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Abstract
Introduction. Heart rate variability (HRV) is considered a marker of autonomic nervous system (ANS) function
and a biomarker of interest in evaluating nervous system function following traumatic brain injury. This study
validates prior research with larger sample sizes and proposes a model for establishing baseline HRV reactivity in
healthy participants. Methods. Sixty-two healthy collegiate athletes were recruited for this study. Following
informed consent, they were evaluated supine using the Elite HRV CorSense monitor and platform to record low
frequency/high frequency (LF/HF) ratio and root means square of successive differences (RMSSD) over 5 min. A
bag of ice was placed on their face, then RMSSD and LF/HF ratio were collected over three successive 1-min
intervals. Results. RMSSD was elevated at 1 and 2 min (+47.4 ms, p < .0001; +16.5 ms, p = .014) following face
cooling and fell to baseline at 3 min (+4.6 ms, p = .52). LF/HF ratio decreased following face cooling at 2 and 3
min (change from rest %: 2 min, −33%, p = .007; 3 min, −50%, p = < .0001). Conclusion. The Elite HRV platform
can detect an elevation in RMSSD in the first minute following face cooling with a return to baseline in the second
and third minutes. It can also detect a consistent decrease in LF/HF following face cooling.
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Introduction

2004; Katz-Leurer et al., 2010; Senthinathan et al.,
2017; Vistisen et al., 2014).

