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ABSTRACT

Introduction: Standardised heart rate variability (HRV) analysis is 
used as a diagnostic and prognostic tool for cardiovascular as well 
as perioperative risk stratification. The lack of reference values for 
young and middle-aged subjects however limits implementation of 
HRV analysis in the clinical setting. With this study we aimed to de-
fine reference values, and to define the influences of gender and age 
for short-term heart rate variability in the young and middle-aged 
population.

Methods: Ninety-three healthy subjects (18-50 years) were stud-
ied during standard test conditions. Short-term HRV was assessed 
using an ECG monitor. Data represent mean ±SD or median with 
10th and 90th centiles. To determine gender and age differences 
Student’s t-test or Mann-Whitney U-test were used. Pearson and 
Spearman’s rank correlation coefficients were used to determine 
correlations between age and HRV parameters

Results: All parameters for heart rate variability, except for the LF/
(LF+HF), showed significantly higher values for men then for wom-
an (mean normal-to-normal (1014 ±183 vs 896 ±121 ms), standard 
deviation of normal-to-normal (65.3 (36.6-97.6) vs 49.4 (29.9-91.3) 
ms), root mean square of successive differences between nor-
mal-to-normal (55.8 (24.2-98.7) vs 41.5 (21.5-87.0) ms), very low 
frequency (1282 (438-4390) vs 785 (259-2090) ms2), low frequen-
cy (1025 (361-2983) vs 487 (206-1365) ms2), high frequency (1311 
(405-3491) vs 763 (203-3981) ms2) and total spectral power, respec-
tively). Age showed no influence on the baseline characteristics and 
HRV parameters and showed no significant correlations in a range 
between -0.21 and 0.27.

Conclusions: This study provided reference values for short-term 
heart rate variability in healthy adults, which may support further 
implementation of this tool in patient risk stratification.
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INTRODUCTION

A decline in heart rate variability (HRV) has been shown to be associat-
ed with cardiovascular morbidity and mortality [1-3]. In particular, under 
conditions of stress, such as anaesthesia and surgery, alterations in heart 
rate variability may be of predictive value for patient outcome [4-6].

Standardised heart rate variability analysis is well accepted as diag-
nostic and prognostic tool for cardiovascular as well as preoperative risk 
stratification [1, 5-6]. However, the accurate 24-hour heartbeat record-
ings that are recommended for heart rate variability analysis prohibited 
implementation of this method as standard screening in the preoperative 
setting [7]. The analysis of short-term heart rate variability, which requires 
a 5-minute recording of heartbeat variations at rest in supine position, 
has been shown to provide a simple alternative to assess cardiovascular 
autonomic function [8]. As a consequence, interest in the clinical use of 
heart rate variability in anaesthesia and critical care is increasing [9-15]. 
Moreover, there is more emphasis on the use of pulse rate variability as 
an alternative for measuring heart rate variability in the diagnosis of early 
autonomic dysfunction [16-17].

The implementation of short-term heart rate variability or pulse rate 
variability in the preoperative assessment setting requires insight into 
reference values in adults, with further specification of gender and age 
[8]. However, short-term heart rate variability reference values for young 
and middle-aged adults are currently lacking [8]. In the present study we 
therefore determined reference values for short-term heart rate variability 
in young and middle-aged, healthy adult subjects, and investigated the 
influence of gender and age on these reference values.
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METHODS

Subjects
The Institutional Human Subjects Committee of the VU University Med-
ical Centre Amsterdam approved this study (NL26318.029.08) and all 
participants gave written informed consent. The study population con-
sisted of 93 healthy subjects aged 18-50 years, and typically included 
students, employees and staff of the VU University and VU University 
Medical Centre. Subjects with a history of cardiovascular disease and/
or treatment, diabetes mellitus, or body mass index (BMI) < 15 or > 35 
kg/m2 were excluded. 

Study design
HRV measurements were performed in the morning (08:00 am - 12:00 
am) in a room with a quiet ambiance and temperature of 19-22oC [15-16, 
18]. Subjects were studied in supine position after overnight fasting (nil 
per mouth from 00:00 am) and refraining from smoking. Participants were 
connected to a standard ECG monitor and a non-invasive continuous 
finger arterial blood pressure measurement device (Nexfin HD, BMEYE, 
the Netherlands) to obtain continuous blood pressure waveforms and 
R-R intervals [18]. After stabilisation of heart rate and blood pressure, the 
R-R intervals, systolic and diastolic blood pressure were recorded during 
five minutes of spontaneous breathing to analyse short-term heart rate 
variability. 

