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Abstract: Voice assistants are increasingly being integrated into healthcare environments for data entry, enhancing efficiency and
accessibility for healthcare providers. However, using these systems raises critical security and privacy concerns due to the sensitive
nature of health data and the unique vulnerabilities of voice-enabled technologies. This paper examines the security and privacy
implications of using voice assistants for data entry in healthcare settings, exploring risks associated with data interception, unauthorized
access, and inadvertent information leakage. We analyze how voice assistant systems process, store, and transmit data, identifying
potential attack vectors and privacy vulnerabilities. The paper also reviews existing regulations and standards, such as HIPAA, that
impact the deployment of voice-enabled systems in healthcare. To address these challenges, we propose a framework for secure voice
data entry, incorporating multi-layered authentication, encryption, and real-time anomaly detection. Our findings underscore the need
for healthcare providers to adopt robust security protocols and privacy practices to ensure compliance and protect patient confidentiality.
This research contributes to a growing body of knowledge aimed at the safe and ethical integration of voice assistants in healthcare,
providing guidelines for technology developers and healthcare administrators.
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1. INTRODUCTION

Voice assistants (\VAs) are gaining traction in healthcare as they
offer hands-free, voice-controlled data entry solutions that can
significantly enhance workflow efficiency and improve patient
interaction (Kumah-Crystal et al., 2018). These systems are
especially advantageous in clinical settings where direct
physical interaction with devices can be challenging, such as in
sterile environments, where touchless interfaces can aid
infection control (Darda et al., 2021). For instance, using VAs
to capture patient data or dictate notes can streamline clinical
tasks and free up time for healthcare providers to focus on
patient care (Blijleven et al., 2022). However, the sensitive
nature of healthcare data necessitates a careful approach to
integrating VAs, as their usage raises potential security and
privacy concerns. These concerns are particularly critical due
to the regulatory frameworks that govern health data, including
the Health Insurance Portability and Accountability Act
(HIPAA) in the United States, which mandates strict protection
of patient information (Centers for Medicare & Medicaid
Services, n.d.).

Several factors complicate the secure implementation of VAs
in healthcare. Firstly, VAs typically rely on cloud processing
for data interpretation and storage, which involves transmitting
voice data to external servers. This process introduces security
vulnerabilities, such as the potential for unauthorized access or
data interception during transmission (Gupta, 2022; Bilan,
2023). Further, recent studies highlight vulnerabilities in voice
recognition systems, such as susceptibility to voice replay
attacks, which allow malicious actors to access VA-controlled
systems using recorded voice samples (Seymour et al., 2023).
Such attacks can have serious implications when sensitive
patient information is stored or processed through VAs,
exposing healthcare systems to data breaches and regulatory
violations.

The complexity of integrating VAs into healthcare also arises
from the need to maintain strict compliance with data
protection standards. Electronic Health Records (EHR)
systems, for example, are required to provide high levels of
data integrity and access control. Yet, VAs, due to their
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continuous listening features, can inadvertently capture
unauthorized data, potentially leading to breaches of patient
privacy (Blijleven et al., 2022; Centers for Medicare &
Medicaid Services, n.d.). Additionally, the ability of VAs to
process and store data in the cloud raises questions about data
ownership and control, which are crucial for ensuring
compliance with privacy laws and healthcare standards (Sezgin
et al., 2021).

This paper explores the security and privacy challenges
associated with VA data entry systems in healthcare, with a
particular focus on the regulatory and technical hurdles that
impact their safe adoption. We provide an analysis of potential
vulnerabilities in VA systems, evaluate the gaps in regulatory
compliance, and propose a framework for implementing secure
and privacy-preserving VA solutions in healthcare. By
addressing these challenges, this research aims to support
healthcare providers and technology developers in creating
more secure, efficient, and compliant VA systems.

2. SECURITY AND PRIVACY
CHALLENGES

The rapid adoption of VAs in healthcare is accompanied by
several technical and regulatory challenges. Most VA systems
rely on cloud processing for data interpretation and storage,
necessitating the transfer of sensitive patient data across
networks that may be vulnerable to interception or
unauthorized access (Gupta, 2022; Balan, 2023). Moreover,
privacy concerns arise due to the continuous listening features
of many VAs, which can result in accidental data capture and
potential regulatory violations. This paper explores the various
security and privacy risks associated with VAs in healthcare,
evaluates the compliance challenges posed by voice-enabled
data entry, and proposes a security framework to mitigate these
risks.

