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a b s t r a c t

The objective of the pilot study was to compare validity and reliability properties of Polar RS800CX (Polar
Electro Oy, Kempele, Finland) against simultaneously recorded electrocardiogram (ECG) measuring time-
and frequency-based short-term heart rate variability (HRV) parameters, in dogs during stationary standing
position. Five-minute recordings with less than 5% error rates from inter-beat interval (IBI) series obtained
by Polar RS800CX and ECG, in 8 adult dogs, were used for HRV analysis. Polar data were statistically
compared to the ECG data to assess for systematic differences in time- and frequency-based HRV pa-
rameters. Relative and absolute reliabilities were estimated by intraclass correlation coefficient, Spearman
r, Bland and Altman analysis, standard error of measurement, and standard error of measurements in
percentage. Paired t test was used to determine the statistical significance of differences between the
measurement methods. Results: There were high correlation coefficients between HRV parameters ob-
tained from Polar RS800CX and ECG. Intraclass correlation coefficients were 0.98-1.00, and Spearman rwas
0.93-0.98. There were differences between the methods in 2 HRV parameters, the standard deviation of
normal-to-normal IBIs (SDNN) (P ¼ 0.035) and the square root of the mean squared differences of suc-
cessive normal-to normal IBIs (RMSSD) (P ¼ 0.034). Standard error of measurements was between 2.8-
11.6% in ECG and between 2.6-11.8% in Polar, indicating rather high measurement error in 3 of the HRV
parameters in both measurement methods. Close agreements and high correlation estimates in this pilot
study indicated acceptable relative reliability in Polar RS800CX measuring time- and frequency-based HRV
parameters in the group of dogs studied. However, the present pilot study revealed differences between
Polar RS800CX and ECG in time-based standard deviation of normal-to-normal and square root of the
mean squared differences of successive normal-to normal parameters, and that small amounts of erroneous
IBI segments from Polar negatively impact on the validity and reliability properties of Polar RS800CX.

� 2015 Elsevier Inc. All rights reserved.
Introduction

Heart rate variability (HRV) is a biophysiological measure of
sympatho-vagal activity in the autonomic nervous system. Within
the field of canine behavioral science, the relationship between
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.

short-term HRV parameters and the level of stress (Hydbring-
Sandberg et al., 2004; Bergamasco et al., 2010), responses to
human-dog contact (Gácsi et al., 2013; Romero et al., 2013; Tateishi
et al., 2014), and physical and mental activities (Kortekaas et al.,
2013) have been studied in dogs of various breeds and of differing
ages. In humans, reduced parasympathetic cardiac control in HRV
analysis has been linked to disorders such as chronic pain in adults
(Hallman and Lyskov, 2012; Kang et al., 2012) and children (Evans
et al., 2013) and acute pain in newborns (Weissman et al., 2012)
and adults (Koenig et al., 2014). HRV as an indicator for the
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bidirectional relationship between autonomic activation and
different pain conditions has also been studied in horses (Rietmann
et al., 2004), calves (Stewart et al., 2010), and sheep (Stubsjøen et al.,
2009). Research on canine autonomic function in relationship to
different pathologic conditions (Pirintr et al., 2012; Rasmussen
et al., 2012) and assessments on canine cardiac modulation dur-
ing physical intervention is a matter of great interest because of the
potential value as an outcome measure (Wang et al., 2013). As
changes in cardiac activity are influenced by psychological and
emotional states in dogs (Kuhne et al., 2014a) there are potential
clinical applications for short-term HRV parameters as outcome
measures for the relief of pain and stress. This concept has been
used to study various interventions and exercise regimens for
possible effects on the autonomic nervous system in humans
(Haker et al., 2000; Anderson et al., 2012; Takamoto et al., 2009;
Figueroa et al., 2008; Farinatti et al., 2011; Janse van Rensburg
et al., 2012) and in dogs, but to a lesser extent (Wang et al., 2013).

