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ABSTRACT 
 
 

Passive Versus Active Home Blood Pressure Monitoring in 
Older Adults: A Crossover Study  
Mitchell Roberts1, Erica Sappington1, Ali Yalcin2, Debra Dobbs3, Lindsay Peterson3, Roma Tremblay1, 
Carla VandeWeerd1 

 

Background: Home blood pressure monitoring can support hypertension care, but readings must be 
collected consistently to be clinically useful. Traditional home monitoring with a blood pressure cuff 
and scale requires active daily use, which may be difficult for some older adults to sustain. 
Objective: To compare adherence to passive home monitoring with adherence to active home 
telemonitoring using a blood pressure cuff and scale in older adults with cardiovascular disease. 
Methods: In a 12-week, two-period crossover study, 49 community-dwelling adults aged 55 to 89 
years at enrollment used both monitoring approaches for 6 weeks each. Adherence, participant 
experience, self-reported health measures, hypertension history, and intake cuff-based blood 
pressure were analyzed. Blood pressure values generated by the passive system were not evaluated. 
Results: Hypertension history was common: 34 participants (69.4%) self-reported high blood pressure 
or hypertension, and mean intake blood pressure was 119.7/74.2 mm Hg. Adherence was higher 
during passive toilet-seat monitoring than during traditional cuff-and-scale monitoring (93.0% vs 
73.1%; p < .001). The same pattern was observed among participants with self-reported high blood 
pressure or hypertension (94.6% vs 77.6%) and among those with elevated or hypertensive-range 
intake blood pressure (94.5% vs 78.0%). Passive monitoring adherence stayed above 90% across the 
monitoring phase, while traditional monitoring adherence declined during the final study week. 
Conclusion: In an older adult cardiovascular sample with frequent hypertension history, participants 
used the passive monitoring approach more consistently than the traditional blood pressure cuff and 
scale. Future studies should evaluate whether higher adherence to passive monitoring supports 
validated blood pressure capture, clinical action, and hypertension-related outcomes. 
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Introduction 
Hypertension is highly prevalent in older adulthood and often requires information beyond the clinic visit. 
Recent National Health and Nutrition Examination Survey estimates indicate that 71.6% of U.S. adults aged 
60 years and older have hypertension, and only approximately one-fifth of adults with hypertension have 
blood pressure controlled below 130/80 mm Hg.1 Current clinical guidance emphasizes accurate 
measurement and out-of-office blood pressure information as part of diagnosis and management.2 
 

Home blood pressure monitoring can support this approach, but its usefulness depends on whether 
readings are collected repeatedly and reliably. Self-measured blood pressure can inform diagnosis, 
treatment adjustment, and follow-up, yet real-world monitoring remains inconsistent among many older 
adults.3,4 This creates a practical problem for hypertension care: a device may be clinically useful, but it 
cannot help clinicians if patients do not use it often enough to generate usable data. 
 

The measurement routine is one reason adherence may be difficult. Traditional home cardiovascular 
monitoring commonly relies on active-use devices, such as blood pressure cuffs and scales. These tools 
require patients to remember the task, position the cuff correctly, use the scale, and repeat the process over 
time. For older adults managing multimorbidity, mobility limitations, fatigue, or competing device routines, 
these steps may be enough to reduce sustained use.5-9 
 

Prior cardiovascular remote monitoring studies have shown that adherence can vary widely and may decline 
over time, even when monitoring protocols are structured.10-12 Passive monitoring offers a different approach 
by moving some of the work away from the patient and embedding data collection into routine behavior. 
A toilet-seat-based monitoring system is one example because it is designed to collect cardiovascular 
information during a routine toileting event rather than through a separate daily measurement task. 
 

The present crossover study tested whether older adults generated more consistent monitoring data when 
cardiovascular monitoring was embedded into a passive toilet-seat measurement routine compared with 
when monitoring required active daily use of a blood pressure cuff and scale. The analysis focused on 
adherence, feasibility, and user experience. Intake cuff-based blood pressure values were used to 
characterize the sample, but blood pressure values generated by the passive system were not evaluated. 
 