Diverse attacks: Voice assistants (VAS) are intricate systems
composed of multiple software and hardware elements, which
results in a wide array of vulnerabilities and threat vectors. This
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diversity in potential threats complicates the process of
systematically identifying and addressing security risks. For
instance, adversaries can craft adversarial inputs that, while
sounding harmless to human listeners, are interpreted as
harmful commands by the VA's speech recognition software
(Kumah-Crystal et al., 2018). Additionally, attackers might
develop a malicious third-party application that, due to errors
in natural language processing, could be unintentionally
activated by users (Seymour et al.,, 2023). Hardware
vulnerabilities also pose risks, as attackers can utilize ultrasonic
waves (Darda et al., 2021), laser (Blijleven et al., 2022), or
electromagnetic interference (Gupta, 2022) to inject
imperceptible commands, exploiting the VA's sensor inputs to
execute unintended actions.

Stand-alone defences: Most current defense mechanisms are
designed to counter specific types of attacks in isolation. For
instance, liveness detection methods are primarily employed to
identify and block voice spoofing attempts (Sezgin et al.,
2021), while adversarial training focuses solely on mitigating
attacks that exploit adversarial examples (Kumah-Crystal et al.,
2018). However, there is limited understanding of how these
security measures would function within the more complex,
multi-threat landscape that VAs face, including factors like cost
of implementation, usability, and overall security efficacy
(Gupta, 2022). While numerous studies suggest effective
results, VA developers continue to encounter difficulties in
selecting and implementing the most suitable protective
strategies for comprehensive security.

Lack of systematic perspectives: Numerous studies focus
solely on individual components of a VA, such as speech
recognition or speaker verification, rather than examining the
VA system as a whole, and often without considering a VA-
specific context. For example, much of the research on attacks
(Kumah-Crystal et al., 2018; Darda et al., 2021) and defences
(Seymour et al., 2023) relevant to the security of speech
recognition—the central feature of a VA—tends to evaluate
standalone models that are not yet implemented in commercial
voice assistants. Although these studies are not always labelled
under VVA-specific terms, their findings may become applicable
to voice assistant technology in the future and thus warrant
careful consideration.

Backdoor Attack: Backdoor attacks are a prevalent threat to
automatic speech recognition (ASR) models, where attackers
embed subtle, inaudible signals within audio data—such as
music clips or voicemails—to alter how the model processes
this data. These attacks introduce a specific input, known as a
trigger, that manipulates the model into executing the attacker’s
desired response. Concealed commands within adversarial
audio can be transformed into the attacker's intended
instructions through the VA’s neural processing, rendering
hidden directives audible to the system but often imperceptible
to human listeners. Kasher et al. demonstrated how backdoor
systems could control smart devices through voice commands,
using adversarial audio perturbations embedded within music-
only audio to convert these into actionable commands for the
VA (Seymour et al., 2023). This approach maximizes impact
by using varied base vectors, targeted phrases, and degrees of
perturbation strength, making it possible to modify both
musical and speech samples effectively. Although selecting the
correct target phrase is crucial, backdoor attacks can achieve
transcription accuracy rates exceeding 50%, ensuring the
successful transmission of specific commands (Kumah-Crystal
et al., 2018).
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Unauthorized Data Access: One of the most critical security
risks associated with VAs in healthcare is unauthorized access
to sensitive data. VVAs often rely on cloud servers for processing
voice commands, requiring data to be transmitted over
potentially unsecured networks (Gupta, 2022). This reliance on
cloud-based systems introduces vulnerabilities that can be
exploited by malicious actors to intercept or manipulate data
during transmission. Unauthorized access to healthcare data
poses a substantial risk, as patient information is highly
sensitive and subject to regulatory oversight (Centers for
Medicare & Medicaid Services, n.d.).

Voice Replay Attacks: VAs are also susceptible to voice
replay attacks, where attackers use recorded voice samples to
access the system fraudulently (Seymour et al., 2023). In
healthcare, such attacks could lead to unauthorized access to
EHRs, compromising patient confidentiality and trust. Voice
recognition systems in healthcare VAs must incorporate
advanced authentication mechanisms to minimize these risks.

Continuous Listening: Many VAs utilize continuous listening
features, which increase the likelihood of accidental data
capture. This raises significant privacy concerns in healthcare,
where even inadvertent capture of patient conversations could
constitute a violation of privacy regulations, such as HIPAA
(Darda et al., 2021). Continuous listening without adequate
security safeguards could expose sensitive patient information
and lead to unintended disclosures (Sezgin et al., 2021).

Regulatory Compliance Challenges: Compliance with
healthcare regulations, particularly HIPAA, mandates stringent
data protection measures for any system handling patient
information. However, VA systems pose compliance
challenges due to the ambiguity surrounding data storage,
ownership, and access control (Centers for Medicare &
Medicaid Services, n.d.). Ensuring that VAs meet regulatory
standards requires implementing strict data management
protocols, especially for cloud-based processing and storage
(Kumah-Crystal et al., 2018).

