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Abstract
Objective—To evaluate the stability of
short recordings of heart rate variability
(HRV) with time, and the association of
HRV with age and sex.
Design—Five minute Holter recordings
were made twice over a twomonth interval
(tracking study). In addition, HRV was
measured in a cross sectional study.
Setting—Residents of 11 Israeli kibbutzim
were examined in their settlements.
Subjects—32 men and 38 women (aged
31–67) participated in the tracking study
and 294 (aged 35–65) were involved in the
cross sectional study.
Main outcome measures—Time and fre-
quency domain analyses on Holter re-
cordings were undertaken in two
breathing conditions: spontaneous and
controlled breathing (15 respirations per
minute). Regression was used to assess the
relations of sex, age, heart rate, and loga-
rithmically transformed HRV indices.
Results—HRV measures were highly con-
sistent with time with correlations of 0.76–
0.80 for high frequency and total power.
Geometric mean total power declined
with age by 45% in men and 32% in
women, and was lower by 24% among
women than among men (all p < 0.005).
Men had a 34% higher very low and low
frequency power and a higher ratio of low
to high frequency power (p < 0.001). Con-
versely, high frequency power in women
represents a greater proportion of total
power than in men.
Conclusion—Short recordings of HRV in a
non-laboratory setting are stable over
months and therefore characteristic of an
individual. Strong age and sex eVects were
evident. HRV derived from short record-
ings can be informative in population
based studies.
(Heart 1998;80:156–162)
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Heart rate variability (HRV) measures can
provide non-invasive information on the auto-
nomic nervous system, including its vagal and
sympathetic components.1–4 Interest in these
measures has increased recently in light of pre-
dictive associations between reduced HRV and
increased mortality after an acute myocardial
infarction (MI),5–8 and between HRV and the
incidence of coronary heart disease and

mortality in a community based population.9 10

These associations were independent of the
eVect of conventional risk factors.9 10 Most
studies of HRV have used 24 hour Holter
recorded electrocardiograms (ECGs). Such
measurement is often not feasible for widescale
epidemiological studies, and may be unneces-
sary. In men after an acute MI, HRV measures
calculated from 2–15 minute segments were
remarkably similar to those calculated over 24
hours, and provided predictive information
similar in strength to the entire record.8 A
recently published report of a European and
North American task force on measurement of
HRV for clinical use indicated sparse availabil-
ity of information on the reliability of short
segment recordings.11

We undertook two studies in an unselected
free living population sample to determine the
feasibility and potential usefulness of five
minute recordings in men and women aged
35–65 years. Recordings were made under con-
ditions of free and standardised breathing, the
latter by metronomic controlled breathing at a
rate of 15 breaths per minute to accentuate the
predominantly parasympathetically determined
high frequency response.3 12 HRV can be meas-
ured in terms of the time domain or frequency
domain.12–14 We report on the within individual
repeatability of supine HRV measures over sev-
eral months, as well as sex and age associations
of HRV measures under field conditions in a
population of kibbutz residents in Israel.

Subjects and methods
STUDY DESIGN AND DATA COLLECTION

Our data derive from two separate studies, one
aimed to appraise repeatability of HRV with
time, and the second to assess the association of
HRV, determined from short recordings, with
age and sex. To establish repeatability of these
measures, we undertook a study in a sample of
70 members from a single kibbutz. This sample
comprised 32 men and 38 women who were
measured twice (between 15:00 and 19:00)
with a two month interval. Measurements were
performed over a six to seven month interval in
an additional eight participants. The first HRV
measurement was performed after a 12 lead
ECG, so that participants were in a supine
position for at least 20 minutes before begin-
ning Holter recording, whereas during the sec-
ond HRV measurement the supine resting
period was about 10 minutes.
The second section of our study, the

objective of which was to investigate the popu-
lation characteristics of HRV, followed an
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evaluation of coronary heart disease risk
factors undertaken in 10 communal kibbutz
settlements, five religious and five secular, in
northern Israel. A representative sample of
nearly 600 free living men and women aged
35–65, equally divided between the sexes and
three 10 year age groups, was invited to
participate. The overall response rate was 79%
(n = 465). A random sample of participants in
the first stage comprising 348 men and women
was reinvited approximately one year later to
participate in HRV measurements not per-
formed at the initial stage. This sample gener-
ated five or six men and five or six women from
each of the three age bands in all 10 kibbutzim.
Examination was performed between 06:30
and 12:30 and included a 12 lead resting ECG
followed by HRV measurement by Holter
recording, so that participants were in a supine
position for at least 20 minutes before begin-
ning Holter recording.The response rate at this
second visit was 86% (five people were
subsequently excluded from these analyses
because of technical problems).
The study was approved by the appropriate

institutional review board and all participants
provided signed informed consent.

