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Background: Heart rate variability (HRV) is an accepted and reliable means for assessing autonomic
nervous system dysfunction. A 5-minute measurement of HRV is considered methodologically ade-
quate. Several studies have attempted to use shorter recordings of 1–2 minutes or 10 seconds. The
aim of this study was to determine the reliability of HRV parameters calculated from ultra-short
electrocardiogram recordings.

Methods: Seventy healthy volunteers were recruited for the study. HRV was evaluated for 5 minutes
according to accepted procedures. Thereafter, HRV parameters were recalculated from randomly se-
lected 1-minute and 10-second intervals. The standard and ultra-short measurements were correlated
using intraclass correlation coefficients.

Results: Good correlations between the 5-minute electrocardiograms (ECGs) and both the 1-
minute and 10-second ECGs were noted for average RR interval, and root mean square of successive
differences in RR intervals (RMSSD). No correlation was noted for standard deviation of the RR
interval (SDNN) and several other HRV parameters.

Conclusions: RMSSD, but not SDNN, seem a reliable parameter for assessing HRV from ultra-
short (1 minute or 10 seconds) resting electrocardiographic recordings. Power spectral analysis and
evaluation of other HRV parameters require longer recording periods. Further research is required to
evaluate the importance of ultra-short RMSSD for cardiovascular risk stratification.
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Heart rate variability (HRV) is a reliable clini-
cal tool for evaluating autonomic nervous system
(ANS) function.1 Abnormal HRV has been found to
be associated with an adverse prognosis in various
clinical conditions.2 Using 24-hour Holter monitor-
ing, clinicians can calculate ultra–low frequency
(ULF) components (0.003–0.0001 Hz) as well as
standard deviation (SD) of the 5-minute average NN
intervals (SDANN).2 However, this method is less
practical than in-clinic short-term measurements.
Five-minute electrocardiographic (ECG) recordings
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are currently considered acceptable in evaluating
HRV.3

Several researchers have attempted to apply
measurements made from even shorter record-
ings for evaluating cardiovascular risk stratifica-
tion, evaluating sinoatrial node function, moni-
toring mental stress, and evaluating anesthesia
outcome.4–8

Some studies have reported that the SD of the
NN intervals (SDNN), calculated from 10-second
ECGs recorded in healthy humans9 and in patients
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Table 1. Correlation of Electrocardiographic Measurements of HRV over 1 and 5 Minutes

1 Minute 5 Minutes

Mean SD Mean SD ICC 95% CI

Maximal RR duration (ms) 986.80 145.25 1047.83 157.43 0.831 0.401 0.932
Minimal RR duration (ms) 797.13 101.15 723.30 113.33 0.582 0.087 0.797
Average RR duration (ms) 889.69 112.43 889.89 113.88 0.983∗ 0.972 0.989
SDNN (ms) 42.02 26.05 51.40 25.72 0.863 0.463 0.946
RMSSD (ms) 40.68 34.99 42.75 32.32 0.963∗ 0.941 0.977
HRV triangular index 10.13 4.00 15.04 4.96 0.430 −0.094 0.733
NN50 4.96 6.20 27.61 30.05 0.247 −0.047 0.493
pNN50 2.81 3.73 8.41 9.53 0.499 0.036 0.739
VLF (ms2) 143.00 97.58 218.06 98.60 0.524 0.034 0.762
LF (ms2) 200.98 101.49 159.39 65.92 0.544 0.277 0.716
HF (ms2) 193.44 107.94 142.65 91.28 0.710 0.287 0.864
Total power (ms2) 549.52 86.06 570.27 81.51 0.725 0.592 0.820

HF = high-frequency components; HRV = heart rate variability; ICC = intraclass correlation; LF = low-frequency components;
NN50 = number of intervals differing by >50 ms from preceding interval; pNN50 = NN50 divided by total number of intervals;
RMSSD = root mean square of successive differences in RR intervals; SDNN = standard deviation of RR interval; VLF = very low
frequency components.
∗ Good correlation.

during and after myocardial infarction,10 was asso-
ciated with mortality risk. Few studies have shown
that HRV measurements were reproducible,11,12 al-
though 20-second recordings were too short to pro-
vide reproducibility.13 In general, there is lack of
consensus as to the clinical value and reliability of
ultra-short HRV measurement.