3. LITERATURE REVIEW

Voice assistants (VAs) have undergone significant
advancements in recent years, becoming essential in various
fields for improving user interaction and automating tasks
(Balan, 2023). In healthcare, VAs allow providers to manage
patient records more efficiently, which is increasingly
important as electronic health records (EHR) are adopted as the
industry standard for patient data management (Centers for
Medicare & Medicaid Services, n.d.). However, unlike
traditional data entry methods, VAs introduce distinct security
challenges due to their reliance on voice recognition
technology, making them susceptible to attacks such as voice
replay and unauthorized access (Seymour et al., 2023).
Furthermore, the cloud-based infrastructure commonly
employed by VAs creates additional complications regarding
data ownership and control, both critical for ensuring HIPAA
compliance and protecting sensitive healthcare information
(Sezgin et al., 2021).

Research highlights several benefits of VAs in healthcare,
including improvements in workflow efficiency and patient
satisfaction, as VAs enable hands-free interaction and rapid
data retrieval (Kumah-Crystal et al., 2018). However, these
benefits are tempered by concerns over security and privacy, as
the continuous listening feature of many VAs increases the risk
of inadvertently capturing sensitive information, potentially
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leading to privacy violations and regulatory issues (Darda et al.,
2021). The unique security and privacy concerns associated
with VAs underscore the pressing need for robust protection
mechanisms and strict adherence to data security standards in
healthcare settings (Blijleven et al., 2022). This review
emphasizes the necessity of enhanced security strategies
specifically tailored to voice-based systems in healthcare to
mitigate the inherent risks and ensure compliance with privacy
regulations.

3.1 Regulatory and Standards Review for
Voice-Enabled Systems in Healthcare

The deployment of voice-enabled systems (VES) in healthcare
is influenced by several regulations and standards aimed at
safeguarding patient information and ensuring system security.
Among these, the Health Insurance Portability and
Accountability Act (HIPAA) in the United States, as well as
international standards like the General Data Protection
Regulation (GDPR) and specific healthcare IT guidelines, play
crucial roles.

3.1.1 Health Insurance Portability and Accountability
Act (HIPAA)

HIPAA establishes a set of federal standards for the protection
of "Protected Health Information" (PHI), which includes any
data that can identify a patient and relates to their health
condition, treatment, or payment information. Voice-enabled
systems processing PHI must adhere to HIPAA guidelines,
which mandate:

a) Privacy Rule: VES in healthcare must safeguard PHI
by limiting unauthorized access and ensuring
confidentiality. Voice assistants, which continuously
process spoken data, must have mechanisms to
prevent unintentional recording and restrict access to
authorized personnel only (Centers for Medicare &
Medicaid Services, n.d.).

b)  Security Rule: This rule requires that VES implement
safeguards for data integrity and confidentiality.
These safeguards include administrative, physical,
and technical measures to prevent breaches. End-to-
end encryption, secure data storage, and restricted
user access are critical for VES compliance under
HIPAA (Kumah-Crystal et al., 2018).

c¢) Breach Notification Rule: In the event of a data
breach, HIPAA mandates that healthcare providers
notify affected patients, the U.S. Department of
Health and Human Services (HHS), and sometimes
the media, depending on the breach's scope. Voice-
enabled systems, vulnerable to cyberattacks such as
data interception or unauthorized access, must have
measures to detect and report breaches swiftly.

3.1.2 General Data Protection Regulation (GDPR)

For healthcare providers in the European Union or those
serving EU citizens, GDPR imposes stringent data protection
requirements. GDPR emphasizes the patient’s right to privacy
and control over personal data:

a) Data Minimization and Purpose Limitation: Voice-
enabled systems in healthcare must ensure that only
essential data is captured and that it is used strictly
for the stated purpose. Continuous voice listening,
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for example, must be minimized or anonymized
when feasible to comply with GDPR’s data
minimization principle (Sezgin et al., 2021).

b) Data Subject Rights: GDPR grants patients the right
to access, correct, or delete their data, which can be
complex in voice-enabled systems where audio data
might be stored across cloud servers. Compliance
with these rights requires clear processes for data
retrieval and erasure.

c) Data Security and Accountability: GDPR requires
VES to demonstrate data security practices and
conduct risk assessments. Regular audits, clear
accountability for data handling, and the use of data
encryption are essential to meet GDPR’s
requirements.