Methods 
The current study presents findings from a partnership between The Villages® Health (The Villages®, FL), 
Casana Inc., and the University of Florida Health Precision Health Research Center. The University of Florida 
Institutional Review Board approved the study (#IRB202100869). 
 
Recruitment 
Participants with cardiovascular disease were recruited using study flyers distributed throughout The 
Villages®, FL and surrounding communities. Flyers describing the project goals, inclusion criteria, and study 
team contact information were shared in publicly accessible locations, including recreation centers, 
community clubs, community pools, mail areas, and local healthcare settings. Local healthcare practice 
employees also shared study information with patients who had agreed to be contacted about research 
opportunities conducted in The Villages®, FL community. 
 
Inclusion and Exclusion Criteria 
Major inclusion criteria for enrollment included ability to provide informed consent, English language 
fluency, age 55 to 89 years at enrollment, history of cardiovascular disease, ability to use the toilet 
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unassisted, and body weight between 90 and 350 pounds. Exclusion criteria included use of a mechanical 
support device for the heart and planned unavailability for 8 or more consecutive days during the 12-week 
study. 
 
Study Design 
This study employed a 2-period, 2-sequence crossover design (Figure 1) to compare adherence to passive 
toilet-seat monitoring with adherence to active home telemonitoring using a blood pressure cuff and scale. 
Participants were randomly assigned to begin with either the passive device condition or the active cuff-
and-scale condition for the first 6-week phase, followed by crossover to the other condition for an additional 
6-week phase, with no washout period. 
 
Figure 1. Study timeline and crossover design 

 
Note: The passive device condition and active cuff-and-scale condition were each used for 6 weeks. Surveys were 
administered at intake, interim time points, crossover, and exit. 
 
Each sequence initially included 25 participants; one participant dropped out, resulting in 49 participants 
included in the analysis. No formal behavioral intervention occurred beyond device assignment, installation, 
onboarding, and standard study follow-up. The active monitoring condition included both a blood pressure 
cuff and scale, while the passive condition used a toilet-seat-based cardiovascular monitoring system. The 
crossover design allowed participants to serve as their own controls, reducing inter-individual variability and 
improving comparison precision. 
 
A power analysis determined that a sample of 34 participants would achieve 80% power at a 0.05 
significance level for a medium effect size (Cohen d = 0.50). To account for an anticipated 10% to 20% 
dropout rate and improve data reliability, the target sample size was 50 participants. The study collected 
repeated adherence observations from each participant across both device conditions, with 42 prescribed 
observation days per device phase. 
 
Participant experience and psychosocial surveys were administered at intake, 21 days, 42 days 
(midpoint/crossover), 63 days, and 84 days (exit). Intake, midpoint, and exit surveys were conducted in 
person. Interim surveys were distributed electronically through Qualtrics to reduce measurement reactivity 
and contact-induced adherence bias, since a phone call from the study team could have served as a 
reminder to use the devices. 
 

The research team received training on device setup, onboarding, troubleshooting, informed consent 
procedures, and standardized survey administration. Casana provided training on passive device installation 
and troubleshooting, while University of Florida study staff conducted participant-facing study activities, 
including device installation, onboarding, follow-up, exit visits, and data collection. 