To the authors’ knowledge, there are no studies on short-term
HRV in dogs with chronic pain. Our ability to conduct clinical
studies on different components of pain experiences and levels of
stress in dogs, and the study of outcomes resultant from pain
management in dogs could increase with the use of non-invasive
biomarkers such as short-term HRV (Vainio, 2012).

By studying the variability between cardiac inter-beat intervals
(IBIs) in advanced software tools, various HRV parameters may be
used to indicate modulations and activity in the autonomic nervous
system. To standardize studies on short-term HRV analysis, IBI se-
ries of 5 minutes have been recommended (Task Force of the
European Society of Cardiology and the North American Society
of Pacing, 1996; von Borell et al., 2007; Ille et al., 2014).

HRV may be analyzed in statistical time-based parameters (i.e.,
variance) and in frequency-based parameters obtained from
mathematical algorithms in a power spectral density analysis (Von
Borell et al., 2007). There are short-term HRV parameters specif-
ically of interest for the evaluation of interventions targeting the
parasympathetic nervous system, as some interventions may
potentially reflect the activity in the autonomic nervous system
(Koenig et al., 2014). The guidelines on HRV (Task Force of the
European Society of Cardiology and the North American Society
of Pacing, 1996) specifically recommend the standard deviation of
normal-to-normal IBIs (SDNN) and the square root of the mean
squared differences of successive normal-to normal IBIs (RMSSD)
from the time-based parameters, and low frequency (LF) power,
high frequency (HF) power, low frequency power in normalized
units (LF n.u.), high frequency power in normalized units (HF n.u.),
and the ratio of low frequency power/high frequency power (LF/HF)
from the frequency-based parameters in a short-term HRV analysis.
To provide information on the contribution of the neural control of
heart rate, as in evaluating interventions targeting the para-
sympathetic nervous system, the RMSSD, HF and HF n.u. are more
clinically relevant. The SDNN is an overall measure of HRV and the
LF-to-HF ratio has been proposed to provide information on the
sympathetic influences of the neural control of heart rate (Thayer,
2009).

Different Polar heart rate monitors have been used to measure
heart rate and HRV in canine behavioral research (Kuhne et al.,
2014b; Schöberl et al., 2013; Kortekaas et al., 2013; Ogata et al.,
2006; Hydbring-Sandberg et al., 2004). The equipment is
commercially available, not as expensive to purchase as electro-
cardiogram (ECG) and easy to apply. Polar heart rate monitors seem
to be well accepted by dogs, which is of value for the purpose of
recording IBI series for subsequent canine HRV analysis. Series of
IBIs for HRV analysis have also been recorded by ECG, and ECG is
regarded as the gold standard method for IBI recording (Task Force
of the European Society of Cardiology and the North American
Society of Pacing, 1996). Despite the use of Polar RS800CX heart
rate monitors to measure canine short-term HRV parameters, there
are to the authors’ knowledge only a few studies published
assessing the validity of Polar RS800CX. Jonckheer-Sheehy et al.
(2012) addressed measurement errors and the agreement in IBI
measures by Polar RS800CX in their study on 10 stationary Beagle
dogs. Another study showed criterion validity and relative reli-
ability were excellent in Polar RS800CX on dogs during standing
position and at trot on a treadmill, measuring heart beats per
minute (Essner et al., 2013). Criterion validity in Polar RS800CX
recording series of IBIs has also been recently reported (Essner et al.,
2015). Essner et al. (2015) suggest that IBI series from Polar
RS800CX are valid, compared to simultaneously recorded IBIs from
ECG, in a group of 8 healthy dogs of different breeds. However,
sequences of measurement errors in Polar IBI data have shown to
negatively affect the validity of the raw IBI data to be used for
subsequent HRV analysis in a group of dogs (Essner et al., 2015).

There appears to be an absence of studies on the reliability
properties of time- and frequency-based parameters in short-term
HRV analysis from Polar in dogs. Before considering any further
clinical application of short-termHRV analysis, using Polar RS800CX
in dogs, the relative and absolute reliabilities of the Polar heart rate
monitor system, compared to ECG, have to be investigated and
reported(Lexell and Downham, 2005; Kottner et al., 2011).

