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Positive Emotion Correlates with Higher Heart Rate Variability in 
Healthy College Students: Implications for Improving Mental Health 
with Heart Rate Biofeedback Training

BARBARA B. OSWALD1 and JASON ABRAM

ABSTRACT. Research demonstrates the negative relationship between heart rate variability (HRV) and  
emotion, where lower HRV correlates with emotional and mental health concerns including depression,  
anxiety, PTSD, addiction, and more. However, little empirical work has examined the relationship between 
HRV and positive emotion. Adding evidence to the literature that high HRV correlates with positive 
emotions supports the utility of HRV biofeedback training to promote positive mental health states. Healthy 
undergraduate students (N = 16) self-reported emotions via the Oxford Happiness Questionnaire (OHQ), 
State Trait Anxiety Inventory (STAI), and Positive and Negative Affect Schedule (PANAS). Heart rate was 
recorded through three surface electrodes in individual 5-minute sessions using BIOPAC. HRV time-domain 
and frequency-domain parameters were extracted including the standard deviation of the normalized R-R 
interbeat intervals of the heart (SDNN), and power estimates of heartbeat rhythms including low frequency 
(LF), high frequency (HF), and the LF/HF ratio. Results revealed no significant differences in frequency domain 
measures of HRV but replicated previous research demonstrated significant negative correlations between 
STAI scores and the time-domain HRV measure of SDNN. Further, the present research found positive 
correlations between SDNN and happiness as measured by the OHQ, and positive emotion questions on  
the PANAS. These results extend the current literature to confirm that higher HRV correlates with higher 
positive emotions and happiness and support the utility of HRV biofeedback training as a non-invasive 
means of increasing happiness and positive mental health.
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Recording heart rate (HR) with electrocardiogram 
(ECG) is a noninvasive measure that can be used 
to assess psychological function (Applehans & 
Leuken 2006; Berntson et al. 1997; Berntson & 
Cacciopo 2004). While the absolute value of HR 
in the number of beats per minute (BPM) of the 
heart does not reveal much about psychological 
function, components of HR, like heart rate 
variability (HRV), can be extracted that represent 
both physiological and psychological health. HRV 
measures the variability in interbeat intervals (IBIs), 
the length of time between beats of the heart. 
Variability in IBI allows the heart to function more 
efficiently, based on immediate physiological and 
psychological needs. Not surprisingly, high HRV 
indicates heart health, as the heart is able to more 
appropriately regulate itself to provide more beats/
blood flow to the body when needed, and more rest 
when not needed. HRV is believed to represent the 

interface of the sympathetic and parasympathetic 
nervous systems, with sympathetic nervous system 
activation increasing HR and decreasing IBI, and 
parasympathetic nervous system decreasing HR 
and increasing IBI (Applehans & Leuken 2006; 
Berntson et al. 1997). Greater variability in these 
heart rate changes—HRV—indicates greater 
responsivity to internal and external cues. Low 
HRV represents lower responsivity and indicates 
poor heart health and risk for cardiovascular disease 
(Curtis & O’Keefe 2002).

In addition to physical cardiovascular function, 
HRV has been linked to psychological function 
and mental health, where high HRV is linked 
to greater attention and cognitive efficiency and 
decreased mental health concerns, and low HRV 
is linked to lower behavioral flexibility and poorer 
psychological health (e.g., Applehans & Leuken 
2006; Berntson et al. 1997; Howell & Hamilton 
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2022; Kemp et  al. 2010; etc.). For example, in 
an early review of the literature, Applehans and 
Leukens (2006) described multiple studies that 
found lower HRV in patients with varied mental 
health concerns including unipolar and bipolar 
depression, generalized anxiety and other anxiety 
disorders, low coping to a fear stimulus, and low 
cognitive flexibility. Many of these studies measured 
root mean square of successive differences between 
normal heartbeats (RMSDD), an indicator of 
parasympathetic innervation of the heart. More 
recent reviews by others (e.g., Bassett 2016; Kemp 
et  al. 2010) confirmed the relationship between 
low HRV and unipolar and bipolar depression. 
Interestingly, depression is a known risk factor for 
impaired cardiac health (Berntson & Cacioppo 
2004), possibly due to its link with low HRV.