Heart rate variability (HRV) is defined as the
fluctuation in time intervals per heartbeat (Shaffer &
Ginsberg, 2017). HRV that is too low reflects
impaired adaptability of the cardiorespiratory system
to stress, whereas HRV that is too high can be
indicative of pathologic states which can confer an
elevated risk of mortality (Stein et al., 2005).
Clinically HRV has been used to evaluate patients
with serious arrhythmias or other high mortality
cardiac conditions to predict cardiac function in
conjunction with other clinical markers (Kleiger et al.,
2005). Of particular interest to sports medicine is
HRV’s role as a marker of autonomic dysfunction in
cases of concussion, as research is demonstrating
HRV could be used to quantitively evaluate
autonomic recovery from brain injury (Gall et al.,
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The term “HRV” refers to a set of data acquired from
a reading that includes RR-intervals, root means
square of successive differences (RMSSD), low
frequency/high frequency (LF/HF) ratio, and many
others (Shaffer & Ginsberg, 2017). RMSSD and the
LF/HF ratio have been shown to be different
between healthy and postconcussion subjects and
so are the focus of this study (Johnson et al., 2018;
Senthinathan et al., 2017). RMSSD reflects the
individual beat-to-beat variances in heart rate over a
measured interval and has been shown to estimate
autonomic nervous system (ANS) effects on HRV
(Shaffer & Ginsberg, 2017). The LF/HF ratio
measures the relative power of the LF and HF bands
in spectral analysis of HRV (Shaffer & Ginsberg,
2017). The LF portion (0.04–0.15 Hz) is controlled
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by both the sympathetic (SNS) and parasympathetic
nervous system (PNS), while the HF portion (0.15–
0.40 Hz) is predominantly controlled by the PNS
alone (Shaffer & Ginsberg, 2017).
Following a concussion, the decision to return to
play is a complicated one made jointly by athletes,
coaches, and clinicians. Current guidelines suggest
return to play is appropriate when symptom scores,
neurologic evaluation, and cognitive activity all
return to baseline (Patricios et al., 2018). Most
adolescent and collegiate athletes recover from an
uncomplicated concussion in 7 to 10 days (Leddy et
al., 2012). Unfortunately, for some athletes,
symptoms may persist after the return to play
decision is made and can possibly progress into
postconcussive syndrome where symptoms prevent
the athlete from playing for months after their injury
(Miranda et al., 2018). Autonomic and vestibular
deficits in particular have been shown to persist in
some athletes even after return to play decisions
have been made (Blake et al., 2016; Collins et al.,
2016; Esterov & Greenwald, 2017). Because HRV is
a reflection of the ANS it can be used as an
objective marker to measure physiologic recovery
especially when there is a baseline prior to injury for
comparison.
One limitation to the use of HRV is the time and
equipment required to collect this data. Raw HRV
data
is
traditionally
collected
using
an
echocardiogram (ECG), then reflected in mathematic
calculations either by hand or with software. Several
products have been commercialized to streamline
this process without a traditional ECG including
chest bands, wristbands, and one-lead finger ECG
scanners. These have been shown to adequately
reflect changes in HRV despite not having the same
accuracy as a traditional ECG (Guzik et al., 2018;
Perrotta et al., 2017).
The device used in this study was the Elite HRV
CorSense monitor. This product is a one-lead ECG
that clips on to the subject’s index finger. The device
is operated via a user-friendly smartphone
application available both on iOS and Android
phones. It is relatively low cost and calculates the
data metrics for HRV within the application giving
the user a readout within a minute once a session is
completed. This eliminates the need for external
software processing. It does not provide a raw
rhythm strip like a traditional ECG. The monitor and
application are highly mobile, allowing for evaluation
away from a medical center.
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Other studies that evaluate the adaptive autonomic
response to stress have used cardiovascular
exercise, resistance training, standing, and
exacerbation of the “diver’s reflex” as possible
stressors (Blake et al., 2016; Gall et al., 2004). The
diver’s reflex is the transient autonomic response to
a cold substance to thermoreceptors located in the
face and hands. Prior studies have shown a
noticeable change in HRV via RMSSD when
comparing the value before, during, and after this
reflex using a traditional three-lead ECG (Johnson et
al., 2018; Leddy et al., 2017; Leddy et al., 2012).
These changes have been appreciable within one
minute of exposure, making it an ideal test to
monitor the ANS response to a stressor rapidly.
This study is the normative arm of a project originally
developed to study athletes before and after
concussion. Due to the COVID-19 pandemic only
normative data is published here because all
athletics were halted at the peak of the pandemic,
which prevented sports-related concussions from
occurring. Nunan et al. (2010) compiled a systematic
review of 44 published articles establishing
normative short-interval HRV data in healthy adults.
These data were primarily collected with three-lead
ECGs or Holter monitoring. The participants in this
study also cover the entire age spectrum and have
disparate baseline levels of physical activity. The
Johnson study discussed above also has sample
size < 20 and focus on females only (Johnson et al.,
2018). This study establishes normative data for
ambulatory short-interval HRV recording in collegeage men and women with high levels of baseline
physical activity using equipment that may be more
accessible than a three-lead ECG or Holter monitor
in an ambulatory setting. These norms may be
useful for athletic trainers, clinicians, or researchers
wishing to assess HRV for training or recovery
purposes with an accessible and fast method (Dong,
2016).
The goal of this study is to evaluate the utility of the
Elite HRV CorSense monitor in detecting a change
from baseline using the diver’s reflex as a stressor.
Our hypothesis is that the diver’s reflex produces a
sympathetic response from the ANS that can be
detected by the RMSSD and LF/HF data in the first
minute and then return to baseline as previously
shown in other studies (Johnson et al., 2018). If an
appreciable difference is detected, this would
provide validity for future studies to use the Elite
HRV CorSense monitor to rapidly measure HRV
rather than a traditional ECG.
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Methods
Participants
Sixty-two participants (35 men and 27 women) from
Western Michigan University (WMU) football,
baseball, softball, basketball, soccer, and volleyball
teams were included in this study (Table 1).
Demographic information was not collected.
Participants were excluded from the study if they
were under the age of 18.

The study protocol was jointly approved by the
Institutional Review Boards (IRBs) at both Western
Michigan University Homer Stryker M.D. School of
Medicine (WMed) and WMU. The target athletes
were asked to participate in the study following their
presports physical in the WMU Health Center. There
was an informed consent process approved by both
boards prior to initiation of the protocol described
below. All participants who opted-in provided written
informed consent and were informed there was no
compensation for participation in this study.

