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Abstract
We assessed the feasibility of using a consumer friendly, heart rate variability biofeedback (HRVB) wearable device in 
conjunction with a remote stress management coach to reduce symptoms of anxiety. We utilized a discreet, continuously 
wearable electrocardiogram device, the Lief Smart Patch, which measures and records heart rate and HRV in real time, and 
guides HRVB exercises using vibrations and visual cues. During the 8-week study, participants (N = 14) wore the Lief Smart 
Patch, participated in HRVB with the device, utilized the mobile app, and communicated with a remote stress management 
coach. We collected self-report survey responses to measure symptoms of anxiety (GAD-2) and depression (PHQ-2) every 
2 weeks, as well as HRV data throughout the study. Participants’ mean GAD-2 score began at 4.6 out of 6. By the trial’s 
completion, the group’s mean GAD-2 score dropped to 1.7 (t(13) = 11.0, p < .001) with only 2 of the 14 subjects remaining 
over the clinical threshold of high anxiety. Similarly, the group’s mean PHQ-2 score dropped from 2.93 to 1.29 (t(13) = 3.54, 
p < .01). In addition, participants increased their HRV (RMSSD) by an average of + 11.4 ms after participating in a low dose 
biofeedback exercise. These findings suggest that engaging in HRVB through a discreet wearable device in conjunction with 
a remote stress management program may be effective for reducing symptoms of anxiety and depression.

Keywords  Heart rate variability biofeedback · Symptoms of anxiety · Wearable electronic devices · Relaxation training · 
Autonomic dysfunction

Anxiety disorders are one of the most common mental ill-
nesses in America. The National Institute of Mental Health 
(2017) estimates that 19.1% of U.S. adults (18 +) have had 
an anxiety disorder. In addition to affecting over 40 million 
American adults, anxiety disorders are frequently comorbid 
with other chronic health conditions (Kroenke et al., 2007). 
For example, U.S. epidemiological data indicate that 59% 
of individuals with generalized anxiety disorder (GAD) also 
meet the criteria for major depression disorder (MDD), the 

most severe sub-type of depressive disorder (Carter et al., 
2001). As a result, GAD and MDD are one of the most 
prevalent co-morbidities seen in mental health (Brown et al., 
2001; Gao et al., 2013).

The consequences of untreated anxiety and depression 
have a ripple effect across society and the medical system. 
The clinical complications of comorbid anxiety and depres-
sion include increased risk of suicide, increased risk of 
psychiatric hospitalization, increased disability, decreased 
compliance with medical treatments, and significantly 
higher utilization of medical services (Devane et al., 2005; 
Hirschfeld, 2001; Katon, 1996; Marcus et al., 1997). In 
addition, patients with anxiety and depression comorbidity 
tend to have more chronic and recurrent forms of illness that 
require long-term treatment (Hirschfeld, 2001). Consider-
ing that 90% of the $3.8 trillion the U.S. spends annually 
on health care is for chronic and mental health conditions 
(Centers for Disease Control & Prevention, 2021), the need 
for effective, affordable mental health solutions is urgent.

 *	 Adrienne H. Chung 
	 Adrienne@getlief.com

1	 Lief Therapeutics, 2703 Seventh Street #301, Mailbox #123, 
Berkeley, CA 94710, USA

2	 Alliant International University, San Diego, USA
3	 Virginia Commonwealth University, Richmond, USA
4	 Future Psych Solutions, Columbia, USA
5	 Saybrook University, Pasadena, USA

http://orcid.org/0000-0002-3035-8471
http://crossmark.crossref.org/dialog/?doi=10.1007/s10484-021-09519-x&domain=pdf


348	 Applied Psychophysiology and Biofeedback (2021) 46:347–358

1 3

Though highly treatable, only 36.9% of adults with anxi-
ety (Anxiety & Depression Association of America, 2020) in 
the U.S. are receiving care. This contrasts with the statistic 
that 65% of adults who have experienced a major depres-
sive episode have received help (National Institute of Mental 
Health, 2019a, 2019b). Thus, although anxiety impacts over 
four times more U.S. adults than depression (The National 
Institute of Mental Health, 2017, 2019a, 2019b), treatment 
for anxiety disorders lags far behind depression.

Barriers to treatment for anxiety disorders can be sum-
marized into three categories: acceptability, availability, and 
accessibility. Acceptability of treatment is often hindered by 
stigma associated with mental illness, lack of perceived effi-
cacy, and discomfort with healthcare professionals. (Jimenez 
et al., 2013; Mojtabai, 2007; Robinson et al., 2012).