As low HRV is a known correlation of depression, 
studies have looked at the effects of HRV biofeedback 
on major depressive disorder. An early open-label 
study found that HRV biofeedback was effective at 
increasing SDNN, LF, and HF indices of HRV in 
a chronic fashion, and that patients who displayed 
these increases in HRV significantly decreased their 
depressive symptoms with a very large effect size 
of d = 3.6 (Karavidas et  al. 2007). The authors 
compared this to the effect size of d = .51 reported 
by Kahn et al. in 2005, who conducted a meta-
analysis of antidepressant medication. These results 
offered encouragement for HRV biofeedback as a 
non-invasive adjunctive treatment for depression, 
especially in patients where medication might not 
be tolerated. More recent research corroborates 
these findings of the efficacy of HRV biofeedback in 
treating major depressive disorder (e.g., Caldwell & 
Steffan 2018; Economides et al. 2020; Fernandez-
Alvarez et al. 2022; Kopka 2023; Seipmann et al. 
2008). In a meta-analysis of 58 studies, Lehrer and 
colleagues (2021) found that HRV biofeedback, 
regardless of time or number of sessions, 
improved symptoms of depression as well as other  
treatments, and with a moderate effect size.

Other studies have examined the role of HRV 
and other mental health concerns like PTSD (e.g., 
Perna et al., 2020) and addiction (e.g., Eddie et al. 
2014). For example, Pyne and colleagues (2016) 
found that low HRV predicted vulnerability to 
PTSD. In this study, 343 Air National Guard 
soldiers were evaluated prior to deployment on HF 
and standard deviation of IBIs of normal heartbeats 

(SDNN) characteristics of HRV and the PTSD 
Checklist-Military version (PCM). Soldiers were 
evaluated again on the PCM post-deployment. 
While SDNN was not found to predict post-
deployment PTSD, low HF HRV did predict higher 
levels of PTSD scores in both pre-deployment and 
post-deployment. HF HRV is another index of 
parasympathetic activity upon the heart, mediated 
by the vagus nerve, so that low HF would indicate 
poor sensitivity to parasympathetic activation, or 
an inability to slow autonomic processes when 
appropriate. With evidence that PTSD was 
correlated with low HRV, Tan and colleagues (2014) 
gave HRV biofeedback training to 18 combat 
veterans with PTSD. In this study, veterans both 
with and without PTSD were enrolled in 6 weeks 
of HRV biofeedback training. Participants were 
measured on the PCM pre- and post-HRV training. 
Veterans who successfully learned to increase HRV 
through biofeedback training scored significantly 
lower on the PCM compared to those who did not 
receive biofeedback training or in those unsuccessful 
with the training. This effect was corroborated in 
Ginsberg and Fogo (2014), who reported the final 
results of a larger-scale study that included the 
veterans from the Tan et al. (2013) study. The final 
groups included 61 veterans with PTSD compared 
to 15 non-PTSD veterans. Veterans who learned to 
increase HRV through biofeedback after the 6-week 
training sessions showed decreased symptoms of 
PTSD and depression, with concomitant increases 
in measures of “general mental health” (p. 145). 
Together, these studies emphasize the protective 
effects of high HRV against PTSD.

A negative relationship with HRV has also been 
found in studies of addiction. Ralevski et al. (2019) 
reviewed 33 studies and found that alcohol drinkers 
with higher resting HRV were less susceptible to 
alcohol use disorder, and that those with lower HRV 
were more prone to excessive drinking. However, the 
relationship between HRV and alcohol use disorder 
(AUD) is difficult to examine, since chronic excessive 
drinking has negative effects on cardiac function 
that decrease HRV, making it difficult to ascertain if 
HRV was low prior to the development of an AUD, 
or the result of an AUD. Indeed, Ralevski et al. also 
looked at a small number of studies investigating 
HRV on craving and relapse and found that higher 
rates of HF HRV were associated with higher levels 
of craving and relapse, an effect opposite to that 



OHIO JOURNAL OF SCIENCE	 B. OSWALD AND J. ABRAM	 7

which would be expected if low HRV is related to 
addiction. These results are also opposite to those 
found by Eddie et al. (2023; 2014), who found 
that low HRV was correlated with craving and 
relapse in 21 participants with a substance abuse 
disorder generally defined, and also that 3 sessions 
of HRV biofeedback training to increase HRV 
decreased these effects (Eddie et al. 2014). More 
recent research by this group (Eddie et al. 2023) 
found that 42 patients with AUD exhibited greater 
increases in HRV with longer periods of abstinence 
and further noted that baseline HRV could be used 
as a predictor of treatment success. Interestingly, 
research on internet and gaming addiction (e.g., 
Moretta et al. 2019) and nicotine addiction (Yuskel 
et al. 2016) also support the findings that low HRV 
correlates with higher levels of addiction. Together 
these results suggest that HRV could potentially 
serve as a biomarker for AUD and other addictions, 
as well as susceptibility to craving and relapse, and 
that HRV biofeedback training could be useful as 
a prevention or treatment tool for AUD and other 
substance use disorders and addictions.