Therefore, the aim of the present study was
to further asses the validity of HRV parameters
evaluated from ultra-short recordings, given the
growing interest in this methodology7,9,10 and the
lack of standardization for very short term mea-
surements. Evaluation of electrocardiographic pa-
rameters from shorter time periods may provide
a more accessible clinical tool for the medical
practitioner.

We hypothesized that several ultra-short HRV
parameters would prove to be more reliable than
others.

METHODS

Study Design

A consecutive case series observational study de-
sign was used. Data were collected prospectively
to answer the study’s hypothesis. The research
protocol was approved by the institutional re-
view board. All participants gave written informed
consent.

Study Subjects

Seventy healthy volunteers were included in the
study and were recruited after attending the out-
patient clinic for a routine health checkup. Health
status was determined following screening of med-
ical records, an interview, and a complete physical
examination. None had an acute or chronic con-
dition, and no one regularly used drugs known to
affect heart rate or ECG parameters.

Procedure

Participants were asked not to smoke, drink caf-
feinated beverages, or take other stimulants 3 hours
prior to the test, and to avoid strenuous exer-
cise for 24 hours prior to the test. The test was
conducted between 9:00 a.m. and noon to avoid
the circadian influence on heart rate and ANS
function. To prevent sympathetic overactivity,
subjects were requested to empty their bladder be-
fore the test. Room temperature was maintained
at 21–23◦C. Before starting the test, participants
were asked to lie motionless in a supine position
for 10 minutes. A standard ECG device was used,
at a sampling rate of 2000 Hz. The ECG elec-
trodes were placed in anatomical positions accord-
ing to standard procedure, and recordings were
made from the limb leads for 5 minutes. Record-
ings of inadequate quality were repeated. The data
were saved in a binary format and processed with
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Table 2. Correlation of Electrocardiographic Measurements of HRV over 10 Seconds and 5 Minutes

10 Seconds 5 Minutes

Mean SD Mean SD ICC 95% CI

Maximal RR duration (ms) 952.01 135.83 1047.83 157.43 0.695 0.032 0.883
Minimal RR duration (ms) 844.86 104.59 723.30 113.33 0.423 −0.096 0.723
Average RR duration (ms) 898.24 116.88 889.89 113.88 0.958∗ 0.933 0.974
SDNN (ms) 34.49 24.54 51.40 25.72 0.676 0.025 0.872
RMSSD (ms) 38.70 33.27 42.75 32.32 0.909∗ 0.853 0.944
HRV triangular index 5.26 1.99 15.04 4.96 0.068 −0.053 0.238
NN50 0.69 1.20 27.61 30.05 0.038 −0.089 0.190
pNN50 0.56 0.98 8.41 9.53 0.108 −0.068 0.296
LF (ms2) 171.86 116.76 159.39 65.92 0.363 0.142 0.549
HF (ms2) 276.33 116.58 142.65 91.28 0.247 −0.084 0.526
Total power (ms2) 487.79 100.73 570.27 81.51 0.482 −0.045 0.750

HF = high-frequency components; HRV = heart rate variability; ICC = intraclass correlation; LF = low-frequency components;
NN50 = number of intervals differing by >50 ms from preceding interval; pNN50 = NN50 divided by total number of intervals;
RMSSD = root mean square of successive differences in RR intervals; SDNN = standard deviation of RR interval; VLF = very low
frequency components.
∗
Good correlation.

custom-made computer software, validated, and
tested for reproducibility according to accepted
standards.2