HOLTER RECORDING AND ANALYSES

Holter recording was carried out using a Mar-
quette 8500 recorder after a resting period in
the supine position. The recordings were
undertaken in each kibbutz in a quiet room
under standardised conditions. Participants
were instructed to avoid a heavy meal, abstain
from smoking, caVeine containing beverages,
and alcohol, and to avoid demanding physical
activity for at least two hours before
measurement. After connection of the chest
leads the recordings were performed during
approximately six minutes of silent supine free
breathing and then approximately six minutes
of supine metronomic controlled breathing at
15 breaths per minute, which clearly distin-
guishes and accentuates the high frequency
vagal component.3 12 15 16

Holter cassette tapes were analysed on a
Marquette series 8000 analysis system using
two channels: a modified V5 lead and a modi-
fied V1 lead. Files with RR intervals and their
annotations (normal beats, extrasystoles, and
artefacts) were transferred to a 486 personal
computer through an RS-232 serial port using
the XMODEM protocol. RR intervals were
calculated using a computer program and edit-
ing routines developed by Sapoznikov et al.17

This method, based on the absolute differences
between heart rate (HR) values and both the
last normal HR value and an updated mean, is
used for removal of artefacts and arrhythmias.
Five minute epochs of HR as a function of time
were used for time domain (ms) and power
spectrum (PS) analysis (ms2). PS analysis
(without a detrending algorithm) was per-
formed with a 16th order autoregressive model
and solving the Yule-Walker equations by the
Levinson algorithm.18 Three frequency bands
were analysed: 0.0033 to < 0.04 Hz (very low),
0.04 to < 0.15 Hz (low), and 0.15 to 0.40 Hz
(high).

In short recordings of HRV, as in this study,
the ultra low frequency (ULF) is not computed
and the very low frequency (VLF), although
computed, is presumably not stably estimated
by a five minute record.11

Frequency domain variables included the area
of each of the three main frequency bands, the
area of the total power between 0.0033 Hz and
0.40 Hz (total PS), and the ratio of low to high
frequencies, the latter considered by some as a
measure reflecting sympathetic/parasympathetic
balance,4 but this interpretation is strongly
disputed by others.19 Two time domain meas-
ures, the standard deviation (SD) of RR
intervals, which represents total variability, and
the root mean square of successive diVerences in
RR intervals (RMSSD), which represents the
beat to beat variability, were also considered.
A second technician re-read 32 recordings to

assess technician variability in the editing rou-
tine. The repeat readings also take into account
the artefact elimination routine, the eVect of
which was not formally assessed alone, but
rather as part of the whole process of editing.
The repeated readings were highly correlated
for all HRV indices in both breathing condi-
tions (Pearson correlations between 0.96 and
0.99) and hence the editing process is largely
invariable between technicians. This finding is
similar to that reported by the atherosclerosis
risk in communities study.20

DATA ANALYSIS

As all HRV indexes were skewed, a natural
logarithmic transformation was used to nor-
malise the data adequately. The reliability
analysis was undertaken on ln transformed
data, using a nested analysis of variance with
random eVects, implemented by SAS PROC
NESTED.21 We then calculated the reliability
coeYcient (R), which is the proportion of total
variance attributed to the between person
component (and is equivalent to the Pearson
correlation coeYcient when only two repeated
measures are considered), and the conven-
tional coefficient of variation.22 Linear
regression was used to assess the association
between age and HRV under diVerent breath-
ing conditions also controlling for HR (which
has been shown to aVect HRV).15 These analy-
ses were done for each sex separately (not
shown) and for the combined sex adjusted
data.
The data were adjusted for the eVect of age

and HR to assess diVerences between the sexes
in HRV indices. Values of HRV measures were
regressed within each sex on the independent
variables: age and age2 in one analysis (control-
led for age), and HR was added to the
regression equation in a second analysis
(controlled for age and HR). HR was inversely
associated in both sexes with all HRV indices,
correlations ranging between −0.33 and −0.59
in men and −0.24 and −0.44 in women.
Dependency of the sample variances on age

or age and HR was examined for heteroscedas-
ticity by regressing the squared residual (r2)
from previous regressions on age and HR using
the same models. No significant heteroscedas-
ticity emerged.
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Results
CHARACTERISTICS OF THE STUDY POPULATIONS

The mean age of the sample with repeated
measures was 49 years (range 31–67), whereas
that of the 10 kibbutzim was 51 (range 35–65).
Body mass index, blood pressure, and plasma
lipids and lipoproteins (table 1) are similar to
those of the Israeli population. The relatively
low high density lipoprotein cholesterol con-
centration, particularly in men, is characteristic
of the Jewish population of Israel.

