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Abstract

Background: Adherence to antipsychotic medication is critical for bipolar disorder (BPD), major depression (MDD) and schi-
zophrenia (SCZ) patients. Digital tools have emerged to monitor medication adherence along with tracking general health.
Evidence on physician or patient preferences for such tools exists but is limited among caregivers. The study objective was to
assess preferences and willingness-to-pay (WTP) for medication adherence monitoring tools among caregivers of SMI
patients.

Methods: A web-based survey was administered to caregivers of adult SMI patients. Twelve discrete choice questions com-
paring adherence monitoring tools that varied across two attribute bundles: (1) tool attributes including source of medica-
tion adherence information, frequency of information updates, access to adherence information, and physical activity, mood,
and rest tracking, and (2) caregiver monthly out-of-pocket cost attribute were administered to caregiver respondents.
Attributes were parameterized for both digital and non-digital tools. Random utility models were used to estimate care-
givers’ preferences and WTP.

Results: Among 184 study-eligible caregivers, 57, 61 and 66 participants cared for BPD, MDD, and SCZ patients, respectively.
Caregivers highly preferred (odds ratio (OR): 7.34, 95% confidence interval (Cl): 5.00-10.79) a tool that tracked medication
ingestion using a pill embedded with an ingestible event market (IEM) sensor and tracked patients’ physical activity, mood,
and rest than a non-digital pill organizer. Additionally, caregivers were willing to pay $255 per month (95% Cl: $123-$387)
more for this tool compared to a pill organizer.

Conclusion: Caregivers of SMI patients highly preferred and were willing to pay more for digital tools that not only measures
medication ingestion but also tracks general health.
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Introduction

In 2019, an estimated 13.1 million adults in the United
States (U.S.) were diagnosed with a serious mental illness
(SMI).! SMI includes bipolar disorder (BPD), major
depressive disorder (MDD) with psychotic symptoms,
treatment-resistant  depression, schizophrenia (SCZ),
anxiety disorders, eating disorders, and personality disor-
ders with severe functional impairment.'> Among them,
BPD, MDD and SCZ are commonly diagnosed conditions.?
The estimated annual prevalence rates of BPD, MDD, and
SCZ are 1.5%, 10.4% and 1.1%, respectively.> BPD is an
affective disorder characterized by dramatic shifts in mood,
energy, and activity levels.® MDD is a mood disorder char-
acterized by feelings of sadness, hopelessness, reduced
appetite, anxiety, sleep disturbances, and suicidal
thoughts.” SCZ is characterized by symptoms ranging
from hallucinations, delusions, reduced emotional expres-
sion, motor impairment and cognitive disability.® Further,
the estimated annual economic burden of BPD, MDD and
SCZ in the U.S is $195 billion, $325 billion and $155
billion, respectively”™' with 70-80% of burden attributed
to indirect costs that include productivity loss or unemploy-
ment by patients or caregivers, missed time at school, med-
ication adherence issues and caregiving support.”'*!3

Patients with SMI face several mental, behavioral and
emotional challenges that lead to poor social support,
unemployment, medication adherence issues, repeated psy-
chiatric hospitalizations, and susceptibility to other sub-
stance use disorders.' The burden of SMI is not only
borne by the patient, but also by caregivers, often unpaid,
who spend an average of 32 h a week caring for patients
with SMI. Several factors contribute to caregiver burden
including lack of social or peer support, limited financial
support for their caregiving duties, longevity of caregiving
responsibilities, lack of caregiving education, and patients’
poor medication adherence, contributing both to caregiver
burden and indirect healthcare costs.'*'*

The feasibility and efficacy of digital health interven-
tions across disease areas is well documented. Digital
health interventions have been shown to improve disease
management,'> patient mental and physical health,'®""
and patient adherence to medications.?’ Thus, such inter-
ventions have the potential to reduce the burden typically
borne by informal caregivers of patients with SMI. In
recent years, several health technologies and tools have
been developed to measure medication adherence to aid
in SMI medication management, including mobile phone
applications (apps) that track patients’ self-reported intake
of medications,>' > medical event monitoring systems
(MEMS) that electronically track the opening of pill
bottles through a device in the cap,?* smart pill dispensers
that electronically counts the number of pills dispensed,*
and drug-device combination products that directly track

medication ingestion.”® While these technologies have
demonstrated effectiveness in improving medication adher-
ence and are highly valued by patients and providers in
therapeutic areas including chronic diseases and auto-
immune diseases,”’ > the value that caregivers of patients
with SMI place on these adherence monitoring tools has
not yet been investigated.