RR intervals were measured between two con-
secutive beats. To quantify the HRV time domain,
the following variables were calculated: SDNN,
reflecting the cyclic variability of the heart rate
during the recording period; RMSSD, the root
mean square of successive differences of RR in-
tervals; NN50, the number of intervals differing
by 50 msec from the preceding interval; pNN50,
calculated by dividing NN50 by the total num-
ber of RR intervals; and HRV triangular index,
which is the integral of the density distribution di-
vided by the maximum of the density distribution.
RMSSD reflects the average change in RR interval
between beats. Power spectral analysis was con-
ducted using the fast Fourier transform. Integral
calculations of the area beneath the power spectral
density curve for frequency range were made in
absolute values of power (ms2). The spectral com-
ponents were divided into very low frequency (VLF
0.003–0.04 Hz), LF (0.04–0.15 Hz), and high fre-
quency (HF 0.15–0.4 Hz). The total power was
computed.

A repeated analysis of HRV parameters was
conducted from a randomly chosen 1-minute-long
series and another randomly chosen 10-second se-
ries. None of the recordings included premature
beats.

Statistical Analysis

Results were expressed as mean and SD. Agree-
ment between measurements obtained from the
entire 5-minute recording with the 1-minute and
10-second interval recordings was determined by
calculating the intraclass correlation coefficient
(ICC). An ICC significantly (P < 0.05) above 0.7 was
considered a finding of a good correlation, and an
acceptable measure of reliability.14 Analyses were
performed using SPSS 15 for Windows software
(SPSS Inc., Chicago, IL) and JMP version 7.0 (SAS
Institute, Cary, NC).

RESULTS

Mean (±SD) subject age was 41.5 ± 16.1 years;
52.3% were male. Mean height was 1.7 ± 0.09 me-
ters and mean weight, 68.8 ± 13.1 kg. Mean body
mass index (BMI) was 23.5 ± 2.8 kg/m2.

The HRV parameters calculated from the
5-minute, 1-minute, and 10-second recordings and
the ICCs between them are shown in Tables 1
and 2. Figure 1 illustrates a bivariate fit of
1 minute/10 seconds average RR, RMSSD, and
SDNN by 5 minutes calculated values.

A good correlation between the 5- and 1-
minute recordings was found for the following
parameters: average RR duration (95% CI 0.972–
0.989), and RMSSD (95% confidence interval [CI]
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Figure 1. Bivariate fit of 1-minute average RR by 5-minute average RR (A),
10-second average RR by 5-minute average RR (B), 1-minute RMSSD by 5-
minute RMSSD (C), 10-second RMSSD by 5-minute RMSSD (D), 1-minute SDNN
by 5-minute SDNN (E), and 10-second SDNN by 5-minute SDNN (F).

0.941–0.977). A good correlation was found be-
tween the 5-minute and 10-second recordings for
average RR duration (95% CI 0.933–0.974), and
RMSSD (95% CI 0.853–0.944). There was no statis-
tically significant correlation between the 5-minute
and short-term recordings for maximal and min-
imal RR duration, SDNN, HRV triangular index,
NN50, pNN50, VLF, LF, and HF.

DISCUSSION

Application of ultra–short-term and reliable eval-
uation of HRV is desirable in order to increase the
applicability of HRV to the common practitioner.

In an attempt to verify the reliability of 5-minute
recordings compared with prolonged recordings

(24 hours), researchers noted a modest correlation
between a 24-hour SDANN and a 5-minute SDNN,
with the same notes for frequency domains.15 The
correlation was stronger between the 8-hour and
5-minute recordings,14 probably because of the
known differences between daytime and night-
time HRV parameters, which affects the 24-hour
HRV results.2 A good correlation HF spectra was
also found between 24-hour and 5-minute ECGs.15

Schroeder et al.12 reported a good correlation be-
tween 10-second ECGs and 2- and 6-minute ECGs;
however, all HRV parameters were not included.