While ample previous literature demonstrates 
a negative association between mental health and 
HRV (e.g., Applehans & Leuken 2016; Eddie 
et al. 2014; Lehrer et al. 2007), limited research 
shows the benefits of positive mental health on 
HRV. The purpose of the present study was to 
determine whether there was a positive relationship 
between HRV and positive emotions such as 
happiness. Insights gained from this research can 
provide information on how positive emotions 
may influence psychological well-being via the 
autonomic nervous system and can continue to lend 
credibility to the use of HRV biofeedback training 
in the treatment of psychological disorders.

The hypothesis of the study is that participants 
with higher HRV would self-report higher levels 
of positive emotion including happiness. To 
ensure the measures we used in the present study  
were valid with the existing literature indicating 
the negative relationship between HRV and mental 
health (e.g., Applehans & Leuken 2016; Eddie 
et al. 2014; Myllenyva et al. 2015; Pyne et al. 2016; 
Tan et al. 2013; Yuskel et al. 2016), the present 
study also evaluated the relationship between HRV  
and negative emotions including state anxiety and 
depression. We predicted negative correlations 
between HRV and negative emotion.

METHOD
Participants

Participants were recruited from an undergraduate 
course on psychophysiology. All ethical guidelines 
were followed when conducting this research, and 
this study was approved by the Miami University 
Institutional Review Board for Human Subjects 
Protections (IRB), based on the rules included in 
federal regulation 45  CFR 46 and the Belmont 
Principles. All participants were over the age of 18 
who offered informed consent prior to participating 
and were compensated with class credit. A total of 
20 students (4 males) offered informed consent. 
HRV data was lost from one participant, and data 
from another three participants were excluded after 
self-reporting a heart condition that could interfere 
with HRV interpretation, leaving N = 16 (2 males) 
included in the analyses. Participants ranged in age 
from 20–27 years (M = 23.06 ± 1.95).

Materials
BIOPAC. BIOPAC MP45 (Goletta, CA) psy-

chophysiological recording hardware and software 
was used to measure short-term (5-minutes) HRV 
via ECG recordings. Three EL503 self-sticking 
surface electrodes were attached using BIOPAC 
recommended parameters based on Einthoven’s 
triangle. Data extracted included both time- 
domain and frequency-domain measures. For  
time domain, the standard deviation of the IBIs  
for all normalized sinus beats (SDNN) was mea-
sured in seconds. To assess frequency domain, wave 
forms in the low frequency band (0.04–0.15 Hz), 
believed to measure sympathetic activity, and 
high frequency band (0.15–0.40 Hz), believed to 
measure parasympathetic activity (Berntson et al., 
1997; Shaffer & Ginsberg, 2017), along with the 
LF/HF ratio were collected. In the short-term 
5-minute recordings, LF/HF ratio likely represents 
parasympathetic and baroreflex activity rather than 
sympathetic or sympathetic-vagal balance (Shaffer 
& Ginsberg 2017).

OHQ. The Oxford Happiness Questionnaire 
(OHQ) measured self-report ratings of happiness 
(Hills & Argyle, 2002). The OHQ is a 29-item 
questionnaire rated on a six-point Likert scale 
where 1 = strongly disagree and 6 = strongly agree. 
Examples include, “I feel that my life is rewarding” 
and “I don’t have fun with other people,” with  
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12 of the 29 items reverse-coded so that higher 
total scores indicate higher happiness.

STAI. The Short-Form State-Trait Anxiety Inven-
tory (STAI) was used to assess current anxiety levels 
(Marteau & Bekker 1992). The STAI has six items 
rated on a four-point Likert scale (1 = not at all, 
4 = very much), with three items reversed scored. 
Items on the scale include things like “I feel calm” 
and “I feel upset.” Higher STAI scores represent 
higher anxiety levels.

PANAS. The Positive and Negative Affect Scale 
(PANAS; Watson et al. 1988) measures positive and 
negative emotion. The PANAS includes 20 items, 
with half representing positive emotions, and half 
representing negative emotions. Participants rate 
how often they feel the emotion indicated on a 
five-point Likert scale (1 = never, 5 = always). 
Positive scale items include “excited” and “inspired.” 
Negative scale items include words such as “jittery” 
and “ashamed.” The positive and negative affect 
scale items are summed independently of one an-
other. Higher positive affect scores indicate higher  
positive emotion, higher negative affect scores 
indicate higher negative emotion.

