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Abstract
Purpose of Review With the rising cost of cardiovascular clinical trials, there is interest in determining whether new technologies
can increase cost effectiveness. This review focuses on current and potential uses of voice-based technologies, including virtual
assistants, in cardiovascular clinical trials.
Recent Findings Numerous potential uses for voice-based technologies have begun to emerge within cardiovascular medicine.
Voice biomarkers, subtle changes in speech parameters, have emerged as a potential tool to diagnose and monitor many
cardiovascular conditions, including heart failure, coronary artery disease, and pulmonary hypertension. With the increasing
use of virtual assistants, numerous pilot studies have examined whether these devices can supplement initiatives to promote
transitional care, physical activity, smoking cessation, and medication adherence with promising initial results. Additionally,
these devices have demonstrated the ability to streamline data collection by administering questionnaires accurately and reliably.
With the use of these technologies, there are several challenges that must be addressed before wider implementation including
respecting patient privacy, maintaining regulatory standards, acceptance by patients and healthcare providers, determining the
validity of voice-based biomarkers and endpoints, and increased accessibility.
Summary Voice technology represents a novel and promising tool for cardiovascular clinical trials; however, research is still
required to understand how it can be best harnessed.
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Introduction

The organizational cost of running well-designed clinical tri-
als to answer meaningful clinical questions has increased tre-
mendously over the years, with a median cost of $21–35 mil-
lion for phase III clinical trials conducted between 2010 and
2015 [1–3•]. These costs are driven by increasing trial sizes,
globalization of recruitment, study monitoring, and adminis-
trative staff costs. Numerous initiatives have been proposed to
combat these rising costs, such as a reduction in the complex-
ity of trial design by reducing study visits and minimizing
manual data collection [4] and by the development of innova-
tive endpoint capture strategies [5••].

As we enter the digital era, voice-based technologies
have permeated our daily lives and represent a novel data
collection tool in cardiovascular clinical trials [6••]. In gen-
eral, voice technologies utilize software applications or de-
vices to record human speech, which is then uploaded to
the cloud, and through an artificial intelligence-based algo-
rithm, the recording is parsed into commands and then
output is sent back to the user using a computer-
generated message. Early forms of voice-based technolo-
gies took the form of interactive voice response systems,
which are computer-operated phone systems that allow the
user to interact with them through speech recognition or a
touch-tone keypad on the phone. End users of the voice-
based system can then proceed through a predetermined
algorithm based on the responses of the user. Recently,
several commercially available devices have been created
that incorporate the use of interactive voice response tech-
nology, which are categorized as voice assistants. There are
several voice assistants on the market today, including
Amazon’s Alexa, Apple’s Siri, Microsoft’s Cortana, and
Google Assistant. Such voice assistants are frequently em-
bedded in smart speakers or smartphones. Currently, peo-
ple can use voice assistants to answer basic questions and
control home automation devices, media, and other daily
tasks.

There is a potential to collect healthcare data using such
devices given the new development of platforms that are com-
pliant with health data regulators such as the US Health
Insurance Portability and Accountability Act of 1996
(HIPAA) [7]. With this new development, voice-based tech-
nologies are beginning to spill over into the healthcare realm.
Patients and healthcare providers in multiple fields and demo-
graphics have demonstrated a high degree of readiness for
voice-based technology [8, 9•, 10•].

Voice-based technologies have the potential to critically
impact the way we practice cardiovascular medicine and con-
duct clinical trials by assisting in diagnosing and monitoring
disease states, supplementing cardiovascular risk modification
strategies, promoting medication adherence, and collecting
routine medical data (Fig. 1).

Current and Potential Uses of Voice-Based
Technologies in Cardiovascular Medicine

Voice Analysis for Diagnosis and Monitoring

There has been interest in determining whether analysis of
voice signal characteristics can be used to diagnose or monitor
cardiovascular conditions. The biological plausibility of this
phenomenon is that the cardiovascular system is dynamically
associated with vocal cord function. Changes in heart rate;
heart rate variability; blood pressure; and respiratory rate,
depth, and regularity result in unique “vocal biomarkers” that
can be used to identify pathologic states [11]. Recently, sev-
eral of these vocal biomarkers have been found to be indepen-
dently associated with coronary artery disease [12, 13•] and
pulmonary hypertension [14•]. Similarly, vocal biomarkers
have been found to be independently associatedwithmortality
and hospitalization in patients with heart failure [15•]. There
are several possible applications of this technology in the
management of heart failure. As it has been observed that even
small volume changes are able to produce significant phonetic
variation [16, 17], vocal biomarkers may be able to detect
heart failure-related edema earlier than traditional clinical
signs and symptoms.