Another challenge for adequate diagnosis and treat-
ment of anxiety disorders is availability and accessibility 
of mental health care. An estimated 111 million people in 
the U.S. live in “mental health professional shortage” areas 
(U.S. Department of Health and Human Services, 2016). 
The National Council for Behavioral Health (2017) reported 
that 77% of U.S. counties are underserved by psychiatrists, 
which is further exacerbated by the fact that the pool of psy-
chiatrists working with public sector and insured populations 
declined by 10% from 2003 to 2013 (Bishop et al., 2016). 
In addition, the U.S. Department of Health and Human Ser-
vices (2016) reported that by 2025, shortages are projected 
for clinical, counseling, and school psychologists; mental 
health and substance abuse social workers; school counse-
lors; and marriage and family therapists. The nationwide 
shortage of behavioral health providers has made it increas-
ingly difficult for many to access critical tools and support 
to alleviate their symptoms of anxiety.

Worsening matters, the onset of the COVID-19 public 
health emergency significantly harmed mental health in 
communities across the globe (Salari et al., 2020). The psy-
chological ramifications of isolation due to quarantine led to 
increases in anxiety, depression, anger, confusion and stress 
(Ettman et al., 2020; Salari et al., 2020; Twenge & Joiner, 
2020). However, a silver lining is that the COVID-19 pan-
demic propelled the adoption of telehealth as a necessary 
and useful facilitator of high quality remote mental health 
care (American Psychiatric Association, 2020).

During the pandemic, the U.S. Centers for Medicare & 
Medicaid Services significantly expanded the list of cov-
ered telehealth services, including those for mental health 
(U.S. Department of Health & Human Services, 2020). 
Furthermore, telehealth coverage was expanded to allow 
mental health providers equal reimbursement for telehealth 
visits compared to in-person visits. While this was a signifi-
cant step forward, the need for mental health support still 
exceeds the available supply of behavioral health providers, 
exacerbated by the fact that 40.9% of U.S. adults reported 

worsening mental health due to the COVID-19 pandemic 
(Czeisler et al., 2020).

A growing body of evidence demonstrates that telehealth 
can effectively facilitate positive mental health outcomes 
(Firth et al., 2017; Hilty et al., 2013; Mace et al., 2018; Sub-
stance Abuse & Mental Health Services Administration, 
2015; Totten et al., 2016). In addition to helping to reduce 
in person contact during a pandemic, telehealth provides 
convenient, accessible, affordable, effective care to patients 
who live in mental health professional shortage areas (Aleg-
ría & O’Malley, 2020). Aligned with the growing use of 
telehealth and telemedicine for mental health (Barnett & 
Huskamp, 2020), wearable devices that help mitigate the 
somatic symptoms of anxiety are increasingly available to 
patients and consumers. While other modes of managing 
the somatic symptoms of anxiety, such as aided meditation, 
false physiological feedback, electrodermal biofeedback, and 
respiration biofeedback, are less supported, studies indicate 
that heart rate variability biofeedback (HRVB) devices can 
be effective and beneficial for treating anxiety-related symp-
toms (Hunkin et al., 2019).

Anxiety disorders are often maintained through frequent 
perceptions of threat or danger (Clark, 1999), which can be 
exacerbated by low heart rate variability (HRV) (Chalmers 
et al., 2014). HRV is a measurement of changes in heart 
rate over time, which provides information about autonomic 
functioning (Fiskum, 2019). The autonomic nervous system 
(ANS) is comprised of two systems that send signals to the 
rest of the body to either stimulate or relax different involun-
tary processes, like heart rate, blood pressure, breathing, and 
digestion. The Sympathetic Nervous System (SNS) activates 
when the body detects danger, which leads to physiological 
arousal, increased heart rate, increased blood pressure, and 
increased sensitivity to threats that enables survival if one is 
confronted with danger. When the body detects the threat is 
over, the Parasympathetic Nervous System (PNS) activates, 
so growth and repair can occur, inflammation is reduced, and 
immunity is improved (Ginsberg & Nagpal, 2016).

HRV is considered a measure of variability in our ANS—
variability in heart rate reflects adaptability to external 
triggers (Petrowski et al., 2017). High HRV indicates that 
the ANS is balanced, which enables the body to respond 
to many different types of external stimuli with flexibility 
and resilience. In contrast, low HRV, indicates the ANS is 
imbalanced. For individuals with anxiety, this often means 
the sympathetic “fight or flight” nervous system response is 
operating in overdrive, and prevents the body from activat-
ing the PNS.

ANS dysregulation impacts both physical (e.g., increas-
ing cardiovascular risk) and mental (e.g., compromising 
psychological well‐being) health at multiple levels. Loss 
of regulation of autonomic control of cardiac adjustment 
to environmental stressors leads to negative impacts on 
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physiological function, affecting arterial blood pressure, 
heart rate and rhythm, and vagal afference (Ginsberg & Nag-
pal, 2016). Dysregulation of the autonomic nervous control 
of the cardiovascular system is associated with increased 
sympathetic response and reduced parasympathetic tone, and 
plays an important role in coronary artery disease and the 
genesis of potentially lethal ventricular arrhythmias (Kim 
et al., 2018).