Heart rate variability analysis
R-R intervals were derived from the ECG signal using a QRS detector 
(sample rate 1000 Hz). The data were visually inspected for premature or 
irregular beats and movement artefacts. The R-R intervals were analysed 
by spectral analysis using the Fast Fourier Transformation with commer-
cially available software (Kubios HRV version 2.0, University of Kuopio, 
Finland) [19].

HRV analysis comprised evaluation of mean R-R intervals (mean NN), 
the standard deviation of normal-to-normal (i.e. sinus rhythm) R-R inter-
vals (SDNN) and the root mean square of successive differences be-
tween normal-to-normal R-R intervals (RMSSD). Furthermore, the very 
low (VLF; 0.0-0.04 Hz), low (LF; 0.04-0.12 Hz) and high frequency band 
(HF; 0.12-0.4 Hz) and the total spectral power were determined from all 
sinus rhythm R-R intervals. The ratio of the low frequency power to the 
total of LF and HF (LF/(LF+HF) was determined as well. Data represent 
mean ± SD or median with 10th and 90th centiles. 
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Statistical analysis
SPSS version 18.0 (SPSS Inc., Chicago, IL, USA) was used to carry out 
all statistical analyses. To determine the differences in HRV parameters 
between gender and age, different gender and age groups were cre-
ated (male - female; ≤ 30 years - > 30 years). Skewness and kurtosis 
analysis as well as the Kolmogorov-Smirnov test were used to calculate 
the normality of the data in the different groups. A Student’s T-test or 
Mann-Whitney U-test was used for parametric or non-parametric data 
analysis respectively, to determine differences in baseline characteris-
tics and HRV parameters between different groups. The Chi-square test 
was used to determine differences in gender in the different age groups. 
Pearson or Spearman’s rank correlation coefficients were used for para-
metric or non-parametric data respectively, to determine the correlation 
between age and all HRV parameters. A P-value of <0.05 was considered 
as statistically significant.

RESULTS

Study population
The study population (n=93) consisted of slightly more males (55.6%). 
The study population had an average age of 28 ± 8 years and a body 
mass index (BMI) of 22.6 ± 2.6 kg/m2. Mean systolic and diastolic blood 
pressure was 108 ± 12 mmHg and 64 ± 8 mmHg, respectively, with a 
mean heart rate of 64 ± 10 beats per minute (bpm). 

Among men (n=50) and women (n=43), there were no differences in 
age (29 ± 9 vs 29 ± 8 years), systolic blood pressure (110 ± 11 vs 105 
± 12 mmHg) and diastolic blood pressure (64 ± 7 vs 65 ± 8 mmHg), 
respectively. Male subjects had a slightly higher BMI (23.1 ± 2.3 vs 21.9 
± 2.8 kg/m2; P=0.01) and lower resting heart rate (59 ± 9 vs 69 ± 9 bpm; 
P<0.001) than female subjects. 

Heart rate variability analysis
The study population (n=93) showed a mean NN of 941 ± 167 ms with 
a SDNN of 59.1 (34.7-96.9) ms and a RMSSD of 49.0 (23.4-92.4) ms. 
The VLF, LF and HF power showed values of 1011 (329-3381) ms2, 734 
(247-2389) ms2 and 989 (343-3573) ms2, respectively, and a total power 
of 3540 (1211-8004) ms2. The LF-to-LF+HF ratio was 0.41 ± 0.18.

Heart rate variability was stratified for male and female subjects as 
shown in Table 1. Heart rate variability parameters were higher in men 
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then in woman, except for the LF-to-LF+HF ratio. A comparison between 
age groups (≤ 30 years (n=61) versus > 30 years (n=32)) showed no 
difference in baseline characteristics, except for body mass index (22.1 ± 
2.1 vs 23.5 ± 3.1 kg/m2 in younger and older subjects, respectively). HRV 
parameters were similar among age groups (Table 2). 

Table 1.   
Heart rate variability stratified by gender. 

HRV parameters Males Females P-value

N 50 43  

Mean NN, ms 1014 ± 183 896 ± 121 <0.001

SDNN, ms 65.3 (36.6-97.6) 49.4 (29.9-91.3) 0.01

RMSSD, ms 55.8 (24.2-98.7) 41.5 (21.5-87.0) 0.03

VLF power ms2 1282 (438-4390) 785 (259-2090) 0.01

LF power ms2 1025 (361-2983) 487 (206-1356) <0.001

HF power ms2 1311 (405-3491) 763 (203-3981) 0.04

Total power ms2 4447 (1295-8999) 2273 (862-6635) 0.001

LF/(LF+HF) 0.44 ± 0.18 0.39 ± 0.17 n.s.