The study’s aim was to evaluate the value of digital
adherence monitoring tools among informal caregivers of
SMI patients by estimating their preferences and willing-
ness to pay (WTP) for these tools compared to non-digital
adherence monitoring tools.

Methods

Study population

To evaluate the value to caregivers of different health tech-
nology tools designed to aid in monitoring medication
adherence, a web-based online survey was administered
to informal caregivers who care for patients diagnosed
with SMI. An informal caregiver was study-eligible if he/
she was: (1) at least 18 years old; (2) caregiver to a
patient diagnosed with one of the three commonly diag-
nosed SMI conditions -BPD, MDD or SCZ; (3) caregiver
to a patient receiving a second-generation oral atypical anti-
psychotic medication; (4) proficient in English; (5) not for-
mally paid to be a caregiver, (6) able to complete informed
consent; and (7) believed that his/her patient had medica-
tion adherence issue(s).

Survey instrument

A discrete choice experiment (DCE) was designed to assess
caregivers’ preferences for adherence monitoring tools.
DCE surveys present respondents with a series of choices
with varying attributes and levels to determine how much
preferences and WTP vary based on the attributes of inter-
est. These methods are well established in the literature and
endorsed by the  International  Society  for
Pharmacoeconomics and Outcomes Research (ISPOR)
Conjoint Analysis Good Research Practices Task Force
for Pharmacoeconomic Research.’**? As per the ISPOR
guidelines, the DCE was designed by identifying all avail-
able health technology tools used to monitor medication
adherence (referred as technology comparators in the
study), by identifying the attributes and their levels that
vary between the technology comparators, and by develop-
ing the DCE choice sets.

Digital and non-digital health technology tools used to
monitor medication adherence currently available in the
market were identified through a targeted literature
review.> %333 Among digital health technology tools,
four technology alternatives were identified: (1) smart pill
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bottles; (2) smart pill dispensers; (3) mobile apps; and (4) a
pill embedded with an ingestible event market (IEM)
sensor. A smart pill bottle, such as a MEMS cap, is a cap
that fits on standard medicine bottles and records the date,
time and number of times the bottle is opened or
closed.>® A smart pill dispenser automatically sorts and
organizes pills for daily use, and a few models dispense
the pills mechanically.”> Smart pill bottles and smart pill
dispensers share common features in which both track the
frequency at which either a pill bottle is opened, or medica-
tion is dispensed.”>~> Therefore, among the two, only the
smart pill dispenser was included as a tool alternative in
the DCE. Mobile apps that help caregivers with their
duties are commonly used. Some apps remind patients
when medication needs to be taken, while others provide
external monitoring and send adherence-related data to
health care providers or caregivers.*®*’ Other health-related
information is also included in the app and reported to care-
givers. Pills embedded with IEM sensors are new digital
health tools being utilized in patients with SMIL>® The
sensor embedded in the pill is activated once the medication
has been ingested and emits a signal to a patch worn by the
patient. The patch is connected to a smartphone app or
dashboard via Bluetooth that records the signal upon med-
ication ingestion. Along with capturing medication inges-
tion information, this technology also tracks other
health-related measures, including physical activity
(number of steps per day) and rest (time spent resting).
Within the smartphone app or dashboard, the patient can
also self-report their mood. In turn, caregivers can track
these measures to assist with their caregiving duties.
Among non-digital health technology tools, two alterna-
tives were identified: (1) health diaries, and (2) non-digital
pill organizer. Health diaries and their use in monitoring
medication adherence in mental illness patients have been
described in literature,®* however given that they are open
tracking sources and lack consistency in reporting informa-
tion across individuals, only the non-digital pill organizer
was included as a non-digital technology alternative in
the study. Overall, four adherence monitoring tools were
included as technology alternatives in the study: (1) smart
pill dispenser, (2) mobile app, (3) pill embedded with
IEM sensor, and (4) non-digital pill organizer (see Table 1).
To identify attributes and associated levels for each of
the four selected technology tools, product descriptions of
the four technology alternatives were obtained from the lit-
erature.”>2%>* Subsequently, attributes with differences in
attribute levels between the four technology tools were
selected. The final attributes included- (1) source of medica-
tion adherence information; (2) frequency at which the
information is updated by the tool; (3) how medication
adherence information is accessible to the caregiver; (4)
reporting of patients’ physical activity, mood, and quality
of rest information; and (5) -caregivers’ monthly
out-of-pocket cost for access to the health technology tool.