Should this technology demonstrate acceptable sensitivity
and specificity to gold standard diagnostic testing, it is poised
to revolutionize clinical care and clinical trials. Not only is
such an approach noninvasive, but would also be incredibly
cost effective. From an epidemiological perspective, a voice
assistant in an individual’s home could continuously monitor
voice biomarkers over decades with a one-time cost of the
device. Compared to traditional epidemiology studies such
as the Framingham study, large, long-term voice analysis
studies could be conducted at a fraction of the cost due to
reductions in patient visits, follow-up, and administrative
costs. Similarly, we expect to see an increase in the explora-
tion of voice analysis-guided heart failure therapy.
Hypothetically, a voice assistant may monitor an individual’s
vocal biomarkers on a daily basis and subsequently recom-
mend a diuretic dose within a prescriber’s pre-specified mar-
gin. However, commercially available voice assistants func-
tion by converting live audio into text, which is subsequently
programmed to interact with the software, rather than using
the raw voice recording. Modifications to existing software,
such as open access to the recordings, will need to be under-
taken before raw vocal signal analysis can be incorporated
with these technologies.

Similarly, there are numerous potential applications for the
use of voice assistance in the post-hospital discharge setting.
Recently, a pragmatic randomized controlled trial aimed to
assess the impact of an interactive voice response augmented
discharge strategy in 478 patients with heart failure and chron-
ic obstructive pulmonary disease [18]. This telephone-based
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automated technology collected data on disease-specific red
flags, provided customized patient education, and alerted a
care transition nurse to any red flags. While the study did
not demonstrate a reduction in their primary outcome of a
30-day readmission rate, they do demonstrate that it is feasible
to integrate voice-based technologies in the transition to home
process with >85% compliance. Further studies to identify
innovative and specific “red flags” during the transition pro-
cess will be of interest to future clinical trials attempting to
demonstrate the clinical benefit of voice-based technologies in
transitions of care.

Voice-based technologies also demonstrate the ability to
facilitate communication between patients and their care-
givers. A randomized controlled trial of 331 heart failure pa-
tients demonstrated that an interactive voice response (IVR)
system could collect information about a participant’s overall
health, heart failure symptoms, and self-care practices [19].
All participants received IVR telephone calls over a period
of 12 months. Participants in the interventional arm addition-
ally had a summary of their IVR responses sent by e-mail to a
caregiver who lives outside of their homes. Participants in the
interventional group demonstrated increased medication com-
pliance and a reduction in symptoms of heart failure and de-
pression. Whether such an intervention can improve clinical
outcomes remains to be known.

Cardiovascular Risk Modification

Numerous studies have demonstrated that IVR technology
can effectively supplement smoking cessation programs [20,
21]. While no clinical trials have been published regarding the
use of newer voice-assistant smoking cessation, it is highly
likely that such an approach would be more or as effective as
smartphone-based interventions [22]. Similarly, IVR applica-
tions have been shown to be effective in multiple other

lifestyle interventions including weight loss [23–25]; howev-
er, its impact is heterogenous and likely depends on the un-
derlying messages and supplementary support [26]. While no
large, virtual-assistant-aided clinical trials have been complet-
ed or are ongoing, it is plausible that a virtual assistant could
be paired with WIFI- or Bluetooth-enabled weighing scales to
offer individualized support to weight loss strategies.

A recently completed small clinical trial of 42 cancer survi-
vors was randomized to one of three arms: [1] on-demand
coaching using theAmazon Echo, [2] text messaging viamobile
phone, or [3•] written information on the benefits of physical
activity. Participants enrolled in the Amazon Echo arm were the
only group to demonstrate an increase in physical activity, with
an average of additional ~3500 steps per day [27•].

Numerous applications have recently been released that
incorporate the use of virtual assistants in the management
of diabetes and hypertension [28•, 29•, 30•, 31•, 32]; however,
the clinical impact of these applications has not been assessed
in clinical trials.

Medication Adherence

Whether in clinical trials or cohort studies, adherence to car-
diovascular medications has consistently been demonstrated
to be less than optimal [33, 34]. The use of IVR has been
demonstrated to increase medication compliance in cardiovas-
cular patients [35, 36•, 37•]. Recently, Amazon’s Alexa has
added features to remind patients how and when to take their
medication and the ability to refill their prescription in the
United Kingdom [38]. Several other smart and voice-based
devices have emerged on the market that claim to aid with
improved medication adherence including RxPense by
MediPENSE, Spenser by Spenser Health Solutions, and
Mabu by Catalia Health and Pillo. However, none of these
technologies has been tested in clinical trials.