https://doi.org/10.18103/mra.2026.0408
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Objectives 
The primary objective was to compare adherence to passive toilet-seat monitoring versus active home 
telemonitoring with a blood pressure cuff and scale. Secondary objectives were to examine whether 
adherence varied by randomization sequence, time within phase, and participant experience. Exploratory 
objectives were to describe self-reported hypertension history and intake cuff-based blood pressure, and 
to determine whether the adherence pattern was similar among participants with self-reported high blood 
pressure or elevated/hypertensive-range intake blood pressure. 
Data Collection and Processing 
Demographic data, living arrangement, self-reported medical history, and blood pressure-related baseline 
measures were collected after informed consent. Self-reported history of high blood pressure or 
hypertension was abstracted from the medical history form. Intake blood pressure was measured using a 
standard cuff-based approach, with three seated readings obtained when available. Averaged systolic and 
diastolic values were used descriptively to characterize the baseline blood pressure profile of the sample. 
Baseline blood pressure categories were assigned using adult blood pressure thresholds from current 
clinical guidance. Baseline blood pressure values were not treated as device-generated outcomes and were 
not used to evaluate passive device blood pressure accuracy. 
 

Adherence data were gathered from two device conditions. Active home telemonitoring adherence 
required daily use of both the blood pressure cuff and scale. Passive toilet-seat adherence was defined as 
sitting on the device for more than 90 seconds during a study day. For adherence calculations, data 
presence was recorded as 0 (non-adherence) or 1 (adherence), without analyzing physiologic health metrics. 
 

Participants living with family members could opt to have household members participate in study 
procedures. Although only the primary participant was instructed to use the devices, participating 
household members completed the consent process. If spouses participated, they were assigned to 
different starting sequences when possible and switched device conditions midway through the study. 
Living arrangement was recorded to account for potential adherence variation associated with household 
support. 
Daily Adherence Calculation Methods 
Adherence was analyzed using four calculation strategies that differed in how travel, technical issues, and 
countable study days were handled (Figure 2). Method 1 reflected a more controlled research approach 
that adjusted for travel and technical issues, whereas Method 2 reflected a more pragmatic provider/payer 
perspective based on installed or functional days. The primary analysis used Method 1B, which included 
cases with fewer than 42 countable days when applicable. Alternative adherence definitions were retained 
as sensitivity checks to support interpretation across research and real-world implementation contexts. 
 
Figure 2. Adherence calculation framework 

 
Note: Method 1B was used as the primary adherence definition. More restrictive and less restrictive definitions were 
used as sensitivity checks to support interpretation across research and real-world implementation contexts. 
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Troubleshooting, Travel, and Technical Issues 
Troubleshooting procedures were designed to minimize disruptions to adherence and participant burden. 
The study team monitored passive device data daily and intervened when data gaps or connectivity issues 
occurred. Common passive-monitoring issues included Wi-Fi disconnection in bathrooms located far from 
routers; these were addressed with remote troubleshooting, hotspots when needed, and in-person follow-
up if issues were not resolved within two business days. 
 

Pre-planned travel was documented before device installation, and study participation was extended when 
needed to compensate for missed days. Travel, technical issues, and days with no recorded data were 
retained as feasibility variables because they affect real-world opportunities for device use. These factors 
were used to contextualize adherence and feasibility rather than as primary outcomes. 
 
Survey Measures 
Self-reported health was evaluated across anxiety, depression, sleep quality, and health empowerment. 
Anxiety was assessed using the Generalized Anxiety Disorder 7-item questionnaire13; depression was 
assessed using the Center for Epidemiological Studies Depression Scale14; sleep quality was assessed using 
the Pittsburgh Sleep Quality Index15; and health empowerment was assessed using the Elders Health 
Empowerment Scale16. 
 

Participant experience surveys assessed installation and initialization, privacy and security, comfort, 
appearance, required effort, data collection confidence, satisfaction, and self-reported usage frequency. 
These measures were analyzed as secondary implementation and user-experience outcomes to help 
interpret adherence patterns. 
Statistical Analysis 
SPSS 26 (IBM) and Python version 3.11.6 were used for statistical analyses. Descriptive statistics summarized 
participant characteristics, self-reported hypertension history, averaged intake systolic and diastolic blood 
pressure, blood pressure categories, adherence, and survey measures. Continuous variables are reported 
as mean (standard deviation), and categorical variables are reported as n (%). 
 