Table 1
Participant Demographic Information
Team
Football

Frequency

Percent

18

29.0

Men’s Baseball

1

1.6

Men’s Basketball

1

1.6

15

24.2

1

1.6

Women’s Soccer

18

29.0

Women’s Softball

2

3.2

Women’s Volleyball

6

9.7

Men’s Soccer
Women’s Basketball

Study Design
This was a cross-sectional study, performed in a
single session with each participant. For the
participants who opted-in, a researcher described
the study, an information sheet was provided, and
written consent was obtained. The researcher then
led the participant through HRV monitoring at rest
and then with face cooling (FC) using an Elite HRV
CorSense monitor.
Protocol
The participants were asked to find a comfortable
position with eyes closed and the Elite HRV
CorSense monitor was placed on the index finger of
the participant’s choice. A 5-min at-rest reading was
recorded, then FC was achieved by placing a pliable
2 L plastic bag of ice on the forehead, eyes, and
cheeks of the participant for a total of three
continuous readings recorded at 1-min intervals.
During recording sessions no additional instruction
was provided for respiratory pattern.
Elite HRV CorSense Monitor
The CorSense HRV monitors were purchased from
the Elite HRV company for use for this project.
Readings were collected through the Elite HRV
application for mobile devices. The RMSSD and
LF/HF data were collected for each reading from the
application. Per the Elite HRV website, the platform
98 | www.neuroregulation.org

Sex

Frequency

Percent

Male

27

43.6

Female

35

56.5

applies the RMSSD calculation to its recorded R-R
intervals via industry standard and defines waves
0.04–0.15 Hz as LF and waves 0.15–0.40 Hz as HF.
Limitations
Demographic information including mental health
about the athletes was not collected, and sex was
inferred from the athletic team of the participant.
There were some technical issues with connecting
CorSense HRV monitors to mobile devices,
sometimes interfering with data collection times.
Much of the detailed information about how Elite
HRV specifically calculates RMSSD and LF/HF is
proprietary information, and any studies this
company has performed verifying the accuracy and
precision of their monitors are not public information.
Statistical Analyses
All data analysis was completed in SAS v9.4 (Cary,
NC). Repeated-measure general linear models
(GLMs) were used to analyze the relationship of the
two outcome measures, RMSSD and LF/HF ratio, to
possible predictors including condition (with four
levels: at rest, first minute, second minute, and third
minute of FC) as well as sex. Sex was tested as a
possible predictor in a model that controlled for
condition. Due to the positive outliers and right-skew
of the LF/HF ratios (Figure 1), the GLM for this
outcome measure used the log transformation,
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which better conformed to the normality assumption
of GLMs. A Bonferroni-adjusted significance level of
0.0167 was used for the tests for change in HRV
from rest at 1, 2, and 3 minutes of FC. In order to
compare our estimates to the reference values for
RMSSD, LF/HF, and Log LF/HF provided by Nunan
et al., we calculated our mean and their mean as a
percentage of their mean and used the standard
deviation they provided in order to calculate a
standardized difference (Table 2; Nunan et al.,
2010).
Ethical Considerations
A research ID was generated for all participants in
order to deidentify their data. All data were entered
into our database using the participant’s research

ID. No coaching or training staff had access to the
participants’ raw or deidentified data.

Results
RMSSD
Time after FC initiation was a significant predictor of
RMSSD (p < .0001, Figure 2). The overall mean
(SD) RMSSD at rest was 91 (6.1) ms. RMSSD
increased to 138.2 (6.1) ms after 1 minute of FC,
then dropping to 107.0 (6.1) ms at 2 minutes of FC,
and dropping again to 94.8 (6.2) ms at 3 minutes of
FC (Table 3). The elevated RMSSD at 1 and 2
minutes of FC were both significant changes from
RMSSD at rest, but not at 3 minutes. Controlling for
time after FC initiation, sex was not found to be a
significant predictor of RMSSD (p = .3).

Table 2
Our Mean RMSSD and LF/HF Ratio for the “At Rest” Condition Compared to the Reference Ranges Outlined in Nunan et al.
(2010)
Our
Nunan Reference
%
Normalized
Nunan Range
Measure
Mean
Mean
Difference
Difference
of Means
RMSSD
91
42
117%
3.3
19–75
LF/HF Ratio
1.5
2.8
−46%
−0.5
1.1–11.6
Log LF/HF Ratio
0.26
0.69
−62%
0.6
−2.14
Figure 1. Distribution of LF/HF Ratio as a Function of
Condition.

Figure 2. Distribution of RMSSD as a Function of
Condition.

Note. “At rest” refers to the 5-min period of rest prior to
face cooling (FC). Each subsequent column refers to the
end of the interval at which data was collected. Therefore,
1 minute FC reflects HRV during 0 to 1 minutes of FC, 2
minutes FC refers to 1 to 2 minutes, and 3 minutes FC
refers to 2 to 3 minutes. Diamond boxes refer to the mean
and open circles are outliers. Table 3 lists LF/HF ratio
changes and their comparisons to rest with statistical
significance.