STABILITY OF HRV MEASURES WITH TIME

Reliability was appraised in 70 individuals over
a two month period (table 2). The lowest
reliability coeYcient is seen for the very low
frequency area (0.65 with free breathing and
0.64 with metronomic breathing). All other
HRV indices had reliability coeYcients of 0.68
to 0.77 under free breathing and 0.75 to 0.82
under metronomic breathing. Reliability
tended to be higher among women than men
but this diVerence was not significant and was
similar in younger and older patients. Reliabil-
ity when expressed as the within person
coeYcient of variation (consisting of biological
variation and method error) ranged between

6.0% and 12.1% for free breathing and
between 6.1% and 10.7% for metronomic
breathing for HRV indices. Overall, these
analyses indicate considerable temporal stabil-
ity over a short time span under field
conditions. For most measures HRV using the
metronome showed similar consistency with
time than under free breathing conditions.
Even the very low frequency band which
should be interpreted with caution in short
recordings (five minutes or less)11 showed
reasonable repeatability and hence reasonable
information even in five minute recordings.
Spearman’s correlation coeYcients in the

eight participants in whom we assessed
reliability of HRV measures over a six to seven
month interval were between 0.85 and 0.98
under free breathing, indicating considerable
consistency over a longer period (detailed data
not shown).

CONSTRUCT VALIDITY OF HRV MEASURES

Sex diVerences
Men breathing spontaneously had signifi-
cantly higher age adjusted total variability than
women (table 3). This diVerence in total PS
resulted from higher power in the very low and
low frequency bands among men, whereas the
high frequency component was similar in both
sexes. Thus, the ratio of low frequency to the
high frequency power was considerably higher
among men. A similar relation with sex was
seen with the time domain measure, RMSSD,
which is highly correlated with the high
frequency component (r > 0.95) and for the
SD, which is highly correlated with total PS
(r > 0.97). The diVerence between the sexes
in the high frequency band and the RMSSD
became significant with adjustment for age
and HR, women having higher values than
men. When HR was held constant, the
proportion of total variability in the high
frequency range was greater in women than
men, whereas men had greater very low and
low frequency power; this resulted in similar
total variability in both sexes, as evidenced by
the small sex diVerences in SD and total PS.
Under metronomic controlled breathing

(adjusted for age),men showed higher power in

Table 1 Characteristics of the study populations

Men Women

Single kibbutz in which repeated measures were made n = 32 n = 38
Age (years) 48.9 (6.8) 48.5 (7.2)
Heart rate (beats/min) 69.2 (6.7) 69.2 (9.6)
Body mass index (kg/m2) 26.1 (3.0) 25.5 (3.4)
Total cholesterol (mg/dl) 199 (35) 203 (33)
LDL cholesterol (mg/dl) 132 (31) 129 (31)
HDL cholesterol (mg/dl) 38 (8) 51 (11)
Triglycerides (mg/dl) 156 (100) 117 (54)

Sample drawn from 10 kibbutzim in cross sectional study n = 147 n = 147
Age (years) 51.6 (8.0) 50.9 (8.4)
Heart rate (beats/min) 64.1 (10.1) 67.5 (7.8)
Systolic blood pressure (mm Hg) 126 (16) 119 (16)
Diastolic blood pressure (mm Hg) 81 (10) 75 (9)
Body mass index (kg/m2) 27.0 (3.9) 25.9 (4.5)
Total cholesterol (mg/dl) 202 (36) 203 (39)
LDL cholesterol (mg/dl) 134 (32) 129 (33)
HDL cholesterol (mg/dl) 41 (9) 52 (11)
Triglycerides (mg/dl) 141 (81) 115 (63)

Values are mean (SD).
Plasma lipids and lipoproteins were measured after a 12 hour fast.
Heart rate was measured after lying supine in a quiet room for at least 20 minutes.
LDL, low density lipoprotein; HDL, high density lipoprotein.