A dysfunctional ANS, with an associated reduction in 
HRV, has been found in a wide range of psychiatric disor-
ders (Young & Benton, 2018). Anxiety, depression, insom-
nia, and trauma disorders are thought to be associated with 
low HRV due to the common thread of dysregulation of 
the ANS, increased sympathetic arousal, and increased 
inflammation. Many of these disorders are characterized 
by decreased vagal tone, which can lead to poor emotion 
regulation and stress tolerance, and increased social anxiety 
(Jelinek & Khanoker, 2020). Echoing these findings, Chal-
mer et al.’s (2014) meta-analysis of 36 studies found anxiety 
disorders, such as PTSD, GAD, panic disorder, and social 
anxiety disorder, are associatively linked with low HRV.

Over the last two decades, there has been growing evi-
dence supporting the use of HRVB to treat a variety of 
psychiatric disorders and medical conditions, and enhance 
sports performance (Gevirtz, 2013; Lehrer, 2013). Biofeed-
back is defined as a technique that enables individuals to 
learn how to change physiological activity, like HRV, for the 
purposes of improving health and performance (Gilbert & 
Moss, 2003; Schwartz & Andrasik, 2003; Shaffer & Moss, 
2006). Biofeedback devices provide the wearer informa-
tion about their physiological processes, enabling them to 
increase awareness of these processes and be empowered to 
exert control over their physical and mental state. More spe-
cifically, HRVB teaches individuals to strengthen their ANS 
to improve regulation of the nervous system and improve 
vagal tone (Lehrer & Gevirtz, 2014).

HRVB involves the modulation of the ANS through 
slowed breathing. This is considered a durable skill that 
induces HRV coherence, which maximizes HRV and facili-
tates autonomic and cardiorespiratory homeostasis (Burch 
et al., 2020). HRVB is typically guided by a visual, auditory, 
or tactile representation of one’s heartbeat in real-time in 
order to increase the amplitude of HRV (Lehrer & Gevirtz, 
2014). During respiration, vagal inhibition initiated in the 
brainstem allows heart rate to increase, while during exhala-
tion, the vagal brake is initiated leading to heart rate slow-
ing, creating an oscillation in heart rate called respiratory 
sinus arrhythmia (RSA) that can be accentuated through 
slowed breathing, especially in resonance frequency. The 
most established mechanism for HRVB involves establishing 
autonomic homeostasis through this approach.

HRVB can be used as an effective treatment for increas-
ing HRV and improving mental health treatment outcomes 

(Gevirtz, 2013). HRVB is distinct from other standard 
medical and integrative treatments in that it actively and 
objectively modulates cardiac vagal tone to ‘defuel’ physi-
ological arousal (Gharbo, 2020), which can help reduce 
reactivity to anxiety provoking triggers. A systematic 
review of HRVB for psychiatric disorders found that it sig-
nificantly improved clinical symptoms (e.g., anxiety disor-
ders, depression, panic disorder, and PTSD) in 70% of the 
studies reviewed (Schoenberg & David, 2014). Similarly, 
Lee et al. (2015) pilot study found that a brief HRVB train-
ing was related to a significant decrease in trait anxiety.

HRVB can also help improve symptoms of stress, 
depression, fatigue, pain, and insomnia, which are simi-
larly characterized by SNS over-activation and autonomic 
imbalance. A 24-study meta-analysis indicated that HRVB 
resulted in large reductions in self-reported stress and anx-
iety with effect sizes in the moderate range (Goessl et al., 
2017). In addition, Lehrer et al.’s (2020) 58-study meta-
analysis found that HRVB had a relatively large effect size 
on anxiety, compared to other outcomes studied in the con-
text of HRVB, like PTSD and sleep.

Despite the promise of HRVB, there have been limita-
tions to the reach and impact of these techniques due to 
a lack of portable or wearable devices with high signal 
quality and effective training protocols. The majority of 
evidence for HRVB has been derived from studies con-
ducted in a laboratory environment, severely limiting the 
accessibility and breadth of application of these wellness-
promoting techniques. By not restricting access to HRVB 
and mindfulness-based stress management practices to 
clinical environments (Cavanagh et al., 2013; Henriques 
et al., 2011; Jazaieri et al., 2012), emerging HRVB wear-
able devices have the potential to remotely extend clinical 
care teams, and ensure that patients can receive help no 
matter where they live.

