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Abstract

Background: The WEAICOR (Wearables to Investigate the Long Term Cardiovascular and Behavioral Impacts of COVID-19)
study was a prospective observational study that used continuous monitoring to detect and analyze biometrics. Compliance to
wearables was a major challenge when conducting the study and was crucial for the results.

Objective: The aim of this study was to evaluate patients’ compliance to wearable wristbands and determinants of compliance
in a prospective COVID-19 cohort.

Methods: The Biostrap (Biostrap USA LLC) wearable device was used to monitor participants’ biometric data. Compliance
was calculated by dividing the total number of days in which transmissions were sent by the total number of days spent in the
WEAICOR study. Univariate correlation analyses were performed, with compliance and days spent in the study as dependent
variables and age, BMI, sex, symptom severity, and the number of complications or comorbidities as independent variables.
Multivariate linear regression was then performed, with days spent in the study as a dependent variable, to assess the power of
different parameters in determining the number of days patients spent in the study.

Results: A total of 122 patients were included in this study. Patients were on average aged 41.32 years, and 46 (38%) were
female. Age was found to correlate with compliance (r=0.23; P=.01). In addition, age (r=0.30; P=.001), BMI (r=0.19; P=.03),
and the severity of symptoms (r=0.19; P=.03) were found to correlate with days spent in the WEAICOR study. Per our multivariate
analysis, in which days spent in the study was a dependent variable, only increased age was a significant determinant of compliance

with wearables (adjusted R2=0.1; β=1.6; P=.01).

Conclusions: Compliance is a major obstacle in remote monitoring studies, and the reasons for a lack of compliance are
multifactorial. Patient factors such as age, in addition to environmental factors, can affect compliance to wearables.

(J Med Internet Res 2023;25:e43134) doi: 10.2196/43134
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Introduction

The rapid, ongoing integration of digital technologies in
medicine has improved patient management, providing safe,
effective, and standardized interventions. Digital tools offer
several solutions and benefits that were previously unavailable,
promoting beneficial behaviors such as smoking cessation [1,2],
physical activity [3], and regulated alcohol consumption [4].
By using wearable technologies, physicians can remotely
monitor patients’ vital signs and diagnose several different
pathologies. These interventions have improved outcomes in
patients with chronic diseases, such as cardiovascular
comorbidities [5]. Moreover, wearables have gained popularity,
particularly in the field of cardiac electrophysiology. Many large
studies have addressed the performance of wearables in
detecting arrhythmias, such as atrial fibrillation, and the potential
implementation of these digital tools in medical interventions
[6,7]. However, other studies have shown that the benefits of
digital solutions are limited [8-12]. These findings are primarily
the result of decreased compliance or difficulties in using such
tools [8,13-15].

Although digital tools are currently facilitating medical practice,
many new hurdles have emerged during this process. One of
these challenges is patient compliance and adherence to these
devices. Compliance is commonly viewed as a standard
measurement of the quality of digital health studies. Regardless
of the efficacy and performance level of a digital intervention,
the latter loses its value in the absence of compliance.
Unfortunately, there is still no established universal standard
for assessing compliance. For example, Christensen et al [16]
defined adherence as the extent of an individual’s experience
with the intervention. However, this definition does not consider
the World Health Organization’s initial conclusions that
adherence is the extent to which a patient follows medical
instructions. They elaborated that the term medical limits the
extent of interventions that patients with long-lasting diseases
receive. Additionally, the term instructions implies passivity
on the patient side and might imply that patients are only
recipients rather than collaborators [17]. Therefore, to establish
adherence, several edits to the definition were made to
accurately describe the concept and incorporate both patients’
experiences and physicians’ goals [13].

The WEAICOR (Wearables to Investigate the Long Term
Cardiovascular and Behavioral Impacts of COVID-19) study
was a prospective observational study that used continuous
monitoring to detect and analyze biometrics [18]. While
performing this study, several challenges related to adherence
to wearables were faced, and several techniques to improve
compliance were used.

The aim of this study was to evaluate patients’ compliance and
the determinants of this compliance in a prospective COVID-19
cohort.

Methods

Evaluation of Compliance in a Prospective COVID-19
Cohort
The WEAICOR study was a prospective observational study
of patients who were aged 18 years or older and were monitored
via the Biostrap (Biostrap USA LLC) wearable wristband
device. The study aimed to identify the impact of the
post–COVID-19 condition on sleep by using wearables. In this
analysis, we sought to evaluate patient compliance.

After eligibility screening and the signing of electronic consent
forms, all patients were sent a Biostrap device by mail to
continuously monitor their biometric data, including heart rate,
heart rate variability, respiratory rate, and oxygen saturation.
Instructions on how to use the device were provided via phone
calls by the study coordinator, along with a recorded video that
detailed the steps for activating the device and linking it to the
mobile app. Participants were instructed to wear the smart band.