The objective of this pilot study was to compare validity and
reliability properties of Polar RS800CX against simultaneously
recorded ECG measuring time- and frequency-based short-term
HRV parameters, in dogs during stationary standing position.

Methods and materials

Study design

This study was an observational study with a methodologically
standardized approach (Carter et al., 2011). One group of dogs (n ¼
8) with valid and reliable IBI series as reported in a previous study
(Essner et al., 2015) was studied with the objective to compare
simultaneously recorded IBI series from 2 measurement devices.

Subjects

Data from 8 (3 female and 5 male) dogs of various breeds, with a
mean � standard deviation (SD) age of 3.5 � 1.3 years, mean � SD
weight of 32.6 � 6.0 kg, and normal body condition were included
in the study. None of the dogs had a history or current evidence of
cardiovascular or systemic diseases, as assessed by a veterinarian.
None of the dogs seemed to react with aggression or fear during the
study. As the dogs were privately owned, the owners were
informed about the procedures and objectives of the study and
informed owner consent was obtained.

Instrumentation and data acquisition

Polar RS800CX heart rate monitor (Polar Electro Oy, Kempele,
Finland) and Cardiostore digital ECG (Vetronic Services Ltd,
Abbotskerswell New Abbott, UK) were applied to the dogs as pre-
viously described by Essner et al. (2013). One person was respon-
sible for all measurements. The dogs came from their routine
activities and were fed not less than 2 hours before the test. The
experiment was conducted in a calm environment at a veterinary
clinic and at a room temperature of 18�C-22�C. Recordings were
simultaneously started as the dogs were stationary in standing
position on an examination table. Polar data were transmitted at
the end of each recording to a laptop computer via a bidirectional
infrared interface using the Polar software Polar ProTrainer 5.
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Data processing and HRV analysis

Five-minute recordings from both devices were extracted and
visually inspected for artifacts. No nonsinus beats were present in
the ECG recordings. The original Polar IBI series with an error count
of 5% or less were used unaltered in the subsequent time- and
frequency-based HRV analysis (Task Force of the European Society
of Cardiology and the North American Society of Pacing, 1996;
von Borell et al., 2007). Polar and Cardiostore software were used
to export IBIs as text files to the Windows-based software Kubios
HRV 2.0 (Department of Physics, University of Kuopio, Kuopio,
Finland) (Niskanen et al., 2004; Tarvainen et al., 2014). Kubios HRV
2.0 was used because it allows for the same HRV analysis technique
of both ECG and Polar IBI data in all HRV parameters chosen. Data
for analysis were derived from the first 300-second IBI segment in
the ECG and the Polar IBI series respectively from each subject.
Kubios HRV generated a power spectral density analysis using fast
Fourier transform (Parker et al., 2010; Jonckheer-Sheehy et al.,
2012; Tateishi et al., 2014; Kuhne et al., 2014b), a Welsh periodo-
gramwith 256 seconds window and 50% overlap. Frequency-based
parameters selected were low frequency (LF, 0.04-0.15 cycles/beat),
high frequency (HF, 0.15-0.60 cycles/beat), low frequency power in
normalized units (LF n.u.), high frequency power in normalized
units (HF n.u.), and ratio low frequency power/high frequency po-
wer (LF/HF). Selected time-based parameters were SDNN and
RMSSD.
Table 1
Summary statistics of time- and frequency-based parameters of heart rate variability
analysis from ECG and Polar HRV data (n ¼ 8)

HRV parameter Polar, M (SD) ECG, M (SD) P-value

SDNN (ms) 70.5 (18.4) 72.5 (20.1) 0.035a

RMSSD (ms) 54.4 (32.9) 58.6 (37.1) 0.034a

LF (ms2) 1411.1 (1045.2) 1443.4 (1028.5) 0.298
HF (ms2) 1486.8 (1758.8) 1653.3 (1918.2) 0.061
LF n.u. 55.9 (18.5) 54.4 (18.9) 0.299
HF n.u. 44.1 (18.5) 45.6 (18.9) 0.223
LF/HF 1.8 (1.5) 1.7 (1.5) 0.223