Furthermore, patients with anxiety who feel apprehen-
sive about meeting a psychologist or psychiatrist in an 
office environment may prefer learning HRVB at home 
with the support of a remote behavioral health specialist 
(Gharbo, 2020; Gharbo et. al., 2019).

The current evidence base for HRVB has been devel-
oped predominantly with designs that utilize once-weekly 
high-dose biofeedback protocols. However, there is pre-
liminary evidence indicating that even a brief dose of 
HRVB improves heart rate regulation, and further, that 
these skills are internalized and support individuals in 
regulating physiological aspects of emotional reactivity 
(Peira et al., 2013). This is promising, as new wearable 
technologies enable individuals to engage in on-demand 
low-dose HRVB, which helps remotely build the necessary 
skills for achieving RSA by syncing breath with heart rate.

Wearable Devices that Measure HRV use Either Elec-
trocardiography (ECG or EKG) or photoplethysmography 
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(PPG) technology. ECG technology, considered the gold 
standard when it comes to measuring heart rate (Singh et al., 
2018), uses an electrical voltage signal produced by heart 
activity to measure HRV (Johns Hopkins Medicine, 2021). 
Nerve and muscle cells communicate with each other using 
electrical and chemical signals, which also control heartbeat. 
This electrical wave throughout the body can be measured 
on the skin’s surface using electrodes with gel, which help 
conduct readings of the electrical signals. ECG devices 
measure changes in voltage on different areas of the skin 
and plot them on a graph. Thus, an electrocardiograph is 
a visual representation of the electrical signals originating 
from the heart.

In contrast, PPG technology uses lights and sensors to 
measure blood volume changes in the cardiovascular system, 
especially the veins and capillaries under the skin (Allen, 
2007). To measure heart rate using PPG technology, an 
LED shines a constant light onto the skin, some of which is 
reflected and scattered back into a semiconductor device that 
converts light into an electrical current, called a photodiode. 
As the heart beats and sends a pulse throughout the cardio-
vascular system, the amount of light that reaches the pho-
todiode changes due to pressure changes. PPG technology 
tracks these changes in light and the time between pulses to 
determine heart rate (Allen, 2007).

Unlike PPG, which is an indirect method of measuring 
heart rate, ECG records the heart’s electrical activity directly, 
which makes it more reliably accurate at the millisecond 
level. ECG technology enables heart rate to be measured 
accurately on a beat by beat basis, so that meaningful HRV 
data can be obtained with short-duration measurements. 
While PPG technology is accurate for measuring HRV in 
healthy individuals who are at rest, it loses accuracy when 
physical activity is introduced (Charlot et al., 2009; Schäfer 
& Jan Vagedes, 2013). In contrast, the quality of ECG data 
is more reliable, particularly when movement is introduced. 
Although ECG technology requires that readings must be 
conducted close to the heart (e.g. with a patch or chest strap 
vs. a more familiar watch or ring format), the data is more 
likely to be detailed, extensive, and accurate.

To examine the feasibility of implementing low dose 
HRVB using a wearable device in a real world context to 
improve symptoms of anxiety and increase post-biofeedback 
HRV, we used an ECG-based HRV wearable device, the Lief 
Smart Patch, to: (1) Assess compliance to a continuously 
wearable patch that measures HRV and delivers HRVB, (2) 
validate efficacy of HRVB delivered through a wearable 
device in reducing symptoms of anxiety and depression, 
and (3) validate efficacy of the study’s treatment protocol in 
generating significant increases in HRV pre-post low dose 
biofeedback session.

Methods

Participants

U.S. adults (18+) who wanted help managing their stress 
were recruited to participate in our study through a Face-
book ad (see Appendix A for ad creative and copy) that ran 
in April 2019. Inclusion criteria included scoring 3 or higher 
on the Generalized Anxiety Disorder (GAD-2) question-
naire, and scoring 4 or less on the Patient Health Question-
naire (PHQ-2). The primary goal of the study was to assess 
whether our protocol could help reduce symptoms of anxi-
ety. A score of 3 or higher on the GAD-2 is considered above 
the clinical threshold for anxiety. However, given that symp-
toms of anxiety and depression are frequently co-occurring, 
we also included a measure of depression with the PHQ-2.

The psychometric properties of the PHQ-2 indicate that 
a score of 5 or 6 indicates a greater than 50% positive pre-
dictive value of major depressive disorder (Kroenke et al., 
2003). We excluded those who scored 5 or 6 on the PHQ-2 
from the study in order to screen for those who were highly 
likely to have major depressive disorder, given that it is the 
most common comorbid disorder involving depression and 
anxiety (Brown et al., 2001; Gao et al., 2013). We deter-
mined that this exclusion criteria adequately balanced the 
risk of overly limiting our sample pool, given that anxiety 
and depression disorders often present together, with the 
study’s goal to isolate the intervention’s effect on symptoms 
of anxiety as much as possible.