Ethics Approval
This study was approved by Tulane University Institution
Review Board on June 9, 2020 (study #2020-678).

Study Population
In this analysis, patients who recovered from COVID-19 were
included. Participants who had a positive COVID-19 diagnosis
were recruited via flyers and advertisements on different social
media platforms and via mass emails that were generated and
sent to Tulane University’s staff and student body. A total of
200 patients were assessed for eligibility by September 2021.
Participants received a baseline questionnaire that collected
demographic and medical history data. We secured informed
consent forms and listed Tulane University as an organization
with data access.

Biostrap Device
The Biostrap is a photoplethysmography-based smart band that
records patients’ vitals at rest and at 5-minute intervals and
generates graphic results and reports on the Biostrap mobile
app. The device has a life span of 2.5 days and is splashproof.
Patients were able to keep the device after the completion of
the WEAICOR study. The mobile app transferred
photoplethysmography and motion signal data collected from
the wrist to the Biostrap cloud server, where the data underwent
signal processing and analysis via machine learning algorithms
to generate resting physiological data, which were transferred
to Tulane University’s data server. The data were automatically
synchronized in real time and could be viewed on the Biostrap
portal by the research team. The study participants used their
own smartphones. The accuracy and reproducibility of the
Biostrap device in assessing basic physiological data were
already reported in previously published studies [19,20].
Moreover, those studies and ours relied on the raw
photoplethysmography signals obtained from the same type of
device to extract parameters of interest; thus, the accuracy and
reproducibility reported in those studies are applicable to the
findings of our study.
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Patient Follow-up
The Biostrap remote monitoring system ensured data generation,
compliance, and technical troubleshooting throughout the
WEAICOR study. The research coordinator explained to the
participants the purpose of the study, the risks accompanied
with the study, the ability to drop out at any time during the
study, and the types of data that were being collected (eg, raw
photoplethysmography signals, heart rate, heart rate variability,
oxygen saturation, respiratory rate, etc). Patients were called
regularly by the study coordinator to assess for problems or
compliance issues. The compliance of participants was also
assessed throughout the study. Noncompliant patients were
either contacted by the research coordinator or prompted via
cell phone notifications to wear the device. Data on symptoms
were collected by using surveys, which were collected at
different time points (2 weeks, 1 month, 6 months, and 12
months).

Data Analysis
A wearable device was used to monitor participants’ biometric
data. Analyses were performed by using prospectively obtained
continuous wearable data. Adherence to the wearable device
was based on the following two metrics: compliance and days
spent in the WEAICOR study. Compliance was calculated as
a percentage by dividing the total number of days in which data
were transmitted by the total number of days spent in the study.
Because compliance could take any data value between 0 and
100, it was considered a continuous variable for the analysis.
We also calculated the total number of days patients remained
in the study.

A univariate correlation analysis was performed, with
compliance as a dependent variable and age, BMI, sex, symptom
severity, and the number of complications or comorbidities as

independent variables. Symptom severity was calculated on a
scale of 1 to 5, with 1 indicating no symptoms or minor
symptoms and 5 indicating very severe symptoms. The number
of complications was the sum of the number of comorbidities
in each patient. For example, for a patient with hypertension
and diabetes who has no other risk factors, the number of
complications or comorbidities would be 2.

The same analysis was performed with days spent in the study
as a dependent variable. Since multiple independent variables
correlated with the days spent in the study, backward stepwise
multivariate linear regression was performed, with days spent
in the study as a dependent variable, to assess the power of
different parameters in determining the number of days patients
spent in the study. No multivariate analysis was performed with
compliance as a dependent variable, as only age was significant
in the univariate analysis (r=0.23; P=.01).

Results

Baseline Characteristics and Compliance
A total of 122 patients were included. Patients were on average
aged 41.32 (SD 15.7) years, and 46 (38%) were female. The
population tended to be young and had few or no comorbidities.
Most of the participants (112, 92%) were not hospitalized during
their COVID-19 course. Baseline demographics are detailed in
Table 1. On average, patients had a compliance rate of 44.62%
(SD 33.54%) and were followed up for 203.78 (SD 98.58) days
(Figure 1). Compliance decreased with the progression of the
WEAICOR study, with a marked acute drop in compliance on
the day that Hurricane Ida occurred in New Orleans (Figure 2).
The research coordinator that followed up with the patients
noted no problems regarding skin reactions or allergies to the
device and no server or device manufacturer issues.
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Table 1. Baseline demographic and clinical characteristics of the COVID-19 arm (N=122).