Procedure
After providing informed consent, participants 

were asked during a regular class period to complete 
a packet that included surveys for the OHQ, STAI, 
and PANAS, followed by a demographics form. 
Beginning the next class period and continuing 
each class period for three weeks, participants each 
completed one session of HRV data collection. 
During data collection, participants were seated one 
at a time in an upright position while electrodes were 
placed using BIOPAC recommended parameters. 
Electrodes were connected to the BIOPAC system 
and participants remained seated and relaxed with 
eyes closed for five minutes prior to the start of 

data collection. After five minutes, an experimenter 
began data collection through the BIOPAC 
software, and heart rate was recorded for 5 minutes. 
After these 5 minutes, participants were thanked 
for their cooperation and the experiment ended.

Data Analysis
IBM SPSS Version 25 (IBM Corp., Amoyk, NY) 

was used for statistical analysis. Separate Pearson 
Product Moment Correlations evaluated the 
relationship between each of the HRV parameters 
(e.g., SDNN, LF, HF, and the LF/HF ratio) and 
scores on the OHQ, PANAS, and STAI.

RESULTS
The present study predicted that participants 

who self-reported higher levels of happiness and 
positive emotion would exhibit higher HRV. HRV 
was evaluated using four parameters: SDNN, LF, 
HF, and the LF/HF ratio (see Table 1).

On the dependent variable of happiness, results 
revealed a significant positive correlation between 
SDNN and scores on the OHQ, r(14)  =  .520,  
p = .020, r2 = .04, though we note the effect size here 
is quite small. LF, HF, and the LF/HF ratio were not 
correlated with happiness (all p’s > .05). Although 
the relationship was positive between SDNN and 
positive emotion as measured by the PANAS, no 
significant correlations were found between any 
HRV parameters and either positive or negative 
PANAS scores (all p’s > .05). On the dependent 
variables of anxiety and negative emotion, results 
revealed a significant, negative correlation between 
SDNN and anxiety as measured by the STAI, 
r (14) = −.721, p = .001, r2 = .52. None of the other 
HRV parameters were correlated with anxiety or 
negative affect as measured by the PANAS (all  
p’s > .05).

Table 1
Mean (±SD) values for variables  

in the present study.

SDNN* LF** HF** LF/HF** OHQ STAI PANAS 
(Positive)

PANAS 
(Negative)

Mean 
(±SD)

.054
(.02)

.446
(.19)

.553
(1.04)

3.98
(.833)

3.98+
(.833)

46.25++
(17.68)

28.00 
(17.94)

17.94
(26.88)

Note. *in seconds (sec). **in Hertz (Hz). +significant positive correlation with SDNN. ++significant negative 
correlation with SDNN.
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DISCUSSION
The results of the present study demonstrate 

that higher baseline HRV is related to higher levels  
of positive emotion. There is a statistically significant 
positive relationship between SDNN, a reliable and 
straight-forward time-domain index of HRV that 
measures the true variation in interbeat intervals 
of the heart, and higher levels of self-reported 
happiness on the OHQ and positive emotion on 
the PANAS. Importantly, the present study also 
found a significant negative relationship between 
SDNN and state anxiety as measured by the 
STAI, which agrees with published literature (e.g., 
Mertens et al. 2017; Prinsloo et al. 2013; Shinba 
et al. 2008). Together these findings indicate that 
the methodology was valid and add to the current 
body of literature demonstrating the relationship 
between HRV and mental health (e.g., Bassett 
2016; Berntson & Cacioppo 2004; Karavidas 
et al. 2007; Yuskel et al. 2016). While there were 
no relationships between positive or negative 
emotion and the frequency-domain measures of  
LF, HF, and the LF/HF ratio, these measures 
are harder to interpret, as they indicate levels of 
sympathetic and parasympathetic input to the 
heart, and may be the result of the brief 5-minute 
recording interval (e.g., Shaffer & Ginsberg 2017). 
The findings that SDNN is higher in positive 
emotion lend support to the use of HRV biofeedback 
training to increase happiness and positive affect, 
and possibly as a treatment for mental health 
conditions.