The primary comparison examined within-participant adherence during passive toilet-seat monitoring 
versus active home telemonitoring with a blood pressure cuff and scale. Between-sequence comparisons 
used independent-samples tests or nonparametric alternatives as appropriate. Within-participant 
comparisons used paired tests or Wilcoxon signed-rank tests depending on distribution. Results with p < 
.05 were considered statistically significant. Exploratory subgroup analyses described adherence among 
participants with self-reported high blood pressure or hypertension and among participants with intake 
blood pressure in elevated or hypertensive ranges. Participant-reported health and wellbeing outcomes 
were secondary and exploratory; main-text interpretation was limited to statistically significant phase-
related findings to avoid overemphasizing nonsignificant patterns. 
 

Results 
Participant Characteristics and Blood Pressure Profile 
The study included 49 older adults with cardiovascular disease. The mean age was 73.4 years, 25 
participants (51.0%) were female, and 47 participants (95.9%) were White. Hypertension history was 
common: 34 participants (69.4%) self-reported high blood pressure or hypertension. Based on the average 
of three intake cuff-based readings, mean systolic blood pressure was 119.7 mm Hg (standard deviation, 
12.6), and mean diastolic blood pressure was 74.2 mm Hg (standard deviation, 10.2). Although mean intake 
blood pressure was below the Stage 1 hypertension threshold, 27 participants (55.1%) had intake blood 
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pressure in an elevated or hypertensive range, including 17 participants (34.7%) in a Stage 1 or Stage 2 
range. Participant characteristics were generally balanced by starting sequence (Table 1). 
 

Table 1. Participant characteristics and baseline blood pressure by starting sequence 

Characteristic Overall (N=49) 
Passive first 
(n=25) 

Cuff/scale first 
(n=24) 

P value 

Age, y, mean (SD) 73.4 (7.1) 73.7 (6.9) 73.0 (7.4) .73 

Male sex 24 (49.0%) 11 (44.0%) 13 (54.2%) .57 

White race 47 (95.9%) 24 (96.0%) 23 (95.8%) 1.00 

Married or partnered 36 (73.5%) 18 (72.0%) 18 (75.0%) 1.00 

Retired 43 (87.8%) 22 (88.0%) 21 (87.5%) 1.00 

Bachelor's degree or higher 31 (63.3%) 15 (60.0%) 16 (66.7%) .77 

Self-reported high blood 
pressure/hypertension 

34 (69.4%) 17 (68.0%) 17 (70.8%) 1.00 

Heart disease 46 (93.9%) 23 (92.0%) 23 (95.8%) 1.00 

High cholesterol 30 (61.2%) 16 (64.0%) 14 (58.3%) .77 

Diabetes 7 (14.3%) 4 (16.0%) 3 (12.5%) 1.00 

Average intake systolic blood 
pressure, mmHg, mean (SD) 

119.7 (12.6) 119.9 (12.3) 119.4 (13.1) .89 

Average intake diastolic 
blood pressure, mmHg, 
mean (SD) 

74.2 (10.2) 75.4 (10.8) 73.0 (9.6) .41 

Elevated or hypertensive-
range intake blood pressure 

27 (55.1%) 13 (52.0%) 14 (58.3%) .78 

Note: values are n (%) unless otherwise indicated. P values compare starting sequences. Blood pressure categories 
were assigned from averaged intake cuff measurements. 
 