After identifying the technology alternatives, and attri-
butes and associated levels, DCE choice sets comparing
two technologies in each choice set were designed using
aforementioned attributes without specifying the name of
the tool. In many DCEs, choice sets are developed by ran-
domizing all identified attributes across the treatment/tech-
nology alternatives to assess participants’ preferences for
specific attributes. In this study, the four non-price attri-
butes are likely inter-related and caregiver preferences are
likely to exhibit complex attribute interactions. For
instance, it is possible that measuring medication adherence
digitally may be of low value if this information is not
delivered in a timely manner; similarly measuring medica-
tion adherence information rapidly may be of low value if it
is based on self-reported data. To adjust for non-linear pre-
ferences, the four non-price attributes including- source of
medication adherence information, frequency at which
information is updated by the tool, how medication adher-
ence information is accessible to the caregiver, and report-
ing of patients’ physical activity, mood and quality of rest
information were combined into the tools’ attributes
bundle (see Table 1). Each choice set comparing two tech-
nology alternatives involved randomizing the tools’ attri-
butes bundle and caregiver monthly out-of-pocket cost.
The levels for monthly out-of-pocket cost attribute were
$10, $40, $120, $200 and calibrated to non-digital pill orga-
nizer, mobile app, smart pill dispenser and pill embedded
with IEM sensor, respectively. Non-zero dollar amounts
were defined for monthly out-of-pocket cost attribute
levels as previous studies have shown that free products
were not valued the same as non-free goods™® (See
Figure 1). The DCE was designed using the AlgDesign
software package for R based on the D-efficiency criteria.

In addition to the DCE module, the survey instrument
included an eligibility screener, and additional modules to
obtain information on caregiver sociodemographic charac-
teristics, their current use of medication adherence monitor-
ing tools, and their relationship with the patient with SMI
that they cared for. The entire survey instrument was
designed to be completed in about 20 min.

Data collection

The survey was fielded to a convenience sample of care-
givers. We partnered with a survey vendor to recruit poten-
tially eligible participants from their proprietary panels.
Participants are recruited into panels through (1) offline
methods including phone and in-person recruitment at aca-
demic and professional conferences, (2) online methods
including targeted e-mail campaigns, social media, direct
marketing, and banner placements, (3) using special interest
groups, industry associations, and affinity groups, and (4)
referrals from other panel members. An invitation to parti-
cipate in the survey was sent to all participants in the
vendor’s panels. Participants who expressed interested
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Table 1. Individual and bundled attributes for technology alternatives used in the discrete choice experiment.

Source of medication adherence Website Mobile App Website Physical
information examination of
device
Frequency at which information is Within 2 Hours Daily Weekly Daily
updated
How medication adherence Tools’ attributes Device tracked Patient Device Device tracked
information is accessed by bundle reported tracked
caregiver
Reporting of physical activity Device tracked Patient None None
information reported
Reporting of mood information Patient reported None None None
Reporting of rest information Device tracked None None None
Monthly out-of-pocket contribution ~ Monthly $200 $40 $120 $10
for health technology tool out-of-pocket
cost

IEM, ingestible event marker.

were directed to provide their informed consent.
Participants who provided informed consent were then
asked a series of questions to determine their eligibility.
All eligible caregivers were given access to the full
survey to provide their responses.

Sample size calculations were conducted using the
method described from Louviere et al.** and it was esti-
mated that n=147 caregivers would be sufficient to
power the analysis. Equal sample quotas of caregivers
were set based on type of SMI diagnoses of the patient
for whom they provided care. All eligible caregivers who
successfully completed the survey were compensated for
their time and effort. The Advarra Institutional Review
Board reviewed and approved all study procedures.

Statistical analysis

Data collected from participants’ responses to the survey
instrument were checked for lexicographical preferences.
Descriptive analyses were conducted and mean and stan-
dard deviations (SD) for continuous variables, and frequen-
cies and proportions for categorical variables were
presented. A random parameters logit model was used to
estimate the utility weights. A preference weight (reported
as odds ratio (OR)) for each technology tool was estimated
using the responses to DCE choice sets in the survey. WTP
(reported as USD) for each adherence monitoring tool was

calculated using the ratio of estimated utility weight of the
tools’ attributes bundle and the disutility weight of the
monthly out-of-pocket cost attribute. Furthermore, prefer-
ence shares for the four adherence monitoring tools were
assessed.