HF, power in the high frequency range; HF n.u., high frequency power in normalized
units; LF, power in the low frequency range; LF n.u., low frequency power in
normalized units; LF/HF, ratio low frequency power/high frequency power; M,
mean; RMSSD, root mean square of successive differences; SD, standard deviation;
SDNN, mean of standard deviation of normal-to-normal intervals.
Significance of the difference between Polar and ECG, P < 0.05.

a Represent significant difference in comparison.
Statistical analysis

Estimated HRV parameters within the group of dogs studied
were analyzed with SPSS (Version 20, IBM Statistical Package for
Social Science Statistics for Windows, Armonk, NY: IBM Corp).
Pairwise HRV data based on IBIs from ECG and Polar were used to
examine if any significant (P < 0.05) systematic bias existed be-
tween the parameters analyzed. Paired t test was used in all HRV
parameters to determine the statistical significance of differences
between the measurement methods. No corrections for multiple
tests were performed.

The correlations between the methods and the relative re-
liabilities of Polar RS800CX were estimated by using Spearman r,
and an intraclass correlation coefficient (ICC) (Shrout and Fleiss,
1979), with a 95% confidence interval (CI). Specifically, the ICC
chosen was of a single measure and in absolute agreement with 2-
way random effects (ICC2.1). A correlation coefficient based on ranks
(i.e., Spearman r) was chosen in addition to ICC as it is less affected
by outliers in the data (Estelberger and Reibnegger, 1995). Hopkins
(2000) suggested a correlation coefficient of >0.81 is desirable.
Shrout and Fleiss (1979) claimed that ICC > 0.75 indicates excellent
reliability.

Absolute reliabilities were investigated by calculating the stan-
dard error of measurements (SEM) and SEM% (Hopkins, 2000;
Atkinson and Nevill, 1998) in Polar and ECG measurements,
respectively. Estimates of SEMwere represented in the same unit as
the original measurement for each HRV parameter selected and
were calculated according to (Atkinson and Nevill, 1998):

SEM ¼ SD
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� ICC2:1

p

SEM% was defined as SEM% ¼ SEM/mean � 100, whereby mean
was the average of measures from Polar and ECG, respectively.

Finally, Bland and Altman plots with 95% limits of agreement
(LoA) and 95% CI of mean differences were constructed to examine
the level of agreement between ECG and Polar HRV parameters. The
presence of any systematic overestimation and underestimation of
time- and frequency-based parameters was assessed, and the upper
and lower LoA were calculated by the SD � 1.96 of the mean dif-
ference between methods (Bland and Altman, 1999).

Results

Eight dogs completed the pilot study and provided data from the
recording of the IBI series. Summary statistics of time- and
frequency-based parameters of HRV analysis from Polar and ECG
HRV analysis are presented in Table 1.

Relationship between HRV parameters recorded from Polar and ECG

The correlations between Polar and ECG varied slightly among
HRV variables, although Spearman r and ICC2.1 showed overall very
strong correlations between HRV parameters in all time- and
frequency-based parameters selected. SDNN, RMSDD, LF, HF, LF n.u.,
HF n.u., and LF/HF correlation coefficients are presented in Table 2.
In addition, 95% CI for ICC2.1 was narrow and ranging from 0.85 to
1.00, indicating that the true difference between these measures
was small (Table 2).

Differences between HRV parameters recorded from Polar and ECG

The time-based parameters obtained from ECG and Polar data
indicated there was a difference between ECG and Polar in SDNN (P¼
0.035) and RMSSD (P ¼ 0.034). There were no differences in the
frequency-basedparameters fromtheHRVanalysis (P>0.05) (Table1).