Other exclusion criteria included having a diagnosed 
heart condition, taking or planning to take medication for 
anxiety or depression within the next 3 months, and receiv-
ing or planning to receive therapy for anxiety or depression 
within the next 3 months. In addition, only those with access 
to an iOS or Android device compatible with the Lief mobile 
app could participate in the study.

Respondents who fit the study criteria were invited to 
participate. If they responded yes to the invitation and 
acknowledged their understanding of and agreement with 
the electronic consent form, they were enrolled in the study 
and sent a Lief device. 17 individuals engaged with the 
study intervention. We define engagement as individuals 
who began the study intervention, including those who did 
not complete the study, but excluding those who did not 
participate due to extenuating medical events unrelated to 
the study. 14 participants (82%) completed the study. Three 
participants partially completed the study, but dropped out 
before finishing due to: losing the device (1), experiencing 
technical difficulties (1), and lack of participation with no 
reason given (1).

Participants were aged 24–47 years (mean = 33, SD = 6), 
with 9 participants identifying as female (64%), and 5 



351Applied Psychophysiology and Biofeedback (2021) 46:347–358	

1 3

participants identifying as male (36%). This uneven distri-
bution of gender reflects the statistic that women are twice as 
likely to be affected by anxiety as men (Anxiety & Depres-
sion Association of America, 2020; Vesga-López et al., 
2008). See Table 1 for a breakdown of participant demo-
graphics, including baseline anxiety scores.
Study Design

Our study was approved by the IntegReview Institutional 
Review Board to investigate how using an electrocardio-
gram-based wearable device can support individuals in 
regulating their HRV to reduce symptoms of anxiety. The 
study took place between July 2019 and September 2019. 
Participants confirmed their informed consent “I have read 
and understood the consent form, have no further questions, 
and wish to participate in the 8-week study,” prior to partici-
pating. As compensation, participants accrued $25 every 2 
weeks in the form of an Amazon gift card for a total possible 
amount of $100 upon study completion.

Over the course of 8 weeks, participants were instructed 
to: Wear the Lief Smart Patch daily for at least 4 h a day for 
40 out of 56 days; complete three guided breathing exer-
cises each day for 40 out of 56 days; interact with a remote 
stress management coach on the phone for 10 min every 2 
weeks; and complete the GAD-2 and PHQ-2 within the Lief 
mobile app every 2 weeks. Every participant had the same 
stress management coach. The content covered by the stress 
management coach applied basic principles from Cognitive 
Behavioral Therapy (CBT), one of the most widely used 
and empirically validated psychotherapeutic interventions 
for anxiety disorders (David et al., 2018; Hofmann et al., 
2012), and mindfulness meditation (Hoge et al., 2013) to 
help manage stress, worry, and anxiety.

The structure of the biweekly phone calls were as fol-
lows: (Call 1) Introduction to HRV and overview of the 
8-week study, including how to wear the Lief Smart Patch 
and complete the 3-min HRVB exercise; (Call 2) Identify-
ing and discussing specific triggers for stress and anxiety, 
and reviewing three different use cases for HRVB exercises 
(as a routine well-being practice, in preparation for a chal-
lenge, and in response to a challenge); (Call 3) Deconstruct-
ing stress responses by evaluating situation, physiological 
response, thoughts, emotions, and behavior; and (Call 4) 
Managing difficult emotions using the RAIN (Recognize, 
Allow, Investigate, Non-Identify) mindfulness strategy 
(Brach, 2020). A study termination call conducted at the end 
of week 8 provided participants the opportunity to reflect 
on their experience being in the study, and share feedback.

HRV and HRV Biofeedback Equipment

We utilized the Lief Smart Patch to collect heart rate, HRV, 
and accelerometer data through continuous monitoring. The 
Lief Smart Patch uses ECG technology to measure HRV 
and deliver HRVB. The Lief Smart Patch was the optimal 
choice to investigate our research questions, since no other 
device available to consumers offers a combination of the 
following characteristics: (1) Ability to wear continuously 
throughout the day; (2) Ability to deliver HRV biofeedback 
in the moment; (3) Discreet form factor; and (4) ECG-based 
measurement of HRV, which is more accurate, especially in 
ambulatory settings, compared to PPG-based measurement. 
For example, while another wearable device, the HeartMath 
ear clip, also delivers HRV biofeedback, it uses PPG rather 
than ECG technology, and is not discreet enough to wear 
throughout the day, since it is conspicuously clipped to the 
ear.