3.1.3 NIST Standards for Secure Voice-Enabled
Systems

The National Institute of Standards and Technology (NIST)
offers guidelines on implementing secure and privacy-aware
digital technologies, including VES. NIST’s standards are not
legally binding but serve as a benchmark for best practices:

a) SP 800-53 and SP 800-63 Guidelines: These
publications provide a framework for access control,
secure authentication, and data protection, which are
highly relevant to wvoice systems processing
healthcare data. For example, multi-factor
authentication (MFA) and encryption are
recommended to enhance security in voice data
systems (Gupta, 2022).

b) Real-Time Monitoring and Anomaly Detection:
NIST standards advocate for real-time monitoring to
detect and respond to unusual activity patterns, which
is critical for voice assistants in healthcare to prevent
unauthorized access or inadvertent data sharing
(Blijleven et al., 2022).

3.14 HITRUST Certification

The Health Information Trust Alliance (HITRUST)
certification is a widely accepted framework for managing
security, privacy, and compliance risk in healthcare. HITRUST
certification aligns with both HIPAA and GDPR and ensures
that systems meet rigorous standards for data protection:

Risk Management and Assessment: HITRUST requires regular
assessments to evaluate risk exposure, focusing on incident
response and secure data management. \oice-enabled systems
in healthcare can leverage HITRUST certification as a pathway
to demonstrate compliance with multiple regulatory standards.

Continuous Improvement in Security Protocols: HITRUST
promotes the ongoing enhancement of security protocols,
making it essential for VES to adopt adaptive security measures
in response to emerging threats, especially as voice-enabled
technology evolves.

3.15 ISO/IEC 27001
The ISO/IEC 27001 is an international standard for information

security management systems (ISMS), widely applicable to
healthcare data systems, including voice-enabled technology.
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ISO/IEC 27001 emphasizes structured risk management, which
is beneficial for healthcare providers deploying VES:

a) ISMS Framework Implementation: An ISMS
framework provides a structured approach to
managing sensitive information. VES that adhere to
ISO/IEC 27001°s ISMS principles will have clear
security policies and procedures for handling PHI
and mitigating risks (Balan, 2023).

b) Compliance and Regular Audits: ISO/IEC 27001
requires periodic audits and reviews, which help
ensure ongoing compliance with information
security policies. Voice-enabled healthcare systems
can utilize this standard to uphold high levels of data
protection and system resilience.

Voice-enabled systems in healthcare must navigate a complex
landscape of regulations and standards, including HIPAA,
GDPR, NIST guidelines, HITRUST, and ISO/IEC 27001.
These frameworks collectively emphasize the importance of
data privacy, security, and accountability, making it crucial for
VES to implement multi-layered protection measures, from
encryption to real-time monitoring. Compliance with these
regulations ensures that VES can offer healthcare providers
both operational efficiency and robust patient data protection,
helping to maintain trust and meet regulatory obligations.

4. PROPOSED SECURITY
FRAMEWORK FOR VOICE ASSISTANT
SYSTEMS

In light of the discussed security and privacy challenges, this
paper proposes a security framework aimed at reducing risks
associated with VAs in healthcare environments. The
framework includes elements such as multi-layered
authentication, end-to-end encryption, real-time anomaly
detection, and privacy safeguards for continuous listening.

Multi-Layered Authentication: To prevent unauthorized
access and voice replay attacks, healthcare VAs should employ
multi-layered authentication. This could integrate voice
biometrics, PIN verification, or device-based authentication to
restrict access to patient data strictly to authorized users (Sezgin
etal., 2021). Such a layered approach ensures robust protection
against unauthorized attempts to access sensitive healthcare
information (Seymour et al., 2023).

End-to-End Encryption: Data transmitted between the VA
device and cloud servers should be secured using end-to-end
encryption, preventing interception and safeguarding patient
data from unauthorized access (Bilan, 2023). Applying
encryption throughout multiple stages of data processing is
essential to ensure comprehensive protection against data
breaches and uphold privacy standards (Gupta, 2022).

Real-Time Anomaly Detection: Real-time monitoring and
anomaly detection systems are valuable for identifying unusual
access patterns or unexpected voice activity. These systems
allow healthcare providers to detect potential security breaches
promptly, enabling intervention before substantial harm occurs
(Blijleven et al., 2022). Early detection of anomalies helps
maintain the integrity and confidentiality of healthcare data
within VA systems.
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Privacy Safeguards for Continuous Listening: To mitigate
privacy risks associated with continuous listening, healthcare
VAs should offer privacy settings that allow users to deactivate
or limit the listening capabilities as needed. These controls
reduce the likelihood of unintentional data capture, lowering
the risk of privacy infringements (Darda et al., 2021).
Furthermore, establishing voice data retention policies ensures
that sensitive information is only stored for as long as
necessary, in compliance with privacy regulations (Kumah-
Crystal et al., 2018).