Note. “At rest” refers to the 5-min period of rest prior to
face cooling (FC). Each subsequent column refers to the
end of the interval at which data was collected. Therefore,
1 minute FC reflects HRV during 0 to 1 minutes of FC, 2
minutes FC refers to 1 to 2 minutes, and 3 minutes FC
refers to 2 to 3 minutes. Diamond boxes refer to the mean
and open circles are outliers. Table 3 lists RMSSD
changes and their comparisons to rest with statistical
significance.
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Table 3
Minute of FC Compared to “At Rest” for RMSSD and Raw
LF/HF
RMSSD
Change
from rest
(ms)

1 minute of FC, 2 minutes FC refers to 1 to 2 minutes, and
3 minutes FC refers to 2 to 3 minutes. Diamond boxes
refer to the mean and open circles are outliers.

LF/HF

p-value

Change
from rest
(%)

Discussion

p-value

Minute 1

47.7

< .0001*

−20

.13*

Minute 2

16.5

.014*

−33

.007*

Minute 3

04.3

.52*

−50

< .0001*

*p < .05

LF/HF
The GLM estimates the mean of the Log LF/HF.
Consequently, the LF/HF mean estimates, obtained
by exponentiating the GLM estimates, represent
geometric means. Time after FC initiation was a
significant predictor of Log LF/HF ratio (p < .0001,
Figure 3). The overall mean LF/HF ratio at rest was
found to be 1.5 (1.1); mean Log LF/HF ratio at rest
was 0.26 (Table 2). LF/HF ratio decreased to 1.04
(1.1) at 1 minute of FC and continued decreasing to
0.88 (1.1) at 2 minutes of FC and 0.65 (1.1) at 3
minutes of FC. The decreased LF/HF ratios at 2 and
3 minutes of FC were both significant changes from
rest, but not at 1 minute. Controlling for time after FC
initiation, sex was not found to be a significant
predictor of Log LF/HF (p = .48).
Figure 3. Distribution of Log LF/HF by Condition.