Table 2 Mean values, coeYcients of variations, and correlation coeYcients of ln transformed heart rate variation indices in 70 kibbutz members recorded
two months apart

Sample
mean
(n = 70)

CoeYcient of
variation (%)
(n = 70)

Correlation
coeYcient
(n = 70)

Correlation Correlation

Men
(n = 32)

Women
(n = 38) p

Age < 50
(n = 45)

Age > 50
(n = 25) p

SD Free 3.63 6.0 0.77 0.71 0.83 NS 0.79 0.74 NS
Metronome 3.59 6.1 0.78 0.66 0.84 NS 0.75 0.78 NS

RMSSD Free 3.29 8.0 0.75 0.66 0.79 NS 0.83 0.62 NS
Metronome 3.29 7.4 0.78 0.59 0.86 < 0.05 0.81 0.73 NS

Area very low Free 5.45 9.0 0.65 0.56 0.73 NS 0.70 0.60 NS
Metronome 5.27 9.7 0.64 0.61 0.68 NS 0.63 0.66 NS

Area low Free 5.30 11.5 0.68 0.69 0.70 NS 0.62 0.70 NS
Metronome 4.95 10.7 0.75 0.77 0.72 NS 0.66 0.79 NS

Area high Free 4.95 12.1 0.76 0.74 0.78 NS 0.80 0.69 NS
Metronome 5.11 10.5 0.82 0.72 0.87 NS 0.84 0.80 NS

Total PS Free 6.45 7.0 0.77 0.71 0.83 NS 0.78 0.74 NS
Metronome 6.33 6.7 0.80 0.72 0.84 NS 0.77 0.82 NS

SD, standard deviation of RR interval; RMSSD, root mean square of diVerences of successive RRs; area very low, the area at very low frequency (0.0033 to < 0.04
Hz); area low, the area at low frequency (0.04 to < 0.15 Hz); area high, the area at high frequency (0.15 to < 0.40 Hz); total PS, total power spectrum (0.0033 to <
0.40 Hz).
The values for the SD and RMSSD are in ms and the values for the areas and total power are in ms2.
Correlation coeYcient measured as between subject variability expressed as percentage of total variability.
69 cases were included for metronomic breathing.
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the very low and low frequency bands, whereas
the high frequency band and the RMSSD were
similar in both sexes, and the ratio of the low
frequency to high frequency remained much
higher among men. Total variability, which is
represented as total PS in the frequency
domain and as SD in the time domain,
however, no longer diVered significantly be-
tween men and women. Two main changes
occur after adjustment for age and HR: the
RMSSD and high power component became
significantly higher among women, whereas the
sex diVerence in very low and low frequency
power, seen when only age adjusted, was
reduced. The diVerences between men and
women in the ratio of low to high frequency
increased after controlling for HR, men main-
taining a much higher ratio than women
(p < 0.001).

Association with age
There was a significant decline with age, for the
combined sex adjusted data, for all HRV meas-
ures in both breathing conditions (table 4).
This reduction in HRV with age was not
altered significantly while controlling for HR.
The ratio of low to high frequency power
increased significantly with age in participants
when free breathing but did not alter signifi-
cantly with age when breathing was controlled.
The trend with age in HRV seemed to diVer

according to sex (data not shown): decline was
evident only between the 45–54 to 55–65 year
age groups in women, while there was a graded
decrease across the three age groups in men. A
formal test of this interaction of age and sex on
HRV (both in the unadjusted data and
controlling for HR) in regression models, how-
ever, did not reach significance.

Table 3 Sex diVerences in heart rate variability measures (ln transformed) in supine position

Measures

Controlled for age Controlled for age and heart rate

Men mean (SD) Women mean (SD) p Men mean (SD) Women mean (SD) p

Free breathing
SD 3.71 (0.49) 3.57 (0.34) 0.007 3.70 (0.40) 3.65 (0.29) 0.191
RMSSD 3.26 (0.49) 3.26 (0.42) 0.916 3.25 (0.36) 3.38 (0.34) 0.003
Area very low 5.80 (0.98) 5.44 (0.72) 0.001 5.78 (0.83) 5.59 (0.65) 0.029
Area low 5.40 (1.13) 5.02 (0.78) 0.001 5.40 (0.96) 5.14 (0.73) 0.010
Area high 4.84 (1.12) 4.85 (0.93) 0.920 4.83 (0.86) 5.09 (0.77) 0.008
Total PS 6.61 (0.98) 6.33 (0.68) 0.005 6.61 (0.78) 6.49 (0.58) 0.156
Ratio (low to high) 5.19 (0.77) 4.78 (0.79) < 0.001 5.18 (0.76) 4.65 (0.74) < 0.001