The Lief Smart Patch is worn on the torso underneath 
clothing and uses vibration feedback to unobtrusively deliver 
HRVB exercises (see Appendix B for correct placement 
of the Lief Smart Patch and ECG stickers on the torso). 
Lief’s novel beat-to-beat HRVB protocol (U.S. Patent No. 
969,952,8B2) offers real-time, discreet HRVB by giving the 
user vibration feedback during a specific portion of the RSA. 
This representation of the RSA amplitude is also mirrored 
within the accompanying Lief smartphone app, where the 
user can visualize their heart rate in a constantly updating 
time series. Rather than creating resonance frequency, the 
Lief Smart Patch serves as a continual biofeedback mecha-
nism to achieve peak valley differences (i.e., maximum 
RSA).

The Lief Smart Patch delivers HRVB by initiating vibra-
tion feedback when the user’s heart rate begins to drop. Dur-
ing this time, the user is cued to exhale by the Lief app. 
When the user’s heart rate begins accelerating again, the 
algorithm turns the vibration off, and the Lief app cues the 

Table 1   Participant 
demographics (N = 14)

GAD 2 Intake Generalized Anx-
iety Disorder-2 Intake Scores

n (%)

Gender
 Female 9 64
 Male 5 36

Age (years)
 24–29 5 36
 30–35 3 21
 36–41 5 36
 42–47 1 7

GAD-2 Intake
 3 2 14
 4 4 29
 5 5 36
 6 3 21



352	 Applied Psychophysiology and Biofeedback (2021) 46:347–358

1 3

user to inhale. The vibration-led breathing pattern is com-
plemented by a visualization of the user’s RSA depicted in 
the form of a dynamic heart rate graph in the Lief app. This 
allows the user to observe the amplitude of the RSA created 
by their breathing pattern during the 3-min HRVB exercise.

The training objective of the Lief Smart Patch’s algorithm 
is to maximally increase RSA by presenting the user with 
the amplitude of their RSA with each breath, as indicated 
by the length of the vibration, or visually in the app with the 
heart rate graph. After the 3-min HRV biofeedback exercise 
is complete, the user is presented with their session sum-
mary data. This summary captures the user’s initial HRV, 
calculated as the mean of the initial 30 s of their baseline 
HRV data; the final HRV, calculated as the mean of the final 
30 s of their session; and the change in HRV over the course 
of the 3-min exercise. Both pre and post HRV measurements 
are calculated using the RMSSD algorithm.

Data from the Lief Smart Patch was remotely uploaded to 
a secure cloud server and web-based dashboard that tracks 
adherence to HRVB exercises, HRVB training efficacy, and 
self-reported symptoms of anxiety and depression. The Lief 
Smart Patch’s data syncs with participants’ smartphones via 
Bluetooth Low Energy, then is sent over encrypted commu-
nication channels to Lief Therapeutics’ HIPAA-compliant 
cloud server. Participants’ access to a smart phone was 
essential, as it enabled users to download the accompany-
ing Lief app, access real-time visual guidance while par-
ticipating in HRVB, complete the GAD-2 and PHQ-2 every 
2 weeks, and build self-awareness by observing their HRV 
data and RSA in real-time.

Questionnaires

Generalized Anxiety Disorder (GAD‑2)

The GAD-2 is a brief screening tool that can be used to 
assess symptoms of anxiety (Kroenke et al., 2007). The 
GAD-2 consists of the first two questions from the GAD-
7. Respondents are asked to rate two items on a four-point 
Likert scale ranging from “not at all” (0) to “nearly every 
day” (3): “Over the last 2 weeks, how often have you been 
bothered by the following problems: (1) Feeling nervous, 
anxious or on edge; (2) Not being able to stop or control 
worrying.” Possible final scores range from 0 to 6, with a 
GAD-2 score of ≥ 3 shown to have a sensitivity of 86% and 
a specificity of 83% for indicating GAD (Kroenke et al., 
2007). The cutoff score of ≥ 3 provided a moderately high 
balance of sensitivity and specificity in comparison to other 
cut-off points (Plummer et al., 2016).

Patient Health Questionnaire (PHQ‑2)

The PHQ-2 is a brief screening tool that can be used to 
assess symptoms of depression (Kroenke et al., 2003; Löwe 
et al., 2005). Studies have validated the PHQ-2 for individu-
als aged 12 years and older across multiple population and 
cultural settings (Manea et al., 2016). The PHQ-2 consists 
of the first two questions of the Patient Health Question-
naire-9 (PHQ-9), which target core symptoms of depres-
sion, depressed mood and anhedonia over the past 2 weeks 
(American Psychological Association, 2020). Respondents 
are asked to rate two items on a four-point Likert scale 
ranging from “not at all” (score = 0) to “nearly every day” 
(score = 3): “Over the last 2 weeks, how often have you been 
bothered by the following problems: (1) Little interest or 
pleasure in doing things; (2) Feeling down, depressed or 
hopeless.” Possible final scores range from 0 to 6, with a 
PHQ-2 score ≥ 3 shown to have a sensitivity of 83% and a 
specificity of 92% for indicating major depression (Kroenke 
et al., 2003).