Preferences and WTP for adherence monitoring tools
may differ across caregivers’ subgroups due to the hetero-
geneous nature of who decides to become a caregiver for
a patient with SMI. To address this, subgroup analyses
were conducted to evaluate how caregiver preferences
and WTP for adherence monitoring tools varied based on
(1) SMI diagnosis of the patient, (2) annual household
income, and (3) relationship with the patient.

Results

Sample selection

Of the 1320 individuals who indicated interest in participat-
ing in the study, 693 failed to either provide informed
consent or did not meet the inclusion criteria.
Additionally, 246 caregivers who agreed to participate
were excluded once a priori sample quotas for each SMI
type were met. Of the 381 caregivers who were given full
access to the survey, 176 did not provide complete
responses and were excluded. The initial study sample
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Features Health Tool

A Health Tool B

Information about
Patient-
medication Device-tracked
reported
adherence 2
Accessing
information about Mobile
I website
medication application -
- [ —— )
adherence
Frequency of
U U
information Daily Weekly
28
updates
No
Physical activity Patient- 7
LE information
information reported =
reported
No No
Mood information information @ information @
reported reported
No information
Rest information Device-tracked
reported
Caregiver
contribution $40.00 $10.00
(cost/month)
Which device do
[] ]
you prefer?

Figure 1. Example of discrete choice scenario administered to caregivers in the study.

included 205 caregivers who met the study criteria and
completed the survey. Twenty-one of these respondents
who either took unusual time (<4 min and >2 h) in complet-
ing the survey (n = 16) or who reported their patients taking
LAIs along with oral atypical antipsychotic medication (n =

5) were further excluded resulting in the final sample of 184
caregivers with complete information. The final 184 ana-
lyzed is still well above the 147 required for our study to
be sufficiently powered. No caregivers were detected as
having lexicographic preferences.
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Table 2. Caregiver sociodemographics, caregiving characteristics,

and utilization of adherence monitoring tools, N = 184.

Sociodemographic characteristics

Age, years, mean (SD)

Gender, n (%)
Male
Female

Race, n (%)
Asian-American
African-American
Caucasian

Other (Multiple races, Pacific Islander, Native
American, or Other)

Missing
Ethnicity, n (%)
Hispanic
Non-Hispanic
Missing
Highest level of education, n (%)
High school or less
College degree or some college

Graduate degree or some graduate-level
education

Marital status, n (%)
Currently Married or living with partner
Widowed, divorced, separated
Single (never married)

Annual household income, n (%)
$0-$24,999
$25,000-549,999

$50,000-574,999

42.2
(12.9)

76 (41.3)

108 (58.7)

7 (3.8)
39 (21.2)
126 (68.5)

11 (6.0)

1 (0.5)

25 (13.6)
154 (83.7)

4 (2.7)

21 (11.4)
133 (72.3)

30 (16.3)

127(69.0)
28 (15.2)

29(15.8)

18 (9.8)
37 (20.1)

37 (20.1)

(continued)

Table 2. Continued.

$75,000-%99,999
$100,000 and above
Missing

Caregiving characteristics

Caregiver relationship to patient, n (%)
Spouse/partner
Parent
Child
Other family member?

Patients’ primary diagnosis, n (%)
Bipolar disorder
Major Depressive Disorder
Schizophrenia

Utilization of adherence monitoring tools

26 (14.1)
61 (33.2)

5 (2.7)

55 (29.9)
62 (33.7)
26 (14.1)

41 (22.3)

57 (31.0)
61 (33.2)

66 (35.9)

Caregivers’ use of adherence monitoring tools, n (%)

Yes

No

118 (64.1)

66 (35.9)

Tool used to monitor medication adherence®<, n (%)

Diary

MEMS cap

Mobile app

Non-digital pill organizer
Paper and pencil

Pill embedded with IEM sensor
Smart pill dispenser

Smart pill organizer

54 (45.8)
6 (5.1)

35 (29.7)
74 (62.7)
33 (28)

23 (19.5)
20 (16.9)

52 (44.1)

Frequency at which tool was checked to monitor patients’

medication intakeS, n (%)

Check device daily

101 (85.6)

(continued)
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Table 2. Continued.
Check device 2-3 times a week 16 (13.6)

Check device once a week 1 (0.8)

Time spent per day using tool to monitor patients’ medication
intakeS, n (%)

<5 min 16 (13.6)
5-10 min 36 (30.5)
11-20 min 23 (19.5)
21-30 min 29 (24.6)
31-60 min 7 (5.9)
1-2 h 7 (5.9)

IEM, Ingestible Event marker; MEMS, Medication Event Monitoring System.
?Family member other than spouse/partner, parent, or child.