Metronomic breathing
SD 3.60 (0.44) 3.55 (0.34) 0.290 3.59 (0.38) 3.61 (0.31) 0.631
RMSSD 3.22 (0.47) 3.26 (0.45) 0.477 3.20 (0.37) 3.36 (0.37) < 0.001
Area very low 5.47 (0.96) 5.29 (0.73) 0.040 5.48 (0.86) 5.37 (0.71) 0.243
Area low 4.98 (1.00) 4.66 (0.80) 0.003 4.96 (0.91) 4.76 (0.77) 0.047
Area high 4.77 (1.09) 4.97 (1.01) 0.103 4.74 (0.90) 5.20 (0.87) < 0.001
Total PS 6.35 (0.88) 6.24 (0.69) 0.240 6.32 (0.74) 6.37 (0.62) 0.546
Ratio (low to high) 4.81 (0.80) 4.30 (0.90) < 0.001 4.82 (0.78) 4.18 (0.84) < 0.001

SD, standard deviation of RR interval; RMSSD, root mean square of diVerences of successive RRs; area very low, the area at very
low frequency (0.0033 to < 0.04 Hz); area low, the area at low frequency (0.04 to < 0.15 Hz); area high, the area at high frequency
(0.15 to < 0.40 Hz); total PS, total power spectrum (0.0033 to < 0.40 Hz); ratio low to high, ratio of low frequency to high frequency.
The values for the SD and RMSSD are in ms and the values for the areas and total power are in ms2.
p values from t test for diVerences in means.

Table 4 Age diVerences in heart rate variabilty measures (ln transformed, adjusted for sex) in supine position

SD RMSDD Area very low Area low Area high Total PS Ratio low:high

Mean Median Mean Median Mean Median Mean Median Mean Median Mean Median Mean Median

Free breathing
35–44 years (n = 91) 3.90 3.84 3.48 3.49 6.11 6.03 5.86 5.88 5.34 5.29 7.00 6.79 5.13 5.06
25–75 percentile (3.62–4.22) (3.14–3.80) (5.52–6.63) (5.07–6.53) (4.62–5.93) (6.47–7.67) (4.54–5.65)
45–54 years (n = 108) 3.60 3.65 3.17 3.20 5.60 5.63 5.18 5.21 4.69 4.70 6.40 6.47 5.09 5.12
25–75 percentile (3.32–3.87) (2.80–3.45) (5.10–6.18) (4.54–6.01) (3.96–5.31) (5.83–7.03) (4.55–5.70)
55–65 years (n = 94) 3.61 3.58 3.10 3.08 5.70 5.64 5.16 5.13 4.42 4.47 6.41 6.38 5.34 5.33
25–75 percentile (3.23–4.06) (2.69–3.46) (5.09–6.37) (4.29–6.18) (3.62–5.23) (5.66–7.30) (4.98–5.85)
p value 0.009 0.004 0.003 < 0.0001 0.009 0.014 0.03
p value (controlled for HR) 0.01 0.003 0.0005 < 0.0001 0.010 0.02 0.03

Metronomic breathing
35–44 years (n = 91) 3.76 3.81 3.41 3.46 5.70 5.71 5.39 5.39 5.19 5.31 6.67 6.70 4.81 4.81
25–75 percentile (3.52–3.99) (3.11–3.71) (4.99–6.33) (4.79–6.02) (4.43–5.78) (6.19–7.07) (4.27–5.43)
45–54 years (n = 107) 3.54 3.51 3.16 3.16 5.40 5.27 4.88 4.96 4.66 4.66 6.24 6.19 4.83 4.79
25–75 percentile (3.25–3.79) (2.87–3.47) (4.73–5.90) (4.21–5.60) (4.03–5.31) (5.70–6.83) (4.32–5.48)
55–65 years (n = 93) 3.48 3.45 3.05 3.03 5.36 5.33 4.60 4.59 4.41 4.36 6.09 6.01 4.79 4.85
25–75 percentile (3.15–3.81) (2.70–3.40) (4.76–5.92) (3.92–5.37) (3.58–5.22) (5.54–6.78) (4.40–5.28)
p value < 0.0001 0.006 0.0008 < 0.0001 0.011 < 0.0001 NS
p value (controlled for HR) < 0.0001 0.005 0.0002 < 0.0001 0.014 < 0.0001 NS