 
 
Data represent mean ± SD or median with 10th and 90th centiles.

Table 2.   
Baseline characteristics and heart rate variability stratified by age. 

HRV parameters 18-30 years 31-50 years P-value

N 61 32  

Mean NN, ms 941 ± 175 993 ± 149 n.s.

SDNN, ms 60.8 (35.5-98.0) 56.3 (32.6-95.0) n.s.

RMSSD, ms 50.8 (24.5-98.9) 42.9 (20.4-84.6) n.s.

VLF power ms2 969 (301-4006) 1126 (458-2909) n.s.

LF power ms2 813 (225-2178) 576 (252-2481) n.s.

HF power ms2 1072 (358-4111) 887 (208-3353) n.s.

Total power ms2 3594 (1224-8905) 3379 (1111-7551) n.s.

LF/(LF+HF) 0.40 ± 0.17 0.45 ± 0.18 n.s.

HRV, heart rate variability; Mean NN, mean normal-to-normal R-R intervals; SDNN, standard deviation 
of normal-to-normal R-R intervals; RMSSD, root mean square of successive differences between nor-
mal-to-normal R-R intervals; VLF, very low frequency (0.0-0.04 Hz); LF, low frequency (0.04-0.12 Hz); 
HF, high frequency (0.12-0.4 Hz); n.s., not significant. Data represent mean ± SD or median with 10th 

and 90th centiles.
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Figure 1, panels A-C, represents scatter plots of the association between 
age with VLF (panel A), LF (panel B) and HF (panel C) for male and female 
subjects. Pearson and Spearman’s rank correlation coefficients ranged 
from -0.10 and 0.23 for males and -0.21 to 0.27 for females, suggesting no 
relation between age and HRV parameters. 

Stratification into four gender-age groups revealed more differences 
among HRV parameters. In both age groups, HRV values were higher in 
male subjects when compared to female subjects (Table 3), suggesting 
that gender differences could not be explained by age.

Figure 1.   
Association of VLF (panel A), LF (panel B) and HF (panel C) with age. Data represent white circles 
(males) and black squares (females). 

VLF = very low frequency (0.0-0.04 Hz) band of the heart rate variability; LF = low frequency (0.04-0.12 
Hz) band of the heart rate variability; HF = high frequency (0.12-0.4 Hz) band of the heart rate variability.
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DISCUSSION

Until now there were no reference values for short-term HRV available 
for healthy subjects, which limits the implementation of short-term heart 
rate variability in clinical practice. The present study therefore investi-
gated normal ranges for short-term heart rate variability for young and 
middle-aged (18-50 years) adults [8]. 

Consistent with data in older subjects, we found particular differences 
between male and female subjects for the sympathetic as well as for the 
parasympathetic component of heart rate variability [3, 6, 8]. In contrast, 
other investigators particularly showed a larger difference between male 
and female gender for sympathetic parameters, such as the very low and 
low frequency power, when compared to parasympathetic parameters 
[20]. This may suggest a higher sympathetic activity in men, while mus-
carinic activity may play a more important role in the regulation of heart 
rate variability in female subjects [21]. However, this hypothesis is de-
batable and not consistent with previous data in young and middle-aged 
adults [22]. Van Hoogenhuyze and colleagues hypothesised that sex 
differences are due to the differences in mean heart rate, which are sup-
ported by our data [23]. The higher the heart rate, the shorter the R–R 
interval, which has a nonlinear inverse relation with heart rate. Shorter 
R–R intervals are likely to present less variation in absolute if not relative 
terms [4]. In our population the resting heart rate was significantly lower 
in male subjects, which may explain the higher references values for the 
VLF, LF and HF part of the HRV spectrum. Other possible explanations of 
the HRV differences may include differences in hormone status, such as 
androgen or oestrogen levels, different resting levels of catecholamines, 
or plasma cholesterol levels, but this was not within the scope of our 
investigation [21, 25-26].