PNot mutually exclusive.

€118 caregivers reported using adherence-medication monitoring tools, and
used as denominator.

Sample description

A majority of caregivers were female (59%), Caucasian
(69%), married (69%), had some college education
(72%), and reported >$75,000 mean annual household
income (47%). One-third of caregivers were parents of
the patients with SMI, 30% were spouses/partners, 14%
were children, and 22% were other types of family
members. It should be noted that we did not purposively
exclude non-family members from participation in the
survey, and potential participants could also include
friends, neighbors, or other unpaid caregivers. However,
the analytic sample ultimately included participants who
reported being related to the individual with SMI. Among
the 184 caregivers, 57 (31%), 61 (33%) and 66 (36%) pro-
vided care to patients diagnosed with BPD, MDD and SCZ,
respectively. Sixty four percent of the caregivers reported
using medication adherence tools, and among them, 85%
used the tools daily. In addition, although not mutually
exclusive, a majority of caregivers reported using a non-
digital pill organizer (63%), followed by diary (46%),
smart pill organizer (44%), mobile app (30%) and paper
and pencil (28%) (Table 2).

Caregivers’ preferences for digital adherence
monitoring tools
Overall, caregivers highly preferred digital adherence mon-

itoring tools as compared to non-digital. The disutility
weight of the out-of-pocket cost was 0.0078 (95%

confidence interval (CI): 0.011, 0.0038). Caregivers of
patients with SMI highly preferred (OR 7.34, 95% CI:
5.00-10.79) a pill embedded with IEM sensor and were
willing to pay $255.04 (95% CI $123.21-$386.86) per
month more for this tool than a non-digital pill organizer.
Similarly, caregivers had 2.64 times higher preference
(95% CI. 1.90-3.70) with a WTP $124.50 (95% CL
$48.18-$200.81) per month more for a mobile app relative
to a non-digital pill organizer. The smart pill organizer was
found to be less preferred by caregivers (OR) 0.54 95% CI:
0.40-0.73) with a WTP of —$78.40 (95% CI: —$129.88, —
$26.92) per month, which can be interpreted as needing to
pay a caregiver $78.40 per month to use the smart pill dis-
penser (Table 3).

When stratified by primary diagnosis, caregivers of
patients with BPD and MDD highly preferred a pill embed-
ded with IEM sensor (OR 7.47, 95% CI. 3.81-14.65 for
BPD; OR: 9.79, 95% CI: 4.81-19.9 for MDD). They
were willing to pay more for a pill compared to the non-
digital pill organizer [$197.48/month (95% CI: $50.91—
$344.04) among caregivers of BPD patients, and $227.76/
month (95% CI. $66.04-$389.47) among caregivers of
MDD patients]. Caregivers of patients with SCZ also
highly preferred a pill embedded with IEM sensor (OR
6.71, 95% CI 3.29-13.69), but the WTP was not found to
be statistically significant when compared to the non-digital
pill organizer. The inability to find statistically significant
results is likely because the subgroup analyses are under-
powered. The power sample calculation found that 147
individuals per subgroup would be needed for the analyses
to be fully powered. Further, subgroup analyses by relation-
ship found that parents, spouses, or child caregivers of
patients with SMI highly preferred a pill embedded with
IEM sensor than a non-digital pill organizer. However,
WTP was found to be significant only for children of the
patient, where they were willing to pay $227.27 (95% CI:
$15.78-$438.76) per month more for the pill with IEM
than a non-digital pill organizer. Compared to a non-digital
pill organizer, higher preferences and WTP for a pill
embedded with IEM sensor was found among caregivers
irrespective of income groups (Supplementary Table 1).