Within-group variation and agreement in Polar and ECG
measurements

Percentage measurement reliability (SEM%) varied between 2.8%
and 11.6% in ECG and between 2.6% and 11.8% in Polar, indicating the
levels of accuracy varied between low and high among HRV vari-
ables. The absolute reliabilities of each HRV parameter in Polar and
ECG, estimated by the SEM and SEM%, are shown in Table 2. There
were large within-group variations observed in both time- and
frequency-based HRV parameters in both measurement methods.

Mean differences showed that the Polar was both over-
estimating and underestimating the HRV parameters, compared to
ECG. In both time-based HRV parameters, SDNN and RMSSD, the
differences between Polar and ECG were within LoA. Although, in
the frequency-based parameters the Bland and Altman plots indi-
cated that the majority, but l<95% of the differences were within
LoA in LF, LF n.u. and HF n.u. Table 3 summarizes mean differences,
SD of the differences, LoA, and the CI of the mean differences be-
tween measurement methods. The Bland and Altman plots of the



Table 3
Mean (M) differences between Polar and ECG (Polar minus ECG) in heart rate
variability parameters selected � standard deviation (SD) of the differences, 95%
limits of agreement, and 95% confidence intervals (CI)

HRV parameter M (SD) differences 95% LoA 95% CI

SDNN (ms) �1.9 (2.1) �6.0 to 2.2 �3.6 to �0.2
RMSSD (ms) �4.3 (4.6) �13.3 to 4.8 �8.2 to �0.4
LF (ms2) �32.3 (81.2) �191.4 to 126.9 �100.2 to 35.7
HF (ms2) �166.5 (211.6) �581.3 to 248.3 �343.4 to 10.4
LF n.u. 1.5 (3.2) �4.8 to 7.9 �1.2 to 4.2
HF n.u. �1.5 (3.3) �7.9 to 4.8 �4.2 to 1.2
LF/HF 0.1 (0.2) �0.3 to 0.5 �0.1 to 0.3

CI, confidence interval (lower and upper); HF, power in the high frequency range; HF
n.u., high frequency power in normalized units; LF, power in the low frequency
range; LF n.u., low frequency power in normalized units; LF/HF, ratio low frequency
power/high frequency power; LoA, limits of agreement (lower and upper); RMSSD,
root mean square of successive differences; SDNN, mean of standard deviation of
normal-to-normal intervals.

Table 2
Reliability estimates of Polar, compared to ECG, measuring time- and frequency-
based heart rate variability parameters in dogs during stationary standing position

HRV
parameter

Spearman
r

ICC2.1 (CI) SEM
ECG

SEM%
ECG

SEM
Polar

SEM%
Polar

SDNN (ms) 0.95 0.99 (0.90-1.00) 2.0 2.8 1.8 2.6
RMSSD (ms) 0.98 0.99 (0.85-1.00) 4.5 7.7 4.0 7.4
LF (ms2) 0.93 1.00 (0.99-1.00) 56.3 3.9 57.2 4.1
HF (ms2) 0.95 0.99 (0.93-1.00) 191.8 11.6 175.9 11.8
LF n.u. 0.93 0.98 (0.93-1.00) 2.4 4.4 2.3 4.1
HF n.u. 0.93 0.98 (0.93-1.00) 2.4 5.3 2.3 5.2
LF/HF 0.93 0.99 (0.96-1.00) 0.2 9.0 0.2 8.6

CI, confidence interval (lower and upper); HF, power in the high frequency range;
HF n.u., high frequency power in normalized units; ICC, intraclass correlation
coefficient; LF, power in the low frequency range; LF n.u., low frequency power in
normalized units; LF/HF, ratio low frequency power/high frequency power; RMSSD,
root mean square of successive differences; SDNN, mean of standard deviation of
normal-to-normal intervals; SEM, standard error of measurement; SEM%, standard
error of the measurement expressed as a percentage.
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differences between the ECG and Polar against their mean HRV
values are shown in Figure 1 A,B and Figure 2 A-E.