Adherence Outcomes 
Adherence was higher during passive toilet-seat monitoring than during traditional cuff-and-scale 
monitoring (93.0% vs 73.1%; p < .001). Under the primary analytic definition, passive monitoring adherence 
was 19.9 percentage points higher. Sensitivity analyses using alternative denominator definitions showed 
the same direction of effect, with passive monitoring adherence exceeding traditional monitoring 
adherence across all calculation methods. The adherence pattern was also observed in blood-pressure-
focused subgroups. Among participants with self-reported high blood pressure or hypertension, mean 
adherence was 94.6% during passive monitoring and 77.6% during traditional monitoring. Among 
participants with elevated or hypertensive-range intake blood pressure, mean adherence was 94.5% during 
passive monitoring and 78.0% during traditional monitoring (Table 2). These subgroup analyses were 
exploratory and were used only to assess whether the main adherence pattern was present among 
participants for whom blood pressure monitoring was especially relevant. 
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Table 2. Adherence outcomes overall and in blood-pressure-focused subgroups 

Analysis group or definition 
Passive 
monitoring 
adherence 

Traditional 
cuff/scale 
adherence 

Difference, 
percentage 
points 

p value 

Primary analysis, all participants 93.0% 73.1% +19.9 <.001 

Self-reported high blood 
pressure/hypertension 

94.6% 77.6% +17.0 Exploratory 

Elevated or hypertensive-range 
intake blood pressure 

94.5% 78.0% +16.5 Exploratory 

Sensitivity definition 1A 93.6% 70.9% +22.7 -- 

Sensitivity definition 2A 87.0% 70.4% +16.7 -- 

Sensitivity definition 2B 85.0% 68.6% +16.5 -- 

The primary analysis used the research-oriented denominator definition that accounted for travel and technical issues 
while retaining cases with fewer than 42 countable days when applicable. Sensitivity definitions varied in how travel, 
technical issues, and installed days were handled. Subgroup rows are descriptive and were not used to test clinical 
blood pressure outcomes. 
 

Adherence over time also favored passive monitoring. Passive monitoring adherence stayed above 90% 
throughout the 6-week device period and remained at least 10 percentage points higher than traditional 
monitoring at each weekly time point. Traditional monitoring adherence declined by approximately 11 
percentage points during the final study week (p < .005), whereas passive monitoring adherence remained 
stable. Participants who initially used traditional monitoring had numerically higher traditional-monitoring 
adherence than those who transitioned from passive monitoring to traditional monitoring (78% vs 67%), 
although this difference was not statistically significant (p = .18). Passive monitoring adherence was similar 
among participants who started with passive monitoring and those who transitioned from traditional 
monitoring (92.0% vs 93.7%; p = .65). 
 
Implementation Factors and Participant Experience 
Travel, technical issues, and data-quality challenges were tracked to contextualize opportunities for device 
use (Table 3). Travel rates were similar across device conditions. Technical and data-quality challenges were 
more common during passive monitoring, which is important because passive devices still have to function 
in real homes with variable Wi-Fi strength, bathroom layouts, travel schedules, and household routines. 
Table 3. Travel, technical, and data-quality challenges by device condition 

Issue category 
Passive monitoring, 
n (%) 

Traditional cuff/scale 
monitoring, n (%) 

Zero data-quality issues documented 20 (41%) 27 (55%) 

Travel days reported only 17 (35%) 16 (33%) 

At least 1 day with no data recorded only 5 (10%) 1 (2%) 

Technical issues reported only 3 (6%) 1 (2%) 

Multiple issues reported 4 (8%) 4 (8%) 

Categories distinguish single-issue records from multiple-issue records. Multiple issues refer to 
combinations of travel, technical issues, or days with no data. 

https://doi.org/10.18103/mra.2026.0408


  

Medical Research Archives | https://doi.org/10.18103/mra.2026.0408 
 

9 

THE EUROPEAN SOCIETY OF MEDICINE 
 

Participant-experience ratings were generally favorable for both device conditions (Table 4). Two intake-to-
check-in changes were statistically significant: perceived passive device fit on the toilet decreased from 4.71 
to 4.37 (p = .014), and comfort using the blood pressure cuff decreased from 4.95 to 4.65 (p = .027). Average 
ratings remained high, so these findings are best interpreted as practical context rather than primary 
outcomes. 
 