SD, standard deviation of RR interval; RMSSD, root mean square of diVerences of successive RRs; area very low, the area at very low frequency (0.0033 to < 0.04
Hz); area low the area at low frequency (0.04 to < 0.15 Hz); area high, the area at high frequency (0.15 to < 0.40 Hz); total PS, total power spectrum (0.0033 to <
0.40 Hz); ratio low to high, ratio of low frequency to high frequency.
The values for the SD and RMSSD are in ms and the values for the areas and total power are in ms2.
p value is from a linear regression of heart rate variability on age.
p value (controlled for heart rate) is from a linear regression of HRV on age and HR.
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Discussion
RELIABILITY

The HRV measures recorded by Holter in the
supine position for five minute periods are
stable. The high reliability coeYcient and the
low coeYcient of variation (which includes
biological variability and method error) of
these short recordings indicate a considerable
consistency with time. Our results, based on a
small sample of eight participants over a six to
seven month interval and the sample of 70 par-
ticipants measured twice with a two month
interval, are in agreement with those of small
studies of healthy individuals1 23 24 and show
that HRV indices remain stable over several
months and may be regarded as characterising
the individual. This finding substantiates the
usefulness of short HRV recordings. The coef-
ficient of variation can be minimised by adher-
ence to the study protocol under field condi-
tions to maintain small variation. The manual
editing routine was very reliable and contri-
buted little to measurement error.

SPONTANEOUS VERSUS METRONOMIC BREATHING

In our study the measures were undertaken in
two breathing conditions. The advantage of
using metronomic controlled breathing is the
ability to distinguish and accentuate vagal
activity as manifested in the high frequency
component. High frequency power, which is
respiratory dependent, is maximised in a peak
at the hertz equivalent of the respiratory rate.
At 15 respirations per minute the high
frequency peak appears in a constant position
in all individuals (at 0.25 Hz) and is completely
separated from the low frequency peak,
whereas under spontaneous breathing the
position of the high frequency band and its
shape depend on the breathing rate. The high
frequency peak of individuals who breath less
than nine times per minute would be misclassi-
fied as low frequency using the cut oV points
here (0.15 Hz). Misclassification25 is not unu-
sual in a study of healthy individuals in the
supine position, and metronomic controlled
breathing serves as a convenient and simple
way of avoiding this problem. In practice, how-
ever, the eVect of the metronome on temporal
stability of the HRV measures was small. This
manoeuvre is not required to obtain reliable
measures of high frequency power in a healthy
population using short duration recordings.

TIME VERSUS FREQUENCY DOMAIN MEASURES

Frequency domain measures provide infor-
mation of diVerent quality and detail from that
expressed by time domain analysis. However,
agreement is extremely high for measures
comparable between the two modes of apprais-
ing HRV (namely SD v total power and
RMSSD v high frequency power). This finding
suggests that simpler time domain analyses
may be appropriate for some uses.

HR AND ITS ASSOCIATION WITH HRV INDICES

Our findings of strong associations between
HR and HRV indices are consistent with those
of other studies. Nevertheless, the common
practice of adjusting HRV indices for HR15 23

requires thought and may lead to over
adjustment.23 Sex diVerences in high frequency
power, total power, and the ratio of low to high
power were altered on adjustment for HR,
which is itself under autonomic control.

Age associations
Our findings of the eVect of age concord with
those of several studies in healthy adults.26–32

Our study and two additional studies26 32 were
based on population samples. Several studies
relied on a relatively small sample size and a
broad age range27–29 31 and some used diVerent
measures making comparison diYcult.30 Pa-
gani et al reported that the ratio of low to high
frequency does not change with age.4 Our find-
ings show that the low to high frequency power
ratio is unchanged with age only under metro-
nomic breathing. Our data show that although
the decline with age occurs in both sexes, it
may begin earlier in men. These alterations
with age should be considered when evaluating
HRV in study populations of diVerent age
structure.