COVID-19 groupCharacteristics

41.32 (15.7)Age (years), mean (SD)

Sex, n (%)

76 (62)Male

46 (38)Female

28.7 (8.6)BMI (kg/m2), mean (SD)

Race, n (%)

71 (58)Caucasian or White

20 (16.5)African American or Black

12 (10)Asian

5 (4.5)Latino or Hispanic

13 (11)Other

Comorbidities, n (%)

88 (72)None

6 (5)Diabetes

1 (1)Immune system deficiencies or HIV

4 (3)Heart conditions

15 (12)Asthma or chronic lung disease

5 (4)Extreme obesity

4 (3)Cancer treatment

Education level, n (%)

27 (22)Bachelor’s degree

30 (24)Some college

16 (13)Associate degree

28 (23)Master’s degree

1 (1)Doctorate

10 (8)Professional

11 (9)Other

Figure 1. Average compliance (%) and days spent in the study for the study population.
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Figure 2. Expected and actual compliance evolution during the study. The difference between expected and actual compliance represents noncompliant
patients.

Univariate Analysis
Only age was found to correlate with compliance (r=0.23;
P=.01). The number of complications (r=0.11; P=.23), BMI
(r=−0.10; P=.27), sex (r=0.10; P=.27), and the severity of
symptoms (r=−0.02; P=.85) were not found to be determinants

of compliance. In addition, age (r=0.30; P=.001), BMI (r=0.19;
P=.03), and the severity of symptoms (r=0.19; P=.03) were
found to correlate with days spent in the WEAICOR study
(Figure 3). The number of complications (r=0.09; P=.31) and
sex (r=0.03; P=.73) were not found to be determinants of
increased days spent in the study (Figure 3).

Figure 3. Univariate regressions with compliance and days in the study as dependent variables and age, BMI, sex, sx, and nComp as independent
variables. nComp: number of comorbidities; sx: severity of symptoms.

J Med Internet Res 2023 | vol. 25 | e43134 | p. 5https://www.jmir.org/2023/1/e43134
(page number not for citation purposes)

Mekhael et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Multivariate Analysis
Per our backward stepwise multivariate analysis, in which days
spent in the WEAICOR study was a dependent variable, only
increased age was a significant determinant of increased days

spent in the study (adjusted R2=0.1; β=1.6; P=.01). BMI (P=.07),
the severity of symptoms (P=.25), complication count (P=.47),
and sex (P=.86) were nonsignificant determinants of increased
days spent in the study (Table 2).

Table 2. Multivariate linear regression (adjusted R2=0.1) with days spent in the study as a dependent variable and age, BMI, sex, the severity of
symptoms, and the number of comorbidities as independent variables.

P valueCoefficients, β (SE; 95% CI)Variables

.011.61 (0.58; 0.46 to 2.76)Age

.863.07 (17.81; −32.20 to 38.33)Sex

.071.92 (1.05; −0.17 to 4.01)BMI

.259.38 (8.19; −6.82 to 25.59)Severity of symptoms

.47−6.10 (8.44; −22.81 to 10.62)Complication count

Discussion

Principal Findings
In our study, we report several findings. First, advanced age
was the most significant factor in increasing compliance with
wearables (r=0.23; P=.01). However, the power of the
association was weak, suggesting unknown determinants.
Second, patients with increased symptom severity were more
likely to be compliant to a wearable device. Third,
environmental factors, such as natural disasters, can affect
wearable compliance during remote studies.

Defining the Concept of Compliance
Digital remote management is accompanied by hurdles that
must be addressed. One of the significant challenges that was
faced during remote management in the WEAICOR study was
patients’ compliance with the device. In clinical management,
decreased compliance with a digital device can disturb
therapeutic strategies and result in physicians missing clinical
events. Additionally, from a research perspective, reduced
adherence can adversely impact results [21]. For this reason, it
is recommended that authors report levels of nonadherence
when citing results, so that readers can have an accurate estimate
of performance [22].

The concept of compliance is not very well defined. Many
discrepancies exist in the ways that physicians and researchers
describe adherence to a digital device. Many authors believe
that compliance should be measured and scaled based on
patients’ experiences [16]. Others believe that compliance
should be viewed from a physician’s perspective and based on
objective clinical assessments and scales to have reliable
quantitative measures. Recently, the importance of both
perspectives has started to be appreciated, and definitions
combining both viewpoints have emerged [13]. In our study,
compliance was defined quantitatively, using objective
transmitted data. This allowed us to generate a reliable
measurement tool independent of patients’ and physicians’
perspectives. However, the assessment and fine-tuning of this
objective tool should be constantly subjected to feedback from
both patients and physicians. Future studies should focus on
standardizing compliance measurement while also taking into

account patients’ and physicians’ feedback to maximize
adherence.

