care for patients [27]. Also, considering that women’s risk of CVD
increases after menopause, these results may not generalize well to women of reproductive age
[28].

Ultimately, these recent studies offer proof-of-concept evidence for unique sleep measures as
potentially meaningful markers of cognitive health in women. The contributions of sleep and
nighttime pulmonary measures to the development of cognitive decline in women should be
explored further using wearables and adjusting for cardiovascular factors across middle- and
late-adulthood. Considering that women are at a higher risk of dementia than men, these
studies offer a significant step toward developing meaningful endpoints for longitudinal sleep
studies tracking brain health and showcase how researchers might interpret real-world sleep
data in the context of cardiovascular and pulmonary health in adult female cohorts.
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