Fig. 1 Potential Uses and Impact of Voice-Based Technologies in Cardiovascular Care and Clinical Trials
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Integration with Medical Devices

Theoretically, virtual assistants are able to pair with smart
devices around an individual’s home [39•]. This may include
a home blood pressure monitoring device, heart rate monitor,
activity monitor, weigh scale, and smart medication dis-
pensers, among many other possibilities. While such integra-
tive monitoring and adaptive treatment applications are not
currently commercially available, the technology to accom-
plish this exists. This creates the possibility to collect rich,
meaningful data that can be used to provide personalized in-
structions, motivation, and guide therapy in conjunction with
healthcare providers. Such data could be mined by artificial
intelligence to detect early warning signs for deterioration of
many cardiovascular disease states and alert healthcare pro-
viders of the same. Furthermore, in the context of clinical
trials, IVR can direct and instruct participants to measure vital
signs or parameters within an environment that is convenient
and may reduce the need for in-person clinical trial specific
follow-up.

Collecting Clinical Trial Endpoints

Onemajor barrier in clinical trial enrollment is the high burden
on participant time. Frequent hospital visits often reduce the
feasibility for participants — an issue that is exacerbated
among women, minorities, and individuals with lower socio-
economic status and/or digital health technology literacy [6].
Voice-based technologies have demonstrated the ability to
streamline and automate medical data collection and may fa-
cilitate the collection of endpoints [40, 41]. CardioCube is a
software that has been developed for Amazon’s Alexa, which
has been programmed to collect medical history from patients
directly and interfaces with an electronic medical record sys-
tem. A feasibility study of this software in a small group of
cardiovascular patients has demonstrated that it was able to
collect cardiovascular risk factors and past medical history
with a high degree of accuracy (97.5%) [42•].

Extrapolating this finding into the clinical trials context,
intelligent voice assistants raise the possibility that baseline
medical information and follow-up data points can be collect-
ed from the comfort of the participant’s home. While clinical
trials are frequently limited by the intermittent nature of data
collection that occurs only during study visits, the use of vir-
tual assistants to collect information on symptoms and quality
of life on any given day allows for a deeper understanding of
day to day and add granularity to these important patient-
reported outcomes. Provided proper validation of this end-
point capture method is performed, this continuously available
real-world data could be transformed into real-world evi-
dence. Such an approach also reduces the burden of traveling
to a study site and the time commitment required from the
participant. Conveniently, this approach would eliminate or

reduce the administrative costs of administering question-
naires or case report forms.

Previous user experiences raise several concerns that limit
the current use of voice assistants for data collection. Users of
voice assistants note that voice assistants may struggle with
their accents, misunderstand them, or require them to speak
differently and that the ability to interpret interruptions was a
desired feature [43•]. Additional field testing demonstrated
that navigating through a long interaction with voice assistants
can be challenging, with the inability to go back and forth
between responses and timing out the device or making an
error results in having to start the encounter from the begin-
ning [44•]. These experiences highlight important consider-
ations for future voice-based applications, as failure to do so
may lead to user frustration and decreased compliance.

Use in the Clinical Environment

As highlighted previously, voice-based technologies have
demonstrated the ability to collect and collate data using per-
sonalized questions based on responses to previous questions.
This feature lends itself easily to the ambulatory and clinical
settings, reducing the time required to collect routine informa-
tion. However, the use of voice technologies extends beyond
the clinic. The strength of these technologies is their connec-
tion to the internet and ability to store data that can be accessed
easily. Pilot studies have demonstrated the feasibility of such
uses in various settings including providing device recom-
mendations in the operation room [45•], confirming surgical
timeout data [46•], and predicting cardiac arrests based on 911
audio conversations [47•]. Hypothetical uses include
confirming medication dosage and administration, facilitating
communication between patients and hospital staff, and re-
cording patient-reported outcomes.

Challenges and Barriers

Voice-based technologies have several obstacles to overcome
before they become part of mainstream cardiovascular care and
clinical trials. The first of these to consider involves health data
protection regulatory compliance. Only recently has Amazon’s
Alexa provided developer tools which are HIPAA compliant;
however, these features are relatively limited, and other devices
have yet to offer regulatory compliant alternatives. While
HIPAA regulation may apply to the use of voice-based tech-
nologies in the United States, as standards around the world
continue to evolve, software developers will need to ensure
compliance with a wide variety of regulations if these technol-
ogies are to be widely used. Similarly, it is currently unclear
how information collected from voice-based technologies can
be transmitted and incorporated into existing electronic medical
record systems while ensuring regulatory compliance. In
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studies exploring patient concerns, only a minority (~10%) re-
ported any significant concerns regarding privacy or confiden-
tiality [48•]. In surveys of both users and nonusers of voice-
based technologies, we see that users have much lower con-
cerns regarding security, suggesting that perceptions of security
and privacy may prevent the widespread adoption of voice
technologies in the general population [49, 50•].