Determinants of Compliance With Wearables
The severity of symptoms (r=0.19; P=.03), age (r=0.30;
P=.001), and BMI (r=0.19; P=.03) were significant in
determining the number of days patients spent in our study.
Additionally, as seen in the multivariate analysis, age was the
strongest predictor. The influences of age and patient-related
factors on compliance rates and days spent in the study
emphasize the fact that compliance to a wearable is
multifactorial and cannot be well defined.

Studies are conflicting with regard to the relationship between
age and compliance. Although some studies have shown that
medication adherence increases with age [23,24], others have
demonstrated reduced adherence in older patients [25]. Kim et
al [26] described an inverted U-shaped pattern for age and
compliance, with maximum compliance in those aged 60 to 69
years and decreased compliance for the extremes of age. Our
population’s mean age was younger; therefore, the trend of
compliance increasing with age is in agreement with previous
studies. A subanalysis of the TeleCheck-AF study showed that
compliance increased with age [27]. In general, this tendency
can be explained by several factors. For example, older patients
tend to be more careful in matters related to their health,
reflecting increased interaction with the health care system [24],
but this improved compliance can be limited by several
parameters, specifically those in the older population. For
instance, older patients might have problems with accessing
digital health information and using digital devices [28].
However, in our study, patients were only required to wear a
wristband, and no major interactions with sophisticated digital
tools were required, which might explain the absence of such
problems. Further, in a review of the determinants of
compliance, more papers showing a positive correlation between
compliance and age were identified [29,30].

Patients with more severe symptoms spent more days in the
WEAICOR study when compared to patients with lower
symptom severity. Previous studies are conflicting with regard
to this finding. Similar to our study, Wild et al [31] reported
greater compliance among those with increased disease severity.
Moreover, in an experiment to learn about how the experiences
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of patients with conditions of varying severity influenced their
selection of hospitals, patients with health conditions of the
highest severity appeared to want the best hospital and the best
specialist physician to tend to their conditions [32]. This can be
explained by the fact that patients with greater disease severity
have more insight into their problems and take specific steps to
address them. Other studies have shown no difference in
compliance [33] or decreased compliance as symptom severity
increases [34]. In fact, Matthews and Hingson [33] showed that
several factors, such as patient-physician interaction and certain
health-related beliefs, might play a more significant role in
relation to compliance. In our study, symptom severity was not
a significant predictor of compliance in the multivariate analysis
(P=.25), which may suggest that age might be a potential
confounder. These discrepancies support the multifactorial
aspects of patient compliance and the need for detailed
prospective studies that specifically aim to understand
determinants of compliance. Moreover, the low power of
association in the multivariate analysis indicates that there
remain many unknown determinants of compliance.

Finally, the impact of Hurricane Ida (which occurred in New
Orleans) on the WEAICOR study proves that while compliance
is intimately related to patient factors, environmental factors
can also dramatically affect an entire group's compliance. Since
all of the study participants were recruited from Louisiana, from
Hurricane Ida’s landfall on August 29, 2021, onward,
compliance dropped drastically. The drop in patient compliance
after this date is an example of the difficulties associated with
continuing routine care after a natural disaster and shows that
remote monitoring can be as problematic as medication
maintenance in postdisaster health care [35]. This decrease in
compliance might have been due to several factors, such as the
preoccupation with basic needs when the hurricane occurred

(eg, safety, food, etc). Additionally, the lack of electricity
following the hurricane and the inability to charge the Biostrap
devices may have also affected patients’ adherence. Despite the
unexpected effects of a natural disaster, compliance could be
improved by sending automated app, text, and call-based
reminders to patients and using a patient portal to facilitate
communication between patients and physicians [36].
Compliance improvement resulting from reminders can have
similar effects independent of the technique used [37].

Limitations
Our study presents several limitations. First, the recruitment of
Tulane University staff and students likely resulted in a highly
health literate, younger study population. Our results should be
replicated in larger studies that include older patients and
patients with a health literacy level that is reflective of the
broader population. Second, our study population was mostly
comprised of healthy individuals (88/122, 72%). As such, the
impact of comorbidities on compliance might not have been
well assessed. Third, female patients were underrepresented in
this study, which could limit the generalizability of our results.
Fourth, even though all participants were technology literate,
they were not asked about their previous wearable usage.
Finally, subjective and participant-specific factors that may
affect participant compliance were not researched and should
be the subject of further studies.

Conclusion
Device compliance is a major obstacle in remote monitoring
studies. Patient and environmental factors, including age,
symptom severity, and natural disasters, play a role in adherence
to wearable devices and can impact study results. Future remote
monitoring studies should focus on increasing compliance to
achieve more accurate and reliable results.

Data Availability
The data supporting this study's findings are available from the corresponding author, NM, upon reasonable request.
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