Discussion

In the present pilot study, we examined the validity and reli-
ability properties of Polar RS800CX by comparing the heart rate
monitor against simultaneous ECG in a group of dogs. Our pilot
study is the first to provide estimates on the criterion validity and
instrument reliability properties of Polar RS800CX measuring
short-term HRV parameters in a group of dogs from various breeds.
Absolute and relative reliabilities of Polar RS800CX were estimated
on a number of HRV parameters previously used within canine
behavioral research and within human pain and stress science.
Overall high ICC (0.98-1.00) and narrow CIs showed that the HRV
parameters were strongly associated between measurement
methods. In addition, we estimated the correlation coefficients by
Spearman r, as there were outliers present in the SDNN, LF, HF, and
LF/HF parameters. The correlation coefficients by Spearman r were
lower (0.93-0.98) yet very high.

In this study, the Bland and Altman analysis indicated that Polar
underestimated the time-based HRV parameters. Although statis-
tically significant for the SDNN (�1.9 ms) and RMSSD (�4.3 ms), the
Figure 1. Bland and Altman plots showing the agreement between Polar and ECG data in
standard deviation of normal-to-normal inter-beat intervals (SDNN), (B) The square root
(RMSSD). The x-axis showing the mean of Polar and ECG (Polar þ ECG/2) is plotted against y
represent upper and lower 95% limits of agreement. Unbroken lines represent differences an
underestimation may not be clinically significant. The SDNN and
RMSSD measurements were all within the 95% upper and lower
LoA, and in comparison to the HRV values previously recorded in a
study by Gácsi et al. (2013) themean difference in SDNNwas low. In
the frequency-based parameters, LF, LF n.u., and HF n.u., therewas 1
measurement in each parameter outside LoA. It should be pointed
out that the study group was rather small and the LoA may be
biased by the sample size. There is a need for a larger sample to
learn more about the level of agreement between Polar and ECG
measuring HRV, based on a Bland and Altman analysis.

In contradiction to Jonckheer-Sheehy et al. (2012), the estimated
differences between Polar and ECG were significant in 2 of the HRV
parameters. Paired t test revealed that there were differences be-
tween Polar and ECG in SDNN (P ¼ 0.035) and RMSSD (P ¼ 0.034).
Jonckheer-Sheehy et al. (2012) compared time- and frequency-based
HRV parameters in 10 Beagle dogs and found that there were no
significant differences between Polar and ECG, although they cor-
rected their estimations for multiple tests. We are aware of the
increased probability of statistical type 1 error with each additional
test performed in the present study. Rather than to compensate for
multiple tests by dividing alpha, we chose to not reduce the power of
each test by doing so. Except for the analysis of the differences be-
tween Polar and ECG made by Jonckheer-Sheehy et al. (2012), there
selected heart rate variability parameters during stationary standing position. (A) The
of the mean squared differences of successive normal-to normal inter-beat intervals
-axis showing mean differences between the methods (Polar � ECG); short-dotted lines
d the long-dotted lines represent the 95% confidence intervals of the mean differences.



Figure 2. Bland and Altman plots showing the agreement between Polar and ECG data in selected heart rate variability parameters during stationary standing position. (A) Low
frequency (LF) power, (B) High frequency (HF) power, (C) Low frequency power in normalized units (LF n.u.), (D) High frequency power in normalized units (HF n.u.), and (E) Ratio
low frequency power/high frequency power (LF/HF). The x-axis showing the mean of ECG and Polar (Polar þ ECG/2) is plotted against y-axis showing differences between the
methods (Polar � ECG); short-dotted lines represent upper and lower 95% limits of agreement. Unbroken lines represent mean differences and the long-dotted lines represent the
95% confidence intervals of the mean differences.
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are no other comparable validity and reliability testing performed on
Polar RS800CX in dogs before the present study. As our pilot study
indicated differences between HRV parameters recorded by Polar
RS800CX and ECG, the next step may be to use an algorithm-
supported visual error correction in the Polar IBI series (Schöberl
et al., 2014). The IBI series used in the present pilot study
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contained less than 5% of erroneous data, and yet the small amount
of errors had negative impact on the criterion validity and reliability
properties of Polar RS800CX HRV parameters. Therefore, our study
supports further testing of the algorithm-supported visual error
correction recently presented by Schöberl et al. (2014).