Statistical Analysis

The statistical analysis of data was performed with SPSS 
v.26. After assessment of assumptions, a one-way ANOVA 
with repeated measures was used to assess the change in the 
GAD-2 and PHQ-2 over time. Pre-post change was meas-
ured by a paired (two tailed) t-test.

Results

All participants completed their biweekly stress management 
coaching sessions on the phone and filled out the biweekly 
GAD-2 and PHQ-2 questionnaires. The majority of partici-
pants (86%) wore their Lief Smart Patch and completed at 
least one 3-min HRVB exercise on at least 40 out of 56 days. 
However, less than half of participants (43%) completed 
three or more 3-min HRVB exercises on at least 40 out of 
56 days. There were no significant differences in age, gender, 
intake GAD-2 or PHQ-2 scores between the completers and 
drop-outs. See Table 2 for descriptive statistics.

The main effect of time was significant (F(5,60) = 14.84, 
p < 0.001, ἠ2 = 0.55). Over the course of 8 weeks, partici-
pants’ mean GAD-2 score dropped three points from 4.6 
(SD = 1.0) to 1.7 (SD = 0.7) out of 6. The paired t-test for 
this decrease was (t(13) = 11.0, p < 0.001, η2 = 0.90), with 
only 14% of subjects remaining over the clinical threshold 
of anxiety, defined as a GAD-2 score of three or higher, by 
the end of the study. The clear and constant drop in mean 
anxiety levels from week 1 to week 8 of the study is depicted 
in Fig. 1.
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Similar results were seen for the PHQ-2 depression scale. 
The main effect for time was significant (F(5,55) = 5.25, 
p < 0.001, ἠ2 = 0.32). The paired t-test comparing intake 
(Mean = 2.93, SD = 1.14) with time 5 (Mean = 1.29, 
SD = 1.90) was (t(13) = 3.54, p < 0.01, η2 = 0.49).

Finally, analysis of over 2700 doses performed during the 
study showed that study participants on average increased 
their HRV by + 11.4 ms for RMSSD during a 3-min dose 
of Lief’s HRVB. No relationship between RMSSD change, 
total practice minutes, and symptom improvement was seen.

Discussion

Our study contributes to the emerging evidence supporting 
self-directed HRVB (Van Der Zwan et al., 2015), and illus-
trates the potential advantages of utilizing a discreet, continu-
ously wearable HRVB device and remote stress management 
coach to help manage symptoms of anxiety. Our goals were 
to: (1) Assess compliance to a continuously wearable patch 
that measures HRV and delivers HRVB, (2) validate efficacy 

in reducing symptoms of anxiety, and (3) validate efficacy 
in generating significant increases in HRV pre-post biofeed-
back session. Participants’ compliance to the study, reduc-
tion in symptoms of anxiety over the course of 8 weeks, and 
increased HRV pre-post dose supports the efficacy of HRVB 
wearable technology. Furthermore, although it was not a key 
research question, our results indicate that the study inter-
vention could help reduce symptoms of depression as well.

These findings have positive implications for expand-
ing access to tele-mental health care tools and support for 
those would benefit from a discreet, flexible option that they 
can engage with on a daily, as-needed basis. Particularly 
for individuals who live in a mental health professional 
shortage area, or are reluctant to pursue more traditional, 
in-person forms of mental health care due to stigma (Rüsch 
et al., 2011), mental health care delivered through a HRVB 
wearable and remote stress management coach may be an 
attractive alternative option.

The 18% attrition rate from the initial enrollment, as well 
as the minority number of participants who completed 100% 
of the pilot study requirements highlights the importance of 
prioritizing engagement when developing a program around 
an HRVB wearable device. This engagement could come 
in the form of one-on-one coaching, as well as AI-assisted 
communication functions that encourage the wearer to main-
tain consistent adherence. In the future, value based systems 
in compliance with mental health parity laws may create 
incentives for attaining skills, like HRVB, which can help 
improve the overall mental health trajectory. Such incentives 
will likely motivate patients to adhere to HRVB training, 
especially if motivated by the positive feedback loop of see-
ing their objective biomarker data improve (Gharbo, 2020).