Based on these preferences, a plurality of caregivers pre-
ferred a pill embedded with IEM sensor. Specifically,
39.5% of caregivers preferred a pill embedded with IEM
sensor followed by a mobile app (26.6%) and a non-digital
pill organizer (23.8%) (Figure 2).

Discussion

To our knowledge, this is the first study to estimate prefer-
ences and WTP for medication adherence monitoring tools
among caregivers of SMI patients. Previous studies have
demonstrated the value of medication adherence measure-
ment tools in other diseases4M3; however, evidence in the
SMI space and in particular from the informal caregiver’s
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Table 3. Caregivers’ preferences and willingness to pay for different health technology tools to monitor medication adherence.

Pill embedded with [EM sensor
Mobile app
Smart pill dispenser

Non-digital pill organizer (Referent Group)

IEM means Ingestible Event Marker; *P-value < 0.05.

7.34* (5.00-10.79)
2.64* (1.90-3.70)

0.54* (0.40-0.73)

$255.04* ($123.21-$386.86)
$124.50* ($48.18-%200.81)

—$78.40* (—$129.88 to —$26.92)

45% -

40% A

35% A

30% ~

25% -

20% -

Preference shares (%)

15%

10% -

5% -

0% -
Smart pill dispenser

Non-digital pill
organizer

Health technology tools used to monitor medication adherence

Pill embedded with
IEM sensor

Mobile app

Figure 2. Preference shares of different health technology tools used to monitor medication adherence among caregivers in the study.

perspective is limited. Effective psychopharmacotherapy
requires patients with SMI to take their medication consist-
ently. However, it is often difficult for caregivers to track
medication adherence of these patients.***> Advancements
in medical technology have resulted in the emergence of
novel health technology tools that track medication adher-
ence through data on pill ingestion.?® In this study, caregivers
highly preferred a pill embedded with IEM sensor that tracks
not only medication ingestion but also tracks patients’ physi-
cal activity, quality of rest, and self-reported mood. They
were willing to pay $255 per month more for this tool than
the non-digital pill organizer.

Non-adherence to medication remains a major obstacle
to improving health outcomes among patients with SMI,
contributing to significant direct and indirect costs.'>*¢
Underlying SMI condition and symptom severity, social
support, socioeconomic status, complexity of adherence
interventions, and heterogeneous beliefs in measurement
of adherence adds to the complexity of understanding med-
ication non-adherence among these patients.*>*7*8
Previous studies have demonstrated that digital health
tools have the ability to improve medication adherence in
several therapeutic areas including cardiovascular diseases,
diabetes and other chronic conditions, and rare autoimmune
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diseases, *0-41+49-50 Furthermore, evidence has been emer-
ging on the value of adherence monitoring tools in clinical
practice among patients and providers.”’*>! However,
evidence on the value of such tools from caregiver perspec-
tive is lacking, and the current study address this gap.

The study findings demonstrated that caregivers pre-
ferred and were willing to pay more for a digital health
tool that tracked medication ingestion and SMI patients’
general health compared to a non-digital pill organizer.
These findings are consistent with previous studies evaluat-
ing caregiver preferences for digital health tools for caregiv-
ing of individuals diagnosed with chronic diseases or
behavioral conditions.”*>* A contingent valuation study
of caregivers of patients with dementia found a positive
WTP for new technologies that aid in conversations with
their patients and provide medication reminders.”* In add-
ition, caregivers who were children of patients with SMI
highly preferred and were willing to pay more for a pill
embedded with IEM sensor and a mobile app, which can
be attributed to their age. Younger individuals are likely
to be more comfortable using and be willing to pay for
digital adherence tools than non-digital tools.*”° In
general, all caregivers in the study, irrespective of their rela-
tionship with their SMI patient, highly preferred the pill
embedded with IEM sensor to monitor medication adher-
ence in their patients. Overall, the study findings demon-
strated the value that caregivers place on digital
adherence monitoring tools that track medication ingestion
along with other general health measures.

Although evidence is emerging to support the value of
digital health technologies in SMI and other disease areas,
little research has been conducted on the broader economic
impact of these interventions. More research is needed to
better understand their benefit and sustainability to quantify
their potential cost-savings.’®>’ While this study does not
directly estimate the broader economic impact of digital
health tools used for medication adherence, the positive
estimates of value indicates that digital health tools are
could potentially have an impact on cost-savings or
decreasing burden. Future research on the estimating the
magnitude of burden reduction or cost-savings is generated
from digital health tools is needed.