Interestingly, we found no differences in HRV parameters between 
subjects with a lower age (≤ 30 years) or higher age (31-50 years). In con-
trast, other studies showed a decline of HRV with age [3, 6, 8, 20]. Nev-
ertheless, these studies were mostly carried out in older subjects, while 
our investigation included healthy subjects. Based on the clinical usage 
of heart rate variability, we arbitrarily created age groups of ≤ 30 years 
and > 30 years. Although this division could be discussed, we found no 
strong association between age and short-term HRV values in our popu-
lation. The subjects included were randomly selected, but predominantly 
Caucasian, and their lifestyle was relatively healthy when compared with 
the general Dutch population [27]. Although a comprehensive anamnesis 
was carried out to determine the medical history of subjects, we did not 
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analyse their glucose and cholesterol status, which may have influenced 
the heart rate variability.

The present study provides normal ranges for short-term heart rate 
variability analysis in the clinical setting, such as the perioperative pe-
riod, operating room or intensive care [2-3, 8-16]. Recently, interest in 
the investigational and clinical use of heart rate variability, especially in 
anaesthesia and critical care, has increased [3, 8-16]. The use of heart 
rate variability or pulse rate variability for research or clinical risk strati-
fication, for example for the perioperative period of intensive care, can 
now be validated using our reference values for young and adults. Future 
studies that focus on the practical implementation of heart rate variability 
for young and middle-aged patients in specific clinical settings and eluci-
date causes of the differences between men and woman are warranted. 



209202-L-sub01-bw-Keet209202-L-sub01-bw-Keet209202-L-sub01-bw-Keet209202-L-sub01-bw-Keet

77

Heart rate variability in healthy adults

77

5

1.  
Farrell TG, Bashir Y, Cripps T, 
et al. Risk stratification for ar-
rhythmic events in postinfarction 
patients based on heart rate 
variability, ambulatory electrocar-
diographic variables and the sig-
nal-averaged electrocardiogram. 
Journal of the American College 
of Cardiology 1991; 18: 687-97.

2.  
Kleiger RE, Miller JP, Bigger JT 
Jr, Moss AJ. Decreased heart 
rate variability and its associa-
tion with increased mortality af-
ter acute myocardial infarction. 
American Journal of Cardiology 
1987; 59: 256-62.

3.  
Buccelletti E, Gilardi E, Scaini E, 
et al. Heart rate variability and 
myocardial infarction: system-
atic literature review and met-
analysis. European Review for 
Medical and Pharmacological 
Sciences 2009; 13: 299–307.

4.  
Burgos LG, Ebert TJ, Asiddao 
C, et al. Increased intraopera-
tive cardiovascular morbidity in 
diabetics with autonomic neu-
ropathy. Anesthesiology 1989; 
70: 591-7.

5.  
Yien HW, Hseu SS, Lee LC, Kuo 
TB, Lee TY, Chan SH. Spectral 
analysis of systemic arterial 
pressure and heart rate signals 
as a prognostic tool for the pre-
diction of patient outcome in the 
intensive care unit. Critical Care 
Medicine 1997; 25: 258-66.

6.  
Mazzeo AT, La Monaca E, Di 
Leo R, Vita G, Santamaria LB. 
Heart rate variability: a diagnos-
tic and prognostic tool in anes-

thesia and intensive care. Acta 
Anaesthesiogica Scandinavica 
2011; 55: 797-811.

7.  
Akselrod S, Gordon D, Ubel FA, 
Shannon DC, Berger AC, Cohen 
RJ. Power spectrum analysis of 
heart rate fluctuation: a quan-
titative probe of beat-to-beat 
cardiovascular control. Science 
1981; 213: 220-2.

8.  
Gerritsen J, TenVoorde BJ, Dek-
ker JM, et al. Measures of car-
diovascular autonomic nervous 
function: agreement, reproduc-
ibility, and reference values in 
middle age and elderly subjects. 
Diabetologia 2003; 46: 330-8.

9.  
Nunan D, Sandercock GR, 
Brodie DA. A quantitative sys-
tematic review of normal values 
for short-term heart rate variabil-
ity in healthy adults. Pacing and 
Clinical Electrophysiology 2010; 
33: 1407-17.

10.  
Ushiyama T, Nakatsu T, Yamane 
S, et al. Heart rate variability for 
evaluating surgical stress and 
development of postoperative 
complications. Clinical and Ex-
perimental Hypertension 2008; 
30: 45-55.

11.  
Chatzimichali A, Zoumprouli A, 
Metaxari M, et al. Heart rate vari-
ability may identify patients who 
will develop severe bradycardia 
during spinal anaesthesia. Acta 
Anaesthesiogica Scandinavica 
2011; 55: 234-41.