Whereas voice assistants are increasing in popularity with
132 million individuals in the United States using at least one,
there is still a large portion of the population which do not
have access to a voice assistant [51]. From other digital tech-
nologies, we have observed disparities in the use of digital
technologies across ethnicities and socioeconomic status [52,
53]. It is expected that for the foreseeable future, this digital
divide would extend to voice-based technologies as well. To
combat the digital divide, voice-based technology initiatives
need to consider access to low-cost internet, equipment costs,
and provision of basic digital skills [54]. The next issue that
needs to be addressed is the quality of speech recognition and
comprehension. Despite significant improvements in this
field, voice assistants still struggle with complex and long
phrases, limiting their use to short, simple responses.

Connectivity remains an ongoing issue, with voice assistants
requiring a continuous, reliable internet connection. While
internet connectivity has improved across the world, issues
regarding backup systems during power and internet outages
remain a concern. From a medico-legal perspective, it is un-
clear to what extent device manufacturers and healthcare pro-
viders are responsible for the medical problems uncovered by
such technologies lie and whether prompts for contacting
emergency medical services should be built-in. Lastly, we
should consider that implementing successful, outpatient,
voice-assistant-directed therapies requires a robust infrastruc-
ture of technical support and healthcare providers that are
available to manage voice-assistant-identified health
concerns.

Ongoing Clinical Trials

Multiple ongoing and recently completed clinical trials will
provide additional insight into the utility of voice-based tech-
nologies in cardiovascular medicine (Table 1). Studies exam-
ining telephone-based IVR are also ongoing, examining the

Table 1 Ongoing or recently completed studies utilizing voice-based technologies

Identifier Study type No. of participants Brief description

Interactive voice response

NCT04574518 RCT 2400 Examining the use of interactive voice response to supplement
a smoking cessation program in individuals identified to have
a pulmonary nodule. Primary outcome is smoking cessation
at 56 weeks.

NCT03869658 Observational 40 Examining the use of a smartphone-based application that
utilized interactive voice response technology to log self-recorded
food intake. Primary outcome is feasibility.

NCT01940016 RCT 71 Examining a telephone-based interactive voice response strategy
to increase physical activity in overweight postmenopausal
women. Primary outcome is feasibility and retention at 12 weeks.

NCT01260207 RCT 654 Examining the impact of an interactive voice response follow-up
intervention assessing medication management, smoking cessation,
diet, exercise, and general cardiovascular education following an
acute coronary syndrome. Primary outcome is compliance with
best practice guidelines at 1 year.

Voice assistant

NCT03707275 RCT 50 Examining the utilization of the Amazon Alexa to intermittently ask
questions regarding signs and symptoms of heart failure for
3 months. Primary outcome is comfort using voice-assistant
technology, and secondary outcomes include heart failure
hospitalization and medication adherence at 3 months.

NCT04508972 Observational 200 Examining the feasibility of using Amazon Alexa to administer a
COVID-19 questionnaire to individuals entering a healthcare
facility. Primary outcome is the correlation between voice
assistant and manual data collection.

NCT04609267 Randomized cross-over design 40 Examining the ability of Amazon Alexa to administer the Patient
Health Questionnaire 9, a clinical tool to diagnose major depressive
disorder. Primary outcome is the correlation between
voice-assistant and manual responses.
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impact on smoking cessation, weight loss, and medication
adherence in acute coronary syndrome patients. With the re-
cent release of the customizable HIPAA-compliant Alexa
skills toolkit, numerous studies are ongoing examining the
ability of Alexa to reliably administer and collect responses
for COVID-19 questionnaires and monitor for symptoms of
depression. Two ongoing cardiovascular studies have begun
to determine if a voice-assistant-supplemented outpatient
strategy can improve heart failure monitoring and adherence
to the dietary approaches to stop hypertension diet. Over the
next few years, as more devices develop health data
regulatory-compliant services, we expect to see a rise in novel
uses for voice assistants in the field of cardiovascular
medicine.

Future Directions

As the innovation behind voice-based technologies continues
to develop, there will be an increasing need to validate the use
of these technologies to accurately collect information from
participants. In many instances, there may be the need to re-
format questions into shorter, abbreviated questions. These
modified data collection tools will need to be validated against
traditional data collection tools. In order for voice-based tech-
nologies to permeate clinical practice, definitive randomized
controlled trials will be required to demonstrate improved
clinical benefits or patient-oriented outcomes, such as quality
of life or convenience. Along with this, patients, the end users
of this technology, will need to be seen as accepting of this
alternative form of communication. While initial surveys of
patient satisfaction are promising, various patient populations
may have differing opinions and needs. The other end user to
consider is healthcare providers who will need to observe that
the use of these technologies improves workflow and facili-
tates care rather than creates a cumbersome obstacle. From a
clinical trials perspective, study coordinators and investigators
will need to assess and optimize how voice-based technolo-
gies can be utilized to facilitate data collection.

Conclusion

Voice-based technologies are still in their infancy. However,
as the technology develops, there are several possible thera-
peutic uses in the management of cardiovascular patients and
the organization of cardiovascular clinical trials.
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