Table 4. Selected participant-experience and user-burden ratings 

Condition Participant-experience item Intake mean (SD) Check-in mean (SD) P value 

Passive Comfort using device in home 4.71 (0.87) 4.45 (1.16) .194 

Passive 
Appearance appropriate for 
bathroom 

4.53 (1.00) 4.27 (1.09) .114 

Passive Fit on toilet 4.71 (0.87) 4.37 (0.99) .014 

Passive Satisfied with effort required 4.78 (0.82) 4.43 (1.14) .073 

Passive Confidence in data collection 4.27 (1.04) 4.31 (0.98) .866 

Cuff/scale Comfort using cuff 4.95 (0.21) 4.65 (0.92) .027 

Cuff/scale Comfort using scale 4.95 (0.21) 4.81 (0.66) .157 

Cuff/scale Satisfied with cuff effort 4.74 (0.58) 4.63 (0.98) .650 

Cuff/scale Satisfied with scale effort 4.93 (0.26) 4.86 (0.64) .739 

Cuff/scale Confidence in data collection 4.72 (0.55) 4.51 (0.98) .193 

Items were scored from 1 to 5, with higher scores indicating more favorable ratings. P values are from paired Wilcoxon 
signed-rank tests among participants with both intake and check-in data. Passive monitoring n=49; cuff/scale 
monitoring n=43. 
 
Participant-reported health and wellbeing measures were secondary and exploratory. Statistically significant 
phase-related findings were limited to anxiety in the passive-monitoring-first sequence (p = .013), sleep 
quality in the passive-monitoring-first sequence (p = .001), and depression in the traditional-monitoring-first 
sequence after transition to passive monitoring (p = .035). These findings are reported only as contextual 
user-experience outcomes and should not be interpreted as evidence that either device improved mental 
health, sleep, or health empowerment. 
 

Discussion 
Principal Findings 
This crossover study found that older adults used passive toilet-seat monitoring more consistently than 
traditional home monitoring with a blood pressure cuff and scale. The adherence difference was substantial, 
with passive monitoring approximately 20 percentage points higher under the primary analytic definition. 
The within-person design strengthens this finding because the same participants experienced both 
monitoring approaches, suggesting that the monitoring routine itself may have contributed to adherence. 
A similar pattern was observed among participants with self-reported high blood pressure or hypertension 
and among those with elevated or hypertensive-range intake blood pressure, supporting the relevance of 
the finding for blood pressure-focused home monitoring. 
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Why This Matters for Hypertension-Focused Home Monitoring 
Home blood pressure monitoring is recommended to support diagnosis, treatment adjustment, and follow-
up, yet real-world use among older adults remains inconsistent.³˒⁴ This gap is important because home 
monitoring depends not only on measurement accuracy, but also on whether patients generate enough 
repeated readings to show trends over time. Even a clinically useful device has limited value if the 
measurement routine produces sparse or inconsistent data. 
 

The present findings suggest that participant-facing measurement burden may be one modifiable source 
of inconsistent data capture. Traditional cuff-and-scale monitoring requires patients to remember the task, 
apply the cuff, use the scale, and repeat these steps daily. For older adults with cardiovascular disease, 
those steps may compete with medications, appointments, symptoms, mobility limitations, and other self-
management demands. In this study, lower adherence during cuff-and-scale monitoring suggests that the 
active-use burden of the measurement routine may limit sustained data capture. 
 

Passive, routine-integrated monitoring may address this barrier by shifting data collection into an existing 
daily behavior rather than adding another health task. This does not establish that passive monitoring 
improves blood pressure control or clinical outcomes. However, it supports the premise that reducing 
patient effort may improve the completeness of home cardiovascular monitoring data, which is a 
prerequisite for identifying trends, prompting follow-up, and supporting clinical decision-making. 
 