12.  
Papaioannou VE, Dragoumanis 
C, Theodorou V, Gargaretas C, 

Pneumatikos I. Relation of heart 
rate variability to serum levels of 
C-reactive protein, interleukin 6, 
and 10 in patients with sepsis 
and septic shock. Journal of 
Critical Care 2009; 24: 625.e1-7. 

13.  
Chen WL, Kuo CD. Character-
istics of heart rate variability 
can predict impending septic 
shock in emergency department 
patients with sepsis. Academic 
Emergency Medicine 2007; 14: 
392-7. 

14.  
Kasaoka S, Nakahara T, 
Kawamura Y, Tsuruta R, 
Maekawa T. Real-time moni-
toring of heart rate variability 
in critically ill patients. Journal 
of Critical Care 2010; 25: 313-6.

15.  
Keet SW, Bulte CS, Boer C, 
Bouwman RA. Reproducibility 
of non-standardised autonomic 
function testing in the pre-oper-
ative assessment screening clin-
ic. Anaesthesia. 2011; 66:10-4.

16.  
Bulte CS, Keet SW, Boer C, 
Bouwman RA. Level of agree-
ment between heart rate vari-
ability and pulse rate variability 
in healthy individuals. European 
Journal of Anaesthesiology. 
2011; 28: 34-8.

17.  
Sipkens LM, Treskes K, Ari-
ese-Beldman K, Veerman DP, 
Boer C. Application of Nexfin 
noninvasive beat-to-beat arterial 
blood pressure monitoring in au-
tonomic function testing. Blood 
Pressure Monitoring 2011; 16: 
246-51.

REFERENCES



209202-L-sub01-bw-Keet209202-L-sub01-bw-Keet209202-L-sub01-bw-Keet209202-L-sub01-bw-Keet

78

Chapter 5

78

18.  
Heart rate variability: standards 
of measurement, physiological 
interpretation and clinical use. 
Task Force of the European 
Society of Cardiology and the 
North American Society of 
Pacing and Electrophysiology. 
Circulation 1996; 93: 1043-65.

19.  
Niskanen JP, Tarvainen MP, 
Ranta-Aho PO, Karjalainen PA. 
Software for advanced HRV 
analysis. Computer Methods 
and Programs Biomedicine 
2004; 76: 73-81.

20.  
Sinnreich R, Kark JD, Friedlander 
Y, Sapozkinov D, Luria MH. Five 
minute recordings of heart rate 
variability for population stud-
ies: repeatability and age-sex 
characteristics. Heart 1998; 80: 
156-62.

21.  
Evans JM, Ziegler MG, Patward-
han AR, et al. Gender differenc-
es in autonomic cardiovascular 
regulation: spectral, hormonal, 
and hemodynamic indexes. 
Journal of Applied Physiology 
2001; 91: 2611-8.

22.  
Eckberg DL. Sympathovagal 
balance: a critical appraisal. Cir-
culation 1997; 96: 3224-32.

23.  
Van Hoogenhuyze D, Weinstein 
N, Martin GJ, et al. Reproduc-
ibility and relation to mean heart 
rate of heart rate variability in 
normal subjects and in patients 
with congestive heart failure 
secondary to coronary artery 
disease. American Journal of 
Cardiology 1991; 68: 1668-76.

24.  
Nieminen T, Kabonen M, Nikus 
K, Viik J. Heart rate variability is 
dependent on the level of heart 
rate. American Heart Journal 
2007; 154: e13.

25.  
Huikuri HV, Pikkujämsä SM, 
Airaksinen KEJ, et al. Sex re-
lated differences in autonomic 
modulation of heart rate in mid-
dle aged subjects. Circulation 
1996; 94: 122-5.

26.  
Kupari M, Virolainen J, Koskinen 
P, Tikkanen MJ. Short term heart 
rate variability and factors mod-
ifying the risk of coronary artery 
disease in a population sample. 
American Journal of Cardiology 
1993; 72: 897-903.

27.  
Mozaffarian D, Wilson PW, 
Kannel WB. Beyond established 
and novel risk factors: lifestyle 
risk factors for cardiovascular 
disease. Circulation 2008; 117: 
3031-8.



209202-L-sub01-bw-Keet209202-L-sub01-bw-Keet209202-L-sub01-bw-Keet209202-L-sub01-bw-Keet

79

Heart rate variability in healthy adults

79

5



209202-L-sub01-bw-Keet209202-L-sub01-bw-Keet209202-L-sub01-bw-Keet209202-L-sub01-bw-Keet