Five-minute ECG recordings are the accepted
standard for the in-clinic evaluation of heart rate
dynamics.3 Although 10-second, 12-lead record-
ings, are commonly used to detect resting
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abnormalities in interval length, wave morphology,
and segment elevations \ depressions, their reliabil-
ity for evaluating HRV is still unclear.

RMSSD, NN50, and pNN50 are primarily af-
fected by vagal influence during respiration 2,3. A
dynamic ANS function will be evident by an in-
crease in SDNN, NN50, and pNN50 values.

Values of the HF component in the supine posi-
tion are highly associated with vagal activity and
reflect the respiratory influence on sinus arrhyth-
mia.16 Supine LF is a more controversial parameter,
which may reflect both sympathetic and parasym-
pathetic balance.2,3 The LF component is believed
to be influenced by the baroreceptor system.17

In the present study, values of average RR in-
terval, and RMSSD calculated from the 1-minute
and 10-second recordings were found to be as reli-
able as those calculated from the 5-minute record-
ings when evaluating HRV. However, SDNN was
highly dependent on the length of recording, as
were minimal and maximal RR intervals, HRV tri-
angular index, NN50, and pNN50.

According to the Task Force of the European So-
ciety of Cardiology and the North American So-
ciety of Pacing and Electrophysiology, a minimum
recording of 1 minute is required to estimate the HF
component, and at least 2 minutes, to estimate the
LF component.3 Accordingly, in the present study,
there was no correlation of these parameters be-
tween measurements made from the 5-minute and
10-second recordings. In disagreement with the
earlier reports,3 we found no correlation between
HF calculated from a 1- and a 5-minute recording.

Similar to Schroeder et al.’s findings,12 our re-
sults supported the reliability of RMSDD measure-
ments from ultra-short ECG recordings. However,
the lack of correlation shown here for SDNN be-
tween the 5-minute measurement, the 10-second
(95% CI 0.025–0.872), and 1-minute (95% CI 0.463–
0.946) measurements disagrees with the earlier
study. Schroeder et al.12 reported a quite high cor-
relation between the 6-minute measurement, the
2-minute, and 10-second measurements, and a high
ICC for both (95% CI 0.89–0.95 and 0.68–0.82,
respectively). This discrepancy is hard to explain
given the similarities between the studies in the
number of participants (63 and 70, respectively),
sex distribution (51% vs 52.3% males), and mean
resting heart rate measured from 10-second ECGs
(60 ± 7 vs 67.4 ± 8.9 bpm, respectively). However,
our patients were younger (mean age 41.5 years
vs 52 years) and thinner (mean BMI 23.5 kg/m2

vs 27 kg/m2). Further studies are needed to deter-
mine if subject characteristics affect the reliability
of some ultra-short HRV parameters.

Importantly, both Dekker et al.9 and Karp
et al.10 evaluated SDNN from a 10-second ECG
recording, but for purposes of mortality risk strat-
ification, not quantification of autonomic nervous
dysfunction. Based on the present findings, we sug-
gest that RMSSD rather than SDNN provides more
valid estimation of HRV on ultra-short ECG record-
ings compared with standard measurement tech-
niques. Our findings provide the practitioner with a
feasible and accessible tool for in-clinic short-term
HRV evaluation. The clinical values of RMSSD for
cardiovascular risk stratification warrant further
research.

Study Limitations

HRV measurements were conducted without
metronomic breathing to stimulate a typical ECG
recording, and in accordance with the accepted
methodological guidelines. Nevertheless, we can
not predict whether paced breathing would have
altered our results. In addition, HRV measure-
ments were conducted under strict conditions that
may not reflect the conditions in which ECG are
regularly conducted, therefore limiting the appli-
cation of the current results. Only healthy indi-
viduals were included in the study. Thereby, the
results are applicable to healthy subjects. Fur-
ther research should focus on assessing the reli-
ability of ultra-short HRV evaluation in patients
with autonomic dysfunction and high-risk cardiac
patients.
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