Note. Logarithmic distribution was used due to positive
outliers and right skew of the raw LF/HF ratio in Figure 2.
Log LF/HF better conformed to the normality assumption
in generalized linear models. “At rest” refers to the 5-min
period of rest prior to face cooling (FC). Each subsequent
column refers to the end of the interval at which data was
collected. Therefore, 1 minute FC reflects HRV during 0 to
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The primary findings from this study were that the
Elite HRV CorSense monitor was able to detect
changes in RMSSD and the LF/HF ratio from rest
over 3 min of FC in healthy athletes. RMSSD
increased from rest with FC at 1 min, then fell back
to baseline at 2 and 3 min. LF/HF ratio steadily
decreased from rest becoming statistically significant
beginning at minute 2 of FC. These findings were
also consistent across sex; male and female
athletes had similar trends in RMSSD and LF/HF
ratio over the 3-min FC interval. These data support
the use of short intervals (1 and 5 min) to monitor
RMSSD and LF/HF in college aged athletes using
the Elite HRV CorSense monitor.
Our study shows that a baseline can be established
for RMSSD and LF/HF ratio using the Elite HRV
CorSense monitor and their platform in under 10
minutes. Our methods could be used as a
framework for future studies interested in evaluating
HRV in the setting of traumatic brain injury (Johnson
et al., 2018). The major benefit of a brief protocol is
that baselines can be collected for a large group of
athletes prior to injury, so each athlete can act as
their own control postconcussion; previous studies
on HRV with respect to concussion have failed to
collect a baseline set of HRV metrics prior to
concussion for their subjects.
Having a brief protocol is not without limitations. A 5min recording time was chosen for our at-rest
reading time because it has been accepted in the
field as adequate for short-term evaluation of
RMSSD and the LF/HF ratio (Shaffer & Ginsberg,
2017). The 1-min recording time with FC was
chosen because the diver’s reflex is a transient
increase in cardiac PNS activity lasting about 1 to 2
minutes, and so a shorter reading was required in
order to capture this (Johnson et al., 2018). This
means that recordings of variable lengths were
compared to each other which is nonideal as longer
recordings capture more HRV (Shaffer & Ginsberg,
2017). Our study demonstrates that despite this
complication, a statistical difference between
variables was still demonstrated and is a sufficient
tool for evaluating HRV in this setting. Of note, LF
and HF have established minimum recommended
recording times of 2 min and 1 min, respectively, and
are less consistent in short reading sessions as a 1min reading could only capture two to nine cycles in
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the LF band, but unfortunately the diver’s reflex is
not sustained long enough to be captured in a longer
reading time (Abhishekh et al., 2013; Berkoff et al.,
2007).
An interesting—and counterintuitive—finding of our
study was that while RMSSD and LF/HF ratio are
both considered markers of HRV, their patterns of
change with FC are different. Where the RMSSD
was significantly different from rest for the first and
second minutes of FC only, LF/HF ratio was
significantly different for the second and third
minutes, but not for the first. Similar findings were
shown in a study by Schipke and Pelzer (2001) who
also used the diver’s reflex to evaluate HRV through
gradual immersion into a pool (Schipke & Pelzer,
2001). Their study demonstrated that the HF band,
which is more reflective of PNS activity, had a more
significant change in each stage than the LF band.
This led to a decrease in LF/HF ratio in each stage
as the participant progressed to full immersion into
the pool. We propose that in an analogous way,
prolonged FC leads to a gradual increase in HF
band through PNS activation, leading to a drop in
LF/HF after the first minute of FC.
Some confounding factors that have been shown to
affect HRV include sex, race, prior medical history,
recent alcohol or other substance use, and certain
medications (Shaffer & Ginsberg, 2017). In this
study we recruited athletes of both sexes to make
our comparisons and found that sex was not a
statistically significant confounding variable. We did
not, however, separate or screen our subjects for
any of the other confounding variables listed above.
A comprehensive screen was beyond the scope of
our proposal, though important to consider are the
temporal factors such as a subject’s current
medication profile and recent substance use which
could transiently affect a subject’s baseline.
Comparing values following disease to a baseline
would ideally be done in similar conditions, and it
becomes important to consider how these transient
factors could manipulate a subject’s baseline or
postinjury readings.
Elite HRV and other commercial products have
garnered criticism that their platforms and devices
may not be as accurate as the three-lead ECG used
in many other prior studies (Garabelli et al., 2017;
Guzik et al., 2018; Perrotta et al., 2017). When
comparing our mean data at rest to the reference
range described in Nunan et al. (2010; Table 2), our
RMSSD falls outside the range of reported means,
but our LF/HF ratio and the log transform are within
the range of literature values. On one hand, these
101 | www.neuroregulation.org

data may be reflective of the population differences
between the young active adults in our study versus
the broad scope of Nunan et al. (2010). On the other
hand, it may validate the criticism that Elite HRV is
not as accurate at measuring RMSSD as a threelead ECG. Given this discrepancy, the raw values
cannot be compared between devices without
further research. However, our study does
demonstrate that the Elite HRV device is precise
enough to detect changes based on condition, and
so we would recommend use of Elite HRV when this
is the aim. Caution must be taken when comparing
HRV metrics between an ECG and a commercial
product, and any clinical management of serious
conditions affecting mortality should be evaluated
with a standard ECG over a 24-hour period rather
than the shorter epochs described here. It has not
been apparent to our group that the commercial
products described in this paper have been explored
enough to have utility outside of exercise and sports
physiology.
The American Medical Society of Sports Medicine
official position statement on concussion from 2019
supports the use of subsymptomatic exercise to
expedite recovery from concussion in subjects that
can tolerate it (Harmon et al., 2019). This field has
begun investigating biologic markers as well as
physiologic markers such as HRV (McCrea et al.,
2017). Due to the heterogenous nature of
concussion, it is likely that HRV would not be a
metric to track in all concussions, but instead those
with significant autonomic deficits following injury.
Having the ability to monitor HRV without an ECG
would reduce effort required for researchers,
patients, and clinicians to use HRV as a tool in the
recovery process.

Conclusion
The Elite HRV CorSense monitor was able to detect
a rise in RMSSD from rest with 1 min of FC, and a
subsequent fallback to baseline afterwards. This
provides a time-efficient and user-friendly framework
to measure the adaptive response of the ANS to
stressors such as FC, and further research should
be done to characterize these changes from
baseline in conditions where the ANS is impaired.
These data could be used as a reference for
researchers and clinicians in evaluating HRV
following traumatic brain injury to evaluate the ANS.
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