For example, research shows that HRV 
biofeedback can be even more effective than 
antidepressant medication in mildly and severely 
depressed adults (Lehrer et al. 2007). More recent 
research by this group and others confirms that HRV 
biofeedback can decrease symptoms of depression 
(Economides et al. 2020; Fernandez-Alvarez et al. 
2022; Kemp et al. 2010; Kopka 2023; Seipmann 
et al. 2008). These results suggest that these effects 
may be because increased HRV is increasing feelings 
of happiness and positive affect. Similarly, studies of  
PTSD and addiction note lower HRV correlates 
with higher rates of PTSD (Tan et al. 2013; Pyne 
et al. 2016), substance abuse disorder (Eddie et al. 
2014), internet and gaming addiction (Moretta 
et al. 2019), and craving and relapse (Eddie et al. 
2023; Ralivesky et al. 2019), all effects that can be 
slowed or reversed with successful HRV biofeedback 

training. Similar to these past studies, the results 
of the present study suggest that increased HRV 
is associated with more positive mood states and 
greater happiness, which could decrease tendencies 
towards addiction and PTSD.

One limitation of this study is that the sample size 
is small and made up of only undergraduate students. 
Future studies should strive to obtain larger, more 
diverse samples to draw general conclusions about 
the relationship between HRV and happiness. 
Another limitation is that HRV may be a more 
reliable indicator of negative affective states than 
positive (Gullett et al. 2023). Nonetheless, Gullett 
and colleagues note the importance of additional 
research on HRV in positive states to determine 
differences in sympathetic and parasympathetic 
inputs for negative and positive affect. To this 
end, the present study compared baseline SDNN, 
LF, HF, and the LF/HF ratio of HRV on positive 
(happiness, positive mood questions on the PANAS) 
and negative (STAI and negative mood questions 
on the PANAS) and offers additional information 
regarding differences in HRV on these mood states. 
Results reveal significantly higher SDNN in positive 
emotions and lower in negative, with no significant 
differences in baseline frequency-domain measures 
of LF, HF, and the LF/HF ratio.

Another limitation of the present study was that 
HRV recordings were only five minutes. While this 
is typical in literature (e.g., Yuskel et al. 2016), more 
accurate HRV measurements could be obtained 
through longer recordings. Indeed, the present study 
found significant correlations between happiness and 
anxiety using the time-domain measure of SDNN 
but did not find significant relationships between 
frequency-domain measures of HRV including LF, 
HF, and the LF/HF ratio. These results are due to 
the short-term 5-minute recordings employed in the 
present study. As indicated by Shaffer & Ginsberg 
(2017), short-term 5-min HR recordings are good 
for assessing time-domain measures of HRV, but 
they may not offer valid measures of sympathetic 
nervous system activity indicated by LF or the LF/
HF ratio. Instead, short-term LF may be measuring 
baroreflex activity, which may not be indicative 
of cognitive or emotional function at all. Other 
research has also found frequency-domain measures 
in the direction opposite to that predicted, and 
cautions against using LF, HF, or the LF/HF ratio 
alone to try to make predictions about sympathetic 
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and parasympathetic control (von Rosenberg et al. 
2017). To that point, longer heart rate recordings 
should yield more accurate measurements of HRV. 
For example, Zohar, Cloninger, and Mccraty, (2013) 
utilized portable HR recording devices that allowed 
for mobile outpatient recording for 24  hours. 
These long recording periods likely produce more 
authentic and reliable measures of HRV, as they 
include HRV during a host of daily activities such 
as sleep, stress, excitement, etc.

Future research should continue to evaluate 
the relationship between mental health and HRV, 
specifically happiness and positive emotion. Adding 
additional tests of happiness and positive emotion 
including altruism, personal responsibility, positive 
affect, and personality traits such as extraversion 
and openness could shed additional light on the 
involvement of HRV in positive emotion.

CONCLUSIONS
The present study examined the correlation 

between HRV and positive emotions including 
happiness. Historically, HRV has been studied in 
negative emotion (e.g., Appelhans, & Luecken 
2006; Bassett 2016; Yuskel et  al. 2014). The 
present study replicated previous research by 
finding a significant negative relationship between 
state-trait anxiety and HRV. This study further 
extends the literature by demonstrating that higher 
baseline HRV is positively related to happiness and  
positive emotion. Given the relationship between 
HRV and the autonomic nervous system (ANS), 
these results suggest that the happier a person  
is, the better their ANS is regulating the body’s state 
of well-being via the cardiac system in response to 
internal and external stimuli. People with higher 
HRV may be more likely to adapt to life stressors, 
and less likely to experience negative mental health 
outcomes including depression, PTSD, and adverse 
effects from stress. These findings demonstrating 
that higher HRV is linked to more positive emotion 
lend additional credibility to the use of HRV 
biofeedback as a non-invasive, independent, and 
inexpensive means to increase happiness and to 
treat mental health conditions.
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