Ultimately, caregivers’ preferences and value for these
technologies are only one stakeholder perspective on the
overall value of digital health technologies. While this
study was focused on caregivers, capturing patient input
remains critical not only for the valuation and development
of digital health technologies but to ensure long- and short-
term engagement. Several studies have sought to incorpo-
rate patient input around specific features associated with
digital health technologies across disease areas,”® ' sug-
gesting that patients prefer digital health technologies pri-
marily for its convenience and communication.®*® In the
SMI space, a recent qualitative study of patients with
SMI, found that with respect to digital health tools, data

privacy is a major concern for patients with SMIL®*

Additional work should be conducted to capture the per-
spectives of and preferences for features and attributes of
digital health technologies among patients diagnosed with
SMI.

Strengths and limitations

We believe that this study is the first to attempt to quantify
caregiver WTP for digital health technology. The discrete
choice experiment approach employed is a well-established
methodology for quantifying preferences for digital health
technology while removing external decisional influences.
As such, this approach is better suited to determine prefer-
ences than a real-world study of treatment patterns. For
example, a caregiver may not have a smartphone or
access to internet; thus, the real cost of using an app
would be higher for individuals without a smartphone or
internet access compared to those with access to such tech-
nologies. Measuring the actual consumption behavior may
not detect an individual’s inherent preferences of the goods.
The hypothetical choice sets presented in a DCE allows the
observation of an actual choice, as the cost of the good is
similarly experienced by all participants, which allows for
a more accurate estimate of preferences.

The study has several limitations that merit discussion.
First, this study bundled individual attributes into tools’
attributes bundle prior to randomization, which allowed
us to account for nonlinearities between specific tool fea-
tures. This approach, however, prevented us for being
able to estimate the preferences and WTP for individual
attributes separate from the tools’ attributes bundle.
Second, the DCE methodology requires the respondent to
make hypothetical decisions by evaluating the trade-offs
between attributes in a choice set, which differs from real-
world scenarios where a myriad of other factors influence
preferences and demand. Despite this inherent limitation,
the need for DCEs in health care technology assessment
continues to grow and is one of the frequently used meth-
odologies to generate evidence in treatment decision-
making.®>® Third, our study only examined U.S. care-
givers of patients with SCZ, BPD or MDD, and thus the
results may not be extrapolated to caregivers of patients
with other types of mental illness, other chronic medical
conditions or caregivers in other countries or paid care-
givers. Fourth, our study only included caregivers of
patients with SMI and receipt of second generation oral
atypical antipsychotics as inclusion criteria, thus the
results may not be extrapolated to caregivers of patients
on other antipsychotic or antidepressant medications.
Fifth, caregivers in our study were recruited through con-
venience samples from the survey vendor’s proprietary
panels, limiting the generalizability of the study findings
to all caregivers who care patients with SMI. Related to
the recruitment, while this study did allow for non-family
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informal caregivers to participate in the study, our analyt-
ical sample coincidentally ended up with only family infor-
mal caregivers. While family members are most likely to be
informal caregivers,®” we acknowledge our final sample
may not be representative of informal caregivers in the
real world setting.

Finally, the nature of our recruitment methods meant that
respondent caregivers had access to the Internet. Further,
the caregivers were generally highly educated, predomi-
nately White, and relatively high income. Thus, this
group may not be fully representative of the US population
of SMI caregivers. However, in our subgroup analysis, we
did find that lower-income caregivers had a positive and
statistically significant WTP for the pill with IEM. While
our sample does draw upon participants with higher
incomes, WTP would likely still remain positive if our
sample had included more lower-income respondents.
Despite these limitations, the study adds considerable
value to the literature on caregiving, medication adherence
among patients diagnosed with SMI and value of new tech-
nological advances in clinical decision-making.

Conclusion

Compared to a non-digital pill organizer, caregivers of
patients with SMI had 7.3 times higher preference for a
pill embedded with IEM sensor that tracks not only medica-
tion ingestion but also patients’ physical activity, quality of
rest and self-reported mood, and were willing to pay $255
per month more for this tool. The study findings suggest
that caregivers of patients with SMI place a high value on
digital medication adherence monitoring tools. Future
research studies could consider examining which specific
aspects of new digital technologies are most valuable to
the caregivers and identify opportunities and barriers to
adoption of medication adherence monitoring digital tools
in clinical care management.
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