Limitations

The main limitations of this study are the small sample 
size, and the lack of a control group. As a result, we cannot 
draw causal inferences about the effects. Greater depth of 

Table 2   Means and standard deviations for participants’ GAD-2 and PHQ-2 scores

GAD Generalized Anxiety Disorder-2, PHQ Patient Health Questionnaire-2

GAD Intake GAD 1 GAD 2 GAD 3 GAD 4 GAD 5

Mean 4.64 2.64 2.76 2.35 2.21 1.71
N 14 14 13 14 14 14
SD 1.00 1.21 1.01 0.93 1.19 0.73

PHQ Intake PHQ I PHQ 2 PHQ 3 PHQ 4 PHQ 5

Mean 2.93 1.86 1.62 1.54 1.08 1.29
N 14 14 13 13 13 14
SD 1.14 1.35 1.33 1.61 1.71 1.90

Fig. 1   Mean GAD-2 scores across 6 time points
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outcome assessment would strengthen the design. A future 
study should investigate the impact of HRVB and stress 
management coaching using a randomized controlled 
trial to compare effect sizes and explore the different 
outcomes between four participant groups that are demo-
graphically representative of the general population: those 
who receive both HRVB and stress management coach-
ing, those who engage in HRVB only, those who receive 
stress management coaching only, and a control group that 
doesn’t engage in HRVB or receive stress management 
coaching. Even though epidemiological data indicates that 
women are twice as likely to be affected by anxiety than 
men (Remes et al., 2016), this trend may change as the 
stigma of mental illness lessens, and men are diagnosed 
and treated more over time.

Our study examined whether the treatment protocol 
could help reduce symptoms of anxiety outside a clinical 
environment. As a result, we utilized the GAD-2 instead of 
the GAD-7, since we were not aiming to diagnose mental 
disorders outside of a medical office. Instead, we wanted to 
show how symptoms of anxiety could be addressed outside 
the clinic environment, and without the supervision of a 
medically trained specialist. Future studies could further 
isolate the effects of this study’s treatment protocol on 
specific diagnosed anxiety disorders. In order to do so, 
we recommend using the GAD-7 instead of the GAD-2 to 
establish a more reliable diagnosis of anxiety that offers 
improved sensitivity and specificity. In addition, such 
studies could be conducted in collaboration with a mental 
health clinic to investigate the uses of a remote HRVB 
program when incorporated with treatment from a medi-
cal professional.

Conclusion

The Mental Health Care Parity Law of 2008 requires 
insurers to treat physical and behavioral health equally. 
Unfortunately, it has been largely ignored. An illustrative 
example is the successful class action lawsuit against Kai-
ser Permanente (Mental Health Weekly, 2018) for illegally 
denying patients appropriate mental health care in a timely 
manner due to consistent shortages in behavioral health 
care providers. Wearable technology that utilizes remote 
monitoring and telehealth could help alleviate this ongo-
ing issue.

A discreet wearable device that measures HRV in real 
time and can deliver HRVB throughout the day could poten-
tially be an effective, affordable adjunct therapy for anxiety 

when delivered under the guidance of a stress management 
coach, therapist, psychologist, or other qualified behavioral 
health care specialist. Notably, our study demonstrated effi-
cacy outside of a specialized mental health center or aca-
demic center, which has positive implications for extending 
care teams outside the clinic.

The findings from our study support the execution of a 
larger investigation into the topic of how mental health pro-
viders may be able to use such technology to benefit their 
patient populations.

HRVB remote monitoring paired with specialty mental 
health services has enormous potential, and may be particu-
larly appealing for patients interested in non-pharmacolog-
ical mental health treatment options. Our preliminary find-
ings indicate that remotely delivered, low-dose biofeedback 
can be incorporated into daily life to help reduce symptoms 
of anxiety, outside of a clinical setting. Health and well-
ness coaches could deploy wearable HRVB devices like the 
Lief Smart Patch to help their clients, giving them access 
to efficacious, remotely accessible tools without requiring a 
medical appointment.

Traditional biofeedback treatment is resource intense, 
typically limited to a few specialists within mental health. In 
contrast, HRVB principles can be quickly learned by health 
care providers, as well as by health and wellness coaches, 
allowing them to utilize remote HRVB when delivering care 
and teaching these durable skills to the patient. Wearable 
devices place mutual responsibility on the patient to allow 
for ongoing support, while encouraging daily compliance to 
ensure individuals do not slip through the cracks.

Finally, this study took place prior to the onset of COVID-
19. Since COVID-19, access to in-person treatment has 
become more difficult, and many mental health practices that 
provided once a week HRVB treatment are no longer able to 
do so. This unusual scenario limiting in person interactions 
demonstrated that remote technology for HRVB is not just a 
good option to have available, but also a necessity. Overall, 
the paradigm featured in our pilot study has the potential to 
reduce symptoms of anxiety without using pharmacological 
treatments, and the potential to benefit millions of individu-
als across the globe.

Appendix A

See Fig 2.
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Appendix B

See Fig 3.
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