Healtheare Voice
Assistant Security Framework

| | = S
N[ e Conmion
[ .| Listening
L4 Y
End-to-End Real-Time
Encryption S:tm:;

Figure 1: Security framework for voice assistant systems in
healthcare

5. DISCUSSION

The integration of voice assistants (VAs) in healthcare offers
significant advantages, such as improving workflow efficiency
and reducing the manual burden of data entry, thereby allowing
healthcare professionals to focus more on patient care (Kumah-
Crystal et al., 2018). However, these benefits come with
considerable security and privacy concerns that need careful
mitigation to ensure safe usage in healthcare settings (Seymour
et al., 2023). A robust, multi-layered security framework, like
the one proposed in this study, is essential to address these risks
while preserving the operational advantages VAs provide.

5.1  Key Security and Privacy
Considerations for VAs in Healthcare

A structured security framework for VAs should include multi-
layered authentication, encryption, and real-time anomaly
detection. Each of these components contributes to securing
VAs for healthcare applications, where they handle sensitive
patient data and must comply with stringent privacy standards
such as HIPAA. The following table summarizes these
components, highlighting the specific challenges each
component addresses and the best practices associated with
each

Table 1: Key security and privacy components
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Security Component Challenge Addressed

Best Practices

Supporting Sources

Unauthorized access and
voice replay attacks

Multi-Layered Authentication

Use voice biometrics, PINs, or
device-based authentication to
restrict access strictly to
authorized individuals.

Sezgin et al. (2021); Seymour
et al. (2023)

Data interception during
transmission

End-to-End Encryption

Encrypt data throughout its
lifecycle, including during
transmission between VAs
and cloud servers, to protect
patient information from
interception and unauthorized
access.

Gupta (2022); Balan (2023)

Real-Time Anomaly

Detection breaches

Early identification of security

Deploy real-time monitoring
systems to detect unusual
access patterns or
unauthorized voice activity,
allowing healthcare providers
to intervene before significant
damage occurs.

Blijleven et al. (2022)

Inadvertent data capture and
privacy breaches

Privacy Safeguards for
Continuous Listening

Limit continuous listening
features and implement data
retention policies to ensure
that only essential data is
stored and for a defined
period, complying with
regulatory standards.

Centers for Medicare &
Medicaid Services (n.d.);
Darda et al. (2021)

5.2 Addressing Compliance Challenges
through Privacy Safeguards

Compliance with regulations such as HIPAA in the U.S. and
GDPR in Europe requires specific privacy measures, which are
especially critical for VAs due to their continuous listening and
data-processing capabilities (Centers for Medicare & Medicaid
Services, n.d.). Limiting continuous listening functions can
minimize accidental capture of sensitive data, aligning with
privacy principles like data minimization. Additionally, data
retention policies that enforce the secure deletion of voice
recordings after a predefined period can prevent potential
breaches and enhance trust among patients (Sezgin et al.,
2021).

The structured framework proposed here enables healthcare
providers to leverage VAs while aligning with regulatory
requirements. By implementing these privacy and security
safeguards, healthcare facilities can not only meet legal
standards but also protect patient confidentiality and trust,
which are foundational to the effective use of VAs in medical
environments.

6. CONCLUSION

The deployment of voice assistants (VAs) in healthcare
presents both valuable opportunities and significant security
and privacy challenges. VAs have the potential to streamline
healthcare workflows, reduce administrative burdens, and
improve patient-provider interactions by allowing hands-free
data entry and real-time information access. However, these
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benefits come with risks associated with unauthorized access,
data interception, and inadvertent data capture due to
continuous listening features. To address these issues, this
paper proposed a comprehensive security framework,
including multi-layered authentication, end-to-end encryption,
real-time anomaly detection, and privacy safeguards tailored
for VAs in healthcare.

Implementing this framework enables healthcare providers to
navigate the complex regulatory landscape, adhering to
standards such as HIPAA and GDPR, while effectively
protecting patient information. Adopting privacy-focused
practices such as data minimization and limiting continuous
listening functions helps align VAs with regulatory
requirements, enhancing trust and ensuring compliance. This
research highlights the necessity of robust security and privacy
mechanisms to facilitate the safe adoption of VAs in healthcare,
paving the way for innovative solutions that respect patient
confidentiality and uphold data protection standards. Future
research should continue to refine these security strategies and
explore emerging technologies that can further secure VAs,
ultimately supporting safer, more efficient healthcare delivery.
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