Relation to Prior Remote Monitoring Literature 
The findings are consistent with prior cardiovascular remote monitoring studies showing that adherence 
and engagement can be difficult to sustain. Large studies such as BEAT-HF, TIM-HF, and CONNECT used 
structured monitoring approaches but reported variable adherence and, in some cases, declining 
engagement over time.10-12 The present study was smaller and shorter and was not designed to evaluate 
clinical outcomes. However, its crossover design allowed the same participants to experience both 
monitoring approaches. This within-person comparison suggests that adherence challenges may reflect not 
only patient motivation, but also the participant-facing demands of the measurement routine, including the 
need to remember, initiate, and complete a separate daily monitoring task. 
 
Implementation and User-Experience Considerations 
Passive monitoring was not frictionless. Technical and data-quality issues were more common during passive 
monitoring, and ratings of toilet fit decreased slightly after participants had experience with the device. 
These issues did not eliminate the adherence advantage, but they point to the practical requirements for 
scale-up. Passive systems still have to work in real homes, with variable bathroom layouts, Wi-Fi strength, 
travel schedules, and household routines. 
 

Household context may also shape adherence. Participants living with another person had higher 
adherence. This pattern is consistent with prior evidence that social support can facilitate cardiovascular 
self-care and medication adherence. ¹⁷⁻¹⁹ Older adults who live alone may need additional support to 
identify data gaps, troubleshoot devices, or maintain monitoring routines. 
 

The practical tradeoff is that passive monitoring may reduce patient effort while increasing the importance 
of installation quality, connectivity, and monitoring for data gaps. Programs using passive home monitoring 
should plan for onboarding, early technical follow-up, and simple procedures for responding when data 
stop transmitting. Broader work on older adults’ use of health technology also suggests that task demands 
and available support influence whether digital tools are used consistently.²⁰ 
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Limitations 
Several limitations should be considered. First, this was an adherence and user-experience study, not a 
blood pressure validation or hypertension outcomes study. Baseline cuff-based blood pressure and self-
reported hypertension history were used to characterize the sample and support exploratory subgroup 
descriptions, but the study should not be interpreted as evidence that passive toilet-seat monitoring 
improves blood pressure measurement accuracy, blood pressure control, or clinical outcomes. Second, the 
study was short relative to chronic hypertension management, and longer follow-up is needed to determine 
whether passive monitoring adherence is sustained over months or years. Third, technical issues and travel 
were tracked as feasibility factors, but the study was not designed or powered to model these factors as 
primary predictors of adherence. Fourth, the sample was predominantly White, highly educated, and 
recruited from a highly engaged older adult community in The Villages®, FL, which may limit generalizability 
to more diverse populations, individuals with lower digital health literacy, and older adults with less 
household support. Finally, the participant-reported health and wellbeing findings were secondary and 
exploratory and should be interpreted cautiously. 
 

Future Directions 
Future studies should pair passive monitoring with validated blood pressure measurement and clinical data 
review and response workflows. The next step is to determine whether higher adherence leads to more 
complete blood pressure data, earlier identification of concerning trends, medication adjustment, and 
improved hypertension outcomes. Studies should also test passive monitoring in more diverse populations 
and real-world care settings where patients vary in digital literacy, home infrastructure, caregiving support, 
and baseline blood pressure control. Broader sensor literature supports the continued development of 
technologies capable of capturing cardiovascular signals in daily life.²¹ If passive monitoring can maintain 
high adherence while producing validated cardiovascular measurements, it may make home monitoring less 
dependent on daily patient effort and more useful for routine hypertension care. 
 

Conclusion 
This study found that passive toilet-seat monitoring achieved significantly higher adherence than traditional 
active monitoring with a blood pressure cuff and scale among older adults with cardiovascular disease, 
many of whom had self-reported hypertension or elevated/hypertensive-range intake blood pressure. The 
findings support passive, routine-integrated monitoring as a promising approach for improving the 
consistency of home cardiovascular data capture. Future studies should determine whether this adherence 
advantage translates into validated blood pressure measurement, actionable clinical information, and 
improved hypertension-related outcomes. 
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