In order for the results of a recording device to be applicable for
evaluating short-term HRV parameters, the validity of the device
has to be greater than the measurement error. Low levels of SEM
indicate high levels of accuracy and high levels of SEM indicate
low accuracy. Interestingly, the calculations of the absolute re-
liabilities in the present study demonstrated that SEM and SEM%
values in the data obtained with the Polar RS800CX were close to
the measurement errors obtained by ECG. Rather similar and high
SEM and SEM% in Polar and ECG are possibly due to the large
within-group variations in both measurement methods. Standard
error of measurements in percentage varied between the HRV
parameters in Polar (2.6-11.8%) and in ECG (2.8-11.6%) showing
that SDNN, LF, and LF n.u. are HRV parameters in which the
minimal detectable difference may be easier to find than in other
parameters.

We assume there is more to be investigated concerning short-
term HRV analysis performed in dogs, as SEM and SEM% were
sometimes high even in the ECG estimates, implying low accuracy
in group level data. Comparison of behavioral and physiological
data across individuals has been discussed previously by Koolhaas
et al. (2010). The interpretation of research results is challenged
by the presence of individual variations that needs to be considered
when implementing canine HRV studies. Hopkins (2000) showed
that even a strictly standardized protocol may be influenced by
biological within-subject variations. Age, sex, breed, and circadian
rhythm may influence canine HRV parameters (Olsen et al., 1999;
Doxey and Boswood, 2004; Nolan et al., 2004). Inherited individ-
ual variations, breathing frequency, and physical human-dog
interaction are other examples of possible factors influencing
canine HRV measures (Koolhaas et al., 2010; Minors and O’Grady,
1997; Kuhne et al., 2014b). As this pilot study was observational,
no causalities may be drawn about any confounding variables in our
sample. It was outside the objectives of this study to assess the
background of confounding influences.

As the present study revealed large within-group variations in
both ECG and Polar data, we suggest that canine HRV researchers
consider the use of multiple subjects in single-case experimental
designs (Kazdin, 2002; Koolhaas et al., 2010). Large variability
among HRV parameters in a group of dogs will inevitably lead to
larger SEM and SEM% and reduced possibility to detect true dif-
ferences in group data. We recommend attempts to control for
variables known to influence HRV in future canine HRV research.
However the individual variations in biophysiological measures
may serve an evolutionary function in nature, and they also
commonly exist in veterinary and physiotherapeutic clinical prac-
tice. Hence, research within different disciplines (i.e., anthro-
zoology; biomedicine; behavior science; physiotherapy; veterinary
medicine) will probably continue to observe individual differenti-
ations in response to varying interventions (Koolhaas et al., 2010).
To use HRV measures in single-case experimental designs, the test-
retest reliability (i.e., repeatability) of short-term HRVmeasures has
to be further explored in dogs (Sandercock et al., 2005; Brown et al.,
1989). There is a need for a study design other than ours for the
purpose of assessing the test-retest reliability and confounding
variables in canine short-term HRV analysis.

Additionally, we look forward to studies implementing HRV
measures in assessing sympatho-vagal activity and canine chronic
pain behavior, as there are studies suggesting that conditions
perceived as unpleasant by dogs may influence short-term HRV
measures (Kuhne et al., 2014b; Schöberl et al., 2013).
Conclusion

Close agreements and high correlation estimated in the present
pilot study indicated acceptable relative reliability in Polar
RS800CXmeasuring time- and frequency-based HRV parameters in
the group of dogs studied. The absolute reliability estimated from
Polar and ECG showed that it may be difficult to monitor small
changes in some of the canine HRV parameters in group level data,
because of large within-group variations. Our pilot study revealed
differences between Polar RS800CX and ECG, and that small
amounts of erroneous IBI segments from Polar may negatively
impact on the validity and reliability properties of Polar RS800CX.
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