Sex diVerences
We have shown clearly in this study population,
representative of Jewish men and women living
in 10 kibbutzim in Israel, that HRV measures
diVer considerably between the sexes. Sex
diVerences under free breathing in RMSSD
and the high frequency component (not
adjusted for HR),measures reflecting predomi-
nantly vagal activity, were small and not signifi-
cant. However, the ratio of low to high
frequencies, which has been considered by
some investigators as a measure of
sympathetic/parasympathetic balance,4 32 dif-
fered substantially. This resulted from greater
very low and low frequency power in men,
which may reflect relatively higher sympathetic
activity in men than in women. This common
interpretation has been vigorously contested.19

Our findings from five minute recordings,
which indicate that women have lower total
variability (free breathing only), lower low fre-
quency power, but equal or even higher high
frequency power are consonant with observa-
tions in other studies.26 31–33 Some inconsistency
among studies may also result partly from dif-
ferences in analytical methods, including con-
trol or lack of control for both age and HR.
The results of the atherosclerosis risk in

communities study, which used two minute
ECG recordings in a very large population and
applied fast Fourier transformation (which
may be less preferable for short time
segments),18 34 are generally consistent with our
findings.32 Van Hoogenhuyze et al assert that
sex diVerences are exclusively due to HR
diVerences.23 Our findings do not concur with
this conclusion. In a small population based
sample, Kupari et al reported clear sex
diVerences on adjustment for HR15 as seen in
our study but suggested that this finding
occurred because of the confounding eVect of
low density lipoprotein (LDL) cholesterol,
which was inversely related to HRV. We
consider justification for such control for LDL
cholesterol to be questionable.
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Our findings of a relatively greater high
frequency component of total variability in
women aged between 35 and 65 may relate to
the overall protection of women against
coronary heart disease, and in particular
coronary mortality and sudden cardiac death,
compared with that for men, and the loss of
protection in postmenopausal women. HRV in
postmenopausal women given hormone re-
placement therapy may be higher than in
women who do not receive such treatment,33

suggesting that hormonal factors may have
favourable eVects on cardiovascular autonomic
regulation and may partly explain the sex
diVerences. This also suggests a mechanism for
the protective eVects of hormone replacement
reported in observational studies.
A possible protective mechanism could

relate to enhanced vagal activity putatively
expressed by greater high frequency relative to
low frequency power, being associated with a
reduced susceptibility to dysrhythmia. How-
ever, Bigger et al,35 in their study of men after an
acute MI, support a protective role for overall
HRV with no clear predilection for specific fre-
quency bands or specific coronary heart
disease outcomes. Furthermore, the low fre-
quency component was the most strongly
associated with four year total mortality in an
elderly Framingham cohort.10 The implications
of sex and age diVerences reflected by high
frequency variation or the ratio of low to high
frequencies therefore remain unclear.

CONCLUSIONS

HRV measures represent a non-invasive reflec-
tion of autonomic function. Short segment
measures are simple to perform and suitable
for epidemiological field studies. A limitation
may result from inability to measure ULF (fre-
quency < 0.0033 Hz) and the measurement of
VLF (between 0.0033 and 0.04 Hz) may be
less reliable.
Our data show that: (1) HRV measures

derived from five minute recordings are stable
and may be regarded as characteristic of an
individual; VLF may by less repeatable than
the LF and HF but even VLF was associated
with reasonable stability; (2) there are clear
diVerences between the sexes; and (3) HRV
declines with age in both sexes. These data, in
addition to accumulating knowledge about the
association of HRV with risk factors for
coronary heart disease,15 mortality after an
acute MI,5 6 8 the incidence of coronary heart
disease,9 and total mortality,10 point towards
the value of incorporating short segment HRV
measures into population studies.
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IMAGES IN CARDIOLOGY

Congenital right pulmonary artery to left atrial
fistula

A 14 year old boy presented with a two year
history of central cyanosis. His oxygen satura-
tion in air was 77%, but precordial echocardio-
graphy failed to detect any abnormality.
Pulmonary angiography revealed a large direct
communication (arrows) between the proximal
right pulmonary artery (RPA) and the superior
aspect of the left atrium (LA). The left pulmo-
nary artery and the pulmonary venous return
were normal, and there was no evidence of any
other right to left shunting. Surgical repair of
the defect is awaited.
Congenital right pulmonary to left atrial fis-

tula usually involves the proximal right pulmo-
nary artery or its lower lobe division. Although
rare, it is an important cause of central cyano-
sis in the absence of other clinical findings.
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